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WD 2004/ 101606 PCT/ US2004/ 014889 NOVEL PEPTI DES THAT
BIND TO THE ERYTHROPO ETI N RECEPTOR CROSS- REFERENCE TO
WORBMATEHBIAPPLI CATIONS 5 Priority is clainmed teCcinsioedo14889

St ates provisional application serial nos. 60/469, 993
and 60/470,244 both filed on May 12, 2003. The
contents of these priority applications are
i ncorporated into the present disclosure by reference

aANOhd ' O ﬂ@ﬁ?&ﬂﬁ@t
prgggﬂFipﬁgg%tloﬁfre ates%S% peptlgg conpounds t hat

are agonists of the erythropoietin receptor (EPOR).

The invention also relates to therapeutic nethods

usi ng such pepidsderiGaT REP.ATEDSAIPIICA PIGIEN S

associated wth insuffircrent or defective red bl ood

ceII production. Pharmaceutical 15 conpositions,

eJﬂr[yqsoaraﬁieé f @mﬁed@@a@és Mm@gmﬁo@&n&msl QVRDLDPENd 60/470,244

are rovid THE | NV
both ﬂi_zrcganrM@sp .@0Ph T@p@)ﬁeﬂfe ofthegeypsioTiy pRlications appineorprateg mto the present
discl CdndS andh 1 %.@phgcular wei ght of 20 about 34
”°°§R%%@%%18hsaf kD) gn preferred gl ycosylation sites on

am no-acid positions 24, 38, 83, and 126. It is

initially produced RIreH REFERTIONEI N With a

signal peptide of 23 amno acids. EPO can occur in

three forms: a, (3, and asialo. The a and R forns

d "Ifhg “:i)rr%s%lllt' ﬂb&l’tﬁﬂn rQlaﬁag' & %cﬁtﬂg %H%glﬁﬁg Gndt OJFP%E%§ of Bt erythropoietin ‘

e sane potency, Dbiological activity,
receptmo(Eé’élth r Thvemmwn Thie relaj¢salp dherapeviic metherdsaisme sp@hr RsPHgle compounds to
treat %&&m%cﬁéﬁ iR knsGRE ﬁ)thyrdﬁé%cﬁvé SR Ho%d agl] q)rocfugﬁ@lv € @harmaceutical
sequences encodi ng EPO have been reported 25
compgsitioss, whigh, comrlsezthe?mummpgur@s pf the mmt@m andlen revided.
mtotic division and differentiation of erythrocyte
precursor cells, and thus ensur es the producti on of
erythrocytes. It ‘ NG i dEN when
hypoxi c condi tions preva|I Durlng EPOw nduced
differentiation of erythrocyte precursor cells, globin
s ynythrepeistin €PN due glbicoprrteie horgong P%WSWmMSSW}th a molecular weight of
about%h 'kﬁyclaﬁg d(k]?ﬂgﬂjd ﬁr ngég&'é}(l fonf sﬁﬁsr & dn'ﬁn(; g&@?&&ﬁ&s 24, 3r§ 83, and 126.

I NCr eases ese chnang OW t o take
It is initally prwdunemm myaudeepioted Withne sizenh aeptllde nf)éﬁ obing acidf BRO can occur in

three gorrms ;ﬁ; alt'lc? 5%31&1 r %ﬁ% &ea%dﬁ fnt%’?s d1%éy§%gﬂ 37 1-In-h£H§1* carb hPfdrate components, but

eS and eir henog
have t&él &ﬁﬂe}ﬁoﬁ@cﬁ iéoldpaey adtivity) aﬁxi(mglemlar v@éﬁ@ﬁeﬂ&hamgﬂsmrsem a. or 3 form with

the tetlgxgéqtllaa&)plgidg%q, égﬁfg i&)erg%g%ehg Q"Eee Ps?ﬂl\#\ggg%s egfodlqwo have been reported
[U.S. BsityNe4gmg oes ylesur sor cells [See, e.g., Gaber and
MM N RELE - PR
ensurésOe GRAGRId roﬂefy@r&ﬁcylteﬁ ﬂi RyiRiuvéien thdRidhedyhdnshypbixie conditions prevail.
Durlng eEaPJOt-ltr]l ucSéEi adﬁf%:ren‘ua’uon of erythrocyte precursor cells, globin synthesis is induced; heme
complex synthesis is stimulated; and the number of ferritin receptors increases. These changes allow the
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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tissues receive sufficient oxygenation fromthe
exi sting nunber of erythrocytes. This normal | ow
w@orgaoten@t i on i s sufficient to stinulate repl BCEUBI4/014889
of red blood cells which are lost normally through
aging. 5 The anount of EPOin the circulation is
i BRO esamesdntumsley l@vo petictitetiensdh plhagpowhen thi bedyo jrgehealthy state wherein
tissues! {e(@jp@%p.gﬁﬁm pox#%ggl&]e}g&ﬁ th@ e;t gt% Chﬁrﬁd& %tf' ?ﬁhﬂogytes This normal low

e cause or exanp y
concengratmt @ﬁuﬁﬁa:bnt tg|s@mdlategggla¢ememjg}re&1 tlopd pﬂbg\ghxch are lost normally through
aging destruction of red blood cells by over-exposure to
‘radi ation, reduction in oxygen intake due to high
alhd amiet of ERP oh dregedtulaticoissoireasshesisr cenditipas iob hgpoxia when oxygen

> )
e
blood logs thioiigh lieatorthaget drstra@iop oHied hlmod celbrby oiversgxposurefodadiation, reduction in
oxygerp P88 rHuE QE h?%l Lllﬁtud ¢ r&l&%e&] Lﬁﬂpo%gme én%?dmijéi’ﬁ’)% fi‘Jmls Sf anemia. In

In clrcul at redter t han ne for norma
responsd tg swé hmycgeqtreqrsed@nrateérﬁé’m lgvelsHp@edse vad|bdoodgelt brodustian by fimulating the

prolifega?ign &—o%@ﬁsgoﬁg GG bR 1R i S%ﬂ&ﬂ Al bioe%tcgg RRGRARN is greater

rmation, or mon
than nqydqdefmt noaﬂnalylssug@@f'g@h r@qupem@éa; EB@devicl itheitchlatipreard deayeaossi s

Iag %a%grg %Pg{eig Al AR mq{le i?e%g dldéec? Pllrogc? il H@e{t@ﬁ t ﬁxﬁ'har%g)np ¥as potentially

ctive red uct I on.
useful gpplidat®ss I'nabreh prreodiaghesis andths itsatingnt Qﬂiéoqdr dipaedars olmragferized by low or

. f
defec’ug%: %dékg?gdg%ﬁlgméde %{1&{ Cﬁgéén{ g{ldeugs oaf I}??vadeg lga!sﬁqg‘lsﬁle projection of EPO

emat ol og
therapy effieagy farmivengty pﬁfbiseash steges, digvedess, pivbiiziesyd ﬁn:laatpbe@ irregularity, including:

t . b 2131 .
beta-thyﬁ%?%ﬁ Fsb% re{é%dl%gat[)g%zg %f' ) (\ﬁﬁk aActibﬁg%%a?%] 7?%1%%%35], }fg’;tlc fibrosis [see,
V1ch1n§1§d elatly (1984)06 Pe&aipie |105:p5-8 ln aregyanay dndremsstmugladisorders [see, Cotes, ef al.

(193) %ﬁg;@% tSG%'%EQE% ﬁ%ﬁ%ﬁl]e‘earw angrﬁl{eam er?it%?t% r[}s;ete,ulr%%a;&-az. (1983) Acta

Pediat] Seand. FRgER7- @ﬂ] abinal( d@&iﬁwwﬁds@, ClaetiVéeiker, Sodn(1984)2Arch. Phys. Med.

Rehab§ 2675 %é@ 3P : Ch 1gh;é;ﬁ§eg ]5 grety ggﬁ%gﬂa%lags%@?%iggi?eﬂ&l82]; acute

Blood k)psags@, Mlllgh¢t 4. 46282) mmm Het¢mzol, 53:3589p]; Bging [dee, Wypla, et al. (1984) J. .

Lab. C1 {Plyi)fe%' 9_3557?)1578@ 11@25583 RE LS 1%’%'099255 e %%S%IO(M b4; ?dz’ 1509]; various

neoplafteediscatddsiqies, awbmlaalmed(‘rj;@ﬂmpm&l eryittapoieSisi [ige, Maduak et al (1983) Cancer

5: 11018‘01%6 §$ g% 75 Oeé]cﬁl 1@%?) 6"90‘? %f’ Cﬁ)l9t2%9—2% %lnd rg: ?%{I@ufﬁcwncy [see,

arl ous | astic Sease s
Eschbab.conp Q9B DN. Bng.dbMed.rfdb: 7&#7?1 hr opoi esi s [see Dai ni ak,

1106 t

Chollsy EORRRNI AP o st bR S Lo s v
DNA detnsenée emcod&nig:BP([) sae purif2d, Heredpadilexpretsedto prodes ?écoﬁsibmant polypeptides
with tl%%%ﬂe Iglﬁg}ewggcta%%%gmgl%tl{ﬁ%cal grla'(léale %\?ga%d 2%%%@58 fesom Elganq %P0 molecule
with oﬁ@mwllm}ldesﬁideﬂﬁm t@ thasecmantuesh EBOihagalkPoenadpeed i $deeBhsaki, et al. (1987)

one ssed to produce reconbi nant

J. Bio lp }I‘ g%?tfzg’ %Q/)\]n'rﬁh the sane bi ochem cal and
[ ﬁmjhlologlgalceffecpoﬁ)m tapmrsalnd)enadsdmtal, nEﬁﬁt through interaction with a cell
emblialaeeﬁ r{?lg g%g?tg i (5th St8 s éxf,lnémé%lggg% %%E: cf %e%ls BSOZECd from mouse spleen,
suggespadatiatciel EPOegndifgasdk syrfaed pdkeins(cb@frije tv&Dpdlypdﬁhd)ds having approximate
molec@%&eéghisqf\' gg',ég(? ﬁ,&%qzngzng 100, ({(}832 t?Aso%fﬂ,egtbvgﬁrf %\?%err, eé leE 5987) Proc. Natl.

with a cell nenbrane bound receptor. Initial studies,
using immture erythroid cells isolated from nouse
spl een, "2
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suggested that the EPO binding cell surface proteins
conprise two pol ypepti des havi ng approxi nate
worploeacdeas wei ghts of 85,000 Dal tons and 100, OBOT/US2004/014889
Dal tons, respectively [ Sawer, et al. (1987) Proc.
Natl. -2 WD 2004/101606 PCT/ US2004/014889 Acad. Sci .
Acad. 395AVRUBBHH0-38%4 4 The Muyeben ofIBRO-binflinE s yap g3 lpidated foggerpgesfrom 800 to
1000 p&aéeg W Ae g)f &ﬁé%\‘t)%{(%l%ﬁs dtteé' %Br&%%at‘e@ 306 80hdagio GRh b Kd of approximately

ese appr oxi mat el y
90 pM lﬁmgmolﬁm@fmetthe rermdihingf boap@ EBQl m eraguced pffiNty of apprommately 570 pM

[Sawyek, pécf '9§’g V1. B RN 967 &5RIs8ENT RO YN &G inidy fggested that EPO-
finity of "approxi mat Iy 570 pm [ Sawyer, et
respona‘{’e sp(e];@gem)thrgbla@, mepargggpm ng@m&g@d wih ¢ anerpjg strain (FVA) of the Friend

1eukenﬁ S_Q%Lgfe@gt at%tlﬂ%f & ﬁﬁ@e?%ar g-géh B l§wr ﬁﬁﬂ?'ﬁ’b\’lﬂndmg sites with K4

eni'c erythrobl a frommce iIhjected
values wf aipro‘iatelic§) oM erdao vamypegtﬁvebhkLa;r@spl@% et ph kBN Blood 73:1476-
1486]. virus, possess at total of approximately 400 hi gh and
a low affi nity EPO binding sites with Kd val ues of
apsaxenrarak yndi@ed ghat athftthD@ﬂpJMof EBOpseartoy dEJO-R) were encoded by a
single %eln%n%ﬁg%ezhas% enaél dqeé ?e% }0999 ez7 c?l éé&ﬁ‘mé&?’f@ 31 35 Noguchi, et al.

Ssequ fornms
(1991)r1ﬂg@bf83254(895® Flylamh@ e b c(d%%l) B%loqxi 7812)55§r2ﬁé$]e E@_fn@ample the DNA

sequengé% g’lgg gﬁc%? dqgeis}gee&gli&l%&%pm[zﬁ%eand%ﬂmn EPONE ?rotﬁﬁs &b descrlbed in PCT

Noguchi
Pub. Ng8W' @5%1)818 8xne D Amil)@c elanl. @urrqﬂt mo@eig@ggesg]h@td@ldmg of EPO to EPO—R results

in the cﬁﬁieg%%é gx?cﬁ%vatﬁ)ﬂ fof %@prﬁ mBﬁ@ul%hlcﬁ %&Hﬁ@ﬁles%b&g\gent steps of signal

pept i de sequences for nurine and human
transdustiat [Sen ¢.ga Wataidsts ei ded992) PreTNatbéigad. Rei: UMD 89@A4B3#E .t o

DF}@%S[ 111 é{)&é‘@s%ﬂe{s ot Eflfz’ﬂ ccihtgfég ﬁl%%tearélhﬁ;r aEdnffb@é 41 antagonists of

I merizati on and
this 1ma@tamtnap@p¢;m dhe qvaxkabﬁﬁ@oﬁhmcgmupgg recoiipramoteiallpvsthe gtudy of receptor-

ligand ‘T’IHQ%&%@\Z{L vﬁﬁ%}p of I%Ild(ﬁ‘lll &E@%eéné;l'glpl)ﬁl?é C}'HJCQQ?[ g?ﬁ&ation systems. These
SystemEJSAh@Q HiR T peptiddsdof] plasthds” ayssdnd Eﬂ@ﬁqubF@/mdﬁ ScPabridel 6pdR440]; the "peptides

on pha Q'rsgﬁglg} [&sg&%P 1ﬂ fJ%t §§t NIaGS 9018 Mnd @(xm‘?ag szlsél§9@'ﬂoc Natl. Acad. Sci.

oni nportant recep
USA saxﬁava a1s2l; |tlléy"eo¢0dt¢1 synﬂ@uro tibrianyd ﬁESIr)esm@m cffiescmbsd @i H.S. patent application

Ser. N |J48\2? oe?l s%gu%ls%h c?%& %t"% 1 egﬁglg lllﬂﬂlgﬁﬁlg&i \}56 %e'r r§yrf’t‘hes1s" systern

seni - r'sit
[describehie m iPat Noy5 145186 4; PRFRB. Nsy%)&’ @ﬁ%(), |Fnd,drufd el.(1981) SClence 251:767-773;

Dowerﬁgg Eé&o%?%9f)ﬁ?l ﬁ?pﬂ'&\&%pe R {Zg@g‘iﬁd Qg,glédt rlgcyg%% Pgd):

[ Blepsidesi tbadntenactlio 8.leafagome Naen‘t @lwmi&ambbemqnhﬁed and are described,

for exa?J le 1&1%9@ tﬁrog) % 7%‘@@ S Eﬁﬁ I ai%',% %S(H)g'%b %gﬁ%ﬁ t@?%T Pub. No. WO

encoded s
96/40738l 65 Wirighten) e ml uII $.Pap afce ﬁﬂ6’é@ﬁﬂ and é‘ﬂTd?mb T$er96/4l%72 to Johnson and Zivin,

PCT Pl%1 % 2% 0{/%é3?9 to%gﬁu aﬁl@ Wd‘g?/g 7’ fﬂh §w1n¥o%{gr$/ er gl?partlcular a group

Sca
of pep@ldﬂsmﬁahlmng arpep_th m&&ﬂ has N@en MehﬁﬁquSﬁbmb@@Towabtch Kind to EPO-R and

st1mula%8 1’60 %1d o <l p((?@g%on (%agégé)uﬁ'gs'\ﬁe%ﬁgeéﬁiée’]nh}gg ’co7ggte that contain the
motif s%tﬁiul%ffelEB.@@ﬁpeadmit t11SrolHerationNg. vztEo ¢l EC8B}alud 5f Plagyt 2@l sanomolar (nM)

to abo% %{)nﬂdn é[%{.l% &)Itepetgig acﬁnupleg@a%to%s; gﬁ."%@g%@%%&gﬁ%ﬁg écg ?t%rﬁulate 50% of the

een 1'd are
maximal &8l pRaiferatidostimélaféd By BBO; 5, 830, 851; and 5, 986,047 to
Wighton, et al.; PCT Pub. No. WO 96/40749 to
Wighton, et al.; US Pat. No. 5,767,078 and PCT Pub.
No. 96/40772 to Johnson and Zivin;
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PCT Pub. No. WD 01/38342 to Balu; and WO 01/91780 to
Smth-Sw ntosky, et al. In particular, a group of

wW@eiilawsss cont ai ning a peptide notif has been PCT/US2004/014889
identified, nmenbers of which bind to EPO-R and 30
stinmul ate EPO dependent cell proliferation. Yet,
[@iperi thesmpepse phéentiploefitRA-Rexponistsdbatle forhaudiesritthe #mpagient biological

ol P - 6P 9 Sl I Wl iy g s

identifiegiontof 250ndd EFDRs agopispst oflenhemed epotenet aedh gctmtyonhﬂ prgsent invention
quired to stinulate 50% of the nmaxinal

mede%%?@Mo%ﬁmfdgr ation stimulated by EPO -3 WO

zn@@tamemafopdiwusmomrtemse@ce@m sechien indrikreughout the specification
is provi%gci S]Qlteiaﬁ% @Lgﬁﬁ%&r fst{’lé ?re&% IHV ‘%n §I{ qgh@&}%%mfs;]@n that any such

rt [ ca | Vit s medi

referencéelsé]pn@rart’ért@dhefmpsentrle‘@nmm of di sease there remai ns a

need for the identification of peptide EPO R agonists

of enhanced potency and actrvrty The present

i nvention provi deEMavi EENBIOMe citation

and/ or di scussi on of crted references in this section

and t hroughout the specification is provided nerely

t Bhec prsdnt yintehtord pyideptiiovd weptidh soppavsdnt whinly et iEFQ-R agonists of

dramatmnﬁjy elﬁlagged @({?en@f %@ %Etg@tgt hﬁilreﬁéaggﬁttl%g ﬁéamgﬁfr/{vﬁ&@qfa&_néfﬁmers of peptide

mononieN\lEMﬁgm aniifo F¢ié spese MCG)MMPMGBIKWQ&%CW (SEQ ID NO: 1),
or hongo%g)mer? ofC e;gﬁc? ﬂﬁﬁOméQ@ h%l;]ingrtﬁe ) os@h&ht?e ?AGG)GLYACHMGPIT(I-

anced potency and activity.
nal)VQQPrm(MeGH@@EQrI@sN@r &), hiomodimass ©f gkptplepmprpmersrbavines thy amino acid

sequenf Kz&%&%ﬁ%&‘?ﬁ ﬁ%w ]]B ITI\% 3)1 where each amino acid is

indicatéxbbyostinderdsone fletipeghbiesttion [fEren)’s lsﬁ\é-wen{l)gllfd’l@ ﬁ‘l’fﬁa” &Cll -gpphthylalanine,

and “(]?Iegkbn ?géﬁ?%o%Y?e%rﬁM glél' %goggl@ L%E?{%#Bﬁ%@%ﬂ& %EQ peptide dimer
contaira h imdramolecularsigylfeln bend between the cysteine residues of the monomer.

\(I# G egﬁg Nogn:)elrs:r I(n%?y Ba ldl)n}é ‘5‘ g@'@egt( %Ez@m{a gp gékﬁhgd tertiary amide

each am no acrd 15 cate
linker. | B tteztiarg binide \linker icambe depwted;)ls‘ is Nacetyl gI ycine, "(1

-nal )" is 1 -naphthyleg %”éﬁQX-C}f"@ZO (MQ" is
N-net hyl gl ycine, al so novvn2 as sar Cosi ne Each pepti de

wnre SRBYRED E RSP JE MRS SRR, A AP P o e

temnnﬂqyéﬂfei‘ifemd@oﬂfh@ﬁﬂﬁﬁﬁpﬁd@mﬁﬁmﬁmﬁ@%omy lilleer dorie fah 266elond with the e-
coval ent attachnent to a branched tertiary

amirio gropp gf the Ergroppsl fsipe yesidue aeihe ssTRRS PRLFP BRPHER BiAod S0t i atached via
a carbangtphﬁdée Ir 5Emide Omkapb @5 8n aéﬁvlaﬁd W@etﬁﬁbﬂ:) ZAyd¥] (PEG)Gnoiety, where the

the | er forns namdeli)g W am no. gr,
PEG hia mleoi oo o A O 08 40100 el T ity S pgstiog that n
prepardRASHEIEG, Sem@holehifes! Wil ke, ghﬁaﬁi’ré’!&o@@le@slﬁhdﬁthb etaedd wolddulbheeight).
SWhere 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

invention may be represented as follows:



25 am no group of the Gtermnal |ysine residue of the
second peptide nmononer; and N of X is attached via a
w@earbamsde | i nkage or an am de |inkage to an arCT/U§1084014889
pol yet hyl ene gl ycol (PEG npiety, where the PEG has a

nol ecul ar wei ght of about 20, 000 to about 40,000

Dal t on 5?{ " Bﬁg | ndi Gating that in

pr epar' gfé)é @\mﬂ% 5 will weigh nore,
sone | ess, than t he stat ed nolgcul ar wei ght). Were
each nmononer of the honodi ner s the amno acid
sequence, 30 (AcG GLYACHMGPI T(NHnal ) VCQPLRK (SEQ I D
NO 1) and N1 of the linker is at?écmvi a
carbamate |inkage to an activated pQ J\Eﬁﬁns% chol
(PEG noiety, the novel peptide c@gpoun %" oK
i nvention may be represented as folll ows: -4 WO

2004/ 101606 PCT/ US2004/ 014889 O

(AcG GLYACHVGPI T(1-nal)V QPLR-NH NH2 NH~O O O (r) N

| O PER20- 40K O NH (AcG GLYACHMEPI T( 1- nal) VCQPLR- HN
NH2 O Where_each noner. of h di mer has the

am no adtPEIGGENLEE! “‘“@X&%}L&t%& n)% T(1- nal ) VCQPLRK
(SEQID NGO 1) and N of the linker is attached via an
amde 5 linkage to an activated pol yet hyl ene gl ycol

(\%}ﬁ&% n&cﬁt ymoﬁ@ge nocyfel }féep% ilﬁ%rm?l&g]dsth@f A  acid sequence,

i nvention represente

(Ao GIAC T IEMRCHVERRI) Y COPREK) (SEQIED W) RBENT ot Bl isattgched via an amide
5 llnkagel\‘ﬁégawégépogéh“ghe é@%@@e‘f%ﬂ%ﬂ&a%b&&é@@%&dﬂb'of the invention

may be represented as follows:

| 0 |
(AcG)GLYACHMGPIT(1-na1)\%QPLR—NH NH2

NH O
5, 3
OﬁjI Jk/\NH)kPEezo«tOK

NH

(AcG)GLYA(ITHMGPIT(l-nal)X(IZQPLR—HN NH2
0]

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

10

15

O Where each nononer of the honodi ner has the am no

acid sequence, 10 (AcG GLYACHMGPI T( 1-nal ) VCQPLR( MG K
WO IBPUHBONO. 2) and N of the linker is attachrdI/Vsz08014889

carbamate |inkage to an activated pol yet hyl ene gl ycol

(PEGQ. noiety, the novel peptide conpounds of the

004 BRI R SR PE TR, Jome s -5 1O

(AcG GLYACHMGPI T(1-nal) VCQPLR(MeG) NH O NH2 NH O ~ O
N NHAC PEG20- 40K (r)OY NH

(AcG GLYACHVGPI T( 1- nal ) VCQPLR( Me H¥ NH2 0 Were
each nmononer of the honodi mer has tﬁ@ m no Gci d
sequence, (AcG GLYACHVGPI T(1-nal) W K HeeEQ J D
NO 2) and NI of the linker is attagéfed via an 5

am de |inkage to an activated pol yet ¥1| ene gl ycol

(PEG noiety, the novel peptide co unds of the

i nvention may be represented as foldows: 0O

(AcG GLYACHVGPI T(1-nal )V QPLR(MeG/JNH NH2 NH O 0 A"

" NH Ao BE SR (1o bt RMeG) —FN —NH2
(AcO) GLYACHNGZIJHFRE]’XJ LRIVEOJ AN NH2 0 The

pepti de nononmers may al so be dinerized by coval ent
attachnent to a branched tertiary
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:

| 0
(AcG)GLYACHMGPIT(l-nal)VélQPLR(MeG)—NH NH2

NH. .0
€
0 NJK/\NH)KPEGZO-MK
NH

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

The peptide monomers may also 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,),-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

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



10

15

10 am de linker. The tertiary am de |inker can be
depicted as: -C O CH2- X-CH2- C20- where: X is
wWO04(1adRg 2- NH- C30-; C of the |inker fornms anP@rU8m04/014889
bond with the s-amno group of the GC-termnal |ysine
residue of the first peptide nonomner ; and C2 of the
linker forns an ani de-NBBHEHa{AHMRE- c- ani no group of
where: tda%f et s%ﬁ{lgh Movlll&ﬁ%%&&eedsﬂo%k (}i@& whe e %@Q’ iP %Waiﬂﬁy attached via a

I Mers the I'nvention )
carbamatqror he pmisle rlrpkags éo 3 aspeasest polsihylepe 91ch1 KREG@)oneiety; #itg N of the spacer is

covalerﬁkrl %ﬂf-é&(ﬂéél%a a c@arﬁé %&Q Wﬁ ]agﬂ'(%qgﬁ(g%-rt/o gﬁ%@%fe@%‘%ﬁ%mety, where PEG has a

ere: e Sspacer
molecudaveibiglhit dly almqh d@,@OQ do ot SKO0ONDakgnst (ijlge getgrgcabomt indicating that in

prepar: %Qxi‘h@ﬁﬁé yso%tﬁﬁ&%%s %g vibigh“ bt eele&r t13h tﬁé@tgt@d molecular weight).
q po‘(f et

e to an activate Yl'e ycol éﬁ
Each PRG necngzy manbe, Nﬁmduaﬂhew@@&@el’mmﬂOk@éx\ZQ Dy oD

V@ 2 ngfcpani% rﬁm@f a'ﬁ]edeh &ﬁ@gﬁe s th@Ctalelﬂat egcld sequence,

Y, ere has a ecul ar merg
(AcG)@bﬁaCHMGRITO@-naBVQ@BQRKS@H@@D DéP1 dhend bpié Neprd I‘hmfu@w spacer are

t
covledQEARN 08 5 b iR RPN 10 Pl SRR g gompounds of
the invengioe cnal &e repessgpitad)es follBwsh PEG noi ety may be,
i ndi vi dulaJ_l_y.,._;LO;iOO Dal tens (I GkD), 20kD, 30kD, 40kD,
arcHOkRACaMberre-naxvchrireR gl i t he honodi ner has the
am no acid sequence, (AQG GLYACHMGPI T(1-nal ) VCQPLRK
(SEQ ID NO 1) and both Nl and N2 of the spacer are
10 covalently attached viala carbamate |inkage to an
activated PEG noiety, the peptl e conmpoundsPdEGo-s0k
the invention may be represe te as lows: O
(AcG GLYACHVGPI T(1-nal )V QPL %qr o.M O PEG
10-50K N M NH O NH~ ~/\/ ﬁrf\rvo PE@NQ- SEXK pebIH O
(AcQ GLYACHVGPI T(1-nal) VCQPLRNEN NH2 O lIn preferred
embodi ments, the C-terminal Iysine of th8 two peptide
nmononmers is L-lysine. Also, ¢those 15 skilled in the
art will appreciate fromt above chem cal structures
t h@chSdl@A#HMGﬂIT(ﬂ@@V?@E@—ml HtHes ar e
0

In preferred embodiments, the C-terminal lysine of the two peptide monomers is L-lysine. Also, those
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.



joined by lysine (e.g., as nPEQ-Lys-NHS or as

MPE&2- Lysi nol - NPC), which is also preferably L-1ysine
war@4gondeg rise to the foll ow ng stereochem sPCYUS2084/014889

WD 2004/ 101606 PCT/ US2004/014889 O

(AcG) GLYACHVGPI T(1- Nal) V QPLR-NH_ j LNH2 NHO Q( O PEG

Gl R A R RIS N O O

Alternatlvely, one or nmoEe of the lysine residues can
be a Dlysine, giving ris¢ to alternative

stereochem stries which will be readily appreciate by
those skilled in the art. each nmononer O%/Q-H’éGmsoK
honmodi ner has the am no aC| dise uence

(AcG) GLYACHMGPI T( 1- nal ) VOQPLRRI( }'Dijvr)\awa bot h
N and N2 of the spacer are °§f6val ent INN at sashed, vi a
an am de linkage to an activatgd PEG m)l\&/y, the novel
pepti de conpounds of the inyention may Be
represented, as follows: (AgG GLYACHMGPI T(1-nal)Vv
QPLR-NH NH2 NH\tO AH O P E&Fo-sox ) \ , NHO"J vyl ~

HN~-REGE 0y Afdikicriv-Na) vERC R YW-NHYCPI T( 1- nal ) V. QPLR- HN
lagat-m—the!

NH2 O 10 | ysi ne ol ecul es in this conpound
?%ﬁ?rga\r;c\f%lg S‘rg:l %rrrg{))ljg r?lg t]!ley Isrhlﬁce res%'ué@ od ‘Je' > B—lglé?net %ﬁnng rise to alternative

stereochemistries which will be readily apprec1ate 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)GLYACHMGPIT(l-nal)V QPLR-NH NH2

(AcG)GLYA?HMGPIT( l-nal)V(IlQPLR—HN NH2
0]

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

stereochemistry.



WD 2004/ 101606 PCT/ US2004/ 014889 O

(AcG GLYACHVGPI T(1-Nal )V QPLR-NH ~LNHZ NH o O
WOYREGIBO6OK NNH 11)-\\~~NH OY HN - ff - PEGLO- 5pKI/UNEd042014889

(AcCG GYA C HMGPIT(1-Nal )V C QPLR-HN NH2 0

Al ternatively, one or rmreogf the lysine residues can

b | S| | riseto alternative

s?%cgé%ﬁ@eﬁ%{(}'gaeﬂs@% Ehﬁ\g\kul‘l‘mbe readi ly appreciated

by those skilled in the a/. 5 Wiere each nononer of

t he honodi ner has the am n%aci d sequence,

(AcG GLYACHVGPI T(1-nal ) VCQPLR(MeG K (SEQ I D NO 2) and

both N and N2 of the space]P‘H eq covahently aotﬁa,d?ﬁﬁio.sox

via a carbamate |inkage to an tactl vat efl PEG noi ety,

wherein Y is a carbamate group, N t o Npepts

conpounds of the invention nma e repr nt 3961'81_%

follows: 0 (AcG GLYACHVGPI T( 1amal ) VCQPLRIMEG) - S NH2

NH~-O 0 O PEG 10-50K NY~-O 9%\ KN, -,,-,,,,NH"O- HN ~O_

PEA 0-50K NH 0 (AcG GLYACHMZPI T( 1- nal) VCQPLR( MeG) - HN

NH2 O 10 Preferably, the |ysine residues joining the

pept eBCIMTBIVEPI TARG) V CQre Nmpi eties in this

nol ecul e are aiu*L-i'ysine, ving rise to the

foll owi ng stereochem stry: -9 WO 2004/ 101606

PCT/ US2004/ 014889 ‘ .
Alternatively, one or more of the lysine residues can be a D-lysine, giving rise to alternative

stereochemistries which will be readily appreciated by those skilled in the art.

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 Y is a carbamate group,

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

—— 9
(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)—NH _ L N

NH\(O o o 0 O—PEGg.50«
o NJK/\NHJH.\\\\/\/NH
Y HN\",O—PEGw 50K
NH 0

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

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

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



0 (AcG GLYACHVGPI T(1-Nal) VCQPLR(MeG) -NH )LN2 NH O
O O PEG O 10-50K N(r) NH) OY HN (r)-PEGLO-50K O
WO 2e081 AYACHMEP! T( 1- Nal ) VCQPLR( MeGH - HN NH2 O PCT/US2004/014889
Alternatively, one or nore of the |ysine residues can
be a D-lysine, giving rise to alternative

S | Obe readily appreciated by
(Aﬁ,}%@@% M%QTQS\{?%\?%Q ng&f‘(f’ EHzart Wher e each nononer

of the honodi ner has the a& no acid sequence, 5

(AcG ALYACHMEPI T( 1-nal ) VCQPLR(MeG K (SEQ I D NGO 2) and

both N and N2 of the spacer are covalently attached

via an am de |inkage to an a tHed P G noi et yQ L I#e-PEG1q.50x

novel peptide conpounds of the vent 'ﬁ may be

represented as follows: O “\\/\/
(AcG) GLYACHMGPI T(1- nal ) VCQPLR ) NH N 2a
O-PEGLo-50K N NH ,\ . NH OJ ' HN~PEGl\5750K B2 6!
(AcG) GLYACHMVGPI T( 1- nal) VCQPLR(}EG) - HN NH2 ® 10
Preferably, the lysine residugs joining the peptide
nmononer and |inear PEG noietipes of this nolecule are
alA cGlaLly Y SHNIERIT(GNANVO QPLRI NS )-LHIX ol I owi ng

st er eochémstry—=410 WD 2004/ 101606 PCT/ US2004/ 014889

I AItértltatlQelg/fA‘&@ St I i%i%lé MaddhesV ca%l-ﬁbhf?@é, Iﬁ'i’\'limg"l'iw alternative

stereochemistries that will be readily appreciated by those of ordinary skill in the art.

Where each monomer of the homodimer has the amino acid sequence,
5  (AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)K (SEQ ID NO: 2) and both N' and N? of the spacer are
covalently attached via an amide linkage to an activated PEG moiety, the novel peptide compounds of the

invention may be represented as follows:

| —] 0
(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)—NH NH2

\( 0 o o) \/F’EGm-soK
NJK/\ )J\‘

o N
HN \n/P EG10.50k

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

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

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

-10-
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~(r) 0 0 PEGLO-50K N NH,NH OY HN -rPEealO-50K NH
(AcG GLYA HVGPI T(1-Nal )V QPLR(MeG -HN NH2 0 In other
weredpadorsent s, one or nore of the |ysine resi duPCT/USV0HE14889

a Dlysine, giving rise to alternative

st ereochem stries that will be readily appreciated by
rsongd _of _ordi na skill inOthe art. The peptide
%Cw(lﬁa% M Gbdviby attachment to a

IyS|ne | i nker, whereby one £5 peptide nonomer is

attached at its G term nus t\g the lysine's c-amno

group and the second peptide rmnomer is attached at

its Ctermnus to the lysi ne@ gi no group. T PEG10-501
peptide dinmers of the invention fu ther onprlse

spacer moiety of the follow ng st “\\/\/

-N H (CH2) 2- O (CH2) 2- O(CI—Q)ZN&TI At onaNenq,GNsoKo

the spacer is attached via an anfge |inkageffto
carbonyl carbon of the lysine |¢nker. At 1(Pthe
opposite end, N2 of the spacer/is attached via a
carbamate |inkage or an am de p¢i nkage to an activated

polakeicny henssral el ciRE@crainéy-napher e t he PEG has a
Loetght—et!

nol ecul ar about 20,0 to about 40,000
In other em%oél i 1?%20216 o? rnglée th%gtllglﬂquéécg%% lgegxgt\;é F?)t-l\x}séi?eg rgivirrll%rrisee’ to alternative

stereochﬂmsmbeﬁlst, witl bareadilyeapsteainted byrpéreana bhordinedy ghill)in thelagr e

is atta Vi -

e@? d de% ng/eé% %1 ? gﬁg b@(@rg%ﬁ%?%&%ﬁ%h%“ fgkaagrgmg %ﬁﬁé} whereby one

peptlddﬁﬁl\bﬁdm@a@tatt&hed: mtnirso@mjﬁmmﬁ té ke ]ymmémmaﬁmdrgy)u}b end the second peptide
repres ed as fal

monomeR A S SR 1 T VSIS VB9 ERPAH KO PEG 20- 40K
OTKe/Weftidd drmeab VR ThydmtioR For¥er coRBkR( Mp@er Midlietydf\tefoRowiRg structure:

2oti vated pol yet nyNSHERBrgRBIoT R 0Bt ety the novel
e oncRSB RIS R R NS0 Tl GHRRE cr.
the opposite end, N? of the spacer is attached via a carbamate linkage or an amide linkage to an activated
polyethylene glycol (PEG) moiety, where the PEG has a molecular weight of about 20,000 to about
40,000 Daltons (the term "about" indicating that in preparations of PEG, some molecules will weigh
more, some less, than the stated molecular weight).
Where the spacer is attached via a carbamate linkage to an activated polyethylene glycol (PEG)

moiety, the novel peptide compounds of the invention may be represented as follows:
0]

I
(AcG)GLYACHMGPIT(l-naI)VéQPLR(MeG)—NH NH)kO—P EGa0.40c
0

O
AcG)GLYACHMGPIT(1-nal VCQPLR MeG)-HN NH /
( ) l ( a) | ( ) —\_O

Where the spacer 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:

-11-
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(AcG) GLYAd1 GPI T(1-nal)VCQPLR( MeG) - NH NH) ~I PERO 40K

O O (AcGGYA CHMEPIT(l-nal)Vi QPLR(MeG -HN
WORB04k101606 / The invention further provides PCT/US2004/014889

phar maceuti cal conpositions conprised of such peptide

conmpounds, and nethods to treat various nedi cal

condi tions i epti de conpounds. 5 DELAILED

I ﬁ&@i nitions: o acid
reS| heEﬁsgcggg%l eg argﬂgéﬁ%ggﬁ&%ed as f ol NewsPEG20-40k
Phenyl al anine is Phe or F;, LeucifQe is .10 Léq or L;
| sol euci ne is IIe or I; thhlonl ejs Met or gM Valine
is Val ne i Pro or P
Th r(éb‘ﬁ)ﬁhXAFEMﬁﬂT(bPaD’r’CQB&Ra(Meﬁ%HNs A'a’ ox_¢& Tyrosine
is Tyr orY Hlstldlnels Hs or H GQutamne is An
or Q@ Asparagine is Asn or N, Lysine is Lys or K
AsRaidveftioiC |ﬁ§}tHe18 p?&ﬁ’de@ Tpl@rma@e&ﬂc@l"“c@mpdéﬁioﬂs |c§mﬂ1§bd0 of Euch peptide

Cysteine is tophan is Trp_ or i ni ne

compoprgis,,@,ng rqg;hoﬁg; toérﬁat @19,0@,mﬁélcplscoghg;ons&smgasuclpﬁgphde com ounds.

unconventional amino acids in peptides are abbreviated

as follows: 1- naphth Ialanlne is 1-nal_15 or Np;

N- et hyl gl ycDEEAILER DESCRIGTIGN QEFHEINVENTION \pG or

Sc; and acetylated egC|ne (N—acetngIyC|ne) s AcG

As used herein, the term "pol ypeptide" or "protein"
Definitigas’ers to a polyner of ami no acid nononers that are

aAPHR 281dirB9aRE IndseplidRb %Qbﬁr@ﬁﬁéﬁﬁrfoﬁmﬁpﬂéﬁyﬁwﬂg iSIH3@S F; Leucine is
Pol ypepti des are ?herefore at_| east two. am no

Leu or,]’_egsp ueae is r]le|o§ ﬁd\lﬁhlo%lﬁﬂls Met Ioéle é’@glpq 1§ Vab?fg%rSerme 1s|Sgr or S; Proline is

Pro or@eﬁ%fe%hﬁ% is ttheot € ManRERS Weor ASTGo8siné & Byr2& Y; Histidine is His or H;
pol ypepti de t hat is only a few am no_aci d residues in

Glutanp@rﬂgﬁlfl oryeAsparpgine ERaRRT Ngbyiinstis hiptrifd espatic frid 1s Asp or D; Glutamic

Acid iREIEDEBL CHHRNE CONoraT; ErrRfithe! @h"r[}/roﬂ'w N}Eirﬁné 1@ @Bg 8@ Whd Bcine is Gly
am no acld resi dues in'length he

or G. ‘Bheayneprshijongt aaipe agidsin eRidE EbMEyaieA MRS padiylpdapine s 1-nal

or Np; NOmétBRgHine Q18X PR dafdBsind) i MEOBbF §6 bndMckfylated gBRRE |(1d%cety1glyc1ne)
may conprise any nunber of am no acid residues. Hence,

is AcGt he term pol ypeptide included peptides as well as

| RQQ&%H hSRRAUEREGEH ‘QblyARtil® ROhdRin” FFerSo Mﬁ&?m&&ff%hﬁho acid monomers
the phrase "pharmaceutically acceptable” refers

that axpyglplebAITiAP @ JoITed oesMer thiopghtyaide perdls. Felapersifes are therefore at least two

amino agﬁnﬁ&@hésymr ﬁﬂ@ﬁ de@ A5 RRE" 1on&r9- Gedehdl, ﬁfeeterm “peptide” refers to a
(§d|o ogi cal tolerable and do not typical
polypep

hatds amly & fP‘é egine asid residhes i lepgthoWhe HOWEEB@TI%%SOH%EWMGS of the

presen@ﬁv&ﬁ%ﬁ bieCprbiRS6ly, no%&% G SBoR v arnhﬁo hdik ?emdu&hxﬁrlength They are more
adm ni stered to a hunan. Preferab @ as used herein

proferaplyeot; ot 1 attiotit Q) eining | acyl teidusp ia bingth. 1 AOYPeRtidEr B\gtrast with a

peptidD¥mdy ERPHsatQy %uﬁﬁgﬁn&yarﬁlﬁo Lhg £8dRt alndke, ahs ttﬁ'ﬁqepolypeptlde included
govérnnent or listed in the U S. Pharnacopela 30

pqmd%@héﬁu@%h@%%ﬁ%&ﬂwéﬁééﬁm¥@@mﬁharnacopela for use |n
apk NREP heRRd thD HRraRAFSHahHc ALy BecBMABIOS refdb Qo 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 acceptable" means
approved by a regulatory agency of the Federal or a state government or listed in the U.S. Pharmacopeia

or other generally recognized pharmacopeia for use in animals, and more particularly in humans. The
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-12 WD 2004/ 101606 PCT/ US2004/014889 term "carrier”
refers to a diluent, adjuvant, excipient, or vehicle
wowah/1nmsdeh t he conpound is adm ni stered. SucPCT/US2004/014889
phar maceutical carriers can be sterile liquids, such
as water and oils, including those of petroleum
term "amriierti| refevse getaabﬂ@nt;ra@ymth ekéipiewy iogi vehicky oithawhigl dheitcompound is
adrmnl%ljed §%S)ﬁ%a94ultwal M@JS%L lg)(it stenléc'ﬁcgﬁzﬁes@hla wgtgldaﬂdl'b‘?ls mcludmg those
Of "agqueous so he sol Utions an
of petr@lqum @uisnat] @Rgetabbe)rayrdhayﬂc poginghiclsmsipeariubeib seybeargoil, mlneral oil, sesame oil
r,ef
and E Y o oFIBLL¥ B SUEE LS s BREQE Uy allivcerl solutions are
preferah}y@mplj:esd:m degitrs, partiReariynfgt mmbtgbl?lmiutms, eSnltab]g|phannaceuncal carriers are
| n the term
descrlheg 1n 'I%I%glingto%bé Fgaﬂagmggl SQlexichg b&%ﬁ% | ve ligand whi ch
bAm Osedt Igerdin she Gomplagorasit aafgrs b @l lmgllogle¢llyya€éi@@ iligend which binds to its
complegmen %gr‘ b(folo Qﬁlg%gtwevr@éeﬁﬁ)r Lrplﬁac 1\%:ets %e lgtjteg Ql‘ﬁ{er ¥o caﬁ&lﬁsﬁoléglcal response in
i 0 sponse fn tor, or to enhance
the recpp‘t@reocl te enhagcebimlxisgmgﬂabloa'eal lawvuy osﬂhe tdgeptorece ptor. 10
Novel peptides that are EPO R agoni sts The present
i nvention provides novel peptide conpounds, which are

Novel W&@@m&@&&m amatically enhanced potency and
{ {
a’fhelt \F/)%fséﬁ’t r%o gxﬁ(gnr E)?cﬁ%i\;:g eno‘\:n?ng g?néj 2:81% gé) ggﬂllﬁgﬁa{éé ]ﬁfO-R agonists of

dramat(oéhﬁ)sﬁai(d&@l—imﬂ' (atd raah\)myoqphdab( PEIBES dompN@ds _‘fh)?e hamgodsmers of peptide

mon RT3 O A RIRERIS IR R A OPEE g v 0,

or horhidim@} ; ofvieptiée emabmensi nwing cthel aignd adi ceywstod YAeHEA N GHMGPIT(1-

nal)V(&%}%Iirqufe?ﬁi i(%€§ %eﬁ a loglliere Qé‘f’lc@mnr}](g %gl?kl\}ggépyalt&ll %p k}ggagd one letter

ani ne
abbreviasio “(An@i)h}'d Ig-lagﬁtylgl@gmal“ﬁendk)ﬁ (w\hnazht}e(hdagm; g ¢ (Ma@rh is “(MeG)” is N-
e BB SRR Sy BALRLES By i conn
intramolesilad éslfdf bbﬁrbbatwmnthc cysBirchresibes v the mapmee S®H monomers may be

represent.ed schematically as foll ows:
repres‘“(“%@é?‘“@lf‘%ﬁ%ﬁ%@?“ﬁ?‘is nal ) VCQPLRK
ZACG GLYRCHVEPT T( I-hal ) VCOPL RK(AHG)GLYA(&MGPIT@-nal)VCQPLRK
IGLAE&WIP@&Y%W QBLR(MeG K or

HMGP LR(MeQ K Th
(AcG) S REHMGH g%alwg‘ ( zatl o AP CiRE ) %&?MeG)K

agoni st acti vi ty he 1f nker (LK) noiety is a
branched teriary amde, which br| dges the C-termni of

: ﬁﬁesgn{gtg?rﬂ?er}?aqep{ g?{édlp‘%%%eg epr0¥1 Q gmtll%e 1tntle%s 9 n%ncéc? EPO-R agonist
activity. eTIﬁei laikyr (I@)‘ﬂndﬁtyl ik Blbeanhcled merlagy abebe, othindh lmdges the C-termini of two peptide

monor, O FRUFTPY HETRe (16 Bt TR, Chr gy The tetay
amide Ghkel B Ye-depicted as:

-C'0-CH,-X-CH,-C*0O-

where: X is NCO-(CH,),-N'H-; C' of the linker forms an amide bond with the s-amino group of the C-
terminal lysine residue of the first peptide monomer; C” of the linker forms an amide bond with the -
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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30 termnal |lysine residue of the first peptide

mononer; C2 of the linker forns an am de bond with the
w@2@ailoeogr oup of the C-termnal |ysine resi durCDUS1004014889

second peptide nononer; and N of X is attached via a

carbamate |inkage or an am de |inkage to an activated

PEG hgsal peledular svsishipdfiabout 2008¢ 0 aboitei0yp00 Wakiens (thp éerm-"abpuifgndicating that in
prepara%\l\}(é?sgﬁ PREd 90%3&%%05@% 8&81361?%& g—@?e, F&%&?% Sthéh AP LigE i hlecular weight).

t of abou ou 00 Daltons (the

t Bhrertertiarty emide linketinerxtalsadpe téragted a3:  prepar ati ons of PEG

sone nolecules will weigh nore, sone |less, than the

stated nol ecul ar weight). The tertiary am de |inker

may al so be depicted d80-GHEAGLEFO- X- CH2- C20- wher e:

X is NCO (CH2)2-NH C30-; C1 of the linker fornms an

am de bond with the c-am no group of the GC-term nal
where:| X/ &i @O« @81) ANE-GO-;t Gl fiier lgtkeplopts abenmidmiomad withethel s-@Ringfgroup of the

t he l.inker, forns.an amde bond w th the. ,c-ani . .
CrermgP i S ok b Blefond R atd! GroninkEr B8, if8 bnd with the
g-amind RRAPRL the K erpiaplt lysige thhides of thé sechft papedd mummmieroThe peptide dimers of

. further conprise a spacer [ of the follow ng

the inveR oy SETHPESOTPRTE TeT T et ROPISHRE FEERES of 1 he

spacer is covalently bonded to C3 of X; N1 of the

spacer is covalently at; ' 15 carbamate or

an am de |linkage to aﬁ&%ﬁmgt(\égqﬁ%e noi ety; and N2 of

the spacer is covalently attached via a carbamate or
were 0 s B AR AP L0210 TSRl A Facea vi
carbanfa®, 6 @R arbiak tislage (o daeclivksd PEahaosibty; ind (N° ofthe Bpacthiatovialently attached via

s o Tl i RBP4 HBA i oo
10,000t €bdhOEEH0IBoh @ 16t tabeut! MdRMirigaMt Gibyrepiraione OF NG, Bor@e molecules
. F?Gm)ietg%/,l ichhis %@%aletw' 0O attached via a
will weigh pargesonte lgsy hagdhat RIUE “eigiage to the tertiary
amn@ethk indke pegpifdet bEthpaRichtieh clinraNo. conf2inG PEGansietyewhich is covalently

B R M T A
PEG iddW4ta61ieR pBitachiy i8 ghaamiceh@ally adcepistlg ME® for akkoid tthedfesent invention

kil odal f on 20K) to aboyt 60K . (the term. 'about"
may b ef 4 PG i ELC TViRE Binisee o et best DGRt RIk Ll sbout 60K
(the te¥h I"AboweiidicaiRE Ehat SOPEpar&RSs of PE@I S0k éndécales tvilldlefithhare, some less,
S

ek b 28 e o3 P o shot 30K 1o
about U0, a0Ohe Willdd BethakiewliDbsabech shker Hesicsifd dyrydredize based on such
. Si ze based on guqch considerati c_)nsésgas t he d(%si red . if
considefadofers F [deuIearIoRFCt PREMTPR I AFUAIPS ' PEYIERNYSPs efects, if any, on
biologRAI REFEy; edsé i dlingN deghder 0Bk GRAntiAEAILIW b otB@k@ow effects of PEG on a
handl i ng; degree or lack of antigenicity; and other
therapgilig REPUSFf ect s of PEG on a therapeutic peptide.

Pegidele peptia€ Binetardl dTRr eptitid-bascl @liolqtalet bfl e hd&aton can be attached to
nmol ecul es of the invention can be attached to ?0
water-johitl PAlgmens| (& ep dlEFtar@e @y ol 2 pegfy 98 CAgnisiigs &t link the water-soluble

polym¥d) k2t re@dptdi Mt Jot tR% of thelmdMeulel€g VdpBde -5 Qlabdd). €A typical embodiment
employs a single attachment junction for covalent attachment of the water soluble polymer(s) to the
receptor-binding portion, however in alternative embodiments multiple attachment junctions may be used,

including further variations wherein different species of water-soluble polymer are attached to the
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pol yner(s) to the receptor-binding portion of the
nmol ecul e (e.g., peptide + spacer). A typica

weniwadiwent enpl oys a single attachnment junctPCIUSZNN4/014889
coval ent attachment of the water soluble polyner(s) to

the receptor-binding portion, however in alternative
receptoehinditic nmrtl@l p [distingt enttaghmzenh dutionjsu wdidhomay rpgludse corglegt attachment

Junctloﬁ(?)qo gcefr F&%(F% ort 'b%{h' Edevﬁlxgl'h? i sdhd ér@d'ogﬂﬁen%?%@ IdfiRer or higher

e pol ymer a e attached to
order m@mmwéb@ommseus@W/ Prdes ot we@béq)tcbmnb(lﬁdl ﬁgheterodlmer or other

heterorﬂﬁﬁr?-térgnB?twag'o? teke{hgle Qﬁ%ﬁ&hf@&&mﬁ Uéf]ﬁﬁﬂep r111§-1y é@ﬁi{pﬁ&* F8¥st peptide chain

e coval ent ment unct i on S he spacer
having sanBEG rattecdhmsniejuostionon the pecionte p@ﬂ’ﬁléﬁ 1$8ain [mpRyseither lack 2 PEG attachment

junctioff %Pagﬁil%“&&ﬁereﬁﬂﬁlk < ChbmRlry Igl#agqﬁé firs? g&ﬁﬁe R hﬁ@fn éMﬂe variations the

rrse distinct peci es al n
spacer m@yeqog‘@mnm lagk a FEesttachagng nmm punabm)d s@yerwgfyPEﬁylated may utilize a

llnkageecfﬁglmglrg dﬁfépealg@%thl!hhmf bR nd/Br Qb&% AP A SRerBative embodiment

epti arn havi n chnment junction
employaredPEG ettedied el thsepadet eotinmio thmvcm‘tqribmdmgamqrtl@ PR different water-

soluble% @ﬁﬂ%} %/1 : %a]éﬂéﬂgﬁ %o?félgﬂéd ‘Jo azs ¢Fh&th t'cheI Al @L8as of the peptide

pept i e C a|n an I n some
portlon\ﬁdltheamlmul? t he spacer may contain or Iack a PEG

ﬁ‘ﬁ&ze a &fﬁai&ﬁ %g&! lz(?ﬁé) %’@??561{13 n‘%e utS an t ?lgh(])gﬂmfhe receptor-

blndmg hmom frsptiden df spacese <Sgbﬁﬂanpelbt anyesuithbie meactivanPE(F reagenitcay e used. In
preferrgm?l%on x s, tlﬁ qpicHVeSPEh E&%n@%l?&@ﬁgmt @nﬂﬁ%n gpggﬁﬁamate or amide bond

e receptor-bi nding portion an
upon cgnjﬁg@pe rio thmteeq:ptoi{bngingmm;onp (Spyzrbéq' re@@wg PE@ species include, but are not

limited“@! Bl%gé/ %%é%%? Q&ﬂ #1924 sglaa f #e &B Sggtelﬁ{ @at&lt)g t(f(ﬁB) of NOF

am no aci e pepti porti
Corporgfiiahe(Yehisi &tayden Plage Tywerh ¥0-8 Adisy| 4y<zbome( ﬁEbeaskpeE@@'Q 1ﬁﬁ360 19) and the

Molec%%rr]%ﬁ%%gm{ % ecgtp flc__sg)éiSO@g)' oqlﬂleﬁtfar ’;‘ﬁk?aglrj ‘g&@g 9D c%’vé}Q !D?lge Huntsville, Alabama

spacer ntial 'y an
35806)s Wbt elneple elai:notvlemmgl,r@ag“elmmwﬁEﬁeremﬁ ar¢ mften preferred in various

eHmOdﬁgﬁuF%ﬁ&%ﬂﬁggﬁh |on o a caé ng?z?or aé?ggg%ohg%%%hwﬁdo’nmEG-

NH2, upiiG-8BA] ugBEG-6BA; omPRE-thieestqns, o mPBIGRROWRY plésters, omPEG-BTC, mPEG-
a8, S50 BB S S5 b O s
NHS-PBGHYS, DIHB PECYMBY 3t RES awrpintas (ACRE-OBGINIGS), -phOSPhohplds (e.g., mPEG-

T e

actlvath bye @udhamiskp ghoser rbly rtose askdled g gn (tlgoam) anpfof Nl SEINBRITE activated PEGs

(1nclud§}§8 n%%J &mrftgdeg(og%gtfoeylzﬁ%ﬁ/ E(\_‘Tf é]irg!gpﬁé(g%l c& c}%l cetal-PEGs,

amino-PEGs rtha)gBEt}s raal@mafotREGsp hgdr@ryrl@EGramlmramcsPE@-COOH hydroxyl-PEG-

s SELE LB BEESHE D, UGS Don Y0 Tt i

suitablerReEive PEGe 8¢ ®tested hiPhoseDillofl & the tré fog theirPEGCBT@PPhidaEGH and usage.

(BK]%{I‘@YE P 5% dig Bﬁ%ﬁw %_ﬁ@& tcbxﬁ%%tmgg% mgtlﬁ%‘& e covalently

attacheNING: apmaamr_e) or aPBGida dinkiga tes S{AMERLOIREGINNS) the spacer moiety is covalently

hol i ,
oot UL 8585 8 e B o PO it
embodiyhencsesfi the prase dnwéﬁm By be hnaaataadj ntay ba lmkehiogether at a single point of

aﬁachrge@%%%??%ﬁ t ho?e g Prse C_\gas a m ecul igh?gé/ abglf.lt ltol'iglodaltons (10K) to about
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(including but not Iimted to carboxyl - PEGs,
p- NP- PEGs, Tresyl - PEGs, al dehyde PEGs, acet al - PEGs,
w@eionoeBrSs, thi ol - PEGs, mal ei m do- PEGs, PCT/US2004/014889
hydr oxyl - PEG am ne, am no- PEG COOH, hydroxyl - PEG
al dehyde, carboxylic anhydride type-PEG
60K (tHfechrion ['sbou’ iindentiPEGap romphottions of, PEthdowe m@ﬂecglemwléwvelgh more, some
less, th {:F}thd ﬁlﬂie%ﬁgl ﬁel%kﬁ?%lﬁe\é hpé%le‘aés é@k@rﬁéﬁ'gl}k}%eﬁm &ore preferably,

e ar or thelrr particular a{;lcat
each oﬁﬂm woalfeG mygetiph dian @mleqyéiptwe@@é o fabeuh 20Knpehopoillsatnd still more

preferaglbr%gm%g{]&lﬁ)h{‘zdﬂ%d t Bk &tif ﬁloI'JﬁEfeﬁB?I énéQH 8f @O I/PEG moieties has a

ached vi a car arrate or an am de kage to a

moleculpp weizht efebeut POK v skilled inbe erpwille ablsite ssject the derjigf aplymgr size based
on suclp&ggggat As hﬂﬁ? h@s?}r%& @JSXgep éif‘anhﬁ pke rres@JtanEQt% R&BLL Kﬁ@ effects, if any, on

nol et | es used in suc
blologlm@tmmﬁesmdtandlm Jserss entack eRastiginisityning ofier kngvensifegls @f PEG on a

Jdinked together at a single point of
therapeqﬁl%/%égﬁrre Each PEG noi ety preferably has a nol ecul ar
v@egmselﬁﬂnwbm alsoQroliptigsd abittidn sgquistthatiars hamodimers qfipepfgge monomers
having %l%ga%lﬂ& 168 @eqﬁ%}é Bﬁ&g%ﬂ%ﬁ@l@ﬁ%ﬁ%{(ﬂ%@m ID NO 3), where

cating t reparations o .
each amin keids igficatest &) standard ong letier, abbmlﬂmm et s dN- fﬁ@%ﬁﬂﬂ% “(1-nal)” is
y ke B omer of
naphm?ia %gfrn%: % (rj\li @g@(@ prﬁgj 1 gg%tlﬁ%% %ﬁta% %’Jé'(l:c{é‘{lt\lgy Each peptide mon
the pennieedhmes chrising amh@@mlwlamsglﬂde dfond thstyteer Ghe pbst%\% gRsidues of the
bout 20K and
mononfe Ssuo i e e B Rl W R e fwo PEG
noi et €S has a S&rml ecul ar wei ght(aef)GabbagHMBOK(1-6a&F CQPLR(MeG)
(ACQQQLYA@HMGBIT&@DX RPIEMrGhe abl e to sel ecttthe—desi+dd
pol yner size based on such considerations as the
desired dosage; circulation tinme; resistance to
Dl“l&ts@ﬁ]loyﬁhﬁrl,c eplides bz, dnhérlzadhy), prcmde b&pﬂﬂ@@limem ofaohdngéd FPO-R agonist

... ea h Lin de ree or enpi.c " .
activityy ’@f‘?‘ggté'sls yﬂﬁ%r%shﬁg Wg’ﬁer ap %t ﬁig é'té%?l}ngy two peptide
monomERe b rsﬁﬁL&fahedum‘mMﬂnem taltisoC-canal sremo pae;dt ofcectagiomimgdrs One peptide

t hat are hopodi ners of ti de nmononers havi e .
monomgh i pacher 4t GRTUBHERS CHBE B A GV SO 1] e RAi monomer i
attached SERs |dAeNenus o th‘é’hf‘s‘irﬁ’s @%ﬁmag%ﬁbo E&" &aﬂnﬁle' ﬂﬂlcﬁtﬂér&ﬁa}bye illustrated

standard one letter abbreviation, "(AcQ
structumllaewwg|uy5¢rw@1al qugspgmyrized gs shoWR ipFRrA aaﬂ ani ne, and

"(MeQ " irdumgt hyl gl yci ne, al so knowrgsugd¥ cosi ne.

Each peptide nononer of the peptide diner contains an

i ntranol ecul ar di sul fide bond between the cysteine

resi Moesndf—+-N& nonomer. Such nonomers may be

represented s matically as follows: 15

( AcG) GLYACHVERI T(1- nal ) V. QPLR( MeGMomdimerl —N*H

(AcG GLYAI HMZRI T(1-nal )V i QPLR(MeG  TheseSnononeri c

pepti des are dHperi zed to provide peptide

enhanced EP agoni st activity. The |inker (LK)

noi ety i s a l3fsi neoresi due, which brldges tRe
MonbreerPA-RIN Hf—t(ma-cgeptl de rmnorrMbm,metjly—aﬂmu tan
attachment to the GpterRAGakx ani no aci d of each
L R T e L R

the nl@g&pﬁ&ngggglhggammﬁuﬁ s attached at its C— t er m nus
the |ysine's a-amno group. For exanple, t(JI
nﬁye psetidd dippeysof thednvention firther comprise a spacer moiety of the ollowmg structure:
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structurally as shown in Formula |, and summarized as
shown in Fornmula Il: Formula | Fornmula Il  Mononer
wQa20@khbeh2 H C Monomer 1-N2H zl CH2 H2C // CPCT/US2004/014889

Mononmer2- N H -CH C Mnoner2-- N1H Spacer - PEG0- 40x

Spacer - PEG20- 40X In Fornula | and Formula 11, N2

repr esents the ni t-Né’g(é?Hz)a@tﬁﬁHz)sz [%)zﬁbH‘s S- am no gr oup

and N1 repr esents 25 the nitrogen atom of r%

At one goch A’ ABthg SRAGH. 1S Atfehedefin Fohenid inkass 1B A cETRe Fﬁ‘? Oft e lysine livker. At
the oppobifd A8 NTSHRY d f&&r & SR Kia Ma®hMat® linkdae of &1 49k Afkage to an activated

struct ure; WO 2004/ 101606 PCT/ S 004/ 014889
polyet}ymFﬁl_gky@jqﬁgG@ nem) whege E C2 Y wEight o bogk 10,000 to about
60,000t P LtofP BES  erth S'a E"aﬁbﬁﬁ*m\g' tRat3hl p?éiﬂa@ﬁoﬂsldf ke, sbﬂle dnolecules will weigh

carbonyl carbon_of the l'ysine |inker tl@&’ﬁﬁgg oppos

more, FY, 1esN2‘,h'@fth§ plated H)gkeg\ﬂarl \gelg’tt} N preferablys laaétaénolecu?ar weight of

aboutiO'O‘OlS@egﬁ) (Q)bmﬁmﬁm de I i nkage to an activated
I'vet hyl ene gl ycol (PEG nviety, where the PEG h ?
n%ll"-@ctb? agvelreplidss obthe iysuiton plyo gprifain 8 PEGMRICH; xgl@clele @ova ently attached

to the peplidesier{ PRE: i £viler RIMMIK polynitd kifadis bﬁﬁnﬁ&b@ﬁcdﬂ& acceptable PEG for use in
preparations of PEG _sonme nolecules wll

the presegrinveIdion may by ﬁln?%él@fa&i?}@é PRE hawige amalesrly htNPIg waggout 20 kilodaltons
(20K) er a%fnﬂr@ﬁl (bhe tdrhe aﬁ’(ﬁl@ 1H@1§atﬁg ARk Gkt RlatWE FIPE® fsom@fh@lé&ules will weigh

to 40, 000 lto Thus, the 2g{l)velevé)ﬁ(ggt i des
more, s IShndbt POHAIEE S0IcEURT S8t MRREPRGE hosy ol cular weight of

about RVA| aﬁsﬁtl4ﬁKa£ﬁdas‘ﬁh 8fbre biRfhdbS, PRBlh IS vdehgﬂe bf aﬁ%ﬁﬁ,m tcfabout 40K. One
wat er sol ubi e polymer that is pharnaceutically

skilled g the gt 3l be Sbfacla eI Ciglesned POy S48 based omspch coURestighs as the desired

dosagenai/cuﬁlﬁoﬁ hﬂ@@éms’c:ﬁﬁ@ foaﬁst@&?sﬂg E@J@W g A YiBlbEEd! h@lvity; ease in handling;
about | odal t ons (P to about 60K (the

| ght
degreetoaél—aﬁk Ofa?ﬁégﬁn”“b’f?dlﬂ@ﬁ{e? Fngvniskiects of PECenren BErPRMES B?pﬂém

SWTi@re”Dlaa%Em £9ndthdr| B‘ﬁ' Qltb M@dlm&o ”Qlaé eShe tddaho t NGid  sequence,
ated nol ecul ar we referably, the PEG has

(AR FOFERTT s giOTBRE KR EDAIR £ b3 SR ifis siached via o
carbanﬁ%e' ﬁrlkaé@QB §n E’Jtﬁgt@dl ﬁ@&éf ﬁen@%ly%@lL(PEG) fﬁ@ieﬂjhfhe bved Bepitde 38Hpounds of the

to about skill inthe art will be able to
anenﬁQ’éFD@Ebeteﬁ@Sﬁﬂ@élaﬁg&lob@l ynmer size based on such

consi deration sired 15 dosage; circul ation

tine, (eSISYarieCHT-phot@okyel siebfects, if any, on

bi ol ogi cal activity; ease in h&ndling;

R 3%
Oﬁﬁl JK/\NH)LO_PEGZO-WK

NH

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

Where each monomer of the homodimer has the amino acid sequence,
(AcG)GLYACHMGPIT(1-nal)VCQPLRK (SEQ ID NO: 1) and N! of the linker is attached via an amide

-17-



degree or lack of antigenicity; and other known

effects of PEG on a therapeutic peptide. Were each
woearerso®©f the honodi mer has the am no aci d SPCIYERINE4/014889

(AcG GLYACHVGPI T(1- nal ) VCQPLRK (SEQ ID NG 1) and N1

of the Iinker is attached via a carbamate |inkage

linkage 4 ameqtiveted pelyssiilspeehigpldREGY mpied!, themersl perside t°9mp?qﬁlés of the invention
maybe@%\(gs[mtp@gtfbl%sconpounds of the 20 invention may be
presented as follows: O (ACG) GLYACHVGPI T( 1-nal ) V

QPLR- NH NH2 N " A O PEGO OK OOY NH
(AcQ) B&°F _lﬁQ’FI%(lrfﬁr\f 0 Wiere each
nmononer of the honodi mer has t am no acid seguence,
(AcG) GLYACHMVGPI T(1-nal ) VOQPLRK ASEQ ID NO 1) and N
of the linker is attached via anggmge -17 WO
2004/ 101606 PCT/ US2004/ 014889 | nkédgeoto amp acti vat ed
pol yet hyl ene glycol (PEG npiety, the .Wo eI )Qﬂgtl de
conpounds of the invention nay begr reseIHt dm-40k
follows: 0 (AcG GLYACHVGPI T( 1- nal) QPLR-NH NH2  NHO
O N NHAEROAOK OY NH NH
(AcG GLYACHMEPI T( 1- nal ) VCQPLR- HN N O 5 Where each
nmononer of the honodi mer has the i no aci d sequence,
(AcG GLYACHVGPI T(I - nal ) VOQPLR(MeG!K (SEQ ID NO 2) and
N of t&3Gkﬁ9K$ﬁM&ﬁTa%&ﬁﬁgﬁgkyﬁ@ NH2

(0]

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

invention may be represented as follows:

0
(AcG)GLYACHMGPIT(1-na)VCQPLRMeG)-NH_ J|_npro

NH_ O

69

NH~  O—PEG20.40k

NH

(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG) —HN NH2
| ——
0]

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

invention may be represented as follows:
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carbamate |inkage to an activated pol yet hyl ene gl ycol
(PEGQ npiety, the novel peptide conpounds of the

WO pwendicosr nay be represented as follows: 0O  PCT/US2004/014889
(AcQ GLYACHI\/GPI T(1l-nal )V QPLRCUMeG -NH NH2 NHO O 0 x
~ ON "~ 'NH kO PEQ0-40K O NH

(AcG YA IH ag VCOPLR( Me

each C&’F&g%f’m '@gbrY h% = W& ami no acid
sequence, (AcG GLYACHMVGPI T(I-nalN VCQPLR(MeG K (SEQ I D
NO 2) and NI of the linker is athached via an am de
I i nkage to an activated pol yet hyl gl ycol (PEG

noi ety, the novel peptide corrpoundsm bhe i@vention
may be represented as follows: -18 1%%8
PCT/ US2004/ 014889 O ( AcG GLYACHVGPIF( L- nalN 20-40K
QPLR(MeG@ -NH H2 O O NH' (O O-J N NHE§20-40K NH
(AcG GLYACHVGPI T(1- nal ) VCQPLR( MG HNNHH2 O
Preferred peptide diners of the presgent invention
include, but are not Iimted to: O

( AcG) GLYACHVGP! T( 1- nal ) V. QPLR- NH NH 0
(AcG)GLYACHMGPIT(1-nal) VCQPLR(MeG) —HN" )r—~NH2
(0)

-HN NHZ O 10 Were

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

0
(AcG)GLYACHMGPIT(1-nal)VCQPLR-NH_ JL_xym2

NH_ 0
T R
o NJK/\NH)LO“PEGZOK
NH

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

[ o
(AcG)GLYACHMGPIT(1-nal)VélQPLR—NH NH2

(AcG)GLYA(IJHMGPIT(l-nal)V(EQPLR—HN NH2
0
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N OY " "NH OPEGoK NH
(AcG GLYACHVGPI T(1-nal) VCQPLR-HN NH2 O O

W@ 2081 AYACHVGPI T(1- nal) V QPLR-NH NH2 NHO O pPCMUS2004/014889
XO-PEGOK OY NH (AcG GLYACHMGPI T(1-nal) VCQPLR- HN

H2 O -19 WD 2004/101606 PCT/ US2004/014889 O

AcG) GLYACH “ha gLR— NHNH2 NH O (r) N
H O ﬁé@@k“%mm@g L, 1-nal )V QPLR- HN
H2 0O (AcG GLYACHVGPI T(1-nadl)V QPLR-NH NH2 NH 0

2L~ Z

(AcG)GLYA?HMGPIT(l-nal)V(llQPLR—HN NH2

[ O
(ACG)GLYACHMGPIT(1-na1)VJ3QPLR—NH NH2

NH O
€5, g
Oﬁj\l Jk/\NH)kPEGzoK

NH

(AcG)GLYACIIHMGPIT(l-nal)V(IJQPLR—HN NH2
0]

[ 0
(AcG)GLYACHMGPIT(l-nal)VéQPLR—NH NH2

NH_ 0O
3
OYNJK/\NHJKPEGWK

NH.

(AcG)GLYA(IIHMGPIT(l-nal)VCllQPLR—HN NH2
o)
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o NHO NO) EROK NH
(AcG) GLYACHVGPI T(1-nal ) VCQPLR-HN NH2 O O

W@ 2OBIAYACHVGP! T(1-nal )V QPLR-NH NH2  NH 0 0 POs/NB200/014889
OY x EG3OK NH. (AcG GLYACL GPI T(1-nal)VOQPLR HN NH2
O__-20 WD 2004/ 101606 PCT/ US2004/ 014889 Q

(IAcG) GLYACH —ha LRRENHNH2 NH O yl~ O N OY
NHEGAERC) Gy ACRRERE (YAl NH VOQPLR-HN NH2 O
QO (AcG) GLYA HMGPI T(1-nal )V QPLRQWEG) - NH NH2  NHO

NH_ O
SN
Oﬁj}k/\m}kp!sem

NH

(AcG) GLYA(EHMGPIT(l-nal)V(llQPLR-—HN NH2
0]

CEn ¢ i
(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)-NH N2

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

| “ 0
(AcG)GLYACHMGPIT(l-nal)VéQPLR(MeG)—NH —

(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG) —HN" )r-NH2
: 0
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X ~p ",/( ON" 'SAO PEGOK NH

(AcG) GLYACHVEP! T(1-nal )V C QPLR(MeG) HN NH2 O
WO AOBIANACHVGP! T( 1-nal ) V. QPLR(MeG) NH NH2 NH BCVUSIR4/014889

,~p ON" '"NR-O PEG3OK NH

AcG) G_YACHI\ZGPI T(1-nal ) VOQPLR(MeG) -HN NH2 Q=21 WD

004/ 1 7 /014889 00
G‘)(*Gél) +Ei“%%% N NH2 NHO O (r)

(
(s
N NHAO- PEG4OK Y NH
(
(
N

AcG) GLYACHMGPI T( 1- nal ) VOQPLR( MeGh- HN NH2 O O
AcG) GLYACHVGPI T(1-nal ) V. QPLR( MeGYNHH2  NH-O Q JO
| J-\ /" NH-PEGVK OY 0 o

NA

o NH' O-PEGso

NH

(AcG)GLYACllHMGPIT(l-nal)V(llQPLR(MeG) —HN NH2

I o
(AcG) GLYACHMGPIT(l-nal)VéQPLR(MeG)—NH NH2

NH 0O
Cs, 3
OQJK/\NHJ\PEG%K

NH

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

[ 0]
(AcG)GLYACHMGPIT(1-na1)VéQPLR(MeG)—NH NH2

NH O
€5
OYNJK/\NH}KPEGsox
NH

(AcG)GLYACHMGPIT(1-nal) VCQPLR(MeG) —HN~ )~NH?
o}
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NH (AcG GLYACHMGPI T(1-nal) VCQPLR(MeG -HN NH2 O O

(AcG GLYACHMGPI T(1-nal) V QPLR(MeG -NH NH2 NHO Q JO
WORM4NNGE ' KpEGZOK  OY NH PCT/US2004/014889

(AcG GLYACHVGPI T(1-nal) VCQPLR(MeG) HN NH2 0O -22 WO
04/ 101606 PCT/ US2004/ 014889 O

AcG YACH - N V LR I\/EG)ONH NH2 NHO O N
HA G@&”@W@Fﬁ%ﬂ&@@@%

=N ) VCQPLR( MeG) - HN
H2 O Where each nonomer of the

onodi mer has the
m no aci d sequence, (AcG GLYACHMGPI T(1-nal ) VCQPLRK
SEQID NGO 1) and both N and N2 the spacer are
oval ently attached via a carbamat € INatkage togpan
ctivated PEG noiety, the novel pepti onpouifids of
the invention may be represented as,f | MowvisE” CPEGaok

AcG) GLYACHMGPI T(1-nal ) V QPLR- NH NH2 - PEG
NH

/\'\)

QD =z =

(AcG)GLYA(IZHMGPIT(l-nal)V?QPLR(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 compounds of

5  thednvention may be represented as follows:

g 0
(AcG)GLYACHMGPIT(1-nal)VCQPLR-NH NH2

NH\ﬁO o o 0. O—PEGio.50k
o NJK/\NH \\\\/\/NH
HN \",O—PEGm 50K
NH (0]

(AcG)GLYACHMGPIT(1-nal) VCQPLR—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

10  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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A OO0 10-50K ~ NH 1~1 OY HNrO PEGLO-50K O
(AcG GLYACHMGPI T(1-nal ) V CQPLR- HN NH2 Wher e each
woremafrerso®©f t he honodi ner has the ami no aci d SPC/ERNE4/014889
(AcG GLYACHMEPI T(1-nal ) VCQPLRK (SEQ ID NGO 1) and both
and N2 of the spacer are 10 covalently attached

N

an Bam e to a actlvated PEG noi ety, the
(‘h@%lr%%’aﬁdf’g% "[‘}5@% i nvention may be
represented as foll ows -R3 V\D 2004/ 101606
PCT/ US2004/ 014889 O (AcQ YACI—||\/GPI T(1-nal)V QPLR-NH
NH2 NH O O / PEGlo- 50K NQu () Oy NH 11~1 PEG
HN-PEGLo- 50K NH O (AcG) QUAAS bIMGPI Tg 1-nal )V © 10-50K
QPLR-HN NH2 O Wiere each non msjk/o\f t honDdl rr%/
the am no acid sequence, ﬁ
(AcG GLYACHMGPI T( 1- nal )VCQDL G) K (S p@;wg(),( and
both N and NZ of the spacer 5 coval e y attached
via a carbamate |linkage to a actlvat ed PQG noi ety,
t he novel peptide compounds @of the invention may be
represented as follows: O

1 %%YXML% K &H O

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

5  covalently attached via a carbamate linkage to an activated PEG moiety, the novel peptide compounds of

G-NHNH2 OO0 OPEG

the invention may be represented as follows:

] 0
(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)—NH _ JI_ 12

NH\(O o o 0. O—PEG4q.50
o NJK/\NH \\\\/\/NH
Y HN < -0—PEG1asoc
NH o

(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)—HN~ )—NH2
L 4

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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(AcG GLYACHMGPI T( 1- nal ) VCQPLR(MeG) - HN NH2 O \Where each

nmononer of the honodi ner has the am no aci d sequence,
wQA200¢AceIEL YACHMEPI T( 1- nal ) VCQPLR( MeG) K ( SEQ | BCMOS208)/014889

and both N and N2 of the spacer are covalently

attached via an am de |inkage to an activated PEG

tjde cormgpounds of the invention

(A°%%%H¥£é%ﬁé‘§@v%%&§&d? -NHD4 WD 2004/ 101606

PCT/ US2004/ 014889 O

(AcG GLYACHMGPI T(1- nal ) VOQPLR( MeG) - NH NH2 NHO (r)

O-PEGlo- 60K N-.e\\\~/NH O, n#kiNp | PEGLO- 50K NH

(AcG GLYA HMGPI T(1- nal ) VCQPLR( ) CHN NHQ 0 Pref&

pepti de dinmers of the present i Jln\lc de

are not linited to: O N W2

(AcG GLYACHMGPI T( 1- nal ) VCQPLR- NHﬁKIHZ NH' G, o-RERSh- oK

NNH~, O~ HNrO_ PEA oK NH O (AcQ ACHVGP! T(h- nal )V

QPLR-HN NH2 0 0 (AcG GLYACHVGPI T(1-nal )V QPLR-NH NH2

NH' ('O 0 ,O0PEROK AN ~Oy NH

EG10-50K

(AcG)GLY ACHMGPIT(1-na) VEQPLR(MeG)—HN" )r—NH2
o}

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

[ | O
(AcG)GLYACHMGPIT(1-nal)VCQPLR-NH NH2

NH O o o O O_PEG10K
NJK/\NHJ\' \\\\/\/NH
HN_ _0—PEG

(AcG)GLYACHMGPIT(l-nal)VCQPLR—HN" )=NH2
o}

I 0]
(AcG)GLYACHMGPIT(1-na1)VéQPLR—NH NH2

NH \ﬁo o o o) O—PEG;pk
o NJK/\NHJK"\\\\/\/NH
HN_ _0—PEGyxk
LY

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

-25-




HN r O PEG20K NH 0 (AcG) GLYA HVGPI T(1-nal )V QPLR- HN
NH2 0 -25 WD 2004/101606 PCT/ US2004/ 014889 | -1 O
WO 208 ASYACHVGP! T( 1- nal) VOQPLR-NH NH2 NH ~(r) Pe)/US2004/014889
-PEG30OK O N NHOW\\-, ~, NH OY HNr(r)-PEG3OK NH O
(AcG) GLYACHMGPI T(1-nal)V OQPLR-HN NH2 0 O

éﬁcG Gl nal) vV LR-NH NH2 NH O 0 , O PEAOK
c YWIal;nal WV CQPL.

K NH
(AcG) GLYACHMVGPI T(1- nal ) V LRRHN NH2 0 O
( AcG) GLYACHMGPI T( 1- nal) VQPLR-NH NH2 NH~O p., O PEGSOK
N
p NH\fO O O"‘PEG30K

0 0
NJK/\NHJ'H.\\\\/\/NH

(0]
HN\H—O——PEG%K
(0]

NH

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

, 0
(AcG)GLYACHMGPIT(l-nal)V?IQPLR—NH NH2

o]
(AcG)GLYA(le'IMGPIT(l -nal)V(llQPLR—HN NH2
) 0
| )} 0
(AcG)GLYACHMGPIT(1-nal) VCQPLR-NH_ JL o
NH \ﬁo o o 0 O—PEGs5k

o NJK/\NH)j\“\\\\/\/NH
Y N -0—PEGsox

NH O

(AcG)GLYA(IlHMGPIT(l-nal)VCIZQPLR—HN NH2
O
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k\ NH OY HN ~rp- PEGSOK NH O

(AcG GLYACHVGPI T(1-nal ) VCQPLR-HN NH2 0 -26 WO
wWQO4M1160606 PCT/ US2004/ 014889 O PCT/US2004/014889

(AcG) GLYACHVGPI T(1-nal)V QPLR-NH NH2 NH 0 0 O 0

(r)PEG QK N Q  HRd ~PEGIoK NH 0

(%Qg%&(té&‘l\/é:’l TS%R%L‘JSV RHNNH 0 O

NH2 NH 0 Q O-PEG0K

O NA), MN,-,.,~NH O- HN ~PKG20K NH O

(ACG) GLYACHMGPI T(1-nal ) VGQRALR-HN NH2 0 0

(AcG GLYACHVGPI T(1-nal) V QPUR-NH NH2 NH O O PEG3OK 0

O O- HN ~PEG30K NH 0 NHfO o ° o PEG1k

NH S
(AcG)GLYACHMGPIT(1-nal)VCQPLR—HN" )r—NH2
of
| ] | 0
(AcG)GLYACHMGPIT(1-nal)VCQPLR-NH NH?2
NH_ O o. ,PEGa0k

s 9
o NJK/\NH)H\\\\\/\/NH
Y HN\H/PEGZOK

NH 0
(A°G)GLYACHMGPIT(1-nal) VCQPLR—HN" )y—NH2
O
-y 1 Q
(AcG)GLYACHMGPIT(1-nal)VCQPLR-NH NH2

NH \ﬁo o o 0 PEG 30K
Y HN___PEGso«
LY

(AcG)GLYACIJHMGPIT(l—nal)V(l'lQPLR—-HN NH2
0]
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(AcG) GLYACHVGPI T(1-nal ) VCQPLR-HN NH2 O -27 WD
2004/ 101606 PCT/ US2004/ 014889 O
W@ 208 ASYACHVGP! T(1- nal) V QPLR-NH NH2 NH p PEGHORUSN00514889
HN ~PEG40K NH (AcG) GLYACHVGPI T(1- nal) VOQPLR-HN NH2 O
0 (AcG) GLYACHMEPI T(1-nal)V QPLR-NH NH2 NH 0 O<PEGSOK

Q0o = PEGSOK ONH O
(ACREEYECTNGRRIEPPDVEORER

( AcG) GLYACHMGP! T( 1- nal) Vi

0. OPEGOK N Ndt)"\\--~,

N NH2 O 0
LR(MeG) - NH NH2 NH~110 O 0
NH O- HN~O PEG oK NH O

(AcG)GLYACIlHMGPIT(l—nal)V(IJQPLR—HN NH2
0]

: 0
l
(AcG)GLYACHMGPIT(l-nal)VéQPLR—NH N2

Y

HN
\ T
NH2

(AcG)GLYACIJHMGPIT(l -nal)V(I‘,QPLR—HN /{
0]

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

(0] -
\( o} (o) (0] PEG10K

(0]
o NJK/\NH)H‘\\\\/\/NH

N

O—PEG 0k
.

(AcG)GLYA(IJHMGPIT(l-nal)V(|1QPLR(MeG)—-HN NH2
: o
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O -28 WD 2004/ 101606 PCT/ US2004/ 014889 0

( AcG) GLYACHVGP! T( 1- nal) VCQPLR(MeG) - NH NH2 NH~O O p
WQ@RPEEGHK OY HN rp- PEGZoK NH O PCT/US2004/014889

( AcG GLYACHVGPI T( 1- nal ) VCQPLR(MeG) -HN NH2 O 0

( AcG) GLYACHVGP! T( 1- nal) VCOPLR(MeG) - NH NH? NH 0 0
- PEG3QR_JUB - O _HN r O PEG3
mC@S&é)‘*@i%%ﬁRfﬁ&ﬁ"‘?@’ RS NEG) -HN NH2 O 0

( AcG) GLYACHVGPI T( 1- nal) VCQPLR( MeG) - NH NH2 NHO O,p 0

-PEG40OK N-,, ~\~/\~ NH OY HN _PEG40K NH p

( AcG) GLYACHMGEP! T( 1- nal ) VCQPL

2004/ 101606 PCT/ US2004/ 014889 E
‘*\“N%{

(AcG) GLYACHMGPI T(1- nal ) VOQPLR( W~ NH
0—PEGk
NH N
0
(AcG)GLYA(IjHMGPIT(l-nal)V(llQPLR(MeG)—HN NH2
0
| | 0
(AcG)GLY ACHMGPIT(1-nal)VCQPLR(MeG)—NH NH2
NH 0 O-PEG
\ﬁ 0 0 OY 30K
o NJK/\NHJ]\F\\\/\/NH
HN_ _0—PEGzuk
NH T
o)
(AcG)GLYA(llHMGPIT(l-nal)VCIJQPLR(MeG)—HN NH2
0
| | 0
(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)—NH NH2
NH \(O o o 0. O—PEG,k
o NJK/\NH AN~ NH
HN (—~0—PEGaox
T

(AcG)GLYA(IJHMGPIT(l-nal)V(IJQPLR(MeG)—HN NH2
0
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,(r) p (r)-PEGBOK N NH ,%\N,~,~NH O ,J yl~
HNr p- PEGSOK NH O ( ACG) GLYACHMGPI T(1-nal)V C
WORORIMS®) - HN NH2 0 O PCT/US2004/014889
( AcG GLYACHVGPI T( 1- nal ) VOQPLR(MeG) - NH NH2 NHO O
O-PEG oK N~ ~\\~ NH O- HN~-PEG oK NH O (AcG GLYA 1

(O AS REER R N OER, o NBT) -

NBT) - NH NH2 NHO O
O-PEG20K N-, ~\\~, NH O JGI HN ~ PEG0OK NH 0
(AcG) GLYACHVEPI T(1- nal )V QPL (I\/EG) HN NH2 0 -30 WO
2004/ 101606 PCT/ US2004/ 01488
( AcG) GLYACHVGEP! T( 1- nal) VCQPL%?H

ONH NHB NH BO OOYO PEGsa
O-PEG3OK N, ~\\ ~~NH

NH Jl\l \\\\/\/NH
TO_PEGSOK

o}
(AcG)GLYACHMGPIT(l-nal)VCQpLR(MeG)—I—m'{NHz

O

I
(AcG)GLYACHMGPIT(l-nal)VCQPLR(MeG)—NH NH2

NH \to o . o. PEGix
OQJKANHJ)\F\\\/\/NH
HN PEG
Ty \(n)/ 10K
(ASG)GLY ACHMGPIT(1-nal)VCQPLR(MeG)—HN ) NH2
o

| ]
(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)—NH_ JLNm2

NH 0. PEGaok

o 0
X ;
o NJK/\NH)‘W\\\\\/\/ NH
Y HN\"/ PEG20x

NH 0

(AcG)GLYACIIHMGPIT(l-nal)VClQPLR(MeG)—HN NH2
o}

L
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0J " HN ~ PEGBOK NH O
( AcG) GLYACHVGEP! T( 1- nal) VCQPLR(MeG) -HN NH2 O O

WO ARBIAYACHVGP! T( 1- nal) VOQPLR( MeG) - NH NH2 NI | PCI/052004/014889
O-PEGaoK NAJ~,\\-~~NH O- HN ~ PEGaoK NH O
(ACG) GLYACHVGPI T( 1- naI)VC(PLR(I\/EG) NN O 0

t%q;:mmvm-n VCQPLROMEG) - NH NH2 NHO O
(ARPEGSOHRMGRET () nplhY Cﬂ?@)} NHE O

(AcG GLYACHVGPI T(1-nal ) VCQPLR(MeG -HN NH2 O -31 WO

2004/ 101606 PCT/ US2004/ 014889 Were the spacer is

attached via a carbamate |ink to an activated PEG
pol yet hyl ene gl ycol (PEG noietyy hje nove) pepti deO\/ 30K

compounds of the invention nay b rese ed as
follows: O (AcG GLYACHVGPI T( 1-

NH O PEGQ0-40K O (AcQ GLYA | H (1 nal )MN PEG30K
QPLR(MeG) - HN NH-\I-Li- -Li 5 Wherdythe spacer]is

attached via an am de Ilnkage tosan activated©
pol yet hyl ene gl ycol (PEG nviety, the novel peptide
conpounds of the invention nmay pe represented as

f&CE%%A?HMGPIT(l-nal)chJQPLR(MeG)—HN ) NH2

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

O
(AcG)GLYA?HMGPIT(l -nal)V(IJQPLR(MeG)—HN NH2
0]
[ | O
(AcG)GLYACHMGPIT(l-nal)VCQPLR(MeG)—NH NH?2
NH O PEG
\ﬁ o 0 o) 50K
HN PEGs0k
LY

(AcG)GLYACHMGPIT(1-nal) VEQPLR(MeG)—HN" J—NH2
o)
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(AcG) GLYACHVGPI T(1-nal ) V QPLR( MeG) - NH NH/ 4\ PEG 20- 40K
OO (AcGQGYACHVMEPIT(1-nal)V i QPLR(MeGQ -HNQ This
wa@l2omnowost ruct ure can be witten [Ac-pepti de, PCT/US2004/014889
di sul fi de] 2Lys-spacer-PE&RQ OK to denote an 10
N-terminally acetyl ated peptide bound to both the a
aither> thersraoergs itagbedoia hy&bnmtwmuag@m qeaptédopelyethylene glycol (PEG)
cul ar. _di S | f
moiet %HM L8 Borh S HAVER LR Blorh ' %Ltmsbfepmen he

ecu orm ng COV&

C—term nus Wd a PEG noi ety, vvhere ﬁl:e PEG
has [ t 20,000 to abog
6%(5%%‘Ft ons. gﬁe‘%@??@& R@gg‘%ﬁr di mers ofNH heO—PEGz0.40x

present i nvention include, but e not limtgd to: O
( AcG) GLYACHVGPI T(1-nal )V QPLR(Me®) ,Ng NH O PEG2oK O O
(AcG GLYACHMCPI T(1-nal )V i - HN' ~/Q/
(A&@%V%ﬁﬁ(ﬁj} R%R@Q%Ljﬂff{/ee)- A\\H/O PEG3oK O
O (Ac -nal )V i QPLR(MeQ - NH--\- -32
WD 2004/ 101606 PCT/ U82004/ 014889 O

5 Eﬁ@%e&lgw I d na %@Dregge %R/L\I(gju’ll\l Eﬁv&ﬁ%o?e’?%neoglycol (PEG)

moiety, Ae@p G YT ERIEDH(Adsd T @Rt vyBe-réfbshiePEGRIND H

0
|
(AcG)GLYACHMGPIT(l—nal)V(llQPLR(MeG)—NH NH
0 H
0

(AcG)GLYA(IIHMGPIT(l-nal)VCIZQPLR(MeG) “HN NH—\_O/'“

PEG20-40k

This dimeric structure can be written [Ac-peptide, disulfide],Lys-spacer-PEGyo.40x to denote an
10  N-terminally acetylated peptide bound to both the a and € amino groups of lysine 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:
' O
(AcG)GLYAéHMGPIT(l-nal)V(IIQPLRO.V_[eG) —NH )k

NH O_PEGZOK
O

o)
(AcG)GLYACHMGPIT(1-na) VEQPLR(MeG) -HN NH—\_O/‘

O

| I
(AcG)GLYACHMGPIT(1-nal)VCQPLR (MeG)—NH NH O—PEGs0x

0
O

(AcG)GLYACHMGPIT(1-nah)VCQPLR(MeG) HN NH—\_OF
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10

O (AcG GLYACHMEPI T(1-nal)Vi QPLR(IMG-HN NH-\-0 O
(AcG GLYACHVGPI T(1-nal ) V QPLR(MeG) - NH NH&PEGZOK O O
WO 2081 AHACHMGEPI T(1-nal) V i QPLR(MeG) - HN NH-\ CPET/UR004/014889

(AcG GLYACHVGPI T( 1- nal ) VCQPLR( MeG) - NH NAPEAOK O O
(AcG G YA CHMGPLT(1-nal)V | QPLR(NeG)~HN NH-\ ‘

St er eoi somerrs_(-e,-g._,_aam' no acids) of the t ty

cony, IR RACHAUEP P -2 a | am no Yohs _speh

as a(,%g@oﬁi substi tf}?legébaméﬁ%%i ?JI-LSN}?I\I- al kyl aﬁr‘nﬁno a?#% oK

lactic acid, and other unconventiongl am noJjacids may
al so be suitable conponents for ounds of a he
entiefal am no

Iz[a)ur: ?@&%ﬂﬁ%@ég@{nﬁgﬁ%ﬁ&egﬁeg nt o | ani ne,

3- pri dyﬁlal ani ne, 4- hydr oxypr oline, Q phncjlghnsgm_n_e’___________
N- et hyl gl yci | serine, N-fornylnethiagpine,
3- met Rybi 4 EARSIT BaanPYEPOM:HhRe, nor -1 eug] d
ot her( sdﬁ)%!LI ar am n(() Igc)i dg ]gﬁdei %}ﬂﬁ aci ds. er PE@ZOK
nodi fications are also possible, in8luding

nmodi ficati on of the am no tern nusg, di ficaticon of

g b Py T e i e iy

acids with an 10 unconventional am no acid,

nodi ficati onéai_l_h.e_g'_d.i chain of one or nore inLno
acid ' ' l.ation, and th '

81\4%% HHVCOBERRAGYL , -
- 33 v%%%?fﬁ‘ 160?(13%% u%goom o% 9 The pephfide PG
sequences of the present inventio agd be present
alone or in conjunction with N t&€ mprnal and/ @
C-ternmi nal extensions_of th%ﬁe_ j ﬁWCh
ext csFIHIARHYBE (heaDYFRPHMeHtEled  "pephigé sequences
optionally wih or substantially w thout non-naturally
occurring se%u_an.aa:,_lﬁ;% ext ensi ons may i ncl uﬁany
addi tj,g :Hﬂd‘ 3 ti-ons, or othe

hal Ri AL '

sequeAé:e)QGr{bY% | cg?llqgiﬁ% ordi}5 d(i:vgini‘ziﬂn?ti ons as i rFéFuG‘éy

those skilled in the art. For exadpl e and not
limtation, naturally-occurring eggences may be

full-1ength orcrpgartial Ien}lgth and NTif[ﬂg\l_y,e/arrino
aci dAsEEIMEHMBRYL- P VEREUREECYT t e f oN\_af t achnent

of carbohydrate, PEG other polyner, or the like via
side chain conjugation. In a variation,

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: B-alanine, 3-pyridylalanine, 4-hydroxyproline,
O-phosphoserine, N-methylglycine, N-acetylserine, N-formylmethionine, 3-methylhistidine, 5-
hydroxylysine, nor-leucine, and other similar amino acids and imino acids. Other modifications are also
possible, including modification of the amino terminus, modification of the carboxy terminus,
replacement of one or more of the naturally occurring genetically encoded amino acids with an
unconventional amino acid, modification of the side chain of one or more amino acid residues, peptide

phosporylation, and the like.
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10

15

20

25

30

the am no acid substitution results in humani zation of
a sequence to nmake in conpatible wth the human
WO powmnel68/st em Fusi on proteins of all types aP@T/US2004/014889

provided, including imunoglobulin sequences adjacent

10 to or in near proximty to the EPO- R activating

s &bupaptids sajuertcheoipthe sesnt invergion iaod bavptekend plopé phigutongmetion with N-

1 S € AL
rermin Ol R e b B A, Bt RlerbibhEIR) b gty encoded
peptidR segrenceat dptignakyquitn e sumtemtla]tbe mtthomthweowmdb'l ecquiyjng sequences; the
t

extens ﬁg lrrf?ig ?éhéde ha%gl\éﬁlasgﬁ%g{%e (?ﬂvrgﬁ orP &Eggsr @Ieh%ﬁmgﬁlﬁcahons or
comblmnm@sdeslréﬁqu ﬂ)emslcd]eg inpthe tatteFerﬂxgnplp @nd nef\ling¢ation, naturally-occurring

sequerﬁ%ﬁg%’:a regfuﬁ}ie lt}ff"ocfsﬂaﬁﬁi leﬁﬁ Qf?djtﬁ i'ﬁgl\ﬁ@e ér[ﬁn{)j Q(g% glfsb%muﬂg}ﬁ 38 provide a site

ods I nc sive

for attspmeited carbolydratd, BEG swhdr golyers er thy Hikhwes side phairhepeisigation. In a variation,

’fhe aménoga%gg %%st t@%g%?sﬂ% hI %%%g 3)%‘/ & @1&?& ll.]c; fngl& Eé%?ﬁﬁﬂelswlth the human

immun. sysiem. FuSloe protSocoef all@ﬁﬁs 515 PRART,. 1n@@d1nmlrmmmoglobulln sequences adjacent
.e [

to or 1% n&? glloQFrﬂé/stP t%l{el: u guean o?gmle%eé%?rgtéﬁ Igtll.l glsvgﬁ'{l or V\tnthout a non-

immunoglobylm $pesr sequbmeabrwttvmof embodimemng an itrhmmpéphuhd@ham having the EPO-

Rsco RGBTl T AL B U A OB A, Y

funct| onal groups capabl e of serving as initiation

Preparitidreor ¢ eor t@&%‘&n Y fesiSgnd @ third functional
group or an amino group) that-

Peptide Symyresip | es b| ndi ng to another nol ecular noiety (e.g.,

a 0

| ﬁ‘he P¥Ht1gescgf; tgu’g' “:ﬁ%v%ntlop rBayebe p}?{' }%??e%eb}/o glas@m?l &étﬂo«%q&g% tnq the art. These
standasyxnethmshmme@kwlmd syihd)pi‘tase {ywthesis amnakﬁelld]phas@gsﬂlew weihsds, fragment

condenshmo glass1 o?utlof’r %grnq]%ls@ L¥d {'ng%[él}\ilﬁlg ?ﬁ*@%%fo%@ﬁ%g%% ,i ﬂerriﬁeld J. Am.

& sy nt nr'que esi s
ChemESBqu]@ﬁBISéIZMQir si mul taneous I n anot her enbodi nent,

ot R S RIS A, AL S5 B Sh e gty
dimermﬂ&ubgcquamta)syahcswtl on of the solid phase synthesis
tsilgnlhj Ott%g eel&ch‘?é{I%Pﬁ, egt?d% o dx%%\érs 0% S&ﬁ{ég nttﬁelﬁﬁlke@ Gia th?nl‘_ﬁ-termml by a
branched itetiary handenignkbmbdg rrmretyrﬂrmvglgdwp §urmaptaab g@upa‘ capalrly |0f1 gEresg as initiation
sites f?r u%egtl et ! 2 esziér %1‘8 a Ehérd fRncPl ag %gse(sicg'rboxaru 6% %%% ar(nj amino group) that
enablek Pmiding to mmthehmo]amlnmnogatyz)(qg e 13 rrmy bg/pnesmt mm'hd girfage dfiassoliésupport). In

i o S5 s P o B et A o st popen roups o te

linker L@ navietyin deariaboresfithe @Gﬂllplﬁase Bymﬂlesm echbigee. Buall synghesis may be sequential
ther nolecular noiety (e.g., as may be present on

or Slmfaﬂﬁage%urf ace of a solid support ) is used. Were

s éoatettet ehbaiynénnelsd tsrobpttda mqnelpér's dey bb ayntissiodd ch'redulym'lto two reactive
L L -
synthegis trfay ﬂom@ecpibrftfahﬁr&‘nhultanédnm glrthik blylbcrchmmt,atiblﬁne 11nker (LK) 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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5 ami ne protecting groups. The protected linker is
coupled to a solid support via the linker's third
wo mvatiown@l group. The first am ne protecting BCDUR200£E014889
renmoved, and the first peptide of the diner is
synthe3|zed on the first deprotected am ne noiety
carboyi egrouphbasslersd rrgngatich do pnotneide inmmipty -GONHL)s thee mﬂbb@ binding to another

d

moleciRE by (o 8S A kel ine sl oFF SolBumeRy Rz 01

f iWhere spaientialnaynidesjs fothet teptide ahlias offao}m@eorm @ﬂleleqr ésho e performed, two

l
amndgun%‘gﬁg}l %‘%p% ExS %}égfggé}qﬁé%ck la’?e@rgtecﬂe@ w]itﬁ two gfg@fegtr%r@agg&ggy removable
aming, pteinEnEo WSt h The prdeticilber . qupled 086 SHigenppiisia the finker's third
I r ' hai 1 .

functlgll)l/ moiﬁ ; 2"121 ﬁf?t“ael‘lgg% % ol tl%% %r%{j? I‘lSt Qﬁ*togerdgé{l)d %%ﬂgﬂ&pﬁ@@bpthe dimer is
synthgsead v theviirst leprotseted abine mogetyy Fiten|[tlee sgeond amine protecting group is removed,
and the Qécg ﬁ’&‘ﬁ ege{ %ﬁyéﬁhg{% Efggl%% éhgqnﬁg%seg%iqeﬁfo%&g& V\}ﬁﬂl@ gnowtt}h Sor example,
the findi dnfiey wpietytdfiths) lmﬂwrdnaa'dteupngeogadoupisAlﬂ@r anghthe seoend vatheFmaes. In this case,
the F gc g:%ﬁ;g ggﬁ) 618?@15 rAq Oﬁ %’r&#e%‘ﬁ e pé?ﬁ‘od/eé %51 %Lﬁr%ﬂt &/ﬂl’? a mﬂd base [e.g., 20%

que nust” be used ev
Plperlvlhe edimethyk fwenmda[DMﬁ)];amdam ﬁtsts;@qu@n}egl saﬁth@shzed Thereafter the Alloc
re

g FE S0 TR BB Sty BB st
the secimdmrptisia chaimsynthekiesd. Note tbatbélepehﬂf@mmol-pmtmna gionps for cysteine are to
be ustLtQ %ﬂtﬁ)p éllsulg{k%@ﬁ Fl&'?(gL hl@éil@ged %Qﬂo@/i Htlsetea'ﬁlﬁlgp B‘ngt%%tu@gi even where

wi th e sane e rotecting gr
the finat ohise ead quuﬂiceer Of ﬂsﬁ Rﬁpmbl cbdmt o aadlrscrl arfdldgllﬂp@ior t via the

[ .

pr‘)giéeg%: § 1&3 h%ueélgst %‘ygﬁg d gr ou%%hﬁ)%&aﬁs ° |atd ee? 09@%2&%“3%6 performed,
two agiimeu fungiireelu gtoypd ef thot ledere dholepde amd protestetl woithp éhst §arhe removable amine
protecgiﬁg %ﬁpwr&?ﬁg@ﬂﬁ%ﬁ/ 1% §é{1{dL H?OSA o}t% tﬁ A kglte ?gﬁerg gungtlonal group.
In thipfast ke tpe mwtd@ectfuact:walcgrowph ef meﬁg)kew\md)lbmﬂrearp dmmlﬂamusly deprotected,
and t}%relcgllo Ig dteg#lg hsa ﬁfﬂgtt%%sﬁsgﬁsgm%%s%e etfrx)e; cé &l&ﬁec %Sag‘ﬁ#eﬁe Note that using this
technigep tthed eqegmatshefsths pegids chdink qzﬂ*tbs émssy mildsiidentigd] and the thiol-protecting
s 9% JSRAL B Bl o5EU 05 1 Lo 1+

Synpieéesred mefhod dergreptidecsy@hesis is a8idPhaseRyuathesiss o)id pBBEE peptide synthesis

proceéggsqrg&%g}gl%%%o& ?&ma gﬁg&h? g éét%\gﬁ% ¥ ia& fde B*fese‘??ﬂeeman and Co.:

San Fprlsqod 3969200212008 l&eu@drﬂm fromsNovatgeshe (2@HZpn Diggo, USA; Goodman

S thgs% !)fdP H Cand P 1&%@1@053‘? lgg %&% ' tt Rj 50?64 y(Ijnesohd phase synthesis,

usil
synthesis 1a-tﬁﬁnaﬂp cpmaicaet dtbm the Sft-nrmlﬁalsemdtoﬁ hhesp@hde tisimgyan o- armno protected

Tesin. {I‘ﬁ téuelp aiia{::tgg n‘?@tegﬁ{ %g %ggllgaare rfl’orﬁ g}s P@cﬁvg ihegeéﬂulrecg o-amino acid to
a chldr&étRylatad RsB @XiyamkiNdthyl @) a lﬂ)bmteﬁa tryirg RCben@Sidlandne resin, or the

ke, AR GRUERRpPERala s dsh s 1 BRI dctse pHBe (HRHIEARNSX-1 by Bio Rad
Labor@t'o@esBﬁﬁEEné‘M oy Bmne ﬁé&iratlbﬁlhﬂ‘f @k %ydﬁﬁyﬁxahﬂhfﬁéﬁdhas been described

[Bodog@%ﬁ "dé‘gc(ﬁ 35 %{nlnglo ﬁgr%{Qg%Sé Xﬁ)ﬁ%@%‘x’r i &%ﬂ&) resin has been

describ@{PRRa 3§ MaRidl ([1 g‘hﬁ CheR Ztvehing. @50] '®d ﬁ%%ﬂmleﬂ&ﬂld& f@sis commerc1a11y
been described [Pietta and Marshal | (1970) Chem

avalla@j{g,ﬁﬁghBecécg@]m Insgqqgle{ltp,,elnﬁm o AP or Al eFergampls, an o-amino protected amino
commercially available from Beckman I nstrunents, Inc.
(Palo Alto, CA). For exanple, an a-am no protected
amno -35 .35 -
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WO 2004/ 101606 PCT/ US2004/ 014889 acid may be coupl ed
to a chloronethylated resin with the aid of a cesium
wohr@anbwpat e catal yst, according to the nethoBICT/US2004/014889
described by Gsin (1973) Helv. Chim Acta 56: 1467.
After initial coupling, the a-amno protecting group
acid iney hecaonmiedito # ehloremethylhted resigiwith the #il bf yeastiakipdrbonatei ctalyst, according
ions in organic
o the( éi n(?écrlg%{%}g%%ngg%%ggﬁv S(r:lgm%t ?’ﬁlgrtggaf ter, a-amno
p r bft@c indtihl apdupbinga c fhd s csamencs ratesisg veoyp cio u}:ﬁr@ded, ofca example, using
mﬂu&?%c}éfécg (irs] gﬁ‘g{j g)h 82&%1120 cha§1§1 ll"? Soﬁlltlf)ﬁs 1@3?%?1@?3 v@lﬂs at  FRom temperature.
Ther@ftér ofamitoeppaiesied syinb heids sre oficcessiedy chlqﬁed to racgrmm gupport-bound peptide

chaiqa%[%%?igggrg%; 1% | ng]ese;r? %59 éﬂ?ﬂ“% te bg rug{}%lam dhe Qrg, Bfestepmse synthesis of
pepti@s Ohe6dihg) glcﬂft%bﬁﬁfoi{eﬁm@ .grouB (2o, fophyye aFiladtbackfph ket Gromatic urethane-

type ]Srgbg%‘{gtqruél%g ecg tZ %W%pgﬁr?;{paﬁg% %1 h?%g@;teg tC%C]t 3{11%‘131',10 urethane protecting
grouﬂsS[@ @r @@Mﬂywy&afohﬂncﬂoc) GaOBIoPIIBRMEhrOUNE, adybmﬁbblyloxyadﬂﬁbnyl] and alkyl type

protetftmg Fgﬁélﬁg Fer%,tll}w& %Sl?et&' Ergﬂ‘% )’n@ﬂ Wérlnggyb 8}9{86&%111}"1 @ﬂ%cé % allyloxycarbonyl

(Auoaj hndl 10(>4>4s:cambm§am 6- d{oﬁgdyemhex-laﬂdiene)eﬂiyl (1|)deg
D{i}?)s’l de @ngf%eé:tlag] gxlfoHII) 0 océ ¥ ¢t %é( st ptlgty?,[%écaﬁ/qﬂ%e like) remain intact

durmgtcbﬁjhﬁg aﬁdS {508 splitl dff Yuring A depediettibb 6f thie le@nind-RABihik protecting group or
I nt act rlna coupling and is not split ﬁgf duri ng
during [FURliSg of e G ROBR RNEUAREHSD(TBHS b TSmBYARco BRAPr e Completion of the

synth8diHPehedfinal Paptide &1@@1@1&1 redtflon JoREitiShsHBatGARINGL AMeOthe eatrgem gepnde The side
gr oup, nust b? r.enpv Ie upon t he conple ion_of th
¢ ﬁtdr

chaingRrpleqHBE 20Vt Tor e F1-A '8 RN T Bhcereiy Cbs, Z-Br-Cbz, and
2,5-dAREHbEAAN STHeRAE cWdih brotetingdrdupk for Mep Erf%hﬁ@berﬂ?m JodchlofétRnzyl, methyl,

ct1 ng roups for T cl ud
eyl caﬂ9laﬁxas‘gy rﬁ%ie ohgig e e Frovps fof fpr 2 wcludeaﬁetyl benzoyl, trityl,
tetra}grdIBf)yrﬁﬁii ‘beaRYl 2,2di6h16ioBEHzAl HA&TBZY The s-fdlkﬁ:hﬁin(iﬁoté‘dﬁﬁg Broups for Arg include

protectl rou for Asp |nclude enzyl
nitro,5  gLagylc | @P%ben%@ pApfyloxyearpRpyl  amEsitoyisylfmaly | Mis),  2,2:4,6,7-
pentafid: Fﬁlﬂg&roﬁé}t&bﬂraﬂg—@tsﬁﬁ'&ﬂym Q(fl% ?ﬂlﬁﬁh(ﬁ(t?ﬂtﬂdlfrm&ﬁﬂ@d 1-5@{zenesulfony1 (Mtr), or
inc e_ace enzoyl, tri etr r opyr a
Boc. b"é}ﬁzsg‘?e ch Qmé’r%/}ffélﬁfé @FQS‘B%FPZWS maﬁlé #ﬁ%y n@ﬁ%ﬁ%}%ﬂlﬂ (2-Cl-Cbz), 2-

brombbek@6yt8orSl QUBSCHA T & BobiC| ude 20 nitro, Tosyl
(Tos), Cbz, adamantyl oxycar bonyl nesitoyl sul fonyl
( ngc)r rergoxgi gf the gi-amino profecting group, the remaining protected amino acids are coupled

stepx@&rlﬁ @Y@Jégﬂé&jéraéﬁ‘d r%@ﬁ?ﬁﬁ&% %Hﬁmo'sacfd"isfggﬁg&ll}( S chtéd in about a 3-fold excess
hoxy- 2, -trimethyl - benzenesul fonyl

usmgBo@n Womaém ewbpwl prEsewdct pohgate obsy ¥y E;fb 1bﬂla,2|0t§@@:>l -1-y1)-1,1,3,3

tetrar@?ﬂylurgm&thl}%&%l%ﬁﬂbs%ﬁé‘cg H'BW)’ br Q%y%he@lé&rbod%mde (DCC) m solution, for
ronobeqﬁgloxycar z

on ,
examplamby aretiphene hebloridaniGrb Chi Nessiivh ghploispe. diustisb fammids (DMP), or
nmmﬂ&ﬂié&ked amno acids are coupled 25 stepwise in the
desired order. Each protected am no acid i s general

r eAkerdlep depiredrmuino acidsetipinge kag beenscomplefedithe desitpdh penbiels bitdecoupled from
the r&#H by 'ﬁ@éﬂ%eﬂ%ftﬁ/ §t1'9.1 en? Usc&bh sttrlﬂuoroacetlc ac1d (TFA) or hydrogen fluoride

2- (1Hbenzotriazol -1-yl tetranet hyl ur oni um
(HF)hwhigh ingbo pdlp redngfitsathe e Lf)on@ rthedteelyc b@hféswpléwwaurﬁmemg side chain
proteét%%odfg %éﬁtd Qlﬁf)rotngfhyla%& R R uséd‘ ?@x‘o?éﬂ fHhlride I'ﬁlthHeﬁiteresults in the

one, dine or mam de
forma(tmpf the ﬁr—e pemhstft %ﬁi@s %ﬁeﬂ@&ﬁnzhmymr@rresm ugpsls ydsqgen fluoride treatment
am no acid sequence has been conpleted, the desired
peptide is decoupled from
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the resin support by treatnent with a reagent, such as
trifluoroacetic acid (TFA) or hydrogen fluoride (HF),
wokioshorsod only cl eaves the peptide fromthe reSI/NS20041014889
al so cleaves all remmining side chain protecting
groups. Wien a chloronethylated resin is used,
esultw}@pthsg@rﬁhef fragpeptifie am@atf\d@matlveés whensthe ehleramethylgicdagsings employed the

il G S C 2 DB aBpOAN 6t g0 foons e
desired G0le/chai GOBecRE RSB O0WiD 4 8Bglamine uileivs aoﬁld@e@lawprpﬁqct@m alkylamide or
dlalkyzlzﬁf']rrﬁge PSRL ' geﬁn ?mtdééﬁon él thél {éﬂltojv%ldeﬂnycge Wﬂﬁpfagﬁi&l by treatment with hydrogen

oronet h resin i1s e st de” chain
ﬂuori«{lﬁrtgigefelﬂ@dmp epidedelkylmidse, @é@ﬂwbﬁrws by treatnent of the
r [
c ha%}frﬁ:g:g}n t@lge'ce{gtgig otf Ifhe OF6I€M ﬂ{e%esg‘lﬁ\ﬁg dktB? eﬁlﬂﬁ zﬂetp%gtuﬁ agﬁs are employed,
and thei side i protpetest m@é@ISaﬂM@Whmtm basgrand &leaﬂpl@splpaﬁﬁ @ 0h<$| (@ig methanol).
I
side RpRKAL Bt i LRSI RYRL bl 3Rt LR R @en Muoride o
0bmHHh¢¢§sﬁMQWRylan1des or dial kyl am des. In preparing
t
p?@ﬁa TOC ﬁurgsf cgh PFS% 'g@ g%?gg %g;;lleeglgeen%&{i)ﬁ&ées? wiRE gmlir% acids gther than the 20
nawradlhapwnprgog@em@tly penotliédirning a%dsaaa/@hsnmtcdwatwaséwam ntqa‘eposmons of any
of the%@ﬂ%&&dé 8¢ fe ﬁl'v&f?ﬂaﬂ' S&rﬁh%c amiffo! alaﬁlggl can b§'s9§st1ﬁ1lﬂﬁ1% ifko the peptides of the
ecting groups are then remove
preserttasmemnorb yin¢lpdeat et argd mht hijditesig et fNumﬂmdLe k-bydroppagoyl, L-3, 4-
d S r S
d1hyd}ox }ﬁlﬂ{n@?f t ﬁeéll%gng %(cé)lg . ggl—g a?,n RS V\ﬁ ﬂgcﬁ&gr rﬁ%go agilél %é Q—%leﬁhglalanyl L-a-
meth}ﬂehﬁm tfhemidd acidaf M’rdaisqum:}d urbbdamino @il emni Omhinytueihlgcmbetd'nng synthetic
s.are su tituted
T e A T T A
Synthetic am no acids that can be substituted into the
%ngbges of the present invention include, but are
Pepti %98d to, N-nmethyl, L-hydroxypropyl, L-3, 4-
didiedaoxypheds tht aniyb andforagibody @mhifiSof sheqieptade dompounds of the invention

- hydr oxyl ys D- S-nethylalanyl, L-a 15. .
to o e FUPRATOS ST RAereT c Lo S P R en mbg goctoted with
aceticaRiddsr ARdlodepfled @drivhie Mer@SCMEK hg-cEloFiabedici %6id, aBrbioacetic acid, or o-

acids can al so be incorporated into the peptldes of
wdm@%@aﬁﬁbsent i nvention. Peptide nodifications One can

alore AR tbfale thé Batddily SccBR i Qlde GRS Yhel 20 Mo dticalBf enbétRd amino acids (or
pepti de conmpounds of the invention 20 to produce

the stesegiaqmeie htraie -igD) WiHeothersidsiheips, f‘PdeSt”é%Q%t%‘?hegf‘“lPﬁ guch as alkyl, lower

alkyl, &JEIR04L 6L 6. N S7-MBYbEE] AKHL Yk Sonivé 'ld'i:ver @ﬁ@t Iagni@C8ifoWér alkyl), lower
a hal ogenat’ed der|vat|ve t her eof such

allony. 0GB GHROEY B0 416 Vet SROE0EE Bsel, g4 Bith 42 5- 6+ to T-membered

heterdcPRAGESdricu® 'p?()hne ERBoguedin WA haARS idgBre B8 e pAdlinY residue is changed from
occurrlng Si chai ns of the 20 genetically encoded

5 merahErig 4a®iol nzea}bemt% SeEReNstls SR S0UDs 53 BosaliEdiessgr unsaturated, and if

unsatthttd QhhRIwr&hAR &hAntSemitR! ARG gwsuipb p%f&h'lﬂ§ cOMER one or more
as al kyl, Iomer 25 al kyl, cyclic 4-

nitrogpn.BvYy and/el R hatﬁﬁoaf@mSarﬁ)a@Plewé rsu%q $€911PS laﬂvéﬁethe furazanyl, furyl,

1m1da96h(dhn(§ll’ve fmidANA,) 1n11|d92@ﬁﬁyla| 1Mé/zolylﬂ Y o9y, C ﬁfoﬁfh&ﬂnﬂ ng .g. morpholino),
fower ester derivatives her eOf and W t

oxazo@d plp@az;n}flréﬁgerlégperazmyl), plperldyl (e.g., 1-piperidyl, p1per1d1no’) pyranyl, pyrazinyl,
pyrazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl, pyridyl, pyrimidinyl, pyrrolidinyl (e.g., 1-pyrrolidinyl),
pyrrolinyl, pyrrolyl, thiadiazolyl, thiazolyl, thienyl, thiomorpholinyl (e.g., thiomorpholino), and triazolyl.
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heterocyclic. In particular, proline anal ogues in
which the ring size of the proline residue is changed
woé camnotsosrenbers to 4, 6, or 7 nenbers can be papPUS30eH014889
Cyclic groups can be saturated or unsaturated, and if
unsaturated, can be aromatic or non-aromatic.
TheseHadt@6ORYE Igkapg caips spiseifuesdabl ynsobstitaédn ieror growe is3Eubstituted, the

R R O A

i rOmazn blsalieadily, mddify getidks/by, phosphdaytatibh,ayd pther methods [e.g., as described in

i sot.hi |, i hol i nyl . g.
s S Rk B A, Tor el ! (2
1-Thiepgeptidd eyhpoung pLithedinver(tion galso derpi persirabpiral models for non-peptidic

Compg‘%?ﬁg%g %lﬁﬁaf blg‘%lgaﬁ \éﬁl’%}’ﬂtgy gé\ ZS:G ggslﬁlhgl}ﬁl\{er %ér(rg%:oi(ﬁiz? *ﬂat a variety of techniques

are avaylabldiodiconstructiny compduddsyith the sgne orlsigpilarrdesitedibimldgical activity as the lead

peptiq%%:l%élﬁl?}ifngy‘%% vag%%r;og% élv?rﬁl%){; Iaa%lgvlltg %h%ln ﬂﬁ,l’ 185 hvir/igﬁrgel I%Qr:]tgs) solgthigty, stability, and
susceptibilég ad hydrolysiS AndNGra2£lAis 1[8dh OorRGT AldSAEiNe (289 88T RepeMed. Chem.

rogcyclic. groups, gan be. sybstit.ut ed. or .
2424335 o e oG B S8 egPGind RS Dbl Bitiim ity  gackbone composed of
phosphbilsds] dmmidaits, cabentaees A Kyrlamides lseoopdarh atnings and Wroyagieigmioe acids.
substituted or unsubstituted phenyl. One can al so
readily nodify peptides by phosphoryl ation, and ot her

FormB®dnhpdsulfie bonds as described in Hruby, et al. (1990)
Bi.qchem J. 26 5.Th tide .co

e e o 4320 b BB ORI BBt vors
disulfie o phdytie Gornmed b oxidudion of thb csidificl redidues of eacfi eptide monomer.

activit Tho of ild in the.,art recogni z h . e
alhioht bR B o gract R Hobalar sage b Bpodips an oidiaing
agent QP fRAYRCSdWoiidentdtien stiectiveto itinizecfbrntitien pLthe desdded dovet. For example,

o S S B B I i o
prefeiefiidllyi dehibyed (@Vetiormatiyn ofuncbrmeloat plisulfide iboyds) ovhen the oxidizing agent is
oMSBEIIeRhR. “Rep’ Ned. them | 10 24' 249.252] . These.

t efaloticd eBBodimetty) ¢ foeptiacofgsttine baelpts datrdlid bl oiteselettive use of thiol-
e N T T
disuliNterBoh iy @630, tAe fidtmondnr pBtide ohaid isdiysthdsized evith dlredisvo Blggieine residues

conpounds of the prese ipvention contain t
of 1hF P PaENBEL PENCTRISYITT A dubBIRISTOSHER o8 e Jrpi(fep. allyloxyoarbonyl
(AllobR l'lﬁg py4-Benefigl-pedidiycyelohelal yhdenefkthyh€Dde)at @iendke], then the second
resi dues.of each peptide nononer. |.n one enbodi nent .
monopeE PERSIE o TSI AR OGO SRt Lo S, P toyvith a second
thiol f13QeSMg\God difkkliftbin e ARG pofectiipsrbyple.gaaebtamidomethyl (Acm), t-butyl
(o0 ) i B Y R OR TS LR Bl s cocatn
of thei fFBr mbfbried) Mdt Wen ittt scaoml ehall @otecting Udrbupd eard osraksved afifecting bisulfide
.on e%ﬁg gﬁ&{ide chain) is preferentially achieved
cyclizafonpt the3eReRd BINOBE™ i nt er mol ecul ar di sul fi de bonds)
Whethet &boditheiliszif Bk iB@RRbn provid2 fir BMRQues ofitiedé disulfide2jerivatives in which

one qf eyl 55T Bigh P EHEE LB ERUB oL WBS fierf 13 AR TR HRalogues can be

prepaPddof &f HeN@nPbidP 8 e hed¢ht RRptiofewheréih RES (Rptideahonomer contains at least

exanpl e, where a dimer with two intrannleculq{ ) )
one C or homocysteine residue and an o-ammo-y-butyric acid i place of the second C residue, via an
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di sul fide bonds is desired, the first nononer peptide
chain is synthesized with the two cystei ne residues
w@bosthelee®r e sequence protected with a first tPCDUS2004/014889
protecting group [e.g., trityl(Trt), allyloxycarbonyl
25 (Al'loc), and
intrandoldcdlad odintrenélgdula? dsphicanent; ysihg hetholls krowden éhesarhiBee, e.g., Barker, ef al.
e the.s f [
(1992 Wﬁ%@'&h&@ S343d18 104 %h%;l?réltn w SFEATT oIPERIR 56 AT £8).1 Sne of skill in
the aﬁ@@h&ﬂdlbf ppocettted this ﬂi@pl&beﬁﬁﬁt&ﬂﬁi alsd ocaat ugngvthethonmlogs of a-amino-y-
buterdLaYp éjli%‘(ffer nt fromthe first thiol protecting group
tyr?é?‘é.a? CEEHT Bomet hyl (Acm), t -butyl (tBu), or the
| iIkedddltﬂShe‘ubeﬂlEt foregoinp ecyf*:]hzraﬁdsn tsﬁdll.églesp rotiee afonsdipulfide ueptide cyclization

re re ved ef f.ec g C tion the .
swatofS g0 BB el G TRBRTERE SETaRiPes B chr By e g xample amide-
cychzgﬁmmtegme ag weiba/setﬁoseﬁrivebzﬁngrtbe foiraatiohiodl éhio-SfBerdypadld. ZBHuk,ale compounds

of th AL PR GOT GBoF 61 SURIGHES "0f TRECE Frahfpfafg smide bond or an
intrangtd¢culaathioretBeri tondvh Fartexampie, aopeptiditemsyubd sylhﬁhehﬁéﬁ \ﬂ&eainn one cysteine of the

repl aced . gro or other .isote ur. .
core it Srallhe Bal S el Bt os S il Rl fblamitich Toeatera
cyclid ﬂnmomreemytbeifmﬂtthmmh anteniéd bonddetvepe (Hei silie diLInO ﬂﬁthese two residues.
nt.al ns n el n resi due an
Altersy Vc;clly, Meﬁggleym ?@ Fynﬁmegéq%dvq?eﬁenb pIE %/st&net ﬁ gae CRre srqaueece is replaced with
lysine (@6 sedlue) N bﬁ:ha Moned& iy tREDEE ﬂbﬂﬂfﬁﬁ_ﬁroﬁ’ﬁl’ 4 tU2e0¢/1k4B3Btween the side
chamﬁgé tﬁ% gpmﬁ gcg\ﬁ/ﬁnr?eg r?sngcta S % %égnda cré/_stglj_n? Qelégl‘ﬁg gf&lte ’g?rlé;{iqqlgnce. As such, in
additipd 26 ZdlsulﬁddVEybllzﬁtﬁmtraﬁéile'&’,Odi@ldB@ﬁc&zm Erategids ald thio-ether cyclization

seetfigoca bt ety 6 § ok B CapEo Pig! ThPEa] Efiohmdipmatively, te

aminERniahSer tﬂﬁ}ﬁ‘d@ﬁddl@hfbg cppb@ tith e sGgssitadd aetd del) wherein the o-substituent
butyric acid and honocysteine. 5 In addition to the

is 2 lpppe gOPPGUEYRE| N Pk FRCS Pids Ty Pegipleo psBiorasetic @pidyq-pragroacetic acid, or
a-iodBERid ey cyclization strategies can be enpl oyed. Such
alternative cyclization strategies include, for
exanpl e, am de- cyclization strategies as well as
formation of thio-ether bonds.
Addztz,toﬁgfﬁ’ahczr\é@ eyﬁd;%ﬁ%%ghz&? the present invention can
efo@tpeptirdeam@mersmw bodimevikadrbyed branshed tertiary reands! linkent wgoeity. In one

embogl)gﬁgﬂtg f}g’qﬁ]lgergé brtﬁlglgofa@:ﬁ ﬂg‘ﬂ{ ?%ﬁglc%rdu{llq% gep\‘?\htcjlg %tﬁégrs]d F 01F 8{ample where a

e erern one
linkerdygnadétyi gongding twe fudtiownl erosneogamb@;’fl sgt’vme pb ndteatiompiteh for peptide synthesis
t 1
and 011%/ (aljt Igcrﬁne ?ng% fuﬁ@tm?:ﬁfé?&g? é’ ‘? aeéa%xgﬂs%rétﬁaon(%ﬁdg%w n%)g/upg éhat enables binding
to onef @ympasel otherrmoel epvlaa mozatiewl éhe okt metbmemugareé tg b g@dideshpports Thereafter, two
f i vel ' y .
oo R 1008 ETNES ! TR U, BRBRUL 0 e
moiety gepiemiston of thespolidplwde syinthhsis tegimique (or serine). A
C C X 0 0O- .
ATl T 50 R A B BRI ot epi
dimereaém peplide wysthdsie Susd cotjegatiecnagbeschicrediey mebodiveliohtablisbed in the art.
In ong %Err%loélg%ﬂtg Eﬁ’es %mlé? c%ﬁ‘tglgs t\W qu%h&qp lgltolug{1 s%%blg,lt I’?)gltaééc%ent to the target
functigmed] gtopoofethh eynﬂ@ywd mud@nonomersat@g exsumian lmbtmcobelmng two carboxyl
e Y f [ t .
groupE ne\?tg%ljt }%égz#:ﬁg%c{ grr %a?l!a @Ze?en‘é@ g%& gﬁgﬁ?@nﬁn%ﬁ?l% . %rsn? (I)%;t%ﬁ éreacted with the
targetpb)@pﬁlswe chaimaime gappeef ewhtdf twnpegtidaspettantets ed aceti ¢
acid, wherein the a-substituent
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is a |leaving group, such as an a-hal oacetic acid, for
exanpl e, a-chloroacetic acid, a-bronpacetic acid, or
w@2o0edomeet i c acid. 20 Addition of branched tePCT/a83004/014889
ainide |inker The peptide nonomers nmay be dinerized by
a branched tertiary amde linker noeity. In one
e fiboetenplas the papeds inptaemers siay he drepiney eiibjed g the fratiary amide linker,
peptide duri ng pept |§£Csd@§jﬂg@ ﬁ_cﬁpg*exarrpl e, Wwhere a
i nker LK noi et{( contai’ns tWwo fuhctional roups
wherec % paNCO-(6H:)s 2V r7gd Xsis miritabletriretectiog gwspsweh grepthupdoxycarbonyl (Boc)
protec Xf%ﬁgﬁ\‘ |5 16 SO @ﬂﬁct&ﬁal?&? QLR GE NI Ghd IR de KM RSconjugate C! of
car boxy grou h am no group) that
the linkerab thes- dmlmcdgm@ oftthe Gftenmral Iyslneresndh%q)f thofiestpaptide monomer; and B* is a

sultab%cglpxea? grf)}qgf Sélg}lr ?sklr%-ro e cc1 1%;? Pda%cp‘%oc%g] n}'age g2 3P lhg quer to the g-amino

group ¥ ht etsinded dine &tstduy oﬁhé Secbrtepepida nlmambn ve ni t rogen

ga%#@;%xbaglgs oqgvlﬁ%ﬂl hg p(e CED pat?éqelrslnlﬁlg%l grhltcglli]y ggupkgeto the tertiary
amidedii@di nents, the |inker may be conjugated to the two

pepti de nmononers of a, j 0.giner after peptide

synt hesis. Such conj§g§§$%%8§%§ qu% i eved by net hods

wel |l established in the art. |In one enbodi nent, the

i nker contains two functional groups suitable for
WhereﬂKﬁﬁNUU&(IHz)Q-NH-hﬁ) i AF g;eisumfblbnﬁlhdtmﬂﬂlgrcglpmmpls asdﬂ-okj?l guccinimide, used to

. synt hesi zed pep tide nmpnoners. For

conjuiglint Pt HoloCF RO TG apEe GIERGAI BrEacT DA Gdhe frst peptice

monofér; bl BHR RSN EBcEnaltersupl §iRRheNaY I@hdc[iﬂmfde,age(ﬂfo, coffayate C2 of the
be reacted with the target IyS| ne si de chai

lmkerg}? élﬁfp%arémoegﬁ(ﬁﬁ Q§fthg @Oter'gétml s Fedget dhe seggnc{}@ptlde monomer; and the
tertiarg AfHe %Qﬂ&%hgﬁél%@édtgmgﬁer lﬁ&étyex an‘pl e, the
pepti de nononers may be chenica coupl ed to the
tertiary amde Ii nkerY'NIA"(C@)(féPéHXYCI—Q C20- B* wher e:
whereXC? SF )E‘@Qo(f%ﬁf%owd\{o @ngf e dpaced M Yt B RsRitdBlir6etinGroup, such as a t-
group, such a3 a t-butyloxycarbonyl (Boc) protecting
bufyl@V@@p)ﬂylABW)S?“&e%mgg@BPe functional group, such as
N- oxy succininmde, used to conjugate C of 5 the
l'inker to the 6-am no group of the C-termnal |ysine
Additipe ¢f lsiee lipkent he first peptide nonomer; and B* is a
S ik %pﬁtﬁe o6& ARY 1Y rdaﬁb‘?lzecﬁ‘&&ﬁi]lyﬁﬁe hhl&i(lKW Nindnd @ mbodiment, the
used't'o conjugate the I'inker to the E-am no
lysineginisergn prorppreteGinte thﬁpﬁmde ﬂwgrp@ptf%wb@% oF pramglewhete a lysine lnker
Lg m&@cg%rgﬁns' mmﬁondf‘gl%hgé &Bzﬁ)’lé of ’selfvﬁ’lﬁ af ﬁﬁ"tmﬁbﬁ sites @& peptlde synthesis and a
nmononers may be chemcally coupled to
third f@pmqnak groupytp-ge 2 mh\oécwl £TPEp AT AT AWITHELORP CHpL eg@les*bmdmg to another
molec ?%leg}x tl} Shﬂﬂ%&)ct@):&l Wake§305 sl suporft ‘Fh@r&a@t*é} &wo tpeptlde Monomers

ncti group,” such™as N-oxy succl ni m de, used
may heoiyjibedace d@ectbf orttch the tiva lregctivepnifrpgen RIE 96 ﬂgr lytipe Buker g moiety in a

Varlatgntoﬂhg]s&ﬁllphliéé%’yﬁ}ﬁesfsecééhgfdﬁe.Of the first peptide

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

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

-40 -



10

15

20

25

30

nononer; and B* is a suitable functional group, such
as N-oxy succinimde, used to conjugate C2 of the 15
wo 2okanieh® the F.-am no group of the C-term naPCT/ysStomne014889
resi due of the second peptide nononer; and the
tertiary amde linker is chemcally bonded to the
synthsg@zad@leptlﬂeiminymer\ﬂ- bt ¢xGHipleda ity sYiwolikee ragiine(ﬁom}fs miftyl B® reacted with
ed.to of the spacer; and Y is a
the CHRART bty DB o R D pebtidadnet,
butyl oxycarbonyl (Boc) protecting group. 20 Addition

Additoofnol %lcg;e | i nker The peptide nmononers may be dinerized
by 5 ySine |inker LK noiety. In one enbodi nent, the

| yﬁhmp’cldemompom_ttﬂs iofi e ripenadrefirthditcomphie aﬂ@pxteir de»iaﬂylr Innghe embodiment
the SRR R MR F 0t B PR e PO By p R arBpie, where a spaer
contaBi ra\ftel %mmg gtaup tihdid seotmdsfuii@idndl @Foup €. ) ﬁ@r‘t&)ﬁﬂt éli]ﬁﬁal & afBillino group) that

| I UnC car raou or
enabfy e oot oA e By B g oSSt o soiPoufore

rm]lne)ga bmbodﬁm&rﬁ,ta}spa&hﬁ)ntahﬂmk@ﬂwmf&)btlbﬁl gapsig Atsecbupled & the solid support

. ol.i u ort. ereafter e .nono
vie a gt SnePBE Bk HERBE b pketmaniess BPeBE DR, B orpbiaps capable of
servirgy ajsumﬁatm‘n sitbrefot yeptide syinthesie and 4<third if@icyorah gdup l(/eag J @tariegxyl group or an
. of ase synt hesi hni qu In alte
aming i kRF HBE DR AR BT IR PO, ierBiohys gie spacer via the
spacel’y Ssecvad | ﬂuﬁﬂﬁenal Lgﬁmrpa wel yhe Brkefls tidfl Funﬁﬂf(ﬁlﬁlf BRyip.DEThereafter, two peptide
n nononers Oor a pe | . .

monofRfNap e izt Fisee S o R 6 reeyiesh s She flyr L moiety ina
variatix@ cii’(ﬂlid salié ﬁhabg/ syfteHeki® dﬁhmqﬂel Fes éxahipiesh aglidi sﬁp}idﬁtﬁ:oﬂlblted spaber with a free
aminONE msnt @“@ Gf(r &‘niﬂ?]f ns .at | easf

FRRuTToR R T Ay Ve LitkeRs AR FTORS! FREP:

t thgﬂterrfatfbnﬁﬁboﬁi’m&lntsgﬂl@ wpsceﬂfmayhﬁ conjl@at‘é@t&@ﬁh‘%é&ﬂi@clﬁmer after peptide
synthg%%s;/ %igo%gdg?%oglﬁa?yge qgvrc]a f’,jhgg e\gﬂi gbgsgxag B)St{lm é)ne embodiment,
the liilea corednsndt idast dnb urCribral Qﬂoﬂlzgulﬁ'alé b‘@‘k?‘thclﬂfeﬁﬂib&h@farg&ﬁﬁlhcuonal group of

rmno rs. Addi.ti pn of. spacer
the sy 3t PR T en AR F RPNt o rins PR, med b ferged ith @ peptide’s
-termﬂlab@rbomdl up. Th ﬁlndﬂibe eStpO] b MBKdr withhiefres RabExy] Ry ARy be reacted w1th

ncar por at i nto e peptide during peptide
thefr%wl ‘ggf’%poefl%&smé’f ‘e, where a spacer contains a
free am no group and a second functional group (e.g.,

carpoxyl, gro am no group) that enables
A”“c%’{ ‘?ﬁ’élf’frif’ﬁ?%@ylg’i‘igoé)ﬁ@ﬂpﬁecul ar noiety, the spacer may be
C O jrew@al years) watthdlublel pollnsaid) RGWhtas pbl?etﬁffllene‘?g[?@iﬂ (PEG), hav@ been used for
the c%\% Cer@ag]? ggnt%h g)f &g]}q%\o gE %ﬁ&{plfl?tl%?%d E%leq:r@?rtarn%é Attachment of such

olynfebm ClEI thdadht gto0 Ld:ﬁhanNeXEmIbQEaﬂ Yisivitg, |prellaey Hldﬁ)drmineﬁl}(tlon time, reduce
two functi on

gr ou‘gjzenga pabl e of servi n(?

R bl Bt PUCenBgRY Fratiegee fp greleass igion. For example,
covalérif Btdch@B@lof GEQUPtheRp&itic palySeptiBeelth SrifttiileuRins fnauf, ef al. (1988) J. Biol.
Chem. 263;15064; Tsutsumi, ef al. (1995) J. Controlled Release 33:447), interferons (Kita, ez al. (1990)
Drug Des. Delivery 6:157), catalase (Abuchowski, et al. (1977) J. Biol. Chem. 252:582), superoxide
dismutase (Beauchamp, et al. (1983) Anal. Biochem. 131:25), and adenosine deaminase (Chen, 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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am no group) that enabl es binding to another nol ecul ar
noi ety is conjugated to the spacer via the spacer's
wa@e@anadichancti onal group and the |inker's thirBCT/US2004/014889
functional group. Thereafter, two peptide nononers
may be synthe3|zed directly onto the two reaf ?
nT]%er PREAC gemeayadsel the dnventifeampay rorpRgise @yPolysthylepg glycol (PEG) moiety,
which M%Bba?éﬂtl? rétt%ed ﬁQheg&hﬂcﬁecthﬁﬁﬁr N 1RSI} & theader Gﬂﬂhe pépfide dimer via a

exag&a a solid support coupled cer mnth a free

carbamgi inkagfr QUi Fradrpide Hekaas efin wkanpleo] R?Fs‘w“' HRed i friedyresght4myepiion is linear,

unbranbﬁeakﬁm $afiheq BRERMX Yleidht QF Bbout rzo %Ibﬁaml% gz(ﬂgb@ddbﬂ&m(ﬁ( (the term
acer nmay be conjugated to ep

"about" nglagrrge&@q @é)re@%qp%%fl G, SQBER %‘?ﬁulfﬁjé‘fl af?lglixdg}ozﬁ,esome less, than the

stated REIREEBMU G PRk tm}jG B3 b aRhdcanedeibit of BRouBEGK tolaBout 40K.
one enbodi ment e l'inker contains at |east one

f ORthar sHarPlgy PBE%G strdtin Bearret meptigrHruRter FEOReng &pplgoutar weight

of abmﬁtlmKttb Q%It 66K QhPreRh ' "a%@utt' bﬁIéM@tﬁﬁ% 51%§arﬂﬁﬁ§ bﬂEG Fsefe molecules will
exar‘rp a spacer W t ree amne r

weigh pgkge gq;rép 1G#s ﬁalathﬁ ét'g’{efi g@legular@vglg}thﬁféqr geog@ﬁ){ h@,aoq}?)lecular weight of

about J0R BR6SRA0K %&%}e@eraﬁy ltHerPIE@'ha% tnfble@ulfaf PEIRIE l%v&yiox;
group may be reacted wt ree am ne

| anindes ptimgghodnfor a‘b%}?ﬁfrﬁﬁa@?neﬁbP%%WFé}yéabg{%g Fleselpigé)below These

111ustra215e ﬁé@cﬁ;ﬁi‘éﬁﬂre Y& HtEnde A BIR iniHoU WIng oPQIIAB skill 1§ '&ié"értaoﬁll appreciate that
ol yet hyl ene gl ycol (PEG, have been used fo

2 VaricBoRf S AR IO 115 oéémaeé@gspf Pﬁ@rlwéluﬁt%bhél??& in the art. As

such, ﬂhﬁ&n&ﬁﬁﬁo&ds@%fcﬁm htdeat BRI Bf an§WER nuRdld BBt clingent methods
ought 'to enhance biol ogical activity, prolong bl ood

knowndp Fl@@ﬁ&fq @rompagied by the peeeent inypti®Bgeni city, increase

aﬁéi'e%ﬁxpi%o pHBI iyt Ye c@sﬁlﬂznﬁﬁ Baietor BS kR NEE a tréachi® § & which an
estion. For exanple, ‘covalent attachnment of PEG

aohvatﬁmgﬁ% pelachle msg by heprdi(ee s2 Seraming e e eyl sEoupk il 1 mmolecules may
be atta@ﬂed% amind g&%}s u]smgahéﬁlloxylggd chemmEa3y) %W@édli‘f&%ﬁktr%ﬁw moieties. Such

Control |l ed Rel ease 33: 4

polqu*frmr@lrufi@ rré’ﬁéi S(umlmaudYé@ucalmatemb%fuccwraﬁylmgbmwm%@ymdafe mPEG-
-nltro%I ?Féarb&ﬁ{ea!nﬁlsﬁPﬁé\Q%hﬁc\!\@iﬂbmdee t Sigdilarlf, G hotbeultd Bhy be attached to

gloeromde di snut ase (Beauchanp, et

carboxy] grm(pf 98[3; mAfhaxylat RRGhwith a freq aming groyp uik{Ehbh) ne
deashR %ﬁ@o&lﬁgﬁﬁl +theQltnke or spdodrIBAthinBh @FRinA? anBh® Elah’p (GRC %&ltloned at the

660: 293), has been re %ed to extend their half
terminps, ofy fhigospacerld/ Biis (e SR GITPN FRING geastsdi vigh arﬁaltably activated PEG
molec@® tshGBR GPEY-paradhro Y)‘@r%ﬁ%éﬂa%l@%mbpg Qgﬂe( Q ltﬂﬁg Qovhit carbamate

pept 1 de conpounds of fhe invention na

bond. pﬁg}tey@tlyﬁ}y, dhie tegipelminEEoyy FeY e })eacted,\mtb 1 sp@ab%qﬁgy@?g PEG molecule,
such 285 ﬁﬁ’@l@su(:&m%@l %ﬁ%@@ﬁ’EﬁeﬁﬁAﬁ&ymmgﬁccirﬁlﬁﬂﬂﬂrpr 10ﬁa|?ée(mPEG SPA)

spacer of peptide diner via a carbamate |'in
contaigpg & fegctivis I\hhwda@cHquqwaglé (NES)esxenpploanake apiabie e wdent ?Prbw‘fe bond. In
other eﬂfb@&%ﬁts,‘ HY ﬁzﬁ&f RBctive glolP &Htains a%@bﬁ?}{l%ﬁﬁ cifableR@¥iiRadRvated to form
I ecul ar wei ght of about 20 kil o tons (20K) to
a covamb bendqwith en lmineesppipiging AFGU molepyle uader spitp ehfﬁimlp’ﬁ Conditions.  Suitable
PEG 1951@&@{5315519&5%@’ EGHEE 20 WRtbR! MR %oﬁ\ﬁlﬁ(lmsv‘ﬁblg& BRb&diimide-mediated
sone | ess an the stated nol ecul ar wei ght).
Mmdeﬁﬁ@@@ﬁahmwlmphe PEG has a nol ecul ar wei ght of about
30K to about 40K. Anot her exanple of PEG used in the

present invention is |linear PEG having a nol ecul ar
EPO-BAgomﬂLctlwtv assays:

In vitro functional assays
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of about I OK to about 60K (the term "about"

indicating that in preparations of PEG sone nol ecul es
wowed/10e6 gh nore, sone | ess, than the stated pol/@s20&014889

wei ght). Preferably, the PEG has a nol ecul ar wei ght of

10 about 20K to about 40K. More preferably, the PEG

ham vﬁrdminqjétﬂn&f bikdthg) isaye fqualhiows the @Iﬁlityﬁifaann@ét @sptitke to compete with EPO

for b GLERO R cEPIBPON: (Pt S AFGOTY V.50 PELC: P e oxacellar

domait & t]iHDEurﬂaﬁfBi“ﬂliRQEl’@ bhhﬂlnlg ipFotdin, IFBP) @ag be fecomblinadly\pradabdd in E. coli and

in e art Wl te that , a var.li e f. metho .
the recpbiRgY Lt Ry E RS Srorraggads F anigails Jised p gniietio bead feg.
Sulfolﬂﬂ{ beaﬁS frabﬂ Pisle Chemichin€o. QRbckfcﬁ& ILSM Chinmgheipted GBBP is then incubated with

label gﬁ? ‘Wghﬁg%{w Ig e v ns]?]&é &Wﬂ g %ﬁ? gﬂ)élg% g erg\? gllutlons of test

pepti@&e larmpw@ﬂfobyudhrap@{n&mnmgs@vmw Gzlilh nbeAdexRBPestide icine total EPO
ker via

bmdnb& ghglg \Rﬁ queflgttl c?) Ot%@%gé«%é%@q%ég |ag18mt ofﬁ:ﬁ%%i%g@dﬁ dluanﬁtated and
expre(s@d @sa p&céﬂt@% oﬁﬁhd’@n@élqwﬂalﬂmo%ﬁbh@ﬁ)ﬂ TyéseURlues REGlotted versus peptide

nol ecul_es to am no
concc iy PR oa) 948 ¢ AR (SRR P PR eI fh gduces the binding
of EPM0to EBP&Y .508UE 8, 5090 rjiibeios ofEB(b veingPEG- succi ni m dyl

succl pat e, nNPEG succi car bonat e, EGim
PGB T GERERYYC WSy Sovgiia A Uy piepiodas a mtion of
the poRingfyl dewo Sads:lad HPY-colfugateibead hdem ErYRaonapitechad Bend proximity is

e R, i B T St B o o PO

will ﬁrb\l’ékﬁﬂnthncﬁﬁ)g,ﬂ(‘e@lﬁsnng‘ﬂ Hé&idase @ 1Bt Sidélbn. ahd) Gor@éitafion of test peptide that

resuly i €506 ferenen a5 ioB R TR B w Eh o
W a
S urﬁea}iabtydea of th¥ @feeéimt Hﬁéﬁuoﬁﬁbﬁp‘dﬂé ®ry sfficlntBswith EPO for binding to the EPO-

TgP %agﬁglg{: {é)%?lg FQF%%‘%{ bog \&ta to %}QNbgC%}%\P}"a’@E)& %Fﬁl at substantially

loweﬁcﬁhé&qﬂﬁiogﬁgféﬂéﬁtnwl(obl PtlhESHb‘avbﬁerfrf] RACIOS0 kuéEsg a suitabl y

actl vate nol ecul e SUC as .an SUCCI

bul B plasipat sy gmmy Rofen greye@rlﬁiamqrp dipperis rpﬁﬁ?%n]g%%ii agonists of the
inventiBEGiSPAInd HOdIfigdlfi td 3hd FPO@6deptéE may be measured using in vitro cell-based

_N-gydroxl -succi nimde (NHS) group, to nake a stable
functiogd)3P8¥% carbamate bond. In other enbodi nents, the

| | DKL bsshE A thadd @PoUP ne@it PrdIB-call ke DOPYssiflf Guian EPO-R and further
i%?p bl'ﬁ o{ﬁibei ng activated to form a coval en&rT bond
transigpted, WiR axips PEORYFHRIVRR ﬁ’ﬁlf?‘EsG TRRATISE 8P RRHENCT. s PPy fYResure to EPO or
anothéleEmJR(B'goﬁ)l@tn StichicOIRSrespSkt mﬁé@hﬁeﬁﬁnﬁafmbew&l&sase Bzﬁisésdﬁe emission of
itabl e reaction conditions_includ

ds t
ight BB PRy OA 85 MU A1t BBy FAE! € PF R pRiGrafirc such cells may be

quantERed RaRAbgémae bf WicifdfaBa6@Mg: Thé Bctiity o0 a kdsnBdptian ﬂ'measured by adding
assays -42 WD 2004/ 101606 PCT/ US2004/ 014889 I ;1 vitro
|

soral e o BB lo Al ikt (it oo, 3 oy fgr incubation,

1umfetriﬁ%ﬁbs&@l§ tid £Red @ tH@éHH@ tad Wet: Brlsi6h 1sf1ﬁ’éasﬁéd" diieGoh&@niration of test peptide
For exanpl escribed in U S

that YFS&F%Wia e e TR G et § eI Sabha n of i he

@B@s%f(tﬁe?@re@éﬂﬂ dﬂx@ﬂldﬁréhb@ldﬂamdfﬁﬁ)y &MYndl@ ability to promote EPO-R
. recg) ipantly produced in_E. coli_and
signaling-dependent luciterase expression in this assay. This enhanced function is represented by their

ability to yield half of the maximal luciferase activity at substantially lower concentrations of peptide (i.e.,
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the reconbi nant protein coupled to a solid support,
such as a mcrotitre dish or a synthetic bead [e.g., 5
weuktabienk beads from Pierce Chem cal Co. ( RocREDUS2004/014889
I'L)]. I'mmobilized EBP is then incubated with |abeled
reconbi nant EPO, or with | abel ed reconbi nant EPO. a % a
they hpwsyerplont £Ge0 vaues): aIThtﬁ 3seAY; 18 gspreferred Bethod dogy ?Sa@afgrgef e potency and

activitPSIh BPER hQhist PHRIESRRS inbiBRES. Assay points vvn t h no
added test peptide define total EPO _binding

F&ROThE 460 GV Reoprr RrRedhesinecBRCRAGE) erdls [Pﬁ@eraﬁbalnﬁwé?) J. Bxp. Med.

152:1086464% 1, EPG1 &a?déﬂ:ﬁ%édt nGshsfRted BXRAESRE thad®widerived cell line into which
per cent a the control (total =100%, bi ndj ng. These

0 Rk G SPE ooty Theteeals bt B0 o SRR RN,

Theonk G a‘é@b Ue bélsq@é‘ ng@ﬁi t@ﬁalit J@zﬁloﬁaﬁﬁ @%ttff @H e %régéncé 8Bthe necessary
pepti de whi ch reduces

growtisopisi(ses, &g 5uAerRlPbit UénP%@t Eﬁra]; 6@% h@ yells/&redﬁhfﬂ? wibed in PBS and

starved far Yé-24 ﬁbu?solﬁnﬁbletﬂléﬂ% Riteli G g@%@ﬁctﬁﬁa%ﬂeﬁ&t&rhﬁmhg @B iability of the
generated as a function of the

I
cells (g &&r;gg@%blugﬁalgp@, é@?ﬁ tpioat(imwhele Hede &glthout the érgwthffactors) are made
to qve'%%&ﬁta'ot&m H&%Eﬁ Q&?&qj dinBeAadoREOEp Rl ]YP(DJR a El%ﬁﬁ)&ﬂldp Yypically the
bi ndi ng Oto EPOR A test E
firee, S@lewaxhe@ nmici? ‘EFW@"?SGﬁl th? Resispriownd PR gF rlmmﬁ‘?llé%ﬁémepﬁd@ to be

tested Bllalxﬁad@ i 96-8H tisRY %{ﬂl&ge elaﬁi-@ %reaaﬁrﬁal Blutb @0 m}owém Cells (50uL) are
The concentrati on of Z&ﬁl de t hat esults In

added gporkiwel audthecplly 3y mcu‘éaﬁﬁ o, RaTTifERPiBiing pegaiiesgntrols should

die or U@htﬁ@seen?h@elpﬁtﬁhfe%ﬁn %fthénnﬁeagﬁr@@@f‘fecﬂlﬁﬁ(ﬁﬁh‘l% 1ﬁQl§H3§tt Such as an MTT

ver% ficightly with EPO for binding to the EPO

assay whick mepsivens SEdhyidise iigrernomtip py & wAcaléPnf el epir?hf%’ilqn. [g5p, Mosmann

(1983) O rhAM P NethfiR &8 ‘5@533]" ngﬁldépa% @&ahﬁté@%%’éﬁ @k Epo-R- @Xiﬁéssmg cell line
concentrations of e., they have very

and a pargtal pen-grapsgssing gel 5[[h@|cglg:|e@taqtlog@f teshi Reph%cwré ﬁbx;eld one half of

the maQﬁnam%ffér%&rlgre%ﬁ&fés(ihe(mgo' de EPO R agom sts of the
I nvention, which bind specifically to

EPs: P%Péléiﬁt ofr the rﬁ?ﬁelgemﬁ@ggm Ry ggqrrﬁgcqllpf qp,hgqc@d ability to promote EPO-

dependefi detl BARAEin tfn‘d E&Eﬂ( Ofak ehsRRY ?unclgiﬁs ﬁ:@%tédsoghﬁéleﬁ)ﬂi—t? ®Vield half of
a nur|neofre B-ce | i ne expressi unan EPC- R and

the magimpal jgel} profifegaiion éem@atlw HVIEY #tobsiangaRbt lower pengerations of peptide (i.e.,
they hla\'fécirefrf ﬁcﬁ@ EC56RALLST ’lgﬁ@%s@oi@ St fréfetred HRBBA G¥PESiHEEN @16 potency and
or 25 another EPO R agoni'st, such cells respond
aﬂWﬁb9f%Nﬂfh%@g%m%QQﬁ@%Pf%?5@@1m@u0|ferase causes the
efH a%?fh%s&fy th S afé%?mq{aﬁéﬁér Igmcase' ih BEpoUR lérﬁ&ﬁed medium, collected,

luciterin hus, the | evel R activation in such

and thenequituredrfpy ap @ddﬂ@ftgpahk& hyr an mgdiyan avitkps ERO- fgg celisfare divided into three groups
of equlaluégllfcﬁshﬁﬁle off oMﬂ) éxbfth n-Ehﬁid@tP ook (ﬁég@cfve‘%oﬁ@ﬁf apﬁ—gﬁﬂ d8/hIEPO (positive

measur e serial dilutions of
controfcqydl jag) exne@mpmtel a’f@m with (i regtpeptide. (The ﬁulrwﬁﬂsﬁ% @s ﬂfea collected at various

time p&ﬂ’cé )éedc erfcfgtaﬁéﬁ%hfﬁ DA -binkiHE ili6rdcBntSiR ?E k. abl%pidﬁm@ﬂ)@ﬁl@ or Hoechst

ht em sSion i s neasure
dye, b@tb nvﬁelnblp AeicYigrsd). tFé@lfeSp@B‘i isdleen n@@sm%forreé@uwlwsmﬁ ag'ACS Scan Flow

cytom%%szhQ?ﬁﬂcémAege %ﬂéﬁ '1ﬁJ @acﬁ ndsk Ghfhe bdll Eﬁ&%ﬂﬂﬂexﬁﬁe dd¥8mined, for example,

e present 1'nventi on show

using the SRR maqlql y'>f &qﬂﬂﬂc@&wam Bretyn Piskipsemotellgpeated with EPO or an active
pept1d§ {ngsf’hloﬁ/'lgg‘r&%? ?E&%@Rﬁon oHEI G 858asE (R IERhiREY Byﬂn&@és@d fluorescence as an
his e nced functioh 1s represented by their
lndlca‘fab@ﬂ lnqr‘i}ﬁs‘t@@mépmefﬁhﬁefaﬁm tottheenepative aeirol grevd.er ase
activity at substantially |ower concentrations of
peptide (i.e., -43
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WD 2004/ 101606 PCT/ US2004/ 014889 they have very | ow

EC50 values). This assay is a preferred nethod for
we@sdaodiretedérg t he potency and activity of an EPEERUS2004/014889

agoni st peptide of the invention. Another assay may be

performed using FDC-P1/ER cells [Dexter, et al. (1980)

J .Simiqr. asbdysl may b6 DedfOrded 18#4hg |[EDGP- ek, a:glaDaﬂheaftlcﬂe(d%O) J. Exp. Med.

sf ur i ne o ro
1521 RPN RETER e DRSS R Bl b AR b5 @ mowen
factorciepérglerexinirie imuERidteteipemiinitive Runeltdpbetiapiogenitot selblire t_hatmhn proliferate,
T Y O TN e R T ———
ATC@ngmber 83B @8 CFdrlzach e}meﬂ;dn&ts et EDCP-5,céll Bnd &%ansfﬂsted w1th the human or
. C are then

moring FRER kdRE ML RP PO G ERe-LRENE el et Feffptpely, that can
prolifetete surhod differértieteyinal predeyiceadf Bl TRoElah $POedependetmycell line, may also be

trypa ock. sol ut .n whol e nedi a
used hfs B el B AF broH prish an HelB R B abou

10b yeedrlothep assayb @glprocseure akt fith i Kq:ml 098 3)nExpp Efetrade 11:649-660 for a

. EPO th fre sol ution :
nncroﬁsl,?% Easstg [S)Pll-g)—thyargﬁ%‘a 616c§8)d>§att1§g é tB hsg%%q B%E ﬁraayoﬁé Slinﬁllg}fed to ascertain the
abilitspefUihel cmhpdumtmdfl thd gregnppdntide jo sebvelr® EPOegioridtsale brieflB6C3F, mice are
vol

1nject«gg(ta915 é?r |d'f:1}|/ss eqhgllmjyl(llglglazmg :(@)t e%@g g)ntatgtfa gxggﬁawﬁée%ﬁglfs are removed
and tHelr@bitigl tb @roafemw ozt H 24 Belir aélmo@&smamed usiig anfM Thagesi. nt

G VS 875 2R e oG e s s
phosphbl@lhﬁon of lbdule tharréceptdtiatdl @snebons lefﬁcélﬁlaa$ﬁmin91\hichﬁmg Shc vav and JAK2
kmasemc %ﬁ%‘F rep Ia%crt epéil'r;n Xur I n%sal[ygréga{s %gﬁa%ﬂ a?ﬁg%ﬂf&db e 1nvent10n to induce
tyromheﬁ'ﬁhkﬁ;phoryl%ﬁnhﬂdBP(ﬁ& bt &Bﬂ'nstr%pﬁntﬂealuhf gigaMatranadueer pioteins. Active

and t al .

pepticR L CRTUEE PHPIEEN S RBHeTgn AOMEC PRI OB SiEG e phosphonation

patterfy Qﬁirlydﬁerﬂﬁsletﬁ it of BROYinedrginopeetiadetpoadive tdlle. X Itlﬁahssay, FDC-P1/ER

cetts (et &l RO R ERT Med 1S 2T et R Ppalepgnted medium and

growretolsadtios:ay ahdst. | t[’hesé OclBraphee cﬁﬁl@d iR gne?elpewdlmmt EBOlfbr 24 hr. A defined
nc.t . o
ol Huchiele s 5 FRERFS ABP e PO AP RGTPADy 10 pift 37°C. A contol

samplereos cellk veied IEPpr@I alsfoemt wtm eath mshwat iThe @etddvedly aé then collected by

centri ugtf})tnﬁ%%%gé}alg%%,ljnl mrl gltaﬁigt;b%gt?ﬂ 0f S[ﬁﬁo&l %Fyéa ias gel electrophoresis.

The §éctoplicreed rpﬁitéinml if e g8t dreatanstgrrddhed ﬂmbeemﬁ}bs@nﬁd the phosphotyrosine
activit PO R agoni st ti t jnvention.

contafprERttTe G Bl vEER) reaRd Pttt Faf ks Simple, the blo

may Bd'lh@ﬁ%ed lﬁwﬁF’aQ Srktpﬁﬂf o@lﬁﬁb@g@fihenﬁdﬂbbﬂy\ (o) fneﬁs‘eed}tl-ph3§)haﬁd)sme IsG from
then cultured for an.additiona

Upstaly BIVSGERaiHs TPl vaah ot e POPHb i POk SOy o8- peroxidase

labeleﬁfgoﬂcal:lﬁ-lmoﬁw IGdRMsKirYegart & wr@llmbmiohes’l hcagMetling@a{IdC)]. Thereafter,
phoseb NP B Forae 3Pl BT REIHRIEEH Bl P e g dpeluding colormetic,

chemi@fihéstent, drhfuotdsteint! healsC e]FdrSex&hﬂg 1 heﬁbnﬁmghﬁ@deﬁdaﬁiy may be performed
.o var ti Ol n st al ne W t a
using Eﬁﬁé@lﬁﬂ?tﬁﬁﬁqt{?f@r% E’ﬁ{onblg@erf propi di um i odi de or
anm&&h f celbyRed ihglzzﬂ; assat {habiney Bdf omiﬁb gd¥8ek . thd-hdtiOTte 6 8 Geptides of the
is then rreasure or. ex usi n FACS Scan 0 )
presenf GNVERHQRIRE &9 Onﬁ??éaypléﬁl%‘ﬁk‘%%é”&? MALQY g Lﬁnae&?ﬁpmgbogfeﬂ& Murine

the cell cycle may then be determ ned, for exanple,
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usi ng the SOBR nodel of Cell FIT software (Becton
Di ckinson). Cells treated with EPO or an active
w@epkilomsosi | | show a greater proportion of cel PET/UR2084/014889
phase (as determ ned by increased fluorescence as an
i ndi cator of increased DNA content) relative to the
bone RRgaW i tewmbtaiet ﬁgnﬂh@feanoﬂP&éZ hlé 2046016 of human peripheral blood may

obtailffgi—%?g‘ls%%g g)g gln ge case 0 %Iéi} monpfgﬁg%{r g%lﬁ%dg(%rst isolated from

the blvbdl. fod &R2mpl3 CBy b&#ﬂﬂugﬂrbn'ﬂl&oﬂgl{ aKFicalmypaquetgradient [Si@8 Qpll Technologies,

Inc. (g%lrg:f)%\fer ?an%c?age %{)1] tr}‘}'ﬁ I,assa a H]ﬂﬁ??a]ted ISS%P cﬁltnt 18 Per? rrI%an t’&lt e@léiblish the number and
concdn&mtlmf mueibated el geﬂnle todigingledaplei e defived numher of cells is plated on methyl

iferate but . i f ent en e
el wipnpt Sttt o Blsafts (S Ce T D Bt MR CCanaca. Ao
eXperlrhenBa,l g&uﬁ'ﬁ@@eﬂeﬂrﬁ&h aTieBpedide, é:pdsmmmnfeodrgwuplm ritegted twhith EPO, and a
negatmﬁ coP]%ol Fse%ebve% P% gb%agré%% %glﬁlé%dr}ﬁtr&%ngu n1is ]f],‘r:_ﬁ%&hl:group is then
score€ eftdr dbﬂir[bd$5r16ds spmeibati@l, yenetallgtl 0 dayr and t Ddayk.eAat@ive peitide will promote
1 fferentiate, in the presence of EPO TF-1, an
COOHE%%PE Pendent cell line, may al so be used to measure

t I’mtheff z‘h@ﬂtcsblﬁibglpa& ptsiayk&h&l@ﬁi R @gd i dhwngratectbé hativity of the compounds of
i.feration

the p es?nlt ﬁnvelﬁtlokr%f% fh,oslfloie?{ ﬁee eggeerr rsrzta%?%& ?‘?%cggog ngcafloSm eItJSA 80:2931-

2935 (EPOdeendens Bamdiasdc plOgérlﬁielt d‘ej/lrhnd) Qaelila*andﬁffzﬁmclam{sk:r(lﬁ’mb & Biol. Chem.

s QS R B BB o SO Bk 2.
Chen-PQ7:a06701 1963 (thosibe iphdsphddf&RinlofMER® rezergor 1nnljummthPO-respons1ve cells);
R RO T L T —
100, abFDIIBR toellg;r Wdrtﬁﬁgﬁh eeroale (1987)2 Bxh Qlkemade r i1ﬁ85—92 (colorimetric assay for

v SRR RS RS8R0 I 5B TR B8 el b i 27

diaminofiwe&s); thifeD &t me(19923 J meB [therhy 267t A1600-2F30D QﬂbdpreB&hm of c-myb); Witthuhn,

et al. (ﬁ@?ﬁ{;g’;&f g% g%\rlgr gcu 18n Coes{?]eﬁ %sghcp [ Ot(?nle? er(Ie{Z); Leonard, et al. (1993)
Bloo@ B2 0AF1070 (Wtprdseiom s éMTIAEﬁmMrE}ﬁloh Hectak) bad Yndd, et al. (1993) Proc. Natl. -

peptides nvention.to i r
AcadE SR S B BigisTs spesiibes B GBS el PR | ut o
si g adstrimhamsddsigesd HyrMbleduls . Dedcks Cerp., papin des ,mia®physiometer, has been
i ified bi n and proljiferation assays . .
reporlfl a0 PP LTS ST ST B TBHD S T GRS Py ofegonists on various
recepﬂﬁﬁ rile baglefor tiedppiratus Ralic mdasicBiaknt Bf the alterations in the acidification rate of the
thro%ﬁ% etin- resp @zl Ve, cgl | s. For this assay,
extragellap P RIS PORTES PEEXEEN® al . (1980) J Exp Med
152: 1036-47] are mai ntained i n EPO suppl enment ed nmedi um

.aT géla to stationary phase. These cells are then
In Vivo WP 4Sredi um wi t hout EPO for 24 hr. A defined

nuohe gz Q']Ezo FitGHorE bdssy ’th‘itI B e iusaiioadseds Wiet fotdicy @8t test peptide is the
ptide for ap r oxi,nat e .nat 37C. Ac
polydERipico SevPEr [RORF (HOHRE | £Om LD R WEh IS EL . an altemating
condilibging rc]gca& @6t @edrhisdagt.e Hh hlgﬁl csmé |tgé: e kltérna;:)e ‘??tween periods of hypobaric
centrifugation, resuspen sis buffer
cond i e b St STy e G 6T B CPUAR L FEDent pressure for
2-3 &%s iﬁhf& talaagﬁrﬁa@h@{ eﬁe@tl slafnpte@l H%stlpgpﬁdb&ﬁagﬁles acrs]reEPo standard in the case
transferred to nitro u .phasphot
posi, P TP FEOIEF G SORUETHECRY 1 estrARF D By CATAPed on ez

i mmunol ogi cal techni ques. For exanple, the bl ot

-46 -



10

15

20

25

30

may be probed with an anti-phosphotyrosi ne anti body
(e.g., nouse anti-phosphotyrosine IgG from Upstate
w@eaactsn®l ogy, Inc.), washed, and then probedP@i/Uk2084/014889
secondary antibody [e.g., peroxidase |abeled goat
anti-nouse 1gG fromKirkegaard & Perry Laboratories,
Fe*) {sradminisyerech? dats dater, D@l}loodrshmpleafakmt;wo%ys after administration of radiolabeled

iron. E@%&B!ﬂﬁ% Xlﬁdgrﬁﬁ?lgﬁﬁl%?%{l}gigﬂre Tlgl‘llt a&e hen %Xed%r é‘acl’? B'l%hd gaﬁ'gle by standard
technmh@mBlmd newpbe Mitom wice filhj emdessﬂemVassewtlddﬁomll skwmgteeter radioactivity

(due tga%a\?}glsf Fe nﬁg%gt?{&ﬁ@ﬁﬁéggtloe nr]}s fthragm t{rc(lacr tre%g'v?%stﬁpgﬁldes or EPO.

c AdotHen gedva funvthnaloaswsm} naly ks uﬂ@iytobaesess@d potencysa agsst peptide is the
retlcu}olgﬁe a%ga:y\” tFXI' cElfus a@% p%@ a? %%trggte m1ce ereesch%%taﬂe IIY]s?}p tulH ched on three

assay ON€ nmarrow o ma

consepB'IVE phuer\aﬂth bth@oHP@@lr Itm pdphda n@n thedtbird\@xy2 @@4111&@ 4606s0 intraperitoneally
mject‘?ﬂﬁ#ﬁ*&g’ g%!trgrl'd'i% V\ﬁpﬁ%e bf@é sa ples a¥ oﬁlﬁcgtp& %élgﬁp 1];1{(;% ni“ﬁeq)%rcent (%) of
reticulkcytedinrthe blood isadctredinkd byrﬂaazhbedraﬂgy selowg and | flowt mom@@emalyms (retic-
count. éro Zrtrn Shﬁf %lﬁﬁhg{v gﬁle%rrag%gp nurglrnqa:r{ua elc{el,sen‘@fhgd Fi Ji‘l’?’e percent of corrected
reticutoeytbsms fletgratinedrusing tieugito vandHoomila: - Hypaque gradient [Stem

Cell Te lﬁ@ﬁll i es | ancouver a

this asé ay a&%ﬁR@fTé%\t eg’CRE T-orgrsymmy g{ercﬂ%&’ %P%?%'BU‘FQ Hematocrityoruar)
Active s¢sabdnymiandsheilinghoiyem iacrdastd &’oRE@Iﬁcblaﬁ«:dTﬁnlewl mlatveeteie that did not

: ri ginal sanple. A defined nunber of

recew%?fs} éeph@es OFEFQd on nethyl cellul ose as per

manufacturer's instructions [Stem Cell Technol ogi es,

uy da)]. An experinental group is

Use Okﬁﬁo Rc(faﬁq st tf?ngc{ebogﬁe Teptirde, a positive control group

| él“lb rmﬁ@d cannpidondsPa) thandveatlom egatsefod i vitta ed t(@isofsl)p understanding the
blolo%ma erI Vesf ]ﬂf%t 16918131{{? hnheenevall']uiatolc?ng ! tlgl{;n a{Quyc\)Ars op%rtoco gt?uence and be
1nﬂuencfed|b|yplilbartodmm,on QERRO ahd the EﬂdldgyﬁEBm tb th8 EE@VRS (e gAnhe mechamsm of EPO

/ EPO% tﬁllg}ﬁ txg%%t | %g/r%gelgr{or aPcﬁm%n) Th%g)re%%lh g? dcfesoarr% 5 Qa1 § in] the development

I'n V| ogl Ca asSa can e use
of otfﬂemlp@urrdatﬂmt bind tatht IE\POFBI bedaugehibe puasqnt)wndmunds préviide important structure-

1 ny, nt| a eenberger, et al.
actlwgrfg%g 1S OCO ?III tha Agmfjtat%%ma?gev%g 11) © 9931- 2935
( BFP@eckep dnshdrin thﬁl‘rwlhtp(m bihd ¢o EP@@& lthetpkptid}ae lof tHeipnes¥nt invention can be

used %éeagelgs g?_ \é\l% 16lge| \ %(y :Plrg '1 ng pe%l gﬁor )%]gt I1n blol?%ical fluids; in tissue
homoBnSidk;. ifcBudfidd] ﬁe)tura]]ms]aglt::ﬂ rrnah?amalst ¢tc.e Foradxamplk 992 abeling such peptides, one

can ugﬂtgf]g 6ﬂé%lv1gg Egﬁ)zlg ]on g‘;sgréacgsg Z]% raglélg f?l?‘Fgﬁ on their ability to bind EPO-R, the

peptidePOf rtiges peseat Wventizinl @hbe Wl & siet staining( EAG)(fldorederuk-activated cell

. sortina;at%g?ggfz,%és% ?lgfn%g,oﬁg.g&&g%@(r) SI prﬁ?g%q%%{]ogé%{ﬂ%a%sgy , e% & addition, based

on th¥ib rabhntyngd bind ot EEA)-R (tﬂ@&}é’@tld&( pf thdepnai;ent inveftidSead2be used in receptor

puriﬁ% 0%% %n%?utgirfylrlg%? rtﬁsmi%rgﬂi g%lgeocep d;gr[f Kc% t((l?qrgﬁs? efpermeag?lzed cells).
hefhe gleptiden oMHethanﬁon cahi Agoi beodtilizet asnﬁ))nmd?ahledeageﬁﬂs fad various medical

resear%l%%%ﬁ% glwt{Bcltﬁ%%(ﬁes clélegeglcgnll?‘l% 5@3%% 0%2; ’%é%o 2961186 as a calibration

standz(r&&ﬁ@lﬁalﬁttatml tieenddtitiyiesosfi cﬁhﬁilcmt(m}magbmtts @na odrief 4 A mctional assays; (2)

use asLlF octlgl&x.g Aéz}grexétﬁ g)lcrrafx#r? g%#%?%%%ﬁ%% %Ze ?qglnglﬂ Zo% &%W §$mﬁes of‘]gl]’O-R peptide
(1993) Proc. Natl.
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Acad. Sci. USA 90:9571-9575 (regul ation of Gl
transition by cycling D2 and D3). An instrunent
walesugmmsde by Ml ecul ar Devi ces Corp., known asP@r/US2004/014889
m crophysi oneter, has been reported to be
successfully used for neasurenent of the effect of
ligandsgtha psjtilearnd tansapionti@kseddrery af EPOeptRbs vithe ptesans invaiften; (3) use in
basi s .for..t appar at rement. of .th
co-crifigRigr L B RS2l pl B praGHeY St G ipntbl Bound to he EPOR
may mdbnmeédablh@rdetmdmmmmf m-,ﬁnmf/;ie@uda)smum [tyOf-ray crystallography; (4) use to
J vat i vi vo functi

meas*ruﬁm ©,capact of e hroc¥tﬁ gfecw;av cgl s IH%‘%SSf in sy ﬁesﬁ’] qnd b ¥Be complex synthesis,

ess
and tp Giicesassy t}Bfnualbblesﬁ feptpt tedptdrs HyhiitiaGiy ﬂltfff."l;engﬁttioﬂn(&) use to maintain the

ass Qr t hi a C
prot DY TR LGP REr ALl 50 I O FBCEY A dy and the TE-L cel
lines; Y6\ e atlatddryslabdling tthd septigfes] of thet ieennibe evith|at redinadtiee chromophore; and (7)
o BSOS e DUBE BB LY SRR veions
conveitently adlmﬁtbdagamm Qraiig uf @ BRO-R a@en’istm;l $he|dfkieor to
d['rp mb%é({»t etﬁ Oagged: %Ettl%e%gre%egggnve Sﬁé)& ﬁe@x@g %34 rnge manufacture of a
med1@fn'énﬂ fif eedveddds uﬂwp@me@ uahpouhds of theeinwatioh tnap ri&dadnmn:ietered to warm
di.ol abel € on 200 /
blood%lwégoﬁ& P%T&% a e ﬁlfnulgte tg?ng\ofhng s é%‘g gangﬁ)aﬁ in vzva Thus, the
presefitn thviltion densaipses  atkieds fomtheiapeanaftteeﬁneaﬁmfrﬂlmdem Iasmmated with a
of radinl abel ed Hemat crlsan
ety B DR, ne b oabrey ARG eBPAOH LGl Suiog in amounts
sufﬁdiB/lt ®istndiatedhe ERﬂ‘rRmhd] tiess,. al1Bligie the Sanjbms akod@atedwvitiea deficiency of EPO in
ecte tive. test ti.des. wil how. gr eat.er .. .
vivo. GG Pt JertEn s BIRRT Db bbon i BT oy gl inciene
and/oh e@ghgéhieﬁn)l fhiheidinlysis dnbamta dbdtiandt witle a@DS;eartemidt associated with chronic
' t.her ViV {onal

inﬂaﬂ?ﬁ%%)rlyggggeag% ﬁgg Oexgxgp S gléeéugattogi . alﬁlg f u;}ic OgIC, 30\?16 a)ﬁﬂamma‘uon) and

autoifamphd diecases afidéor boedting titeoey bod ssay of Etpatldnh psoras $at)g¢ry Other disease

states? ﬁ{,sgrglers,g%{ﬁl;sg% g&gnﬁ%}glg\ﬁnﬁe}%&%ﬁiﬁt eous' ejtxtgé Loy adihistration of the

peptiqee pf tHikeinvédtioh Reludei Heth- td@lysselhlh;ecymlccﬁblaﬁle Iﬁéglancy and menstrual dlsorders,

ARG SLEELER LR Ao ok e

(bothﬂl@f&:@ﬂ balﬁ%) é)fd vafiels retibl ety tidgast stattdrecdihppattdi ‘bﬁ abnormal erythropoiesis.
th| azol e. orange .st and

%%ﬁgf g’}% % ihe p(eptécle compapnds Blﬁ e E}{]vgrglrogﬂay qeﬁ.lsed for the treatment of

disordsihivhiclp fre nbesiataotizddsbydo® offdeficidnt yedbddodraeils) dat. exﬁihﬂe as a pretreatment

prlorger G L{SH)gg olraura %‘it’Pg Cellfhg',nrlﬁ%r Cu' o %ﬁ]@@%ﬁ rE%‘s Hl%g}tlon can result in a
decre%'fﬁl G@ﬁ@%ﬁ@aﬁﬁ (htrk‘;‘ Rl died Iu§e| 1N|ﬂle\/ﬂdlahbﬁktrahon to patients prior to surgery or for
Active test .conpounds will _ show . .
indicginy i B LBE08 Reriveledig-peeer AT PG APy 8 (i gerention villfind
use il th@kctidthttbndOmegdkaGBitye test peptides or EPO 15 Use of
EPO- R agoni st tide ofthe on The tide :
TP AIAL oot Y8 T oh A B R TP BLkgS asoulr endothetl
cells bwdlBasf Areflosrdarcshtedd dhdli@edglteneurons [see, e.g., Amagnostou, et al. (1990) Proc. Natl.
Acad. Sci. USA 87:5978-5982 and Konishi, ef al. (1993) Brain Res. 609:29-35], the compounds of this

invention will also find use for the treatment of a variety of vascular disorders, such as: promoting wound

healing; promoting growth of collateral coronary blood vessels (such as those that may occur after
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bi ol ogi cal role of EPO including the eval uation of
the many factors thought to influence, and be
wo ndohaerseed by, the production of EPO and the bCTUB2094/014889
of EPOto the EPOR (e.g., the mechani smof EPO 20 /
EPO-R signal transducti on/ receptor activation). The
myocgsdialsmffrctiga) thiages tgptmenl; sod pewivaiculen grefietregtment.o ke rrompounds of this
invent®h ®iD81s0 Cﬁ’ﬁﬁ’%@@cﬁ fRate c?%&g 4° t\ﬁlele P& ﬁ%ur&%@éfscﬁs&ﬁl&s generally

present conpounds provide I nportant Struc
characigsizpd;bst pwrabsodite bﬁ@hpfiﬁwml‘ olime dromy tledive feaeh b { acatybelofing as compared
to oth&%&ﬁb&‘ﬁg@éh% ta MR £9 v 1?5% ﬂergn their ability to bind

to EPO R e pep of the present invention can be

used as reagents for det ecting EPO-R on living cells;
Phanrxfaééﬁﬁgalgﬁhdo§moﬁsn biological fluids; in tissue 25

“honogenates; In purified, natural biol ogical
mant ¥5tiepgther ag{egt of Fﬂ@ﬂ'prge@atmmi@tmlmpmrgg@u’pwg ceyppdsitions of the above EPO-R
ti | ir . .

saoni f BANLE Samo i 8R! (KBl Mok OFpEiRSh BY dh Ehlniseation of
such @p@oRfionshiaclugge fhosel dglieafedt zrbevw e%ehtphawefnmpdncmsmeas may be for

adnnn&éﬁ?t?o ' 9y 'of‘hls Z tecflilatlﬁ]ﬁ“a{ﬁgrs S g n{)slbrtf 51> Q%Qféto@t% AW)agle gubcutaneous

anal ysi s, otti
injectipen Egméemalnﬂ@é T |pﬁtmynldsm Ms@gtlomgly;ls oreclectropcrab@m trangmycosal (nasal,
Vagmzﬁ’ %cﬁﬂ or%ﬂblug@ froﬁgk bt écﬁ‘mﬁlgtr'ﬁ'og g {sh écEFD (g'r(%lblé ﬁﬁer& g 691‘?‘& formulated

I nventi on can e us In recep
in doswrfpmseaapnomﬁte or cach reyde pff adnmmystoagipn. sh@ﬁmrdsmmpgelﬁﬁz@d Ry the invention

are p L&ﬁnc% Lmﬁééitfoﬁﬁ %oﬁﬂgfls1ﬁ%1%ftg&1v9 earrﬁﬁ%glg %f* &t dﬂﬁ?i{l 8 on1st peptide, or

e peptl es 0 ventli on can e utilize
derlva@mm@dm‘wa of thedpeention fogetherawithoplermasditisally aqeepteide dﬂueahdpreservatwes

solubi] %e?sg @fﬁglgl'fgrs petﬁitgfg u § §nd/(§l'&gﬂlefés cif %?ncﬁogﬁ!)ﬂéqﬁ Qd'é 1@51%8 QP\tanous buffer

se as a calibrati stan
conterd uiagn; TrigHiChgacetats, pbosplite)i 8 ofl iozndiraiathe aaﬁﬁmﬁ such as detergents and
. RofRY
solublﬁﬂﬁ)% g%ﬁt?( (é I‘% ”;ﬂxgézﬂ ﬁg ?f‘s\y‘aleg 8(r) ang‘%ﬂb% @{) %@F@%ﬁ?afgts((g% gasléﬁr%lc acid, sodiura
metabjsulfite), prnseh@bmsr(g gf, GFhimengplf hmzlyi elsof@i) #EROwkipe stbsthaces (e.g., lactose,
7

mannlfbo b tn?é@gélgg(gi{n 3181}1@ 812«1(’543 (;il' lt{g? ﬁ%@%?t)l/clng %@E@%’neﬁp gonapounds such as

polylagifc adid polvelyeelic dcidy etet iopmto (l@g)somg@ iHylauronic acid may also be used. Such
t | |

compo%ﬁ?loﬁsr é‘ﬁ% %¢deﬁ% 1!h9 ﬁ)hﬁééc%tb sﬁf}’ Y eﬁ%}llh h?aéc% Sﬁ ?{ggt %harate of in vivo

clearamy)f b}@ m@ﬂemotelemaltd cﬂqmgatd@s ebee pat Remingfon's Phannaceutlcal Sciences, 18th

' r t s
Ed. (1?% %ﬁatsclg E’éﬁgﬁﬁ&r}% gglj ?ésrt?rﬁ g’%cggg%’)l I%%ersalwé§ Eylt%hvr%lhpg %erg}fl incorporated by
referenye e c lihes oommsitions imag Usepgpastd m Sigwid rfesm,soramdy Fvenr’m dried powder (e.g.,
iy synthesis, 5 and to increase the nunber of
1y°ph1§%é§?%°%h receptors, by initiating differentiation; (5)
use to maintain the proliferation and growth of
oral DSySjependent cel | lines, such as the FDCP-1-nEPO- R

and the TF-1 cel | lines; (6) use related to | abeling
t Rentpmplpicd der ufe ldnein iamy eral isolinl dosage formsdwlniele tarev described generally in

t .ar
e 5 AR R0, R RSN HOBEH) S ot o
89, W}mcrh is berbin arsbipestaddry reéfsreneeo robd desagd ®thlmmﬁds, paules,tpills, troches

or lozé[’%lﬁgg1 8%’8% %g:%ﬁété tpé\gfﬁérs 0 gFagﬁ'ﬁB ﬁ%g nh n:raﬁ1 rc}fj P]Ilona?nmd en%apsulg‘uon may be

used tqé@rhmhh@ e ptelsaJatcmamsna)nsj (aspfou kmmmﬁ, @rajém(ad merdsphenge ndported in U.S.
Patent%f 4,EE9&321eﬂll‘pos;£gm?ﬂeg1%§)};osb@é?nﬁﬁga e%g ezaa% the ]%?)Is&gventyl B Yerivatized with
[ ncI udi ng humans, to sinul ate the bi ndi ng of EPO to
the EPO-R in vivo. Thus, the
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present invention enconpasses nethods for therapeutic
treatnment of disorders associated with a deficiency
woRoERQG0®NI ch net hods conpri se adm ni st eri ng BCPERLN0UE14889
of the invention in anmounts 15 sufficient to stinulate
the EPO-R and thus, alleviate the synptons associ ated
variottd Ii(ﬂym?:rﬂ@fgt dJ.8rieyendNo.BID3[556). VA déscriftivh of yessiblecsolidl Hesage forms for the

tides hi.s.invention will find e.in

oo RSB 55 R b 0 L w7 o
Chaptee 0@ 197 % ihereireihchirpdrated By refon@ide.alnogenael, deefornwildtion AlilDSiclude the EPO-R

aneni. ssoci at . hronic .infla di.sease
saoni PR S Ao BB GPE PRy PRLGN HERg M BORGT for rotecton
againktiifid sonmh Ieﬁ)\ﬁl)onﬁﬁld ana wdl @iserithebidlogealBeictianthatérial in the intestine.

szg]ét o erahlﬁtg%i ?%I gelrggl%n%%%gosagqail entgprg oragﬁ%fgl%istration including
phanﬁdcaitﬁsllwﬁccblﬁﬁﬁié Ginﬁ@ioﬁs isblaeigns| Siispéngiohk) adnd nsssiph ewhitle adag dbontain other

dm ni st r.at tides of this inv
comppiaf, e i AR idfunBoeh (o rehpecueds FPOghitgnd suspending
agenta;radd sreseshingaflavaiig sliyesimingagtnts. anem a of prematurity;

PR3 Syl RS ) BB e B35y s

Geneicaﬂ}’/,l the scha@pl msdificatidh &eﬁﬁmplateatlesheasmmmioéoht byast one moiety to the

comp e R RS 1 e PR dRi g™ T e g (p)ptake into the

blood §teain®sth thd stodSchdérsiatestties MRo ClBsifkd ds MRt inclossk af tovelall Esdabﬂlty of the

|l ow or deficient red bl ell.s, for exan
compﬁgeé)f Pr\g%mntsl I 116;Fea§edntc}rg.ﬁ§1oag%ﬁg ’thelbﬁd%déf, (aﬁse% above PEGylation

isa pmfeﬁealcﬁémladllnmlﬂmﬁtldnrter mﬁmmumdsl L&ﬁget [Other infvieiat thatmeyabe used include:

in a decreas d thus, wl
propy[lﬁfnﬁ &Hylﬁgle qurquirrﬁés 05 Sﬁl?'ﬁfl%a}'%ﬁl rP%rl ﬁy@ﬁ]{] gar%ogﬁya‘l'eth\ﬁocehulose, dextran,
polyvidit gleshol,Polyivinyl pyroliti ] pdlﬂﬁol‘ﬂd&ﬁﬁc&y-m shlieetihe and poly-1,3,6-tioxocane [see,

eg., %Xli)s ol E]gng]gq %Cur gélr)]u gﬂﬁlbl:? ?ﬁl@mgrzlgq Conp dS "Of %hzymes as Drugs.

HocefitRgR ki R&Eeh@éeds Wl%msﬁaﬁf?NSWDﬁﬁﬁ th)ﬂ;}ﬂ IGO-SB&Veﬁlda\Iewmark, et al.
to c.an e actic e ect on vascul ar
(198&.(1%31?%m %g}%l'g‘giis wel | as an effect on central
C ey | REIr BirGulbRInE, OMS 1E66h of rddease AIRPTOMHE Gthmaeh, kb .small intestine (the
duod 990 JFéJ[uglgmapr hf’l%@‘; a%r Sﬁarﬁg 31%@%1%% 3 zgsé(??eg tﬂg art has available
fonmﬂﬁmﬁﬁ) wiheth vaifl dohtiSsoleriv gl $t@rﬂa;dm }dt vﬁ}l S‘réleagsfz [ {73 xgst&leﬂﬁﬂi the duodenum or
e .treatnent o riety.o v cu I,sorders
elsew, gre 11’3 rt]aﬁ.rmtcfsﬁlée \N%{?%ﬂa\l{%h etg? ¥% se 61I1 iﬁ%@? rjilée ﬁeﬁ% [GH9ys dszects o? the stomach
envir6@hdnfeRkar by ftRtad of thd ph@ﬂde\/(eﬁ&ﬁivsm(eﬁbm rélgask bO™e peik (or derivative)

may occur after -48 WO 2004/ 101606 PCT/ US2004/ 014889
beyoﬂﬂ%?:%?’&?%‘l*’“?’lfﬂnﬁ’re’&tt fush §s Infhedpisinr eat ment ; and

POBG ené@@Tull gerstrarraé‘ldtantcé £ adABH tmpeﬁh@bmapméml SHGE0 #sRksential. Examples
i nvention w | o find use for the treatnent

of th‘?/ﬁlPTeé‘toﬁ}m%?P 1ﬂ“éh}n§Te nts g}at e diss zésreglteng é’ﬂ%’lnﬁ P’S? celllﬁcf)seaacetate trimellitate
(CATY Nildes friopyl@ethiirellufse phisahid (EPMEPS| PMICP 30£HPMOPhSH, 'rpakywnyl acetate

phthafarg: @Sf}gg&,%%ﬁ:g\é i@bﬁﬁé@@ggtcgﬁﬁgélagégtg pﬁtﬂaﬁatg?cglg)nguéraglt L, Eudragit S,

and Sﬂawbotl‘h@esmnhgsaﬁ@ besddie iiBsgitink.cal conpositions In
%ﬁép?ﬁﬁ@é B{e {ne%ffg of s {:a? rbg?lge[rgl}?@ t%)x?é{; tgvlh%ggel;got intended for protection

against the stomach. This can include sugar coatings, or coatings which make the tablet easier to

swallow. Capsules may consist of a hard shell (such as gelatin) for delivery of dry therapeutic (i.e.
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agoni st pepti de conpounds are provi ded. Conditions

al l eviated or nodul ated by the adm nistration of such
wa@eompasiehé ons i ncl ude those indicated above. SECHUS2004/014889

phar maceut i cal conp05|t| ons may be for 10

admni stration by oral, parenteral (intranus ar .
powden).rfor it formnaaptt erlpity ol meu e piody T&fg ré?i@‘é grghets could be thick

starch biNb@&d écﬁlﬂ} ;papdranBaegifi@okRiel NBH1dRB Eblcebry taBlet ihAfs, moist massing
i ont OB oresis or electroporation), transnucosal

te"hmq(‘??é@& e useg) agl nal, rectal, or sublingual) routes of

&Fﬁder @t id8vafie) Wah 'BQ 1&'11{21@& adink | ferniuefh taf fas %lﬁtﬂﬁrtbﬁlates in the
for ated _in dosage fornms appropriate for eah rou

e
form of grageigs A BYlletst SfgHTticinsigrethoptaimme oSy OHBHAT ¥, ?H@teﬂal for capsule

adminitAMENEduRiNalscPieRs BB@%&@C@H{ Sthpr&sOMASs | drehén a%QdHHté STH8&: therapeutics
ef fective anmounts of PO-R agoni st peptide, or 15

GOUIdbGQFqPVS@PY/%‘mEHI%Sé@Et s, of the invention together with
PORSHRE @ﬁ&/ér%%ﬁ/ngaa%&ﬁpﬁ@}bil?o Bl théleddds FoP&@ale) @b bé‘;ﬁﬁe (or derivative)

solubiljzers, enulsifiers, adjuvants and/or carriers
may bedgrapilateshisnady a6 by HBOSORE lon BeTRFPRR sReapsyletin) and fhen Byibprsiontained within

an edibfQRORRE sUcB afa refilfered Wekhera@cBhidnfie cPIBRRRAAY RdvoriREhRAd.

ionic strength; additives such as detergents and
s@neupy dibeny ingEest the Q}urge of thepepHdeXor deriatevy) wigh an inert material. These
diluent® Q:'gﬁflﬁ ofbRkE c%bhyd%és LN kol J wla@l@s‘é OLiyRrcR€ | 16btose, cellulose,
I um net abi sul flte) preservatlves
sucroseT pxiodified dextrape and targh.c @pr(tﬁn) ingrggnip galts Ty ‘gq',:ggq bused as fillers including
calciurk ﬁltpgo h+t9 GhdaEsiunt QBRI h @ Sddiumk IR0 rS%l;n'e @BmRrcial§ available diluents

erral i nto particulate preparations of polyneric

are FaSt-El@pEmﬁmisS"s"ﬁtﬂqi 180, Hmstoypeest and Agrésiel,  pol ygl ycol i ¢ aci d,
rélte%f n{s%ﬂl bd RERAIER: thwclrﬁ’l 6}# &f e 'tﬁjeréﬂéﬁ(tlcainﬁpa Qﬁ1d dosage form.
use conpositions may In [ uence the p ySIC&
Materials ased as @wlaibgnates jncludg bt aggfnof hnmdvtg sipwhaaeledingthg coramercig disintegrant
based loff s}(:lré’lp E cﬁﬁf ar@o%uﬂf s{a]r'}:ﬁ B&&ﬁaﬁ@t A%%lﬁ:' NJdigfad carboxymethylcellulose,
3r|vat|v , ton's Pharmaceut | cal
ultramy@pticelirg @gdlurgg 8tg1pate},:_gelat(rg_ glggge IWB]G: reipaispprymicthyl @Hulose, natural sponge and
bentonﬁ@ﬁlﬁ}g) TR &%8%@ )ilsfﬁ% ﬁts :lrﬁgéIsgy %J: ZnsbeRa@ng BERBLOresins. Powdered
ncorporate ferencCe. he COﬁpOSItIOﬂS may be
gums mpaydigarsestiasi dmmtpggntsjarfdms fyinders. aﬁﬁyam@clpflp PRwdsted (B giych as agar, Karaya
or trag{c@ntg Algirid Qo%wrld' 1&%931111{19&1{%? %cﬁ!ldseﬂﬂlé M&he¥, %{Bg}%‘t en'pl at ed

herein are oral osage ar e
dﬁmém eyl by usedrta hpld thepeptide (Reddrivetiveh aeenmaﬂhﬁde nfnrmo?elllard tablet and

n
mcludesxéggx%i? éﬁawal od%%%gvm%b{lcgelg U%éé%?'}rl? %%rgfg ;agcg?é;ﬁtﬁp B?ers include
methylrcelﬂtévserﬁMéJ), @a»ﬂ |Cdlulmsé1§;@ ang earboxymethytiesllplobd €DEC). Polyvinyl pyrrolidone

(PVP) %gﬁﬁlg{og?prg@ \A%?lét?igl cteg@@g%r?gﬂ\d]@g c&lﬁ) AF(RQ 6& sieg %g%ﬁ%ll%hco sfolu‘uons to granulate
the peptideoe deroiativedncapsul ati on may be used to formulate the
PAS S6fitricGSHAP Qg’én{ lrrf?iysog 1ﬁ§1u<ﬁfdg¥1 th& mluﬁtlolp Bf)rﬂﬁ 9%{1313 or derivative) to
m crospneres T epor
prevent stighisg dutingethe &ygwlation mncmyL@ecmmasabmuaeﬁ es ﬂayersh@mn the peptide
(or de /eg%ag 3% | cﬁ%&dg@ eegldvﬂlésg can ﬁ‘lglu &%9&%&%%@@ to; §tearl5c a01d 1nc1ud1ng its

various poly
magnesilon a5d CAGWB58lys, palyesioigethylone GITFED dighidineraiot, |V9Be@b§aglé and waxes.

r b
o] B688glGoyJ  RIGLKi Bu (OR DR e, v
glycol ¢ VErioWodewmilar GieightseCarh@yax #9G®andHEP&i n i ncor por at ed by

reference. In general, the formulation will include
the EPO-R
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agoni st peptides (or chemcally nodified forns
thereof) and inert ingredients which allow for
w@e@kdactedOn 5 agai nst the stomach envi ronnent , P@nUdS2004/014889
rel ease of the biologically active material in the
intestine. Also contenplated for use herein are liquid
dosha@atsf tatnmighp im@ba thadiidw ipfdpEidibd 0f thel drag ddiing) formulation and to aid

rearr%%%éeglﬁ éﬁ%{gisc’?oal | %;sigrgl %ﬁ%&%@ﬁp@ﬂ“ Jﬁ%&@%ﬂ@ zﬁcl)al;(uig%lﬁgef $tarch, talc, pyrogenic

silicacadpanaat slidosiahitdieng i nert dil uents; adjuvants such as

wet ti.ng. agent s, .enul sj fyi png and, suspendi n agents: .
ko G s aon 5t e e ST o) BT i PRt FE R Qe ha surfactant might
be adlibeagpeptitioe scefRySiR ctahe Mag ahdhyde MBidhik ide@rgsnts sttt as@odilm lauryl sulfate,
very..of the d rivafive is.efficaciau

dioct?l%lgéi% Shlfosugemate an filé)gtpl &c}m@mﬁfm. Srafiguip gétFrﬁgeﬁsn %g%lt Jbe}/ used and could
includd beagdiceaniin éflorike ok BastthemRinbl@1dy. T8e lilef potemiad Atibnic detergents that

coid B SS90 4 SR Yt AL TRLELY LIS L0 g 40 s

polydxk@BRflerthiy@ragenticd tastdr @il 90.050808 60, glycaiobBbhdsearaf Selysorbate 20, 40, 60, 65

esired.is the increase in overall stabil.j t he
a0 ST 51 SIS Qe e el T frtactants coud e
presehi ifEhel ferniul@io oftie prARinirsietitsiedeihboaléhe oPEQyhmiire th differers ratios.

a preferred, chem cal nodificatjon far, pharmceuti cal.

s Ritiverpich Prigraly snteaPide gt BRpspLeOF AUTatE are Tor instance the fatty
acidslblmélidﬁﬁlﬁ)lﬁdlz a/dicoiimd 1meRAlc eE S sh»O}c et Ihlyl Iene gl écol and

pr n co car poxynet ce u e, extran, . ..

Pof oot St ial SrpER ey ARG o de RSB P AFIve) could be
incorpéthtyd info ah inélt uwixaRGclaREmidoleleask, by, éhthéri dEGOANR 1¢28Kig mechanisms, e.g.,

gumsgb ng&%&%ﬁgﬁgﬂgqs ??Xyl ?lﬁcg é% glgl}?q@grs elgu%oﬁ‘alg _ formulation. Some enteric
coatifi@GRO BareG RRgediekedetesecte Adothé\Mbineyf d ddhRslkedirelere is BYewnethod based on

e O B A b 250 S St 5 s b whih
allowks Rtet PGt S1d REh &l edsRroiEa dafld el Shemmcdue té fgndsioeifcts.

intestine (the, duqQdenu the jejunem_ qr the ileum, .
or O soney iy e e it ToruSihy ARG hioip e veifpy U8R which could e
appliéVidi s g pah O THYb&Hide (& défivatibe)wohll alkothe gives &l ¥ Elrh Bodtddeablet and the

ey S, et ek el Soce the rmsertel L e dicdonm,
include s e oMlhloseavedhyd tdualoss| Bidesxiyetidl eélfutst,s nethyltyeroxy-ethyl cellulose,

st onmach envi ronnent, ejther b rotectjon of the .
By drApOP éeﬁlﬁ?sed i i R T
and thedgolyeyiev@gliydds. THeeyRAd gloli cankigtiBE e Exitotid AAERAN thatStkCddmmonly esters
s.in the intestine. To ensure full gastric resistance
of phthalicetid ng i nperneabl e to at least pH 5.0 is essential .
Ex Ak &% matials N ghfdeCuse® B1H0vilde @letoptim@hefliedthating. NBitm coating may be
.are used as enteric coatings are cellul ose acetate
carriqdrquiyiaja peR eqaer of g A Nidized bpo, QuRy COBICRRANEIRENS! | ul ose
pht hal ate (HPMCP), HPMCP 50, HPMCP 55, pol yvinyl
ace?gge 30 phthalate (PVAP), Eudragit L30D, Aquateric,
Paretgna] daliye® acetate phthal ate (CAP), Eudragit L, g
Eulirl'eﬁﬁzitfonssaccoﬂﬁ@ tShgk hrﬂ@nﬁoﬁh&sﬁr&mﬂiaﬂﬂﬁﬁd’ﬁﬁﬁorbﬁxcldﬁ@ glerile aqueous o

as mxed filnms. A coating or m xture qQf coatings._ can ,
non-3gPes SRR RBRPIPAE OF STURHE (EAFEISh 5F nPHEGREBISPGR or vehicles are

propRERLBEbI HilyetiBlmk BEoll ieble 0BE; Buch kDbISveGARnd Béth il pelatin, and injectable
or coatings which nake the bl

sugar coatli ngs t et ,
orgari ¥ SioB 55 €4ta P s pees oy M2y Ale spnigp adipyatgysuch as preserving,

shel |l (such as gelatin) for delivery of dry

t herapeutic (i.e.
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-50 WD 2004/ 101606 PCT/ US2004/ 014889 powder), for

l[iquid forns a soft gelatin shell may be used. The
wab@klioread eri al of cachets could be thick stapchuszo04/014889

ot her edi ble paper. For pills, |ozenges, nolded

tablets or tablet triturates, noist

Si ) ‘
wetting, gAY o &7 SRPEHn ASRIs. Thew migs Bt PAHIZCE PY ofF PYPEIRIGy Gjration through a
bacteri# @fiaﬂ%ﬁg'fﬁfél‘ weflcrPorkit §té}{1f£iﬂfgaége@t@ M6 thé BEmpositions, by irradiating the

nmu tlpartlculates in_the ul e
compogqsqr by Geating thecemposions Thppean alﬂﬁ%? m%ﬁ@n WF%]%& jiggile Wpter, or some
other sfeAR 1HfBd AbdidBimGRMaElydeforgieni stration coul d al so be

as a powder, Ilghtly conpressed plugs, or even as

tabl ets. These therapeutics could be prepared by

Ramdgpﬂ@ﬁﬁﬁ&g@ Col orants and/or flavoring agents may
al so be included. Faor exanple, the

deomRresitiopsipr refial or fasipad F%W&Fé‘&m(aﬁﬁﬁfe@é y BypHOFIE%% Frgicgmay contain,
in addlm)r? fcpb'ﬁp Q&fv@ SEREARS Bk AliERNIuchRE c4dd& Buttdd ot B &fippesitiAivae Compositions
t hi an edi bl e product, such as a refrjgerated
for naspey éwb&g@mé B FAtiRg 21 Slso PrHEced Hifd StppdarPr iR S@Ht@own in the art.

One may dilute or increase the volunme of the peptide
(or derivative) with an inert material. These
Pulmongyry fefMe®y coul d i ncl ude carbohydrates, especially

nﬁﬁﬂ 'cBl?tlempl'a‘wh AGHASE puldldhM deker) 8CheFRO-K deﬂﬂdt @tides (or derivatives
ucr ose, di fied dextrans_and starch. Certa

thereofp ngpegaerppée g)afifrgva}%@ igylelivgred,tofhe [yagsp gsmqr{np'fléylgle inhaling and traverses

across 'tﬁkc kgl e'ﬁghehﬁlahﬁhgl i ttIEe' HB&S Bt [sed] BN € Alijél & aT. bQQQ(I) €Pharmaceutical
sodi um chl ori de. av%

Researgh? BN 69; Adwi, gy (EX) Iq1:| JOP}?aEﬁﬂ:gRtlcs & AIRIA Wolﬁe acetate); Braquet, et

al. (19%9?@”@&%%%@151& ﬁ\é‘rrﬁ&!oiogﬁ Bi3gupd) Q852408 $erldBiXelBe] )i mﬁlbwi@det al. (1989)
the formul ati on of e therapeutic into a so

Annalsdflfsla’@maf Medirine, \éal il ap 200943 (BaHitypyie §inih < of- ,ngsg}jg Clin. Tnvest.
84: 114? qt14@r(&-1gq9$t8&5§g%:6gve§rp s t@a§ggo)l n&érb‘sghﬁgoﬁ I'b? Prottelng', Proceedings of

egrant on starch, Explo
SympoSiooh anRespigatai Dg\llglladivalbfél Keystree, (Dql@ados(mj:pmhmant human growth hormone);

Debs, %?zg b@%(%/gg? lg%r:n L&Jd ?4%3 348éjt)nte ?&XA 2 Qlaf mﬁg%n%go%ﬁﬁ%}?r o); and U.S. Pat.

or ange car
No. 5,284,456|t60 Patz, rALU (@hmﬁqnm@gﬁloayl dtuﬂﬁ)laﬂufgnfaam)t A m;hodlahd lbemposition for

pulmo%ﬂ%{ The | S%@) y%%ante?@ Xaﬁﬁrzb g”f'a&' 43?,%@ %%Sng, etal.
dCSﬁtﬂhﬁ@ﬂ‘e@ll‘drsusaﬂdtha@dahma’rtﬁls 1ﬂ\mdtmﬂzne |anmldu dmgp ofuwtecledical devices
. uch a Kar a ol tr.aga
S
dose iMalkeke bsd p@ydeb mhelsdall of whikld atefemiieptoi tHese (skifled in the art. Some specific

eri.vative, et her. abl et
cxampfeg of ERPHRPLY FANEDT ORGP R R PRATEE o taghidh e the Ulkavent
nebuliR€ Matlinckrb@Ome arst.nLowd, avioh thadiwel Ht ne’muhﬂ i(Masqulesthadi@l Products,

N R PN

Spmhaﬂd?\afﬁ\)/ctl)ciﬂﬂlalég@ﬁﬂxy?ﬁrpﬁB}adfeﬁth:A)Cel | ul ose (HPI\/C) coul d

e used I n.al cono SO Il ons .t a te

o8l 1B EEFs e 085 o ATHRPR PPN e S O of peptide (o
derivatd®). Tepitelle deacin forinelaficn ﬁlsﬂ)@tﬂc(m thkftyliehﬂ" dpﬁpet eldpiofddrand may involve the
R NS T TE DR N —————

in theﬂ@ﬁ}t.WA%, theisp eplipddémes, microcapsules or mlcrospheres inclusion complexes, or other
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30 (or derivative) and the die wall, and these can
i nclude but are not limted to; stearic acid including
WO t@4megnesi um and cal ci um salts, PCT/US2004/014889
polytetrafluoroethylene (PTFE), liquid paraffin
etable oils d es.. Sol.uble l.ub al so. ..
tpes of hieBrsotrRlae ot TR A PIIEE] PRCS TR ABS o reriredin diffrent
formulzltﬁtﬂ Jdpesding dil the typ@&ﬂbﬁ&rhiyileﬁtﬂlﬁcgﬁqtf@ ktheGfpevadidevatesemployed.

| ecul.ar wei gh Car bowax .4000. and 600
z‘n%’@%‘}“ 195 R "}bg?r’gobg%’oﬁﬁ}} 8 frauiger, githep 45598 “Bﬁgqm%wvﬁ)typlcaﬂy comprise

pep1:1de>|f (B”f)ﬂ@ilv&@tl\tebl &1s§d1\QW11iJ’6V@lﬁﬁittal R8ceafration@f dbdig 0 duo RRghg of biologically active
or my n.and.to a| rearr angene
protcingsigile g MU o D B P U g ey v (o for
proteinSstaBll&itiont Al GegulRYib® Gﬁ&;hfétlc Siehduesd. anéd n&bﬂdie&i&'@dqulatlon may also contain a
S|I|co$Iun1nate To ai d dI%SO|utI0n ﬁﬁﬁthet tld'ﬁﬁ db
surfaotgi o ARG OF FROIED SHCCARHEST SEBReHiPD AP PR, (F SEriye) oaused by
atomiz4tiofl ¥ the Bolbgordifl @@ fhindShedacd3bl | ng agent Sur f actants may
i ncl ude ani oni c, eter umI

PP ors Tt R S5 i <St PUSLEYion AL B 14 P 2 fnely divided

powdeSEdiain St beptiat or dealatiR)istspeiatee Ergﬁﬁkbﬁellﬁhig\hﬁh ﬁne aidso€d surfactant. The
and coaoul d |nclude ben£$lkon| chlori

propellgalrimaythS Ry GPVEH R Y i ﬁ@PIPY@{?%PHS&&‘e@ﬁ? PUfh Hrfiblgppiorocarbon, a
hydrocHBLo2K6:9BdrBor, @hydr&ﬂli&dia@@n [ 61011 u@ﬁﬂJcarBoﬁ hﬁclﬁcﬁﬁ@ﬂhﬂﬂdr(muoromethane

fact ant
dlchlorgq?lgggrrangt%angg (-ﬂsl%)@g( q}t;l Faa:b 311%2 %pol ﬁ %erth%xle,l oy ocombmatlons
thereofo GuAdHle fPacthtyRENA sofBRH ﬁio&%t’e&h& soyRMdcitBiar 0ddieacidmaytflso be useful as
60, 65 10 and 80, sucrose fatty acid ester, nethyl
asurfaglality y| ose and car boxymethyl cellul ose. These
SEUrin@ftiadt Hr aRpdnbin® GromPi §&@M: imHalek leviEowitlbayre acﬁnely divided dry
the protein_ or erlvaglve eltherz%%%k or as a

powdey ‘i’?nﬁ’i‘rFlfgel?eQHiie (on flstiyative) audpay a‘}%)smwh u&}gle%z}g@p - $YC as chtose sorbitol,
sucrosé BH ARGtV Rl aA68ntd fwhich €acpRit tiderda6f Hepowdrt fud)thadeickdg., 50 to 90%

o b i =S G TF MR AT b o
particufa® fokth &ithQRSvEm, dl’aeéiier tés thahN© @ ér Hierond most preferably 0.5 to 5
derivative) cou E i ncorporated into an inert
mm, f%ﬁpﬁqeffemeéﬁll‘fﬁ@f%tlte§1§taé Wise by either diffusion or
| eachi ng nechani sns, e.g., guns. Slowly degenerating
matrices may al so be i ncorporated into the
Nasal Pefpvgiy) ati on. Some enteric coatings al so have a
dehay aélives! 6R8R Ef(f—RCE om@(ﬂ?é 8és {oprdetiahives) oalsb Qohtefiplated. Nasal
rel ease is by a net on the Oros thera o)
dehverwg?whe APSE%ECGSFhﬁ PPP“die t%theg d girsagn dreectbnadfeg adpin PSP?nag the therapeutic

produc§ ?(th %593 thSut BRI CBRRY Y4 dePositdh| P \WEe WOdRE il e itgE 'Formulations for
sh drug out_ through_a single snmall opening due

nd
nasal dP’éve@SW@Pﬁ%th@W&@ma?@r@%ﬁ%‘atl ngs may be used for
the formul ation. These include a variety of sugars
which could be applied in a coating pan. The peptide
Dosagesor derivative) could also be given in a film coated

tal &t of0R Jebfde (HRIpBIAGR] S HSBst dtibidshire comBtRaciafoanstion will emerge
divided into 2 %rou ps. The flrst are the. nonenteric

regarding ApPioRTIEe gReree Irvels Qe TREMRYH ofcEAron sditioas R, various ‘patients, and the

ordlnaﬁfeékllléh QRBeer, r&)ﬁﬁ’sﬁd&iﬁﬂ@ih@ Yﬁeréf)@l!lﬂc%ﬁ’t%ﬁ, ag¥PAnayReho 8l mexihr &Ftte/lecipient, will
| ul ose, y rox,fropyl | ul pse
be ableypcpeesKBY R 4 PrstenyAheceleeted %@ge dependa peuain dsafrediierpputio effect, on
the roﬁce(l)fi 2B ratibh, BYd OB IRRIAR tHe RRatRRhREM| €Rferlyydoedes levels of 0.001
The second group consists of the enteric materials
that are commonly esters

-54 .-



10

15

20

25

30

of phthalic acid. A mx of materials m ght be used to
provide the optimumfilmcoating. Filmcoating may be
we@amiledoout in a pan coater or in a fluidi zedP@EUSING/014889
by conpression coating. 30 Parenteral delivery
Preparations according to this invention for
to 10pag/kndErcdy waedhhit dalmarﬁﬁdnﬁmstbﬂaﬂ kdalemmbler Geﬁer@ltw ﬁﬁﬁﬂra@énous injection or

1nfusyr‘t_1))r(:1 n%ﬁ? 8 B u %ylel%t Zﬁee%ﬁglg g%{é&@%%@? Esﬂﬁry\f%ﬂ?ngu g gngl?e circulation half-life and

thefqymn]aybxemed gI ycol, polyet hyI ene glycol, vegetable oils,
suhas and c oil, gelatin, and . . L
nf i RR R o SrghrrneRl PR Lt BByl eapcainiegret in confuncion
with desagerd anidnmnaimyux&hs@ecn@mcﬁ phRar@tieu@néEnpositibnas
preserving, -52 WO 2004/101606 PCT/ US2004/ 014889
wetting, enulsifying, and di spersing agents. They nay
be sterilized by, for exanmmzemplek!tration through a

g e}{r?sgﬁltﬁrgx;egg%lnlf ge tﬁesg?tteﬂ 39 gﬁl ncgfl{%%glﬁ) ; n%g;{amples However, the use of
theseland attieratxbmpled digwhere ipths Bﬁeblﬁﬂ&on 0% 1llbgra’ﬁ®3ciﬂ1ﬁ @nd W&o way limits the scops
and m%agg %?vgptlc;rngfry og' %ﬁ)g e)%gt%ﬁg b ﬁkg\%ts%{ Eg {Il;/%]iltlé)% is not limited to any
partiquind iptefiarreid rembd diadeals \delreibat Bereis.e Incﬁe(R&ﬁdn&| medifisafighsa@ld variations of the

or

e AT SRR B  eaoy o o e

withanOddpanting froinntsa;ﬁﬁht bhdsvoped THeementionvie thetebsé aigimited only by the terms of

the oGRS T ARE i T SEE R B el Rl A MBS e

are al so prepared wi th standard excipients well known
| iver AI SO0 cont

10 _Pul De | at ed
har ARIBL 155 Rt EIRD R Agysten i OBes By Sad phate synthesis

peptl des (or derivatives thereof). The peptl de (or

\/\ﬁf I)e/9|t In.ﬁ)g? Ii:eﬁtd g’e@z}/ﬁgﬁ er%g%htltgloglccl}oglg Sﬁfg?' e| c[ﬁ)icfﬁnercwlly available diamine
(“TAPpirdhedldrdh Chenticay Cb Y (106704 7amibl Bib ra@hytrqus €¥CM €1@. ml) was cooled to 0°C.

ke by A B BB e 5p SR o
througiBa ddppitd Aunpélewpr Dpéride of6-Fthat@intaiipde ﬁmpe@lture af the reaction mixture at
0°C ﬂ%g‘[’%{}%th d‘ﬁl Al cg_vydeldqc\égx%ﬁg :t(grroogt gréq)rggu?rlel_ g%) 8)3( Ae% 1(:}114 the DCM was
removedtuaddrahcivirkinditheresi¥iad partltﬂohed Hépzveeﬁ ON-Hd12ind ether The aqueous layers were
collecl(te%l/aérgpr}e{l&%%gci IIVE ;_Sf§m ! (I\EOEI[ Brlg{ & aége%(tra%gftﬂ ethy] acgfate. The ethyl
acetate 1880 )vas AeéD o iadiRstdra@s Naf SO taéreédnSentrated %@@dﬁa&gﬁl @)f prov1de the crude
o, SR B BB on it
furthe purdticatignl 988) J. | mmunol . 140: 3482- 3488 (i nt erferon-y

and tunor_necrosis factor a); and U S. Pat. No.
5,284, 65[1(5\J 0 Platz, et al. (granul ocyte &Ny

stimlat@ng factor). A naihed pw conpo?Iti on for
()\/\()/\\/NH2 —>

O o~ NH,

Step 2 - Synthesis of Cbz-TAP-Boc: To a vigorously stirred suspension of the Cbz-TAP (5g,
17.7mmol) in hexane (25ml) was added Boc,O (3.86g, 17.7mmol) and stirring continued at RT overnight.
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pul nonary delivery of drugs for systemc effect is
described in U S. Pat. No. 5,451,569 to Wng, et al.
w@eowamsb@t ed for use in the practice of this POWERL0OM4889

are a w de range of nmechani cal devices designed for

puLnDnary deI[very of therapeutic products, including
The r@@nonmmulr@ wastdalgtet Wiﬂlé)ﬁMi(%@ﬂ)sandmlmde‘dth 19% afositric acid (2X), water (2X)

. a J -
wnd b Sy OV il B8 145,004 Al cobeclied pner vacuum. The
crudegoraaings| (gisld §g) ‘E@mmir@eaﬂ)hylthammratdhm devi ces suitable

for the pr ,ce of this invention ar e Utravent

nebul i zer l%l i nckr odt I Nforees St . Lifjﬁ%élbzlvr:)); t he

Acorn |1 ebulizer (Mar qué st Medi cal ("Product s,

Engl ewooa. _CQ) ; ~ hegvent ol i n net er e dose 'nh%hﬁﬁ

(d axo Inc. ﬁe/s\éa/r ch Triangl e Park, KO ;Ot}d/t e

Spi nhal er povvder i nhal er (Fisons Corp., Bedford, M.

30 All such devices require the use of formul ations

s itepdb| Sonfhesis ofBocT4Pe Tt agdo prope tiothethg previous reaction was dissolved in

. . ) o

methaglglr(?ﬁglt) %%cgﬁgdgogx%g@% é%gerrrlg?gke/gpg ﬁﬁjdb%{a(lm ﬁg% W/ V{i Pl%%hlj tafioon pressure for
16 hryskheatfixtare mqufﬂtglpdj wdsbedowitpmkthanol arrdatheﬁhtrate congentaet] dnivaeuo to provide

the 01{196 #{h]?\}“? pdi agﬁ@& §|7§?dt#ﬁch@%1§e%%rg§1ﬁ{ate ﬁglﬁlo? B3c-TAP after Steps 1-3

was 4|4%c(pacb®m11aw op rtheranunisqfitbe-€% pseiddcl usi on conpl exes, or
ot her yyeg, WO 2004/ 101606 PCT/ US2004/014889 types of
carri ia)s I's contenpl ated. Chem cally nodiNH,ed pepti des

may akso be prepared i nPdiCf HaMe@H f or ations
depend{ ng\ o\t hRubype of —Thenicat=nodifhcation or the
type of deglpé/enpl oyed. Fornul ati ons sdtaotra~s+dHBoc
use with a nebulizer, either jet or ultrasonic, wll
typically conprise pepti de (or derivative) dissolved

| NSeRY CTSyRineds 6P agpﬁabémhm ofena@eygro{%udle @3 2%. msanﬁa{ovg, from Rapp
bi ol ogically active protein sol Ut i on.

Polynfegs, Heraanyb Rhengiic dnlss ($ ﬂw%‘@t an&iﬁ@‘éx (5§ﬂ51"&1‘3%t? steéleated in 20 mL of

DMFt%u)@Qf fot €419 - Aftdr @6olin "c@fo%hﬂelﬁlséi‘ﬁhlje' tﬁ@f;eslﬁ Qva@%s}feﬁ%ﬂ REHGNwater, ACN,
osnotic ‘gr essure The nebulizer formul ation may

DMFdW%‘BH}ﬁ?ﬁldﬁP togivegnamberogired eir educe or prevent
surface induced aggregation of the peptide.(o0
derivative) caused by af zation of the s$ol ti on in
form ng the aerosol. For atli ons for us

nmet er ed- dos al er eow | | nprl se a

finely di V|lé 10 pvwderr—cmﬂ’al ni @}\ﬁé pept Pde (or

derivative) suspended K2003 DMFopel | ant with the aid of

a surfactant. The propellant may be any conventi onal

mat eri al enpl oyed for this purpose, such as a

C [Stgr ¥ Syuaiesis af b"emaGd-ludkydeAm(Bbc)r A4 goy efttae hssm fraan above and H-TAP-
on, includ

dro or d rocar
Boc (["$iti P G P AL 1 SO0 P AT B S MeOFLTHF and shaken
overnigh€ hA A Edthtionfdf ls&ﬁﬁtﬁtcl}a’imﬁd)roh}@ﬂde 05eq)lin THF was added to this and shaken for

st e Sy P OV S GG B I O G OB g drid. A sl

amouﬁtcnfahd R6ih twhk Benz@l@ﬂe@ wath i B-Oeihd DB iR OO ahditle@sd with % TFA-DCM

fL%g&% nul at| ons for dispensing froma powder
and"l?eﬁ 1 conprise a finely divided dry

povvder cont ai ni ng pepti de (or derivative) and may al so
i nclude a bul king agent, such as |actose, sorbitol,
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sucrose, or mannitol in amobunts which facilitate

di spersal of the powder fromthe device, e.g., 50 to
w0kt 1ysosei ght of the fornul ati on. The pepti dBCT(/082004/014889

derivative) should nost advantageously be prepared in

20 particulate formw th an average particle size of

| ess thacﬂol mm (or mcrons), nost>Npreferably 0.5 to 5

mm for S effe%}ﬁls dellveryto he di stal |ung.

Nasal Livery of t PANR agoni st
i S Atgnpl.at ed. Nasal

i d or derluau_\teg >
leery}nallovvs t he passa ﬁ o t he peptd de_to th

bl ood streamdirectly after administering the 0 > bl \K
t herapeutic product to the nose, wthout the 0
necessity for deposition of the product in the |ung.
Fornmul ati ons for nasal delivery include those with
de¥dmr ar Swithesic lof demuGalrinkDoTdbdys: 3heResin dtom alfove hveas treated with a
. r udi S, al t
acﬁva%g oiu%gl% &P %%9 E?&Fmgﬁ 61—‘]5' (‘Sreg g\?d;hng SZ 5 ?oofear I (F gly g a%g 5 et of HATU
dissolVeheg 0 S MmDWeﬁﬂmﬁbydhe a.tﬁmoo loﬁ lcandf DIEd‘ﬁsnd allowad mgmtly shake 14h.
t
The r%lgln&as ashedgﬁgﬁté}ilﬁﬁ e]?glgll OL con eeggo yf\@fdlﬁ% parotgcted resm IRemdual amine
grouphwatetchprefl by freatmg dhiepesm tvjth wisblbtionbe 18% aeemcoanasdreiei 20%1 pyridine in DCM

for 20 18&% fi o%vlec'i] washine 3§ F R Lo B Moyl gy gently shaking the resin |
e SR St RL e R B Ry IRBY ok

her
in 30% q:hpend@tenai)hﬁmor A hdinotes, tibleowetd bmmashmgiDI\ﬂh gHE, BaMydMeOH) and drying.
desired. Cenerally dosage |evels of 0.0Ql -%NV\D NH;
2004 101606 PCT/ Uszoowmmle/sanqcbmio ng/ keP of ﬁgd}/\/v
ly are adm r ngd to mammal ly,
’/f\ enous |n 00, éwmay be
| ower . ﬂ'h d Si crgad Ie may varependllng on the n
circul ation haﬂ ﬂffe the formul ation useg Tj<
pepti des of the pregent |nvention (or their 0

derivatives) may be adm nistered in conjunction 5
one or nore additional actiye ingredients or

p%’r%c%f’ﬁ%?f Tentages it enkAP-Easshopriddz Thelhgr &&ling from above was
subjedtef&l\/f%nlteb%d SycRE%E P%@!aﬁﬁ&eanmodpﬁa@swﬂﬁ Hi®/HoB: Q¥#ivalon and Fmoc

exa However, the use of these and ot her
removek%ﬂ'% P@gn@m/mlé bpth nepfidechaing simulianeensls SThis as equyenepidy carried out

on a ABI ¥33 ARSmdt ﬁ%ﬂ&@yynltﬁeﬁkérsavﬁﬂh%lesi?&:@ %Qe@ﬂfésﬁﬁﬁﬁ' ng After the final
t he i nvention_ or of exe fporm Li k

Fmoc goqeovely the fermgi! 4@%@9111?8. WAE & nPafeé “awcetw&mdé@? QP q) and DIEA (20 eq)

in DM¥ 18 20 fnfiltes TR KaShifesGbbRed herein. | ndeed, many
nodi fi cations and variations of the inventi on. ngay

apparent to those skilled in the art upon r |ng thlsO

spe\me tion, awg can be nade WIthOUt de P&t | Peptide
|ts Ospirif{ and scope. TRG biakention is Rer efééjt/ok/be
y by the ter p&tidkynthdshe appe
@iﬁ\ h the full scop‘e_oT—eqm * |chthe
cl ai ms|ar entl/t\l/ﬁd.ols . o\/\ /\/N\ﬂ/ \{<
0]

O
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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Exanpl e 1: Synthesis of EPO R agoni st peptide diners
by solid phase synthesis Step 1 - Synthesis of
w@bm4/Idd806 A sol uti on contai ni ng the comer ci al PET/US2004/014889
avai |l abl e diamne ("TAP' from Al drich Chem cal Co.)
élOg, 67.47mol ) in anhydrous DCM (100 ml) was cool ed o
be used. o Tlig A FA sofution 355 Geqleshio é¥C lgechpapreddnio &i6¥ 1o PRagipatate4hegpeptide. Filtration
and drig GHABR kddubdd FERWE LRSIHOELP P&ﬁi&.\/\@&i@éﬁﬁ&ﬁ@ ?Eéﬁfgﬁétive HPLC with a

t hrough_a droppi ng funnel over "a period of
Clgcormfh%fg%fﬁlﬁdﬁbemﬁ‘épqu%er ature of the reaction mixture at

OC t hr ouglreptide-A¢ hen al l owed to warmto room

t enper aPef e (-ZSCE OAfter a further 16h, athetddCMuras

remowed U“m"aﬁ‘é?-/’tche resi due partitioned
bet wglen 1 and ether. The aqu&bus | ayers wer NH,
col | ed _and neutralized with 50%ag. NaOH to pH 859

fa s tl?ackqed withrethyl acetate. The ethyl 25 a ate o)

“layer was Bried-ovek Brhydrous Na2SO4, t RgPupide—nH FN—
concentrated under v@acuumto provide the crude o
nmono- Cbz- TAP (5g, about 50%vyield). This conpound was

used for the next reaction without any further

pSYep D i- aedidation of\bbprillsGD form o atblecdloNifdifideNdadsY The peptide dimer was

SN L FIC TN A S T .

for 36HL 7 THe1papkifle iwas perified &y (12Flink) thavess ctivd dis tuBo6m6)a (B38BRILC column (Waters

: .and stirring continued at overni ght. -55
Detta i R0 s s ARG sl e AR AR SHie ) B PG e ollowed by &
10 linear MN/WHtérﬂI(Hgﬁ WF A herddivik (&351”51-;% a5vd A@NSd blae& Al ﬁlﬁzufea%lgﬂpholization of the
. citric.aci 2X) t an ripne.. The_qrganic
ﬁa°“°?8§98?%§**%4@§%@?&9%@ ag{ﬁﬁﬁ‘% @F@E@uﬁé‘é %&E&Wé}“‘%wge ntr at ed
under vacuum The crude product (yield 5g§—was used
HSdjreefHy in the next reaction. NHCbz NHCbz E)ocZO,
acE¥ane gy r 0,0---" NH2 0' _"-"O - NHBOCACXC-BEEpINH
Synt hesiys of Boc- TAP: The crude product fromthe

i reacti omHyas di ssamsesi:0 n  net hanol (25%1) NHz
and hydpogenat ed U n presence—of—5%»d on Carbon (5%,

w W unflerPbal | oon%pr essure for 16 hrs. The m X e /—/o
was filtergd shed wi th net hanol and tWhgclid-£ et BN
Ac“éﬁﬁ'ccg%f%t ed\iLgf vacuo to provide () g
HS SH s—S§
Dimeric peptide (XYZ) containing Dimeric peptide (XYZ) containing
reduced cysteine residues , oxidized disulfide bonds

Step 10 - PEGYylation 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 exchangs

20  chromatography as outlined below.
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the crude H TAP-Boc product (yield 3.7g). The overall

approxi mate yield of Boc-TAP after Steps 1-3 10 was
wddib(icesbeul at ed based on the anopunt of Cbz- Cl pCEES20)4/014889

NHCbz Pd-C, H2, MeCH O NHBoc O-~i O'/"' G\, NHBoc

Step 4 - Synthesis of TentaCel -Linker: TentaCel

brom de (2.5 rg—OﬁtS—rr@Q/g, from Rapp Pol ynere,

Ger maf\H)SIpHE ABIGIET(L inpl&GQPLB nt, and K2CO3 (5

equi val ent) were heated in 20 niL of 215 DI\/Ft 70C for

14h. After cooling to roomtenperatgre, the Nesin was

washe 1 NHC . water, ACN, DVF
to gi %%ﬁ%ﬁgﬂ%‘&%@&?@%&MﬁWO\ ho/\gﬂ H/ 1 H
@Br HOO O\ Step 5 - Synthesis of
Tent aCel -1 i nker - TAP(|Ba@EG-N2C5 gins of the resin from
above and H TAP- 20yBd@EA,DMigns, 5eq.) and gl aci al
AcOH (34 |, 5 ed.) was taken in a mxture of 1:1

St o ST IR ?°L“2&§%g

and shaken for another 7hrs. The r Itere Aok
washed (DMF, THF, 0.1 N HCl, water, dydried. A

smal | I wfth Bz- Cl
and DI g%mmg%h 70% TFAeBQ\/I and

checked by LCMS and HPLC. -56 WO 2004/101606
PCT/ US2004/ 014889 "1 OO O O O NaCNBH,, INH H
PEGHlaflodRiBBare afdide bbh@ Thd @ptide dim&yie @ ivethor.s eq (mole basis) of 1 eq. activated

PEG ;srl?eeglgﬁa @%\##&-@S Sb%lr%ﬁ;%t &3 112%181 ?c\)/ z?ff(;g@ a clear solution. After

5 mlﬁma%q/sj(lﬁmms aantci(tprae@@mlﬂméﬂ O'Dhe5mﬁ;ﬂ11re of stiaddtl BPardiém temperature 2h,

follox?/edld P%\Rg%ﬁcﬁ?)oq Ev'@t ?e}v%%g he as_eL . Ié/lﬂlltrré&tjlre %PEGylated peptide was
confimhddobye AT Ig@#Ns ) w}&h;aitﬁed@bpude was also subjected to purification via cation ion

exchange chromatography as outlined below.

|
(AcG)GLYACHMGPIT(l-nal)V(liQPLR(MeG)——NH

e
o 0
(AcG)GLYA(IZHMGPIT(1~na1)VC|QPLR(MeG)—HN NH-\_O/"
PEG-SPA-NHS
DIEA, DMF
0

[
(AcG)GLYACHMGPIT(l-nal)VJIQPLR(MeG)—NH PEGo0x

NH
o N
o}

(AcG)GLYA(?HMGPIT(l-nal)V(IIQPLR(MeG) -HN NH—\_O/‘

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 into a 1 cm
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The resin was washed (DMF, THF, DCM MeOH) and dried

to yield the protected resin. Residual am ne groups
woweog/1cwpped by treating the resin with a sol uPCDOSZTING/014889

10% aceti ¢ anhydri de, 20% pyridine in DCM for 20

m nutes, followed by washi ng as above. The Fnoc_ gr

colung fallopedrBy eenveiyiog énthe yodipa g0 Ne@El lnaded joptogalmn il etutant was

pH 14, EEap§ chiggh %%EAS)DM& e t02fe H}cﬂ&geﬁ Fornf %M‘c&l\/\@ﬁh E¥he¥VB.3 N BT or 0.1 M
HOAc %@lma}lgpmﬁhgg)loag@}g?p@mlum%% fgl]ewec%l.@yva%ng with 25% ACN/water

until pﬁ'qumhgﬂ e Béptllﬁe 919r o CQ‘g\J% Ror loe %fitlde-PEN nfhghte Qak @sbblved in 25%

eSIS 0

ACN s e/l packiie Tikpugied P e BA. trdosded e cglpmn. After washing
with 2 %b&‘ﬁﬁnnv‘@(ﬁumé%J 2@57t ﬁ@N?v@atél Eh& %Bﬁ‘éétlﬁ‘é’ §las erétloﬁéTQEé ﬁéﬁtﬁ@ was released

aci d COUp I Ngs Wt activation and

from tirecqolpa bwlvmpnpwﬁemld\lﬁ@w@’wmﬁﬁ% %@N&Wa&@m@%@ﬁaﬁnﬁé mL fractions.

AnalysY JIL}JHPE@ RQUI Hwhidih S ibRScoRRMYE P Abdid pétiie.CnaMis dith &[Evaporative
ABI 433 aut omat ed pepti de synthesizer avail abl e

nght-Sm;p@emng Peiicios (Bl SAhgndigaied thgs;fvyl@p thenpeptide wps refaiRsg on the];c column and was

eluted WEAONANEH éA‘cethﬁfoH‘( raBPbBSeS RARBnVVE LEd %Zh@h&dc hiighted PEG was
acetic anhydrl (10 eq.) and D EA (20 e

observédps 2GOHHMGIES Wh@l hopaptisly shiechinnige a@twdww buffgrepppeally the first 2

ﬁractlozgg 3% Opapat1|6g[}t1 QN6 PES.- w}lj%LatyamP Sfbds @’EG s oﬁ%lr\l'eq phase N

esis |
drhedolleyvmg)comrms seregmsiully agjaiged bc@ @é’v%?@%a_@f ?@nﬁl‘l? égwtlﬁle-PEG conjugate,
d suddd&af idd i /BR RRERVBE uhddnR sl pebiign of
. Su#égs 11?‘7%{11@1 " %éﬁgﬁ% (50/()J§édet haned|ullt1 hfl%Fﬁ Z&gf}/o wat er
(5%, and th| oani soﬂebleé%onflﬁ‘rha&?%‘ﬁ“\soom t enper at ur e.
Al ternatiye cleavagp tACKtal 1S $UCh a%edfd (959,

water (2.p ST ARG e al so
-57 WO 20327\1@2 Eggﬁ il 014889 Hogl ug%aeﬁ@The TFA
sol ution eglF'lv‘J’%)élﬁ%fq'é &og T—pour Euwhé to-Er20t o

per ci pat af Stron cle J{ oels pohatl on ry| ng junder

reduced pre: SiTe
s ep‘ﬁeu%se ¥ Fast Flow Stro ot {n‘“ﬁ)smences
Purifi cat %Pgatlon prgparall ve Y Ep %rH %11

(—i-

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

Step 1- Synthesis of (Cbz)~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.
0O
e
(0]
0O
>—HN OH
ok

Step 2 - Synthesis of Boc-TAP: Boc-TAP is syntheisized as described in Steps 1 through 3 of
Example 1.
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C18 colum afforded the pure peptide. /Peptide-Ac O1
H O Ac-Peptide--NH O HNN-11 -Peptide-Ac TFA NH2 O
W@ 2904(109606 O H O O~~0 N (r) O~ Ac- Pepti de- NH HNPET/QOSEH04/014889
Step 9 - xidation of pepti des to fort: intranol ecul ar
di sul fi de bonds: The peptide diner was dissolved in

2%fep DrvEeyrlise af (Qby) ~kys «y agel 4t (GhellysidrRop-Tfdtare coupled under
standaralcb%gl c&ﬁlﬁ%@{d%ﬁ d(bggrrpa . pature for 36h. The

peptl was purif ng the reaction m xture
S1&uHPLC coF‘IHFm (Waters I ta a) ' C 18, 15
opar icle si e, 300 angstro 40 mm xNHBOc
nun | emgbh), fml vvedN@yoca 10
'» er/ 1% TFA"g A% ant from 5to 95% over 400
HTEyo 0 |or}smq n

deS| red peptl deouafnémgeﬂs the p cto’as a fI uf

white solid. s-s HS SH Ac-X-C Y- ---NH r

Ac- X-C-Y-C Z--NH NH2 DVBOQ H20 NH2 O H O H O Ac-

5 ‘§ Yf’ dC%vZ (&@H 'i" €4 c Tﬁgddé;t%)%}_ t_gle\l gl'gwkl\%dggl:{l%%d%s&%d i% methanol

(25ml) @ﬁ)d]h}&ircrgemged ih @@sﬁhedoﬁﬂ)%‘, P& bin€arbas(SelieSV unidel haﬁobn pressure for 16 hrs.

The s s VT BETRA T g L PRa B B T vide the oude
Lys-TAXeBb¢ predwtt mer was m xed with 1.5 eq. (nole basis) of
act i vatpd PEG speci es (nmPEG NPC from NOF Corp. Japan)

fy ngmt;o af ford IaHgAcear sol utlon ﬁf er 5 mnutelg,HB
was addedl\| on. e mxture o
stl rred ap anmbi ent terrper a{dﬂre i4h f o qyed H

O

6 (;%HN NH-\_OFJ H,N NH——\_O/‘/

10
Step 5 - Synthesis of peptide monomers by fragment condensation: Four peptide fragments of

the peptide monomer sequence are synthesized by standard techniques. These partially protected
fragments are then subjected to two independent rounds of coupling. In the first round, the N-terminal
half of the monomer is formed by coupling two of the peptide fragments, while the C-terminal half of the
15  monomer is formed by coupling the other two of the peptide fragments. In the second round of coupling,
the I)\I-terminal and C-terminal halves are coupled to form the fully protected monomer. The monomer is

then OBn-deprotected by standard techniques.
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by purification with Cl8 reverse phase HPLC. The

structure of PEGyl ated peptide was confirnmed by MALDI
woramg/10i6be purified peptide was al so subj ect edP€DUS2004/014889

purification via cation ion exchange 20

chromat ogr aphy as outlined bel ow. -58 WO 2004/ 101606

PCT/ US2004/ 01488@.cm)( AcG GLYACHMGPI T( 1- naIISWn)

ARG - NN s ARslor O Fmoe PLT-(1n)-V-C-Q--OH HZN-L-}li-'(MeG)-OBn
(AcG)IGLYACHVEPI T(J - nal ) V(* QPLR(Me@) - AN NH F\ 0

nPEGNPBC DI EA, 0 (AcG GLYA | T(1-Hal) v Fof
QPLR(MG N H-OPEG30~c O 1 O

(AcG) GLYA leT(1 -nal )V i QPLR(MeG) - HN NH-\ _ couple
PEGyl ation Wi a an am de bond: The peptide dinerWs
mxed with 1.5 . v(nmol e basis) of 1 eq. @gtjvated

PEG speci es PE@@B’A— NHS from Shear wat er %OCH)J USA) in

dry DMAOFLitor i a9t ear sol Breedni-OaepercQS-ia-MeRkites
10eq of DI EAomm @dded to above sol viBuon. The mbxture
is stirred at anbient tenpgpature 2h, followed by
purification with C18 rewerse phase HPLC. The
structure of PEGyl ated peptide was confirmed by MALDI
mass. The puri'f(%\e@ pepti de wisaemal so subjected to

puri f (Ae)6-07-ALC-A-M-8PIAN -k 0V-C-@XERANES-aBAr omat ogr aphy
as outlined hel dw. (AC'G) GLYACHVGA T(1-nal )V

QPLR(MeQ) - N 0 0%%iaco Ad¥adVEPI T(1-nal ) vV
~QPLR(MeG) - HN NH-\ _0 PEG $PA-NHS DI EA, DVF O
deprotect OBn
?(Acm) S(Acm)

(AcG)-G-L-S{-A-C—IEI-M-G-P-I-T'-(1-nal)-V-é-Q-P-L-R—(MeG)-OH
OotBu Trt OtBu Trt Pbf

Step 6 - Oxidation of peptide monomers to form intramolecular disulfide bonds: The OBn-
deprotected condensed peptide monomers are then oxidized with under iodide to form intramolecular
5  disulfide bonds between the Acm-protected cysteine residues of the monomers.
?(Acm) S(Acm)
(AcG)-G—L-Slf-A-C-Ili-M-G-P-I-"Ii-(1-nal)-V-é-Q—P-L—R—(MeG)-OH

OtBu Trt OtBu Trt  Pbf
¢12 oxidation
S S

|
(AcG)-G—L—SE'-A-C-}II-M-G-P-I-TI-(1-nal)-V-(J,‘-Q-P-L~R-(MeG)-OH
‘ ]
OtBu Trt OtBu Trt Pbf

Step 7 - Coupling of Lys-TAP-Boc to oxidized OBn-deprotected monomers to form a peptide
dimer: Lys-TAP-Boc is coupled to a two-fold molar excess of the oxidized OBn-deprotected monomers
10 under standard conditions to form a peptide dimer. The peptide dimer is then deprotected under standard

conditions.
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(AcG GLYACHVGPI T(1-nal)V QPLR(MeG -NH x " \PEROK OH
O (AcG GLYACHMGEPI T(1-nal ) VCQPLR(MeG@ -HN NH - 10 Step

wd eo4hiooexchange purification: Several exchanBPer/uS2004/014889
supports were surveyed for their ability to separate
t he above pepti de-PEG conjugate from unreacted (or
hydr ol yzed) PEG i rTIS-ad-eH—t—l—eﬁ—t—e—tShel r ability to
retain the(ASct)aﬁt A dhoRpL ﬁ(mﬁp{uéctﬁm-}z’ﬁhas)io@m exchange
resin (2-3g) E)JE dintlo alcm 459 WO
2004/ 101606 PCT/ US3004/ 014888 col Wm™f ol | owed by
conversion to the sodiumform (0.2 N NaCH | oaded onto
colum until elutant was| pH 14, ca. 5 colum
vol unmes), and than to the h ogen fommBeel uted with
either 0.1 N HO or c@pd c.until 'slutant matched
| oad pH, ca. 5 colum vollunmes)§«4follo by washi ng
with 25% ACN water until] pH26. ¥Hthef” t he peptide
prior to conjugation or ¥he peptide-PEG conjugate was
di ssolved in 25% 5 ACNwater (10 ng/nL) and the pH
adjusted to <§—vm—t-h—ﬁ5ﬁr—t—h(§n | oaded on the col um.
Afcf\l;e I(Acwshwngc-}wla |t3h> 120(Bnayod -LfVlOdel ops-f Zﬁ% NHBoc
ACN wat er ectin , flractions,>the pepti
was rel easeaéllsj f?omth%f ‘gol u% ‘gl ution™yt ds'
NH4CQAC in 25%SACI\V water, again coI | ectin
fractions. via HPLC reveal ed rch fradtdons
cont MO T QU PPt G SIS an
Evapor at i veoBiLight - ScatBtlerl ngrtDetwect or ( ELSD)
i ndi cated that when the Tpti de was retained on the

colum and was 10 el uted Jwid L he NHAOAc sol ution
(general ly between fractfons 4 and 10), no

non- conj ugat ed PEG was observed as a cont am nant.
When t he pepg4—d,e,_eLu-t-ed_|-nsthe initial wash buffer

(ge A-BENEBS T o H @G BT Y n eparati on of
desgkr%ggé}ﬁ’Eéggﬁjﬁgéﬁ?é?rgR exgéss PGG \%gs observed. \the
followi ng col ums successfully retai ned<potpthe l\\
pepti de and the pepti de- PEG conj ugat e,

successful | ySpuritied the pepti de- PEG cg ugﬁlf"\_t@/_/m

t he (4t 6} Yodr&tted-Gplpt (1 dé):-V-4-9-PTabiMeGE—HNON Exhange
Resins Support Source Mno S HR 5/5 strong cation
Amer sham Bi osci ences exchange pre-| oaded col um SE53
Cdltép 8 ©BEGylniiar efglepratdcad diffeat The dersoteaedgpeptidd dimer is then PEGylated as

descri%éfiﬁ %&%“io%&' E}?a%ptle 1.

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

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

affinity and biological activity compared to EPO mimetic peptides that have been previously described.
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SP Sepharose Fast Fl ow strong Amersham Bi osci ences

cati on exchange support Exanple 2: Synthesis of EPO R
wagonilsteopept i de di mers by fragnment condensat i BOT/R82004/014889

Step 1- Synthesis of (Cbz)2-Lys: Lysine is reacted

under standard conditions with a_solution_of

benzyl
I QRoeriHaertidestimes arerprenpead necosding dPemethpds a3 previdgym Example 1 or

Exampﬁnﬂ n@h@ﬁd@éﬁl@? oMb &pﬂézmﬁl&@ lipevagxa{&f' usiflg @ serfed/of Vg% acﬁ>v1ty assays,
Step 2 Synt hesi s of Boc- TAP: Boc-TAP i s synthe|5|

including; aEsgertar 9EEY- hPslifprsion aﬁw,oad gomptitiye binding Az, and Efftu-c assey

These foﬁxoaséé% Zx@@é:lcﬁ%@&ﬁmﬁgde{dﬁ%%@/ 014889 Step 3 -
Coupl i'ng (Cb Lys and Boc- TAP: Cbz)%ﬁgys and

BHRe.Tgss gfrtbeS% Q—:%Ptlw%l@ﬁays stegnamatzed oy b
conditions to obtain (Cbz)2-Lys-TAP-Boc. NH2 A>--NH O
0o} -NHcoG OO/\(r) NHBoe O/> -HNOH O 0 ~-HN
1. Repptgrassayr'  Coupling agent O O5 Step 4 - Lys- TAP- Boc:

THEs £4408 bRe@dbGta &d Qﬁﬁﬁﬂ?@p@fﬁé@lIQ% db@Rd trépofter Gell, Baf3/EpoR/GCSFR
di ssol ved i n net hanol 25ml) and hydrogenated in

fos/luxp rikisappastergellSms EEpressesCafhiperic(TSoRinr vmRIHMe theSipgsplar portion of the

human @P@ﬁl%!:‘ﬁég@n Y Ehe]r&rabd'eﬁular g(ﬂﬁ o0 hé hendnSGEST 126 d}ﬂ y ’Mﬁssé'bﬂ%ne is further
hanol and Itrate concentrate I N vacu

transfegted wiithva 98 pm@teéﬁua@ lupiferast APROBSE 833 Bt Agtivangy Of this chimeric
receptoyﬁﬁgﬁ‘gh%&‘lﬁ%m%&etﬁddg&t rERits ﬁﬁg'lexpressmn of the luciferase reporter gene,

and therefore the production of light upon addition of the luciferase substrate luciferin. Thus, the level of
EPO-R activation in such cells may be quantitated via measurement of luciferase activity.

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

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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results in a half-maximal absorbance is recorded as the EC50 [See Table 2: Proliferation EC50].

3. Competitive Binding Assay

Competitive binding calculations are made using an assay in which a light signal is generated as a
function of the proximity of two beads: a streptavidin donor bead bearing a biotinylated EPO-R-binding
peptide tracer and an acceptor bead to which is bound EPO-R. Light is generated by non-radiative energy
transfer, during which a singlet oxygen is released from a first bead upon illumination, and contact with
the released singlet oxygen causes the second bead to emit light. These bead 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
peptide, or positive or negative controls, to wells of a 384 well plate. Thereafter, add 2L / well of
receptor/bead cocktail. Receptor bead cocktail consists of: 15uL of Smg/ml streptavidin donor beads
(Packard), 15uL of Smg/ml monoclonal antibody ab179 (this antibody recognizes the portion of the
human placental alkaline phosphatase protein contained in the recombinant EPO-R), protein A-coated
acceptor beads (protein A will bind to the abl79 antibody; Packard), 112.5uL of a 1:6.6 dilution of
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Centrifuge 1 min to mix. Seal plate with Packard Top Seal and wrap in foil. Incubate overnight
at room temperature. After 18 hours read light emission using an AlphaQuest reader (Packard). Plot light
emission vs concentration of peptide and analyse with Graph Pad or Excel.

The concentration of test peptide that results in a 50% decrease in light emission, relative to that

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

4. C/BFU-e Assay

EPO-R signaling stimulates the differentiation of bone marrow stem cells into proliferating red
blood cell presursors. This assay measures the ability of test peptides to stimulate the proliferation and
differentiation of red blood cell precursors from primary human bone marrow pluripotent stem cells.

For this assay, serial dilutions of test peptide are made in IMDM medium (Gibco) supplemented
with 10% FBS (Hyclone). These serial dilutions, or positive control 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
drop by drop along the side of the 50mL tube for the first 10mL, and then the remaining volume of
medium is slowly dispensed along the side of the tube. The cells are then spun at 900rpm for 20 min, and
the media removed carefully by gentle aspiration. The cells are resuspended in 1ml of IMDM medium
and the cell density per mL is counted on hemacytometer slide (10uL aliquot of cell suspension on slide,
and cell density is the average count X 10,000 cells/ml). The cells are then diluted in IMDM medium to
a cell density of 15,000 cells/mL. A 100uL of diluted cells is then added to each 1.5 mL methyl cellulose
plus peptide sample (final cell concentration in assay media is 1000 cells/ mL), and the mixture is

vortexed. Allow the bubbles in the mixture to disappear, and then aspirate 1mL using blunt-end needle.
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Assay Buffer e Phosphate Buffered Saline (PBS), pH 7.4, containing 0.1%
Bovine Serum Albumin and 0.1% Sodium Azide

e Storage: 4 °C

1I

B. Determination of appropriate receptor concentration.

One 50 pg vial of lyophilized recombinant EPOr extracellular domain fused to the Fc portion of
human IgGl1 is reconstituted in 1 mL of assay buffer. To determine the correct amount of receptor to use
in the assay, 100 pL serial dilutions of this receptor preparation are combined with approximately 20,000
cpm in 200 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
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Table 2: In vitro activity assays for peptide dimers

10 suppl enented with 10% FBS (no WEHI - 3 supernatant 1)

are added to the 96 wel |
wo odowreicod 100L) .

a=iV] hr\

assay plates (
12 differ

concent+a

For exanpl e,

ctod whaornan tho fi nal
SteEo—wWhiere—t+nRe—H1Hal—

final well
ent di PAL/HV84/014889
i on of test

t de
EE@§5*N

0 each

or control EPO
The pl ated cel

pepti de) ranges
| s are then inc
C= MNext, 10L of NWfP(Roche Di aghos
cul ture dish welld and then al

from8l0pMto
ubated for 48h
tics) is added
| owed to

Q —

W=~ oD
C7B

ncubat e
ddignggl
ncuh

wavel e

ot e e

for 4h. The reaction 1s then s
0% SDS + 0. 01N HCl1. The pl ates
d overnight at 37C. Absorbance
mght of 595nmi s| then neasured

DLt f\" +hoa Ahenr

t opped by
15 are then
bf each wel |

by

at

sus t

3

f

>

IICFI r TTULD Ul I auS Ul ba
est peptide conclentration are
cal cul ated using G aph Pad sof
ation of test peptide that res

| absorbance e recorded as
roliferation-FE Q]_ 203, Con

nce readi ngs
constructed and
tware. The

ults in a

t he EC50 [ See
etitive

u

&
|- X
&

Shei afe

D

M

PRI & BoHeRHE G
enjpgen]
Yo

T fuﬁl

Assay Conpetitivie binding cal cu
Nng an assay in Agjch a light si
dilas a functionf the proxim

OO OO DM TTQ L

7@3-5/11-”;/\“0)*Jntnn'n-noorTf-'-'n_mm—lmc

BdUb d
i otinyl
ccept or
enerate

5
O
=y
o]

pon il
i ngl et

hese bejd
ead pro
PO R- bi
epti de

racer f
i ndi ng,
etail t
ilution
ositive
| at e.
ockt ai |
ng/m s
nmg/m
ecogni z
| kal i ne
econbi n

’CT/ US20
ggi nese
rtion

Botein

Ther e

protein A
12. 5L or m%
04

e oL of

streptavidinmd
ted EBPO R-bi ndi
beaddt o which i
d by Hon-radi at |

si ngllet oxygen i
U@ tion, and ciop

ng peptide tra
S bOLé'Id EPO R.
ve eflergy tran
s reheased fron
ct with 25

ad to

| ati ons are
gnal is

ty of two

g a

cer and an

Li ght is
sfer, during
1a first bead
t he rel eased
emt |ight.

pxygggs a?&fs th

imty is gener
ndi ng pepti
t hat conpet
or bindias

e seggpd<bﬁ(

rci ayai |
ed by the bithd
EP
- bi
eve
t en

41

30

s
of @ re

he
s of lthe tedf EPO R_hgoni sth
or @egativescontrols, to

ter, afid 2L / Spell
. Regeptor kZad |cocklail cogsis
tre gavi di n Fonar beids (
pngckonal aéﬁ#body 179 (t8L3
es tﬁe portugn of [ﬁ? humasg. p
phogphat ased gr ot ej mcoMalﬁa

an EPO R), § rlotiei ntA coat e
bi ndE t{o thec3b179 agt

6.6 dé%qtion - 65

%4889 donpi t EPO
Hams¥er Cwahy cel | sas a fuglon
of t pliacerd al al k&l in
Vhlc@ contal s tlhe &b179 taRget
Afphaquesg buf f ers (40nV BEPH
1% BSA, 0.085% Tween 20). Tap t

wel |
Egd%r

éko-ﬁ

~ Q) —+

of the biotinylated EPO R-bi ndi
433068 (30nM filmpl concentrati
&blndlng pept|de5(see Table 3 "

Packalr d)

ﬁcceptor

body; Packard),
2

P

abl e (Packard).
i ng of the
O-R A test
ndi ng peptide
nt this
1ssion. In nore
of seri al
pepti de, or
of a 384 well
cept or/ bead
ts of. 15L of
15L of
ant i body
acent al
in the
beads

004/ 101606
roduced in
protein to a

e phosphat ase
epi t ope) and
S, pH 7.4; 1nmM
o mx. Add

ng peptide

on). 5 AF33068,
Reporter EC50

'54‘;5 made accordi ngg to the

69



nmet hods described in Exanple 1. AF33068
Bi ot i n- GALYACHVGPI TW VCQPLRG K- NH2

w@2@ii1eBEL YACHMGPLTWC | QPLRG Centrifuge 1 nmi PCT/OSI00XK014889
Seal plate with Packard Top Seal and wap in foil.
I ncubate overnight 10 at roomtenperature. After 18
hours read |light em ssion using an Al phaQuest reader

(Packard). Plot | |ﬁ§£m?]§q| glwﬁnﬁé/s cO %(i&ntratl on of
Ay

pepti de and anal yse w cel. The
concentration of test pepti de t hat results in a 50%

degr.e | sion relat jve Lo Y s

W.ejﬁ'ﬁsog)?aﬁ}p fiéscr%}:% EH&%I i vrzveoc%srsa at it are rl}lsetf{ﬂégn ?@gtg{g %g activity and
potendiabf &EPQ- Rl@)m@a&})’ade]i Sofdthe @A\Bﬁth:bne E?@dy aBh(@st Peptidgn dimersgare prepared

t nt i rraq

secorfhy L HE R Bred 3 BRAE 0 0 R, TR QU ERy of e pepice
monoifhrssandshmyrs e awluags using aalgres bysaysf ircbeing pepilygyésmicoexhypoxic mouse
bloassag 81'1%'7 ].%El%ﬂ%cgf% &lg%. le ‘cl:“Eer%é %Erfolsa%galy‘rs’l Qr% descn{) fdem ﬁurﬁllera éeoaf”l%epow

marrow pl uri potent stemcells. For th| s assay, serial

of t e are nmade in | MDM nmedi um
L P"%@" eml?%%}l?)ﬁpjfl%ﬁn%nﬁe%ég ‘}Sﬁlg with 10% FBS (Hycl one). These

s eFestapeptiddsudre @ssgyedafor po&rdz lawtentgz omttheobolﬁlyfhepmqoexwpoxuamuse bioassay
adaptex{] §(1m ddedﬂi\?]é) desc teH ?égg}elsj 20 Se thzcilmgg%q f I ng% lgky TF67 This assay
examhbeeﬂhe abitityt c!f)aedst btmﬂotogﬂlhqnonA% arqEHD &u(nitﬁlﬁ,z 80@o eeivhis/BPO}R and induce
new r(eE>0b|1° r'!d',aceﬂl Rsit! rI{eg\%lo rce\Ill s 15 H%a\ll'\x}telt%teg el:iaf Ypon incorporation of

et &5/ 4 I €X) ar e’ Fnanet
radmlgl&ﬂﬁdl 1;onanhdeelmbgio‘@n af thé_synﬂleélzedgémﬁlomeﬂe (Stem Cells) ,

]?]I?I mtlce a&'e laﬁowelhletx ?T%%a,teug% E{TLbl%{lé 681&{[9 1}(}515 gmoléﬁ%%ayasr dBody weights are

detena]lnexh @)rtaﬂiemsna:le aod 1dvh We@HW1mﬂbQ<f50gramk)@ré nmsllsed.OMlce are subjected to

succe%slve cg?]c? Q%Pn%ﬁ cgﬁl%s {nﬁignyg?% Vg) #Jan{ tf0{ ﬁg’gﬂq kﬁ;ﬂeéaé%l #@W&%‘ gour cycle consista
of 18th eiﬂ) 41}310[02% at&G@hﬁlm fressurg Gndrb iy atoamtbient pressueed i Aftereonditehing the mice

caf ef ent aspi The cell.s are
are mii gl AR AT T PRPHGAR PR o5 0T R col
deTest peptifa omtecorsbitmti htrech BPO hendeys, aratiRtedsh iPBS € 80k BSA vehicle
ll,qu u n on s
enssaty Feafils GEuomS RRRRSHEOes0he ik ShhifRe #f Sl e @Ms0)
Negaif reeontts] |godupsl includd dAarovpdif whiget injeR6d @itk @BS/B$e\rbﬂd>ﬂeyarﬂf one group injected
cIIsrrL AlOLodeu d cells is_then
with {1"/5 D@g@% gﬁgltqhgﬁn OJPI(S%’ ei/lecﬁl au%m&g&i s&té:u@gmgg %scruff of neck)
with @3 mlﬁ,aifﬂfe&bbroﬁMé:@ﬁﬁ)teatl on in assay nmedia is 1000
the mxture.is rtexed. A low the . 3
bfﬁ%‘?’ ?%Lﬁc{uﬁe Woymgwmpls Hisigh etg? migE, Arey "ng‘ﬂn‘é@ffpraé’t intraperitoneal
1n]ectiog/f %Slngg)i /Bb5&4 89ﬁtdANE N, dbrer dose (ﬁﬁp}‘ﬁ&lﬂﬁgﬂy’ d@ﬂ@@lﬁiefslmouse. Mouse body
pir mxture fro o
weighia, iy QDN T4 SBACFF o PERDRERIE: Ghd oMl S ieed dshr afer Fe
admirifratic0 nBlbb@ﬁd:))llected from each animal by cardiac puncture and hematocrits are determined

(heparin was used as the anticoagulant). Each blood sample (0.2 ml) is analyzed for Fe** incorporation
using a Packard gamma counter. Non-responder mice (i.e., those mice with radioactive incorporation less
than the negative control group) are eliminated from the appropriate data set. Mice that have hematocrit

values less than 53% of the negative control group are also eliminated.
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I ncubate the plated m xtures at 37C under 5% CO2 in a

hum d i ncubator for 14 days. Score for the presence
w@booenytehe oi d col oni es using a phase m cr oscopeCT/EX2000014889

obj ective, final magnification of 100X). The

concentration of test peptide at which the nuner of

f Renulth aofiaivee fonse®®¥d @ hninmly ifsreach &pedhattal\deset dThehsdrage amount of

. erved w h . itiwve. I, ] ded
QRS LI SE MG Gt o e G s

Conpetitive Binding,4ssay An alternative radioligand

2. R | fkgn binding assay can al so be used to neasure
eﬁ%&{/gé{su s of peptides 10 in this invention. This

a apRELimice a5¢ daseh (- ohLlipfstieERboniondBpy), onTthese gensegptive days with
I r rf 0 ' | awi . )
either’ ]ﬁ’d)tfcﬁitrgl &ahly Paﬁﬁ% M’&anr'\t}gt@éé; ?ﬁEﬁda{SrQ %g{i: Qosul1 i 9&,_@%:%9 I1EnF’grc%perltoneally)

exenplary protocol: Ia onbi hant
with eFdexttag b fmedabi ot dReboniviisrane ddasteatizeP@itR/GQ. and bled by cardiac

| ol . . ..
punct%l’ qﬁé?erc@¥ }gf%gcurllol?g%g rkdr %éc&?%@&%Xﬁél%??%%%%&?& ap AlidSte orange staining
and flPOKOEBRBEE1 analySisdretigeount piOgtaodli Hansderitearo nishwedlpitdetormingd. The corrected
i £ OB {3 j .yt hropoi etin,

percep A8 Rl et P terkled el b b B O e

ach RENMYcor3d6p BY, REUCGiservisuB plHeartosriansivam/ Hematocritvormar)

Bi osci ences (Piscataway, NJ, US) Cat al og nunber:

1M219-1 Op G Lot nunber: Storage: 4 C Protein-G
3. HeBefplogicals®&ssal dent i fi cation: Protein-G Sepharose 4 Fast

A e : ) ) . N
U g\)%%na%h?g o% aﬁé&%é&f\b@{;@og%\g%%io%ﬁ% %ﬁ%ﬁ%@%ﬁ%\@%s owlther EPO positive
contrabt tost pgrtidedorGepislea\A Bogd efiposiRhoapiral andBest pentidel dBas, iempressed as mg/kg,
) R 3 3 . . 90, . | e j .
o BB BT RO PD g PONPE TR s i
Sml/kgf Theprebiste enéolr groepisoronpusedemelvatanrels, ¥oilereariiPalg are in each of the
i f i.lized. ' ) [ ul ar
rema%llggg?s% gF(LL%ge).SB%lia} x{ﬁ%‘éﬁﬁ%&%@%ﬁﬁ% §Qg%;ts eXLLRERN,
The ‘dosed mice are mice are fasted and then anesthetized with inhaled isoflurane and terminal

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

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

Example 5: Synthesis of EPO-R agonist peptide homodimers of peptide monomers having the
amino acid sequence (AcG)GLYACHMGPIT(1-nal)VCQPLRK (SEQ ID NO: 1)

Step 1 - Synthesis of peptide monomers: Peptide monomers are synthesized using standard
Fmoc chemistry on an ABI 431A peptide synthesizer, using TG-RAM resin (0.18 mmol/g Rapp
Polymere, Germany). For the synthesis of peptide monomers with an amidated carboxy terminus, the
fully assembled peptide is cleaved from the resin with 82.5% TFA, 5% water, 6.25% anisole, 6.25%
ethanedithiol. The deprotected product is filtered from the resin and precipitated with diethyl ether. After
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human 1gd is reconstituted in 1 nil, of assay buffer.
To determ ne the correct anount of receptor to use in
wo b@4assay, 100 gL serial dilutions of this reRepUS1004/014889
preparation are conbined with approxinately 20,000
cpmin 200 L of iodinated reconbi nant human
thorou@r Jvmeobepodnst it patied p@)l8iraverse phaspughReETYHED Hotie qlromatography

with al Sadiedt Wtesvetoh it Rvaak em W@%ﬁﬂ&?&c&wg&d geftel Mrudtureé ofthe peptide is
overni ght on a LabQuake rotating shaker. 20 The next

confirrgrghby clgtospray naswe%omem .r Pheoeptiieos dispalsdga gHak %%lélon §f DMSO:water
ata co%ﬁ@’ﬁloh @f ?fﬁ% iéba@fectmﬁﬁle "I’Jrﬁqa%&dq G bﬁ@&b@ ?st;ﬁﬁﬁfe@f)y @18 reverse phase

hours at 4 m Xi ng tubes are

high performarics liged chremat%raphwﬁt a gr@cb@lt Rmeton@ﬂe/w@eg gdhl%@lfh@@aceﬁc acid.
The pepG bR ARADL ARk A00% fycPs. to pellet the protein-G
epharose. The supernatants are carefully renoved and
di scarded. After vvashl[}gws timesiwith 1 m of 4 C
assay buffer, t Pl YAHEMGTEIw i EGREAT R wal | ac
Wzard gamma counter. Results are then analyzed and
the dilution required to reach 50 % of the maxi num
bsm2n§ymaesweof thetrifecord lielier: 3 oQ, soluign oDditthylniminsesetate (10.0g, 52.8
e F@Q
mmol) agﬁ BBF 9&&5 ?ﬁ{n?;g &ﬁl)q;gf git]% H'Fnogh? 16 rogbgggb%% g%ied Jig}%p}ogalcarbodnmlde
(8.0 mgLS Iof mmebentri Waminutes yltrhcvro pampetturn The egattiom niixhee warmed to ~10 degrees
I b
durmg?géohéﬁ%ll ﬂh@n é‘golggit%% ?gerxlé)gr?ﬁbt&ﬁ e%%{l]e%@gr idééx Ff?og%f ée-gptgd?x mlyfture was
allowe( mzsm OE@G)ghh and M@epmt@ammmmbumstﬂi@reﬂmﬁ@&welvem @vas removed

ot GRRR00e I 7 DSt A58 800 ', a0t i o

removy the wHdiiorai pregipathtpd srtaaite vigenic biEEe wasblaesdontocudepartoy funnel, Washed

(sat. N%Ig??&g%& %Pﬂgg{(‘?é%n %ﬁg%dg('h@%g?}, %lt (ﬁ 48 c%x@e?xﬂ‘?t@&j under redléfzed pressure

assay |Is repea
to affotdibe diestenpreduct serscol@lessealke IThe dpsiedwat Ebetneqb infadr1 mixtuye of MeOH:THF

105y G365 o8 SRS R ) SHETBL 955 G s

to be >10. The reaction mixture was stirred at room temperature for 2 h, and then acidified to pH 1 with
6N HCl. The aq. Phase was staurated with NaCl and extracted 4 times with ethyl acetate. The combined

organic phase was washed (brine), dried (MgSO,), and concentrated under reduced pressure to give a
white semi-solid. The solid was dissolved in 50 mL of DCM and to this was added 300 mL hexane to
create a white slurry. The solvent was removed under reduced pressure to afford the diacid as a white
solid (14.7 g, 91.5% yield for 2 steps). To a solution of the diacid (1g, 3.29 mmol) in 20 mL of DMF was
added N-hydroxysuécinimide (770 mg, 6.69 mmol) and diisopropylcarbodiimide (1.00 mL, 6.38 mmol)
and 4-dimethylaminopyridine (3 mg, 0.02 mmol). The reaction mixture was stirred overnight and the
solvent removed under reduced pressure. The residue was taken up in ethyl acetate and filtered to remove
the precpitated urea. The organic phase was placed into a separtory funnel, washed (sat. NaHCO, brine,
0.5 N HCI, brine), dried (MgSO,), filtered and concentrated under reduced pressure to afford the di-NHS
ester product as a white solid (1.12g, 68% yield).
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Step 3 - Coupling of the trifunctional linker to the peptide monomers: For coupling to the
linker, 2 eq peptide is mixed with 1 eq of trifunctional linker in dry DMF to give clear solution, Seq of
DIEA is added after 2 minutes. The mixture is stirred at ambient temperature for 14h. The solvent is
removed under reduced pressure and the crude product is dissolved in 80% TFA in DCM for 30min to
remove the Boc group, followed by purification with C18 reverse phase HPLC. The structure of the dimer
is confirmed by clectrospray mass spectrometry. This coupling reaction attaches the linker to the nitrogen

atom of the g-amino group of the lysine residue of each monomer.

-73 -



Ub 69 WO 2004/ 101606 PCT/ US2004/ 014889 Exanple 4: In
vivo activity assays This exanpl e describes various in
wokwa/1es8@ys t hat are useful in eval uating thePEmUB2004/§14889

and potency of EPO R agoni st peptides of the

i nvention. EPO R agoni st peptide diners are prepared

according to the netlhods provided in Exanple 1 or

Exanpl e 2. TheG)GLwACHM@ET(1hREYCEHRKhese pepti de

nonomner s and diners is ev Iuated using a series

assays, including a polyc the c exhypoxi c nouse

bi oassay and a reticul ocy e ﬁ)These two assays
t

are described in further 1..Pol ycythemc
Exhypoxi ¢ Mouse Bi oassay est pep cassayed for
in vivo activity in the po¢lycyt e pOXIC nouse
bi oassay adapted fromthe¢ net ,descrlbed by Cotes
and Bangham (1961), Natur¢ 19%k1065-1067. Thi s assay
exam nes the ability of altest ptide to function as
an EPO mnetic: i.e., to activate EPO- R and i nduce
new red bl ood cell synthe¥i sPMRBEH ood cel | synthesis
is quantitated based upon i ncorporatjon of

radiolabgkgg GL¥ Amiab R 1NEHPELRRI-RLOf [t he synt hesi zed

red blood célls.| BDF1 mce pre a d acclimte to
anbi ent condltlons for 7-10 days Body wei ghts are
determined for all animals, and | ow wei ght ani mal s

(<15 grans) are not used. Mce are sygjecjed to
successi ve conditioning cycles in a hypgbarg c chanber
for a total of 14 days. Each 24 hour cye&l e jgopsista

of 18 hr at 0.400.02% at mospheric pressyr NBiBb¢  at
anbi ent pressure. After conditioning th ice are
mai nt ai ned at anbi ent pressure for an adgitional 72 hr

prior to dosing. Test peptides, or recowgbinant human
EPO standards, are diluted in PBS + 0. % BSA vehicle

( PBS/ BSA) . PeptidﬁgnannEL_shock solutjons are first
solubilized in dinethyl sulfdxide O . Negative
cont r ol gr8ﬁ9§ﬂﬂﬁéﬁﬁﬁé’ @ﬂQKEEbRo%Dh1 hjected with
PBS/ BSA al one, and one group |njectedO wi th 1% DVBO.
Each dose group containa 1 WL M ce are injected
subcut aneously (scruff of ecF%' with 0.5 nL of the
appropriate sanple. Forty Bight hours®oll owi ng sanple
i nj ection, @@%EHNAEHMQPEthWWFﬁgﬂ%T NH2

i ntraperitoneal 0.2 m lof Fe59 (Dupont,
NEN), for a dose of approximtely 0.7% gCuries/nouse.
Mouse body weights are determ ned 24hy after Feb59
admi ni stration, and the mce are sacrifi 48hr after
Fe59 admnistration. Blood is coIIectedﬁgé each

ani mal by cardi ac puncture and hematocrit

determ ned (heparin was used as the ant® agulaﬂﬁ).
Each bl ood sanple (0.2 m) is analyzed for| Fe59

i ncorporation wusing a Packard ganma counjMH .
Non-responder mce (i.e., those mce witif radi oactive
i ncorporation |ess

(AcG)GLYACHMGPIT(1-nal)VCQPLR—HN" )y~ NH2
0
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than the negative control group) are elimnated from
the appropriate data set. Mce that have hematocrit

wo aldasichess t han 53% of the negative control PBCDUR2084/@14889
also elimnated. -70 WD 2004/ 101606 PCT/ US2004/ 014889
Results are derived fromsets of 10 animals for each
eXpprd -REwddtiotl o the pliide dinpirage amount  of

PEGyEa%gilz (\):%zlctg Ic‘}/ itgé{ﬁ‘% éth ]P?%ﬁgt)eeg 5{1& &%g%gml & \é/gl]il %(g.}a{ %&%\L (mole basis) of
actlvataéE’EGLdpangst(mPB@smgC filom NOF G Uapan) én ay@l\dlbweaﬂﬁ(cﬂa 8earisplution. After

5 minlilte oetq?lﬁ bCUt gcg 8 orvélsolgﬁori h.gee C&r 1%1'2\(%/ & dag{fp{é%t temperature 14h,

follovweﬂ bg eurlﬁmanm witleCH seersgshed I(RLCl THe strucrqne of EEGylated peptide is confirmed

N T TN T p—

cmnmﬂagdmﬂmas¢EMEdUﬂ@N The percent (% reticul ocytes for

each bl p Hﬁhﬁ C ed by thiazole orange
stalnlﬁ ! Gﬁﬁ ’F%E?giﬁaﬂg sT8H? reti c- count
progran). Fb manual | detern1ned. The

corrected percent of reticulocytes is determ ned
using the follow ng fornul a: %)RET%@FC%RECTED = %

RETI COBSERVED X (Hemat ocrit | NDVDU, 0
Hemat ocri t NORVAL) 3. Henat ol ogi cal Ai;ayngrnal CD1
mce are dosed with four weekly bolus. iNtr VRRApUS

i njections of either EPO positive co ol , test
peptide, or vehicle. A range of positi control and
test peptide doses, expressed as ng/ kg, are tested by
varyi ng the actlve compound concentr ion in the
fornul ati on. kunES_Ln;enﬁ are 5m/kg. The vehicle
control group i8 conprisedIltwel ve imals, while 8

ani mal s 6@ GLYACERGPEF(1-0d Y CQPEREHi njg Ndse groups.
Daily viability and weekly body wei ghts are recorded.
The dosed mice are geéasted and then
anesthetized wth i zi?%?mﬁpflurane and term nal

bl ood sanples are c |l ected via cardiac or abdoni na
aorta puncture on y 1 (for vehicle control mce)

and on Days %5-and-29—§4 m ce/ gr @up/ day). The blood is
t r ansfRGiay AceMé@ent-adyvenpbry-Nar and fybes.  Preferred
anti coagul ant is ethyl enedi am ngtetraacetic acid
(EDTA). Bl ood sanpl es are eval uayed for endpoints
measuring red bl ood synthesis and\physi ol ogy such as
hemat ocrit (Hct), henogl obin (Hgbjgang tota
erythrocyte count (RBC) using auto edOcl i ni ¢al

anal ysers well known in the art (e. sqﬂnade by

Coulter, Inc.). Exanple 5: Synthesigsgi POIR Ly8HCstx

pepti de honodi ners of peptide nonone havi ng the

am no acid sequence (AcG GLYACHMEPI T(pgnal ) VCQPLRK
(SEQID NO 1) Step 1 - Synthesis of/peptide nononers:
Pepti de nononmers are synthesized us¥ng standard Fnoc
chem stry on an ABI 431A peptide synthesizer, using

TG RAM (AS 'GrﬂYﬁxgHMeprr:TrT(mnal)\cv‘c&?ﬁP—HN NH2

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

-5 -



Pol ynere, Germany). For the synthesis of peptide
nmononers with an am dated carboxy termnus, the fully
wasmebicedl peptide is cleaved fromthe resin wehuS8RHoH4889

TFA, 5% water, 6.25% anisole, 6.25% ethanedithiol.

The deprotected product is filtered fromthe resin and
solutipii.e aiftpi § atimdesviOed ofiIDEIA Y4l ad@éderabof dobuttion.- The Wfxture is stirred at ambient
con A RSTST SRR AR G e oo
peptifgewdisocontinoel by YAIDIahssendhe gurfedypeptitld tvanalge subijeeied tofpurification via
catio a.ceteo |mt1 réicLIteo/ \Q%t er [ r]wo 1;rllo/%,tt)lrll fluoroacetic acid. The

PP PSS P RE B HEmE APl nt i r med by el ect ospr ay

mass spéstd)EhEACHMGHITE -pRYTORIR-iNsl_disgghved in a 1:1

sol ution of DVHOwater atl a concedtration of |ng/

to affect disulfide formation. The Jproduct is purified

by C18 reverse phase high performance liquid

chromat ography with a gradient of ac&omtril e/ water

in 0.1%trifluoroacetic acid. The peﬁﬁfa nononer s

may be illustrated as foll ows: N

(AcG GLYACHVGPTT( 1- nal ) VCQPLRK- NH2 St 2 - B¥athesis

of the trifunctional linker: To a sol utijon of diethyl

i mnoacetate (10.0g, 52.8 nmmol) and Bog#bet a- al ani ne

.(10.0g, 52.8 nmmol) in 100 niL of DCM was added

di i sopropyl carbodiimde (8.0 nmL, 51.4 muvl) over 10

m nutes at room f — The reacts on m xture

warnmed to HBRS ' e i@, then

cool ed bag&%?§g§%6n1th g?gtupgﬁovero 6m%?nutes. The

reaction mxture was; allowed to stir overnight and

the precepitated dii sopfEpHHANEA was filtered off. The

sol vent was removed [und®&fPMBuced pressure to afford

a gum and the resi die dissolved in ethyl acetate and

again filtered to renove the additional precipatated

urea. The organi c phase Was placed into a separtory

f unnel A NAFIMGH T RBE M e, 5 N HO
brine), dried (MgSO4), filtered d concentrated under
reduced pressure to afford the di\ester product as a
colorless oil. The diester was takén ua inal:1l
mixture of McOH THF (100 ni) and tByHi g was added
water (25 nL), and then NaOH (5g, 125 nnBLé* Tife pH
was neasured to be >10. The reaction M XM ABSEG,,
stirred at roomtenperature for 2 h, G t hen
acidified to pH1 with 6N HCl. The a%wgPhase was
staurated with NaC and extracted 4 tjivés with ethyl
acetate. The conbined organic phasefwas washed
(brine), dried (MgJSH), and concentfated under reduced

pressure to give a white sem -solid. The solid was
di ssol vedcG)oL$AcHMGelT (156 aQel R-eHN hjpysNwas added 300 nlL
hexane to create—a—white—4lurry. e sol vent was

renmoved under reduced pressure to afford the diacid as
a white solid (14.7 g, 91.5%yvyield for 2 steps). To a
S Stept :0nlonfextimge padficdtiérl of peptidld: 8a0dr)] dxthadfe sdpportfwere surveyed for

. - dd hyd i nim 770 6, 6 )
teir ) Bosen R o PO, PN S AR fofnomERId ) hylighyed) PEG, in
additiamntd tHeiflabiiktly ey tosdin the piytiting idineeric Peptiies. OTHEAotramhinge Tdbin (2-3g) was loaded
L TG A T

elutani@@s pHAK@)callp colim@ tviine§)¢ fidathan tanik Hyidtdeed efmt(flute@ Wi ither 0.1 N HCI
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the precpitated urea. The organi c phase was pl aced
into a separtory funnel, washed (sat. NaHCQO3, bri ne,
wW@284M0td@ , brine), dried (MgSH), filtered anBCT/US2004/014889
concentrated under reduced pressure to afford the
di -NHS ester product as a white solid (1.12g, 68%
or 0.lyMeli@A¢ untd 210Dt 20:8hed D6 OB, F2CT/chls2RA0AHIBESR 8dlowed By siabling with 25%

N- Q..0 ~ t, - N [ = Et .O N OH 0. 0O i~ ol .
AoNHiq o 6. Rl e, mrioeab Epnipgaot o GopREphg conjusne was
dissol@itljbi 25‘]@ AdTN/whter (101 fogindt)iand ahe i nidpsted to tBeviie fFAdiben loaded on the
colurr 3%1}1]11: o&nﬂ’?? lé%'o{u?rlgvag ﬁlct hgﬁ%é} :A;&ﬁi/vvatgr 4 (f%ﬁ&:hf\l/%§ tmLSfractions, the
peptl@l W% d%wd ﬁmh _l.thﬂ: enlumbdgy ebtionDivEA (.5 MaANTEDAzf mezs‘%.z ACN/water, again
collecfcln% tﬂe[]?] fra e ‘sh eluglevfa%ﬁd ]t[‘r%?e? edl ‘ﬁ}ﬁggﬁa Q)t s E%(gn meedathe 1 &ired peptide.
Analyfsrsaslﬂuale Eazrp@remlwe LightrS enttprigd Detectors (R1ISES Oildl&n‘bdi that8®BenTHhA peptide was

retamg ?I}D%MS%Pm% ﬁnc{n W%snell%i%w%lg%g ?{P‘éagﬁ gtlcg“:fiog%%tapﬁ%e\!ween 1drac*%r\6ns 4 and 10),

1o noftconjogaiedePBE e evbstirvadras al @ntaaiifant. Mthet yheCpoptidea dﬁ}@datylhe initial wash
attaches

buttf TR, B (R A7 850 ST Of FErEs RS GF BRS s PEG was
obsertdde | ysi ne residue of each rmnorrer - 73 WO 2004/ 101606
PCI-HKB%%OOM O ﬁr%%? Nﬁée ﬁ?l)breziﬁda"\@ﬁ;rég cle)d eL gé)n%'_@EG conjugate,
and successfully purified the peptide-PEG conjugate from the unconJugates peptide:
Table 3: Ion Exhange Resins

Support Source
Mono S HR 5/5 strong cation Amersham Biosciences
exchange pre-loaded column
SE53 Cellulose, microgranular Whatman
strong cation exchange support
SP Sepharose Fast Flow strong | Amersham Biosciences
cation exchange support

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

EPO-R agonist peptide homodimers of pepﬁde monomers having the amino acid sequence
(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)K (SEQ ID NO: 2) are synthesized as described in
Example 1, except that in Step 1 the synthesized peptide monomers are:

(AcG)GLYACHMGPIT(1-nal) VCQPLR(MeG)K

Where the PEG is attached to the linker via a carbamate linkage, the final product of this
synthesis may by illustrated structurally as follows:
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O (AcOGLYA i HMGPIT(1-nal)Vi QPLR-NH NH2 NH O O
NHBoc OY NH (AcG) GLYACHMVGPI T(1- nal ) VCQPLR- HN NH2 0
WA ER4D160ACG) GLYAI HVGPI T(1-nal ) VI QPLR- NH NH2PCIMBSD0OX14889
., NV 0~2 NH (AcG GLYACHVGPI T(1- nal) VCQPLR- HN
NH2 O -74 WD 2004/101606 PCT/ US2004/014889 Step 4 -

PEGy! ati on |er: PEGylation via a

ear bamat e(lj“‘k?gﬁfrriﬁéll:£ |ﬁ§ﬁ%gk)t ?%g&gﬁs'ﬁﬁ 2 xed Wi th an
equal anount (nole basis) of actyvated PEG species
(mMPEG NPC from NOF Corp. Japan) inydry DVMF to afford a
clear solution. After 5 mnutes 4 fo DIEA is added
to above solution. The m xture is st afl_anbi ent
tenperature 14h, followed by purificgti oMW Foet8
reverse phase HPLC. The structure of PEGyl ated peptide
is confirmed by MALDI mass. The puritied peptide was
al so subjected to purification via gation ion exchange
chr omat ogr aphy as outlined bel ow.
HMGPI T( 1- n@kQEEYAGHYRRIR-MBYRPR (Me

Where the PEG is attached to the linker via an amide linkage, the final product of this synthesis
may by illustrated structurally as follows:

! | 0O
(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)-NH \{NHZ

NH_ O

€
o NAA )LPEGgoK

NH

NH

(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG) —HN” )—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 invention. The results for these assays demonstrate that the
novel peptides of this invention bind to EPO-R and activate EPO-R signaling. Moreover, the results for
these assays show that the novel peptide compositions exhibit a surprising increase in EPO-R binding
affinity and biological activity compared to EPO mimetic peptides that have been previously described.

EPO-R agonist peptide monomers and dimers are prepared according to the methods provided in
Example 1 or Example 2. The potency of these peptide dimers is evaluated using a series of in vitro
activity assays, including: a reporter assay, a proliferation assay, a competitive binding assay, and a
C/BFU-¢ 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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Nv: O NHZ NH (AcG GLYACHMGEPI T(I-nal ) VCQPLR- HN NH2
0 nmPEG NPC DI EA DV O
W@ 2a0&1 AYACHVGPI T( 1- nal ) VCQPLR-NH NH2  NH 0 O PeTyUS200+/MN 4889
AO PEG30K NH (AcG GLYACHMGPI T( I -nal ) VCQPLR-HN NH2 O
PEGyl ation via an am de bond: The peptide diner is
1. Reporseedssep t h an equal armount (nol e basis) of activated

P%%ssd%%glme §as§cf gp%aépé% 2?' e fer &g%ﬁg%@fﬁ%ﬁ%ﬁé‘?ﬂ cH?@aﬂ/ﬁpoR/GCSFR

fosﬂupmiﬁﬁ@@ﬂbﬂllm&ﬁpressm athioeric Akémer dompriisiug the emzeqelbfar portion of the

huma%{i?(?rré%pt?? g)gt Sn%a%gﬁv%@r erer Ut if‘%ﬂe %ll:l]a%f @2{3?{5 He gpt%ls This cell line is further

ature
transfquted] Witlc atfos)promotehd@l@ Ineiteeass eeppiters genkRoGtrudin e&ctlvatl.on of this chimeric

recept%r tﬁ]ﬂ)% hll'l_{;]cﬁh on of %@pﬁ)ﬁe@i{:l Qtrléggl?s alwg% eé(arggmonm%ghetb%ci%%g Ireporter gene,
and thpmeré the atqdmtlomoﬁhght aporonidition oéﬂrehm@tas&:&mbstm&’t logfeaiphVhus, the level of
EPO-I?\IE@V tfmln: il %%h 8@155 ma(y (q}lgn%f 2 m?'lsurel(n%nt 3 E&c}feno%:é ac vl\llg

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/F12 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 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, 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/EIX/EPOR, is dependent on EPO-R activation. The
degree of cell proliferation is quantitated using MTT, where the signal in the MTT assay is proportional to
the number of viable cells.

The BaF3/Gal4/EIK/EPOR cells are cultured in spinner flasks in DMEM/F12 medium (Gibco)
supplemented with 10% FBS (Hyclone) and 2% WEHI-3 supernatant (ATCC # TIB-68). Cultured cells
are starved overnight, in a spinner flask at a cell density of 1x10° cells/ml, in DMEM/F12 medium
supplemented with 10% FBS and 0.1% WEHI-3 supernatant. The starved cells are then washed twice
with Dulbecco’s PBS (Gibco), and resuspended to a density of 1x10° cells/ml in DMEM/F12
supplemented with 10% FBS (no WEHI-3 supernatant). 50uL aliquots (~50,000 cells) of the cell
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O Step 5: - lon exchange purification of peptides:
suspetBéneare thee ypbitealn tpetripligapoint 26 well essgyupluiey SA1E @liquotshefi dilution series of test

JHW? epa e bov epti de- PEG. | Hgak/n
570 AL el SR 0015, SRS ERRRE®}0 or v
(darbdpheiin alpi) at FROGR ragomist nconerisdlyr avaiigplel ifoer Amgp®pini ORMEM/F12 media
The, i G (=X 2-3 s_| It
w5 PR P (5l R by s o v
volurmd o @HiLI) davdl eshngrid, 32 differenhdilumitid mayetelttsatt wiwesthe findl 4pncentration of test

e SR IR g P05 7GR0 0 B s o
48h aFGﬂGJSB\E&OQ/ODLMS\@F’S r(RGJQ\]/nilmihngé?ﬁrs?gslt ddlgedetweaahtcuhluib clisbdwell, and then
allow%qgl ﬁnc%ﬁ'zg/g go%\' 5Fh% QL tfiTh i§ }%'eﬁl E)tﬂ)%ad b%iailri%ré%mﬁ?/ﬁ gﬁ%\ggf@é\gﬁﬂ The plates are

wat er un
then ipmubaed ¢verdgin ptBYa€ i Amobance hécqoh piell diex PEEeoghtjolifefne inkben measured by

di.ssol ved,.i % water..(10 ny/ nd the . pk
spectrg]?}}oﬁosn%e . ]t318{§ giél\%aﬁsi%rwﬁn_c&re%dh vFrgngs dtgga 23%3%1%? ﬁoencel%éépﬂrh%e constructed and
the E@§Q ealculushiusiig Gvaplih PRl @fteateuhe vancermmtorndt B8 Y%epdy/ thattresults in a half-
.and. cql |l ecting,5 f tions, the peptide was
mamn?aédbsor SO recgrfi %dea%ﬁ %(?rsn% by elution with 0.1 M NH4OAC

ease om co
in 25% ACN water, again collecting 5 nL fractions.

3 COAnglJité%bsn&/,; %SSHaPLC reveal ed which fractions contai ned
- COPRETAESTEE peﬁ’ti de. Analysis with an Evaporative
Li@pinipe@iattimtingnglciieti@s term{dELShY an assiydatvdithtalaht sigrehis generated as a

th tide tai ned on .th I d . s
T T L X TR A—"
peptidé tack aldn accepdorrvemt 10 arhidhgab@aid PEG-Rvdsgho ixsgeneredd &g nen-radiative energy

transf‘%g@h%rgb E}r}]te? si%xlggtnrf)é(%gqgligre %%e%?fro?li? tﬁgsg ]biFa Ct Iglg Hk{t‘nl’lﬁa:tﬁglll, and contact with
the rebeagdr @igl@nnxgfend@ases ahk Ricthd bead ugaiet Agtd Ehese dsadPielS avaommercially
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 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: 15pL of 5Smg/ml 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 ab179 antibody; Packard), 112.5pL of a 1:6.6 dilution of
recombinant EPO-R (produced in Chinese Hamster Ovary cells as a fusion protein to a portion of the
human placental alkaline phosphatase protein which contains the ab179 target epitope) and 607.5uL 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.
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observed. The follow ng col ums successfully retained
both the peptide and the pepti de- PEG conjugate, and

waemeasshaul | y purified the peptide- PEG conj ugaPer/U/s1ma/014889
t he unconj ugates peptide: Table 3: Ion Exhange Resins
Support Source Mno S HR 5/5 strong cation Amersham
Bi osci ences exchange re-|4B3088 col uim SE53 Cel | ul ose,
m crogranul ar \What nan ;LLan.g__r.a.l i on exchange support
SP Sephar ose Fa&sdiinidapwastimoprorwAwW el kaq Bi osci ences
cati on exchange support Exanple 6: Synt Hs of EPO R
agoni st pept i deiduemuivaeHsIGRiTangHIS Afononer s havi ng
the am no acid sequenc

ST TR By e

room feh@eranien Afac il 8l hewers tead dight emission using an AlphaQuest reader (Packard). Plot light

emiss A RS SSIP 20 POASE PR POt 20 Elent ¢ e 1 1

Strapcdhctrttmatiay off the peptidd thpeptilden n60kniecsasanielight emission, relative to that
Ac YACHMGERI T(1- nal.) (MeG K Where the PEGis
Obsew%ﬂ?vg%??g&es P eelsl(chr? (gefl)a% ] éz;ls‘a(bar bamate |inkage, the
final product of this synthesis may by illustrated
ucturally as follows: -77 WO 2004/ 101606
4 C/B%gﬁ%é%ow 014889 (AcG GLYA HMGPI T(1-nal)V
QREB(1VeighaliNpl sGmikER:s Mid dfféeriatibriNbiAonPhEiidw B biHlls into proliferating red

C;I-])GLYA | T(1- nal VFQDL{}[(Y S-HN.H2 V\Er he .
blood LAEeSRS TERAT PP REST THRBPOVT SRR 4 TG Do bRfteation and
differdntigtiohiof fdd biwoddeit pre@frsorsir@n gyndry @sinan baneynakxpw pluripotent stem cells.

! lorut?lgsra%stag,d se%‘ialrc*ﬁ%ignrs %lf lte\ét p%}%tiéeoelrcle PFs in IMDM medium (Gibco) supplemented
with 10% FBS (Hyclone). These serial dilutions, or positive control EPO peptide, are then added to

methylcellulose to give a final volume of 1.5mL. The methylcellulose and peptide mixture is then
vortexed thoroughly. Aliquots (100,000 cells/mL) of human, bone marrow derived CD34+ cells
(Poietics/Cambrex) are thawed. The thawed cells are gently added to 0.1 mL of 1mg/ml DNAse (Stem
Cells) in a 50mL tube. Next, 40-50 mL IMDM medium is added gently to cells: the medium is added
drop by drop along the side of the 50mL tube for the first 10mL, and then the remaining volume of
medium is slowly dispensed along the side of the tube. The cells are then spun at 900rpm for 20 min, 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 (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 a
cell density of 15,000 cells/mL. A 100pL of diluted cells is then added to each 1.5 mL methyl cellulose
plus peptide sample (final cell concentration in assay media is 1000 cells/ mL), and the mixture is
vortexed. Allow the bubbles in the mixture to disappear, and then aspirate 1mL using blunt-end needle.
Add 0.25 mL aspirated mixture from each sample into each of 4 wells of a 24-well plate (Falcon brand).
Incubate the plated mixtures at 37°C under 5% CO, in a humid incubator for 14 days. Score for the
presence of erythroid colonies using a phase microscope (5X-10X objective, final magnification of
100X). The concentration of test peptide at which the numer of formed colonies is 90% of maximum,
relative to that observed with the EPO positive control, is recorded as the EC90 [See Table 2: C/BFU-¢
EC90].
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of WEHI -3 cells, ATCC # TIB-68), and
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was®ampieoeel | s are starved by transferring thePCT/0S2004/014889

DMVEM F12 nedi um suppl enented with 10% FBS and 0. 1%

VEEHI - 3 supernatant. On the day of assay, cells are

washed once with DRENIEE: Fedvaactisigppisaysented with

10% FBS (no VEHI -3 supernatant), then 1 X 106 cells/nL

are cultured in the presence of a known concentration

offhtse@camye plefadibes varions tih vEPQ@s{aRs &aDaGyesehrgn [efaluating the activity and

poten%cg EEOR u%(ﬁ-?st E%)t%dg%ot\?mthg ﬁﬁ/&%t){]: g%@nﬁ ragémst Péﬁdpl}@{{)ﬁ:&% and dimers are
preparsdipesondin@t fhe Bethods| prdvidert imo i&salmﬂe tlheThfc @s tvivpeastivige of these peptide

mononaxerg aﬁc‘rf: gﬁ%{a{ & %atecz %§L§g 3471%6 tgkai gﬁfl%g A}%%g@%rglﬁc:&hypom mouse

bloassaj areira refiduirloyte assky. éFliese ((vStasmplyar€iascritied ambighsr dmd ibslow;
W) is added to each well. Followng a 5-mnute
i ncubation, light em ssion is neasured on a Packard

L PoW@mexiwnxiqueéioa(mckar d Instrunent Co., Downers

Gr’[%?t pegtluieg 3% r}%en UGS ac@l(/gy Bl %%tp%grcfltﬁlnﬁfc' e\fiﬁ o%c mouse bioassay

r ation ed usi ng
adaptddafthns ﬂﬂmﬂm@ desohibedbynCetat arak Bayghash (1t9é§)l; Netipt 19:1e 10658&067 This assay

exami 1esscHé lgf g {eEf;}l E&% é'lrﬁ%b S@&Hurﬂétlcl } & hEQ&?%ivate EPOS/R and induce

ecor er at1on assa
new 1eé bh&de:dll u;pnthesa; nBed bop roell Bymhd:sis isi quentltgad Based upon incorporation of

sfecte XPr roliferation of
radiolf e AT R M %’%}93 PR IR AR B el P e
d@idtdeit acnallbRE B agdimagt to ambichih eonditiogs && B0 deisl Body weights are
detern%gegcinfglg gllrl ﬁa%ftrr aps R}ﬁd.lﬂuwawgl lIxt QjaléJ gélg 'MI Larem&‘ @E& hﬁ/hce aére subjected to

ort
successfve voralitiopingeldles. in IhgpoBaxﬁ'cSﬂmwt/fEi aktbﬁP@Q%yd Fagh é4 hour cycle consista

of 18 %1LJ qJ 4{0%@ 8?‘% &%Hosp e%rfdg}sgﬁé%z Q%bfe%l gl ‘Agﬁes%grﬁﬁ oning the mice
are maﬁntpmem:atamhteni(p@a&@ﬁe for Th Bdﬁﬁ)nal ’Kleirtpuoﬁd dedld.s are
V ern

rved.. sye o
dé[%gtl Hegtl CFs OF ){i%)éntbénap{] l}ni;ﬁn fﬁﬂ?\%ﬁ%FTﬁ %luf’JI d 9n IPi?xS + 0.1% BSA vehicle
(PBS/BSAR| depiideeiominieh sib@%sEBﬁor&snzde Jir ﬂ%olﬂﬁﬂilZe(B ns dpmﬂt}&tsammde (DMSO)

T XUTE e
with 194 DMSIR 6Eavkldosy grbup conDMaEN L2 Méwpp iejrend edacunandmu@f)%:ruff of neck)
‘thOF?%Jg]& VEHI - ?5 su eenat ant). 50L aliquots (50,000
with G §FPRRRISSPI™Pe: 79 WO 2004/ 101606
P(B’Bft&df‘ﬁ@iﬁﬂoﬁfMﬁﬂ@wmg uamelesinientian; éhd hdee pleatdadnistered an intraperitoneal

i1 510851 60, TR EB APl FACHR el e ot

WelghEP@e(dEte&nﬁedS)Zﬂme afker | Fe. adnbihistampohids the I\ﬂ\bce aire Aacmlﬁe&b F8hr after Fe*

adminj 3 1?na ﬁﬁg a(ir;ﬁhE %\Q)Eﬂp)ﬂi’%ﬁ rhﬂ?é d)u%c g &B%ﬁe atgc its fs pre determined

(hepaiom twhs ﬂéé%aEEaS a(ﬂikﬁ;a M. b [DRM aztrmﬂé (0.9 mixie amalyted ftl)rcFe59 incorporation
e .96, wel | al\g)lates
di

using g F"k@%n@ o0 pAFSRARder ancgt(;r e\gﬁgosmcegg[ﬁgglf%céve m):orporatlon less

than théBegatiteltentidl Redupy e eBmina et ifiom thé agpediriatepiafatsetd eMico that have hematocrit

values(]:qggstt nglz,g OO@E‘?F%%L*S\YG%CO{@Q eq%ﬁ%{?%g%o @é mFn(l\%/#et o 0.0045pM

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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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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differentiati on of bone marrow stemcells into
pSepi2f-Syathenigefitbatrifivicéodil §ekdr: presursors. Thi s assay

m;.fasu o%i1 %h&‘ cﬁpc Jg ﬁr)cfiu ?getgtee tO @ eB‘E 8 S%opoagﬁtli?dyﬁg a[ntn{?ee(IO Og, 52.8

prold ferati on an i"on 0
nnnol)omel@u mg oeSDEMomaspddadediigormeopyiartioditeidergd- ¢ o, pl-4 mimpfdl ever 10 minutes at

room %&g%ﬁugg l Jl“ﬁe reEc(t’lan Eﬁitﬁre%ﬁ}ﬁgd tg S8h 'd?% % u&hé %%d&itloﬁ ‘%l-?eg cooled back to

€ afe nma uppl enerit
room \mmmra;tlﬁ%diBSZQ kyiohtem e JThe Tﬂa@gen swixfugd was lalleweshtp, stygr overnight and the

preceﬂ?t tts ?11 d 130§T(1%81|mea Qvla Eﬁgetpgf? t Jl" e%ok%ﬁtew sl}glﬂo ?%ﬁ%k{duce%ressure to afford

grve a final u e o
a gumnatdrtyd: meﬂdueu ﬂless»tyeét urdeﬂpsé ptdtate ant agamrféteresl to rpmypve thyraddifienpl precipatated

urea. h‘éru?Jq hase/ @%&@5 1&01%%?%9? % \-U%s O sathN?ﬁg%%ﬂé 0.5 N HC,

mar r o +ce
brine)f drad@MgSCDbeﬁ]ltdnaMd comkhtata@nmdgendiced prase to off@rd therdiestsk product as a

colorl%sﬁs_n'gil %M‘Dgll'g‘%er xgrﬁéltt% e gﬂ Ji §)1 1ntu§5 %q\gée'ﬁ)lit{% (1'1163? érr%gl Iar?uﬂ?nfoﬁfs?ls was added

water mdabl) awtt thpn KyOM (T 124 mmgl)t ﬂ“he BH dk@s ofeatulrd 15 0er21@. LiB® reaction mixture
he first |

o 88 e b 2060 SR STREPL DR R AP, B s, P v

saturafEh emthéﬂd@l and exttabied 4 simen with ¢@@0aqetatd. GPhe20mirinad orgauic phase was washed

(brinej(;rgrllﬁxfl (D%I?&S% 2k dccgj)llqc(?ef’clrJ | Idy unla¥ rﬁ%gur},%b ‘ﬁﬁ%ﬁ}?«% {Oﬁléfeopwm-g]&trrﬁ solid. The solid

uspende
was dsellvedde58ithly oﬁBCM‘rtnd t® this wat @ddedrd0h enfnbsranertt @eats b ivdge slurry. The

v Bl b SHRRET B g 0 ity 15 i

2 steps)e Tha saludort dfdie cﬂad1d1¢1g,oB 29nan))M 2fedL ofiDMF was adédd| N-hydroxysuccinimide
(770 r{lg’ &?{%9 a%lalgé a{ug dlﬁl)s%glig])%}i czgg’ iimide Ath JOB Cﬁf drhmglt) %ﬁj(? 49 rLé%h}h:ﬁmnopyndme

l"0S
3 mgpezpz nfheol)s dlhel reacfibh midture edak smrmdaﬁ*nm@t argirthe splms a:ynoved under reduced

pressu\l; S5r #@g(ngaldu%?vgs &1 et'nhlg) Bln%%/l acetzge al%cﬁﬁmrt):(& orr%mo?e the precipitated urea. The
organid iphasg e Iplacadfiitd heeparasy fimatlewhsied (ssi. NgHBngl,rh:rme,r{US N HC], brine), dried

rated mxtuy ro
oras Qe anfsSnstaet BB Rl Bledh M TR gy a0 i
solid (ar1agBY% yitlagubat e the plated m xtures at 37C under 5%
C3®2 in a humd incubator for 14 days. Score fpr the

presence of erythroid col onies using a phas

m croscope (5X-10X.0bjective, final magni flléi’éé:‘n— o of
100X) . Theody ration of test pepti e at ﬂs/\
nume ®fg formed [col oni es i s S%Eof € NHBoc

|@
hat obs.en:_v_ea?m O gzo& tiv cont r ol ¥
I‘eC\FdQ;dlt as the EC90 [Se @éﬂn -81

0]
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WD 2004/ 101606 PCT/ US2004/014889 OP-1 0 PnM V w
IL~-OQ) aa bo40. vi U '"Sap yOpN G O[~4
WO 2048@160 2004/ 101606 PCT/ US2004/ 014889 ExanptBUS2004/014889
vVivo activity assays This exanpl e describes various in
Vi vo assays that are useful in evaluating the activity
a.mlp 3 pCvmpling oftheERD@nRiaugbirifet togkm@désmmwm&
ven a F &irded ﬂyl PRieS DMF t
BB 10 HRE RSO RD bk P R AR RTS! FirBtofit TRLe i cry DM to
give aE»k@mletum, affthGeq pf DIl inedded afigr Hininuiess eTlg?elp?WlHé is stirred at ambient
temperg%] ofmfa {# %? Cg{lé;[l? fs?eﬂw?\reg ﬁ%ﬁ@c@d gﬁe'ﬁéﬁge AR dr&R product is dissolved in

I nc emdc BOXI C nouse

80% IﬁAoamgf fqﬁ@maa taoercmm t@@@cegram foflowpih by purifigetigswidly 618 reverse phase
upPLC2 ﬁ tmcé‘ﬁ{ré elfid Q&rﬁrx%{gcf @if le1dd YXy thass Psgééﬁ%}ﬂeﬁlﬁm'l%s coupling
POXi C use | oassay lest peptl es are assayed f

reactlohrhttwhéﬁ) thaeclinker toythe mitrdpen pwiy of) the erangine etopp 0Xi the Issing gres1due of each
bi oassay adapted fromthe nethod descri bed by Cotes

HONOYAd Bangham (1961), Nature 191: 1065-1067. This assay
exam nes the abil FAtGSFL‘@F“MﬁP”f‘é@‘fC%’@Wi de to function as
an EPO mnetic: i.e., to aktﬁii/ate EPO- R and i nduce

NOO0

o NK/‘

0O Y NHBoc

QN 0

(0]
v DMF, DIEA

: o}
(AcG)GLYACHMGPIT(1-nal)VCQPLR-NH \{Nm

(AcG)GLYACHMGPIT(1-nal) VCQPLR—HN 4NH2
o}

TFA

o
(AcG)GLYACHMGPIT(l-nal)VCQPLR—NH{NHz

2
st
(=]

(AcG)GLYACHMGPIT(l-nal)VCQPLR——HN/{NHZ

o

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

Lysinol, which may be obtained commercially, is treated with an excess of mPEG2-NPC to
obtain MPEG2-lysinol, which is then reacted with NPC to form mPEG2-lysinol-NPC.
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new red bl ood cell synthesis. Red blood cell synthesis
is quantitated based upon incorporation of
wo aguabwbel ed iron i nto henogl obi n of the syntPeBUSEdA4/014889
red blood cells. BDF1 mce are allowed to acclimate to
anmbi ent conditions for 7-10 days. Body weights are
mPEGadw&MEﬂhed for all aninmals, and | ow wei ght ani mal s
DL Qa L gbt 11'91£d (H)%%gérm Cfr Q{aﬂlﬁﬂ h‘-’oﬁnﬁcﬁ@ld{ofe lar Engmeenng
succ SSIve ton I oning cyc %S I aric c
catalog 003 of Neldthr "Jb‘ierajzdutxdawo Dﬁamrﬁﬂﬂmﬂnnfevﬂm dlabems B §$0é), 1tem no.
223Xd¥5118 hr at 0.400. 02% at nospheric pressure and 6 hr at
anbi ent pressure. After conditioning the mce are
mai nt ai ned at anbi ent pressure for an additional 72 hr
t Jest tides, or reconbi nant human
'5%5%# %gWe nﬂQ@Bﬁ in PBS + 0.1% BSA vehicle
BEG&@RBS&BEA@memprMQ nmonomer stock solutions are first
sel ubi l.i.z y
ool Pt ik B hEPEO Kbestl (pPEESERRIREL) pecMRRRE iy 4012 protor raio
dry DHB% Bﬁ‘Archh (ohter scﬂutrd)no et rSGmpluteBl e EBIEAjis hddedotONBOE solution. The

m1xtur§ db %ﬂ'{eg ﬁlg 81%éorlljtp t(al%oeprg 4 nﬁ!}'l 1%)1610 §deby m%&ﬁg@c&xeﬁﬁ]b?§ trcﬁgrse phase HPLC.
The sa]mnrre f |Pm1ammndpade Eocdnfﬁrmﬂdglbbt MydPIsmbss| | Bhd nyrifedrgeptde was also

] t he ce are

subjecs ﬁt M.é%&ogﬂéaa‘fa o lr?Jnéwé | o }‘%ﬁ) ﬁﬁy op) uﬂlgggb?lbu'pont,
NEN), for a dose of approxinately 0. 75 Curi es/ nouse.
Mouse body weights are determ ned 24hr after Feb59
adm ni stration, and the mce are sacrificed 48hr after
Fe59 adm nistration. Blood is collected from each
ani mal by cardi ac puncture and hematocrits are
determ ned (heparin was used as the anticoagul ant).
Each bl ood sanple (0.2 m) is analyzed for Feb59
i ncorporation wusing a Packard ganma counter.
Non-responder mce (i.e., those mce with radioactive
i ncorporation less than the negative control group)
are elimnated fromthe appropriate data set. Mce
that have hematocrit values less than 53% of the
negati ve control group are also elimnated. Results
are derived fromsets of 10 animals for each
experinmental dose. The average anount of
radi oactivity incorporated [counts per minute (CPM ]
into bl ood sanples fromeach group is calculated. -83
WD 2004/ 101606 PCT/ US2004/014889 2. Reticul ocyte
Assay Normal BDF1 m ce are dosed (0.5 nL, injected
subcut aneously) on three consecutive days with either
EPO control or test peptide. At day three, mce are
al so dosed (0.1 nL, injected intraperitoneally) wth
iron dextran (100 ng/m ). At day five, mce are
anesthetized with CO2 and bl ed by cardiac puncture.
The percent (% reticulocytes for each blood sanple is
determ ned by thiazol e orange staining and flow
cytoneter analysis (retic-count program. Plematocrits
are manual ly determ ned. The corrected percent of
reticulocytes is determ ned using the foll ow ng
for mul a:

-87-



% RETI CCORRECTED = % RETI COBSERVED X
(Hemat ocrit DM VMUAL / Hemat ocrit NORMAL) 3.
woleionabwhogi cal Assay Normal CD1 nice are doseRCTMIB1004/014889

four weekly bolus intravenous injections of either EPO
positive control, test peptide, or vehicle. A range

of posj tivel | and test peptide doses, expressed

s ﬁﬁ%ﬁé?“%gﬁﬁﬂﬁﬁgﬁ H“E& LYa%4 pt-NHee active conpound
concentration in the formulati'gn. Vol unes injected are

5nml/ kg. The vehicle control group is conprised twelve
animals, while 8 animals are inleach of the remaining

dose groups. Daily viability an%kby body wei ghts
e

are recorded. The dosed mce ar cejare fasted and
then anesthetized with inhaled isof THranggnd terni nal
bl ood sanples are collected via c ac or abdoni nal
aorta puncture on Day 1 (for vehicle control mice)
and on Days 15 and 29 (4 nice/ groupfay). The blood is
transferred to Vacutainer(r) brand tubes. Preferred
anti coagul ant is ethyl enedi am netfet raacetic acid
(EDTA). Bl ood sanples are eval uafed for endpoints
meas UALGGLY adHIGO T -sy)NCQRR -sHMNg—pEi2si ol ogy such as
hemat ocri t (Et'tj'—h'en'trgl", obin (Hgb) and total
erythrocyte count (RBC), using autonmated clinical

anal ysers well known i|n mhEGAI®iIndi@Pg. , t hose nmade by
Coulter, Inc.). Exanpl g 9DIHEdyBMHiesi s of EPO R agoni st
pepti de honodi ners of pti de nononers having the

am no acid sequence (ACG GLYACHMEPI T( 1- nal ) VCQPLRK
(SEQID NO 1) Step 1 - Synthesis of peptide nononers:
Pepti de _nononers are synthegi zed usi ng standard Fnoc

(%Qﬁf‘/}fre& n @d‘ EE ?rm%lﬁﬂpe i dePegg:rgle Z(eS(rer ml;%/)ng

For the synthesis of peptide nononers with an am dat ed

carboxy term nus, the fully assenbled peptide is

cleaved fromthe resin with82. 5% TFA, 5% water, 6.25%

ani sol e, 6.25% ethanedithiaol. & deprqtected pr %@_PEGZOK
is filtered fromthe resin andlprdgipitgied with

diethyl ether. After thorough. dNyivigyihe pv\ved,uot\)’%H
purified by C18 reverse phase%ﬁz per f or nc%ml qui d
chromat ography -84 WO 2004/ 101606 PCT/ US20 HBBI«
with a gradient of acetonitril ter in O.
trifluoroacetic acid. The strycture of the peptlde i's
confirmed by el ectospray nass| spectronetry. The
peptide nononers may be illygtrated as foll ows:
( BeQ)EYHABMIBPI (T DVCAPLRCBNL K- Step 2 - Synt hesis
of the trrfoumctiomar |inker:OTo a sol ution of diet hyl
i mnoacetate (10.0g, 52.8 mmol ) and Boc- bet a- al ani ne
(10.0g, 52.8 mmmol) in 100 nil, of DCM was added
PEGﬂatmf,@m@pwléaﬁmu imde (8.0 nL, 51.1 nmol) over 10
m 'métffeﬁtn?et dlmExo'Qﬁ@ BEATBSELY rﬁ’Edr hﬁls gﬁ?ﬁbﬂ@h@%ﬂf €orp

USA) are mixed
~ warned to -1 rees durln tron, then coole
in a 3 aela gatio in dry D to afford a clear solutlon 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.
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roomtenperature over 20 m nutes. The reaction mxture
was allowed to stir overnight and the precepitated
waliogapreopyl urea was filtered of f. The sol vent P@EES2004/014889
renoved under reduced pressure to afford a gum and
the residue dissolved in ethyl acetate and again
filtered tolTenove thel addi ti otal preci patated urea.
The(A@PWA@WE(IW@éV(L&PéBeQBH' separtory funnel,
washed (sat. NaHCO3, brine, 0.6 N HC, brine), dried
(MS™), filtered and concentrated under reduced
pressure to afford the diester product as a colorless
oil. The diester was taken up i /9: m xt ure of
McOH: THF (100 nL) and to this was added water (25
m.), and then NaOH (5g, 125 mmol). e S measured
to be >10. The reaction m xture ﬁh?)stirreﬁ at room
tenperature for 2 h, and then acidified to pH 1 with
6N HCl. The aq. Phase was saturatedHwi th NaC and
extracted 4 tines with ethyl acetgte. The conbi ned
organi ¢ phase was washed (brine)f, dried (MJSO™4), and
concentrat ed under reduced pressdre to give a white
sen - @eEJALY ATHSIGPOT(il-gal) u@ L RH-HN 0 2in 50 nL of DCM
and to this vwes—added—380 nL hexane to create a white
slurry. The solvent s renoved under reduced
pressure to afford the di apEd,-Bs-NEHWhite solid (14.7
g, 91.5%yield for '2 stepsypMio a solution of the
diacid (1g, 3.29 mol) yn 20 nL of DMF was added
N- hydr oxysuccini mde (%770 ng, 6.69 nmol) and
di i sopropyl carbodiimde (1.00 n., 6.38 mml) and
4-di met hyl am nopyridine (3 nmg, 0.02 mmol). The
re i ] e [ over ni ght and the sol vent
pgﬁ@@g@gﬁﬁkébfﬁgﬁﬁﬁiﬁfﬁ- NH2 The residue was taken
up in ethyl acetate and filNered to renove the
precipitated urea. The org nic phase was placed into
a separtory funnel, washed ( NaHCCB brine, 0.5 N

.

HCl, brine), dried (MSO), eped angd concentr EG%K
under reduced pressure to afford t e di- HS ester

product as a white solid (1.12gN°6 »\\Q/\BQBWV

OHO NOO O ~ B -CO2Et IxQ 2Et N- Ooiﬂscg

NHBoc HN BocHN Et ° ~f COZEt O \-- oK

-85 WD 2004/ 101606 PCT/ US2004/ 89 Step 33
Coupling of the tr?unctional |p)nker to the peptide
nononer s:

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

Step 6: - Ion exchange purification of peptides: Several exchange supports were surveyed for
their ability tol separate the above peptide-PEG conjugate from unreacted (or hydrolyzed) PEG, in
addition to their ability to retain the starting dimeric peptides. The ion exchange resin (2-3g) was loaded
into a 1 cm 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 HC]
or 0.1 M HOAgc 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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For coupling to the linker, 2 eq peptide is mxed wth
1 eq of trifunctional linker in dry DMF to give a
we@b@anosos uti on, and 5eq of DIEA is added aft ePCRUS2004/014889

m nutes. The m xture is stirred at ambient

tenperature for 14h. The solvent is renoved under
dissolveé di 26 ACESeLer €1Gng/mibheard thel eHpadpdtedtto S witls JFAy égnjlpaded on the

TFA f 30m R to I

columy. o‘fért an%/ Dq%/lrz Wi 30?°<1:a 3T on Wt h %g‘% rlg&gtreg g&dp alg%{&g Pl fractions, the
peptidd vas stleased tﬁbm e dohmrdbyrehmms vahng.i riielHigYAc in 25% ACN/Water again

collectpézsg{nﬁq’rsao ﬁ(friéag%sagfs pv?a %[E’B reve led & f&QMS cBftained the fdesued peptide.

on a enltrogen atom
Analysﬁish @itk -aarBvaporgive LnglufScattwmg mtqur I(Ebsml)u@d@ate@g@h when the peptide was

retaine; 06 ed?luﬂ({@ glvg‘gl@g_"l@ (Wc)d %kg@%ermﬂzbet@enl}’fagons 4 and 10),

1o nor-Aa By AEEMER! dt(sawedahs) VORPIRndH WiRen thipertidnl edtedyin the initial wash

buffer ggenm%ﬂaﬁffﬁ )G eg%é@aﬁ)%ﬁt@é—'ww & koibhss PEG was

observBHH ONH (AcQ GLYACHI\/EPI T(1-nal) VCQPLR-HN NH2 O Step

Cﬁg? ﬁ%ro‘]tﬁ}hq%%'é) of P%S?Sne er%%’ﬁfﬁ gﬁ&lltﬁé g%mk%%ﬂ t}{é%f)tuf) B3 conjugate,

and successfully purified the peptlde-PEG conjugate from the unconjugates peptide:
Table 5: Ion Exhange Resins

Support Source
Mono S HR 5/5 strong cation Amersham Biosciences
exchange pre-loaded column
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 sequénce (AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)K (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

Where the PEG is attached to the spacer via carbamate linkages, the final product of this
synthesis may by illustrated structurally as follows:
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Lysi nol, which nmay be obtained comercially, is

treated with an excess of nPE&-NPC to obtain
woBREEeleysi nol , which is then reacted with NPQPCDUSZION14889

nPE®2- | ysi nol -NPC. -86 WD 2004/ 101606

PCT/ US2004/ 014889 nPEQ&2-Lys NHS Thi s product may be

obt a] ned cormerii ally, for exanple, fromthe Ml ecular

i %g[rdp } ) 1pf._Nektar Therapeutics

(ACG)E?Igée sco lel?a)??@D?ii)l%gltAg@Sﬁ% i TV8? Al abama 35806), item
no. 2Z3XOT0l1l. Step 5 - PEGy ation of the peptide
dieter: PEGylation via a canbamate bond: The peptide
di mer and the PEG species ( -+ysi nol -NPC) are _
mxed in a 1:2 nolar ratio H%gf%zﬁd);d)l\/F tqafford ao\(o PEG20k
clear solution. After 5 m nutes4eci of D I S addeﬁ
to above solution. The mxture,ig s img%a\‘ H
tenperature 14h, followed by purWficati onHMtthZLBEGZOK
reverse phase HPLC. The structurg of PEG/I a\tﬂg
peptide is confirnmed by MALDI ss. The purif ed
peptide was al so subjected to purification via cation
i on exchange chromat ogr aphy asj) outlined below. -87 WD

2004/ 101606 PCT/ US2 /01488 0
(ACFAQE%"E&W@WQ’{?SIQ Pﬁ%ﬁ‘j’i&éqﬂ&h HR2 NHO L ON\H
oy 2 ACHMGPI T( 1- ngl ) VCQPLR-HN NH2 O
nPE&2- Lysi nol -NPC DI EA, DMF O
(AcG GLYACHMEPI T( 1 - nal ) VCQPLR-NH NH2 NH O O O PE&R20OK
Where the PEG is attached to the spacer via amide linkages, the final product of this synthesis

may by illustrated structurally as follows:

0
(AcG)GLYACHMGPIT(1-nal)VCQPLR (MeG}NH —

NH_,O PEG
Ci 5. Y
OQMNH N NH

HN PEG
NH r

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

Example 11: In vitro activity assays

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

affinity and biological activity compared to EPO mimetic peptides that have been previously described.
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NO-HN NH ~O PE&GoK O
( AcG GLYACHVGPI T(1- nal ) VOQPLR-HN NH2 O PEGyl ation vi a
wanooares bond: The peptide di ner and PEG specP@RUS2004/014889
(MPEQ2- Lys- NHS from Shearwater Corp, USA) are m xed
ina1:2 nolar ratio in dry DMF to afford a clear .
sEPQtR egenisnpepide morAmers and diroers) angfprappiEd apeordigole dha ethods provided in
V | | . . .
Examp{l‘tg ?fpog rEthIISWe DMNhe f%b?elng}" 5t HE fﬁbé ﬂegtﬁﬁ élh{équt%ﬂso g@%\ﬁi& L%H'ng a series of in vitro
activity @eeys enqém@e aHPn@ter LA msr iferation asaRECYPEREEEH VY bipding eassay, and a
C/BFU’\?éss&;p”fHeEé% Ay ML oA, £ RMIEIRA  pept] de was
S0 subj ecte purification via cation ion exchange
c Eh@waul@@f thespyin a@m@gtemwwysm pmmarged indable@4/ 101606
PCT/ US2004/ 014889 0 (AcG GLYACHMGEPI T(I-nal )V QPLR-NH
NZ NHOONNH (r) I 2 NH
1. Rep(opieGysSiY ACHVGP! T( 1- nal) VOQPLR- HN NH2 O nPE®- Lys- NHS

ol BEaE ﬁsec{ﬁﬁ) et 8 cefldhn) 59%‘1%% b2 B Bpor/GCsFR

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

human EPO receptor to the intra-cellular portion of the human GCSF receptor. This cell line is further
transfected with a fos promoter-driven luciferase reporter gene construct. Activation of this chimeric
receptor through addition of erythropoietic agent results in the expression of the luciferase reporter gene,
and therefore the production of light upon addition of the luciferase substrate luciferin. Thus, the level of
EPO-R activation in such cells may be quantitated via measurement of luciferase activity. '
The Baf3/EpoR/GCSFR fos/lux cells are cultured in DMEM/F12 medium (Gibco) supplemented
with 10% fetal bovine serum (FBS; Hyclone), 10% WEHI-3 supernatant (the supernatant from a culture
of WEHI-3 cells, ATCC # TIB-68), and penicillin/streptomycin. Approximately 18 h before the assay,
cells are starved by transferring them to DMEM/F12 medium supplemented with 10% FBS and 0.1%
WEHI-3 supernatant. On the day of assay, cells are washed once with DMEM/FI12 medium
supplemented with 10% FBS (no WEHI-3 supernatant), then 1 X 10° cells/mL are cultured iﬁ 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, IIl.). Light counts are plotted relative to test
peptide concentration and analysed using Graph Pad software. The concentration of test peptide that

results in a half-maximal emission of light is recorded as the EC50

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/Elk/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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resultsdp g@i@ﬁ@%%@%‘:ﬁ Bdeeaied 2 ﬁ% ngéj %’t i de and t he
pept | ge- Egg conjugate, and successfully purified the
ept) de- conj ugate fromthe unconjugates pepti de:
3. COE’E\%I”@‘Z g‘."dIngl‘?ssé’%hange Resins Support Source Mno S HR
5/Compttitive GindaigiceloulAitns sie aradBidsrancisegsn which h iplfeignal is generated as a

.pre-| oaded .col ym, SE53 [l ul.o ' [ . y
e RSB TRARED  SehhE Toue B! PP Kby ag rro-R g
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transf%g glglrgﬁséy a%#?ngggwmﬁ% g%:g??%;aa\gg é%lﬁlgglp {lﬁlﬁurﬁﬁgﬁ,lagc? contact with

the released singlet oxygen causes the second bead to emit light. These bead sets are commercially

available (Packard). Bead proximity is generated by the binding of the EPO-R-binding peptide tracer to
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.

Tn more detail the method is as follows: Add 4pL of serial dilutions of the test EPO-R égonist
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: 15pL of 5Smg/ml 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 ab179 antibody; Packard), 112.5uL of a 1:6.6 dilution of
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(AcG GLYACHVGPI T(1- nal ) VCQPLR(MeG K (SEQ I D NO 1)
WERO4RmooONi st pepti de honodi ners of pepti de nMPODIEL084/014889
havi ng the am no aci d sequence
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(AcG) GLYACHMGPI T( 1- nal ) VOCQEEROMG) - HN NH2 Were t he
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final product @fetihlaics qu@ﬁrwcqueb{ illustrated
structurally as follows: O

K-NH
( AcG) GLYACHVGPIETA-cmal hVERRIMERIHGND NH O PEG " (
N O- HNPEG NH O (AcG) GLYACHMGRLT( 1- nal ) VCQPLR( MeG) - HN

N . ample.11; 1n vit ctivit ssays, Thi .
e?g‘?ﬂ}g@e Ex é%‘g?‘? RS lsifﬁlrl?q%tﬁ %’“F %a%alidr%or’a%%gaf@ %Epa{gwgﬁ'emcubate overnight
at roord $%fpdfatdrél _ Aftal 18 aibins geatl ight @missieh uyingadAlppa@uesioyadef (Packard). Plot light
. .[EPO- R agoni. st peptides of the inveptjo he results
emissipy,ys "toﬁfe“g‘ at é@g;%lg ﬁ’b‘ﬁaé?llyiﬁ ‘glﬁl ﬁ’??ﬁ??ﬁdeor%ﬁ%%él pepti des
OfThé bdrSerityenN61 tod phptidd tHaoreRSiiRa 404 dacrbasedn HglER@isson, relative to that
observseél gvri]tﬁ(l)dt [c]e%f pelgt%e? %Vrgcro’rdetd gs? the ‘E(%él ESSior

4. C/BFU-e Assay

EPO-R signaling stimulates the differentiation of bone marrow stem cells into proliferating red
blood cell precursors. This assay measures the ability of test peptides to stimulate the proliferation and
differentiation of red blood cell precursors from primary human bone marrow pluripotent stem cells.

For this assay, serial dilutions of test peptide are made in IMDM medium (Gibco) supplemented
with 10% FBS (Hyclone). These serial dilutions, or positive control EPO peptide, are then added to
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 1mg/ml DNAse (Stem
Cells) in a 50mL tube. Next, 40-50 mL IMDM medium is added gently to cells: the medium is added
drop by drop along the side of the 50mL tube for the first 10mL, and then the remaining volume of
medium is slowly dispensed along the side of the tube. The cells are then spun at 900rpm for 20 min, and
the media removed carefully by gentle aspiration. The cells are resuspended in iml of IMDM medium
and the cell density per mL is counted on hemacytometer slide (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
a cell density of 15,000 cells/mL. A 100uL of diluted cells is then added to each 1.5 mL methyl cellulose
plus peptide sample (final cell concentration in assay media is 1000 cells/ mL), and the mixture is

vortexed. Allow the bubbles in the mixture to disappear, and then aspirate ImL using blunt-end needle.
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t hese assays show that the novel peptide conpositions
exhibit a surprising increase in EPO R binding
wa@bdounoteye and bi ol ogi cal activity conpared to BPODUS2004/014889

m nmetic peptides that have been previously described.

-91 WD 2004/ 101606 PCT/ US2004/ 014889 EPO R agoni st
Add 0pepili dpirstehmirtyrs framceach sappEs iatoeagr efpavdly of e @4rvetiliipte (Falcon brand).
mmeuba e o R Tapehdhs S8 B f pBbiATRR 145y, Score for he
presen8€ lof eﬁ_mﬂtéldl cm)lomds rusingac pphase tyicrasopg €3X-1 0% | abifichee, ﬁaaal magmﬁcatlon of
1000, SO BESRYr o8 JRE8L 4 R L BSPYE AR GRIREIAL Y of musimam,
relanvaltcethdmm@b‘dlth thefERQ pasitived eordriol, 1$3@b@vlﬁd aFtthe EE8Q [Ses Tgble 2: C/BFU-¢
these in vitro activity assays are sumari zed in Table

EC90 1. Reporter assay This assay is based upon a on a
murine pre-B-cell |in derived reporter cell
Baf 3/ EpoR/ GCSFR fos/lux. This reporter cell |ine

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 with a fos
pronoter-driven |luciferase reporter gene construct.
Activation of this chinmeric 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 |uciferase
substrate luciferin. Thus, the level of EPOR
activation in such cells nay be quantitated via

measur enent of luciferase activity. The

Baf 3/ EpoR/ GCSFR fos/lux cells are cultured in DVEM F12
medi um (G bco) supplenented with 10% fetal bovine
serum ( FBS; Hycl one), 10% VEHI -3 supernatant (the
supernatant froma culture of )VEH -3 cells, ATCC #
TIB-68), and penicillin/streptonmycin. Approximately 18
h before the assay, cells are starved by transferring
themto DVEM F12 nedi um suppl enented with 10% FBS and
0.1% WEHI -3 supernatant. On the day of assay, cells
are washed once with DVEM F12 nedi um suppl enent ed
wth 10% FBS (no WEHI -3 supernatant), then 1 X 106
cells/nmL are cultured in the presence of a known
concentration of test peptide, or with EPO (R & D
Systens Inc., Mnneapolis, M\) as a positive control,
in DVEM F12 nedi um suppl enented with 10% FBS (no
VEEHI - 3 supernatant). Serial dilutions of the test
pepti de are concurrently tested in this assay. Assay
pl ates are incubated for 4h at 37Cin a 5% CO2

at nosphere, after which luciferin (Steady-d o;

Promega, Madison, W) is added to each well.

Following a 5-m nute incubation, light emssion is
measured on a Packard Topcount Lum noneter (Packard
I nstrunent Co., Downers Grove, IIl.). Light counts are

plotted relative to test peptide concentration and
anal ysed usi ng Graph Pad software. The concentration
of test peptide that results in a half-nmaxi ma

em ssion of light is recorded as the EC50
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Table 6: In vitro activity assays for peptide dimers
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bloass(aff S 1@[‘&'1&?@%%‘&? COEHIL FRSasdal)€arP BEEHIRA iR furthBEctdN IR
acent al kal i ne phosphatase protein contained in
the reconbi nant EPO-R), protein A-coated acceptor
1. POE)@ ik Eﬂ&%&&é’]M&JSWBIZAaS}%)nd to the abl79 anti bOdy’
ackard of a 176.6 dilution of -93 WO
20/ m@&@@ GIPSHNeSI004y gl edity e dsrRalyeyempeshppoxic mouse bioassay

adaptéélfr&ﬁl WeEHihdd i fBed By U@@ Eﬁf Begéﬁe[n\f (%llj Naﬁﬁe @91f l1@!553ﬂ)67 This assay
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[ e 7. b
new I%@ btl&ﬁ ()ell;li;%lgthgs(?s ;ilcd q;:}.%/o ’éésegr@gﬂl’lgsz% /cl)s_l_d\;{élgtﬁtﬁtgg @5@1@&%8 Efsorporation of
radlolnbei@d IrOAemO he_mmbun ofithe syathpsizst radyhlepdedlEPO- R- bi ndi ng
PERHAGick RAE Qfoweﬁ"%g %Qﬁi%la(egg%bflénﬂ @J)nd?tﬁﬁ@ Q&I ’f 2 'dQﬁ) -Body weights are
AF33068, an bindi ng peptide (see T
deterrmmcbfm ol ranE@EﬁG) a(ubl@w yeightsaniradle (%ﬂéomras)rﬁge tl?f ‘tsﬁde Mice are subjected to

succe%ﬁfg R ?%?%%&Qﬁﬂ _Il_'%ﬁéqgmaﬁ‘lbgr fof 1988 I@%MI c}]aysc,;c;E_‘,aYGR 24 hour cycle consists
of 18 HVBF. 4080 O VortRGples et nressurg @nd] 6 i #f amblqﬁ RressgEey| Aiiﬁﬁrap@monmg the mice

are m%{aﬁef tha@fe% I;I;ngurg?ﬁ] anABEHWLPR ﬂrrﬂ)nppﬂoldosﬂéﬁ cubate

er ni ght om t enper at ur e. hours read
| |@htt pe@mleg,sq)rd]ch;@qmagt hyman B claadardsy @rgcfbhute(ipamr-ﬁp 1% BSA vehicle

(PBS/%'SS&? | Begtide ﬁﬁﬁ&ﬁe?' s@&k‘é:%lu%@ﬁkcﬁgtﬁrat %ﬁ)ﬂﬂ)ﬂ&%d Hﬁra‘ilhé{ﬁylasﬁlﬁomde (DMSO).

se"wt e concentration of
Negam@s:pntpé staugeintlnde one@@ﬂpt@ niige injegiebivile BBE/BSA dlone) sngipne group injected

with @/m[ﬁ\i%@ nEaJShe%og%: %r\é%ne %&t&ﬁaﬁ?emlﬁ%g%ﬂc\éjﬂe @&EQ Wibch& it%)ysly (scruff of neck)

.WﬁhQﬁ%ﬁLRfﬁwgnmbwmgaﬁmmhulates t he dlfferentlatlon of bone

pr eétg qmu.x%e%ollﬁw [eo hcﬁ&rﬁtthg grg%eeﬁl 37 oagtefegl dn intraperitoneal

hi’s 8s: res 't
injecty Ddaﬂ of Be’t (DupghtaNEN} ﬁg ot offappraxinateliah @ 1rCuries/mouse. Mouse body
e

welgh% Eufe &e‘?&%ﬁn@&'ﬁ&: gfterr ﬁéﬂg Q&rﬁl el 2R YRURMERT ste fs &mced 48hr after Fe”

uri pot ent stem cel
adnnmmasoraslslayd 1S$eﬂ¢cw|d fmm cﬁch emmablfy qaedizc pepiutedad éﬁléatﬁﬁﬂ%are determined

(hepan{l] vJaWd'EE%%%So@gQ&&). E4tH F’E)llo%ﬁ%g&lﬁg (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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* * . *

The present invention is not to be limited in scope by the specific embodiments described herein.
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.

Tt is further to be understood that all values are approximate, and are provided for description.

Numerous references, including patents, patent applications, and various publications are cited
and discussed in the description of this invention. The citation and/or discussion of such references is
provided merely to clarify the description of the present invention and is not an admission that any such
reference is “prior art” to the present invention. All references cited and discussed in this specification
are incorporated herein by reference in their entirety and to the same extent as if each reference was

individually incorporated by reference.
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W04/ 014889 Exanple 12: In vivo acti vi PET/ESEOYE14889
Thi s exanpl e describes various in vivo assays that are
useful in evaluating the activity and potency of
EPO- R agoni st pepti des of €h&lMSivention. EPO R agoni st
WL ' nmers and diners are prepared according to
of fg?provi ded in Exanple 1. The in vivo
activity of these peptide 5 nononers and diners is
eval uated using a series assays, including a
pol ycy ' ' ' R r@eptor (EPO-R), which
o o oSG BRN  JRHA Rt hOBTER RN Bepton ERO), whic
further. detajl . be 1 P t hei ni ¢ Exhypoxi ¢ Muse
compOE?P%%Osmspé’ﬁe&Fgg%éldﬁgg‘%)%g{g?%%lfhg?Jg}s{lg%yed for in vivo
activity in th i ¢ exhypexi c nmouse bi oassay
(AcG)GLYACHMGPIT(1-nal)VCQPLR~NH NH2

NH. 0
)
;ﬁNk/\NH—["PEG"]
Y

NH

(AcG)GLYACHMGPIT(1-nal)VGQPLR—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 at least one linear polyethylene glycol (PEG) moiety, each PEG moiety having a

molecular weight of about 20,000 to about 40,000 Daltons.

2. A compound according to claim 1, wherein each PEG has a molecular weight of about

30,000 Daltons.
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10 adapted fromthe nethod described by Cotes and
Bangham (1961), Nature 191: 1065-1067. This assay
wezanilnmsse t he ability of a test peptide to funetT/OR200$014889
an EPO mnetic: i.e., to activate EPO- R and i nduce
new red bl ood cell synthesis. Red blood cell synthesis
i 3. quantrhetbaddar teategia pasiont Hiavivp e giserder chragigrized by a deficiency of
radi ol abel ed iron into henogl obin of the synthesized =
erythropetib booldwoe éfsctiveBrdblerideell penalatiph, ovhidh mehetcomprtss @dmiistering to
anbi ent conditions for 7-10 days. Body weights are 15
the paifiet ethaiapaticdllyreffattive amowlo§the gerapaundhoi@dight ani mal s
(<15 grams) are not used. Mce are subjected to
successive conditioning cycles in a hypobaric chanber
for a total of 14 days. Each 24 hour cycle consists
oft. 18 hk mathodactoding20slatnmdwhireiniths disoedes isselegpdifrom fie sseup
anbi ent pressure. After conditioning the mce are '
consisting oftcad stegt renal Giltvicon tialysiermemie apsopiatash Wit AIDS oy inpunp disease or a
prior to dosing. Test peptides, or reconbinant human )
maliglERQ); Semrbidassania;aysicdibiresiseehriyaneEg of promaisigsineyihiseqceated with
20 (PBS/ BSA). Peptide nonomer stock solutions are
chronif infletmemrudisdaiez eginplreod] injuth yecuts blopdlosH egipOvBdpeoplastic disease states
Negative control groups include one group of mce
accompajiethyetnwikherAB®pBS#As.al one, and one group injected
with 1% DVBO. Each dose group contains 10 mce. Mce
are injected subcutaneously (scruff of neck) wth 0.5
mL of the appropriate sanple. Forty.eight hours '
f 8 | owiAngetbethgebe dingjtedtimch wherhia eathREGihas ageilpquias tiejebif about
an intraperitoneal 25 injection of 0.2 nl of Fe59
30,00q Delposit, NEN), for a dose of approximately 0.75
gCuri es/ nouse. Mouse body weights are determ ned 24hr
after Fe59 adm nistration, and the mce are sacrificed
48hr after Fe59 administration. Blood is collected
f om e acphaamnicasicalopmpesidinaomprising the eoraprané ehdaiock 4nde
are determ ned (heparin was used as the ‘
pharmacduticalia gedepiably carfterch 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
i ncorporation |less 30 than the negative control group)
are el iApmahedutfcalbrontphsticnrerading tt dainia wherein eadi IS has a molecular
that have hematocrit values |ess than 53% of the
weighhefphbut\36,000Dbkans. gr oup are al so elimnated. Results
are derived fromsets of 10 animals for each
experinmental dose. The average anount of
radi oactivity incorporated [counts per minute (CPM ]
i 18t 0 bloadmanbihethidds dmandactivates thepritisopadtiurbepd (EPO-BY, which
WD 2004/ 101606 PCT/ US2004/ 014889 2. Reticul ocyte
compdme aympiisenmpepBIE-dimet bayingrtie fdowdad (0.5 nlL, injected
subcut aneously) on three consecutive days with either
EPO control or test peptide. At day three, mce are
al so dosed (0.1 nL, injected intraperitoneally) wth
iron dextran (100 ng/m ). At day five, mce are
anesthetized with CO2 and bl ed by cardiac 5 puncture.
The percent (% reticulocytes for each blood sanple is
determ ned by thiazol e orange staining

- 100 -



10

15

and flow cytoneter analysis (retic-count progran)

Hematocrits are manual |y determ ned. The corrected
w@eooaamteo®©f reticul ocytes is determ ned using POEUS2004/014889

followi ng formul a: % RETI CcoRRECTED = % RETI CoOBSERVED

X (Hematocritl NDI VIDUAL / HematocritNORVAL) 10 3.

Hemat ol ogi c4dl_ Assay Nonnmal CD 1 mc® are dosed wth

fouﬂA%@QEVﬁcﬁMpﬁgx‘ﬁﬁVSQEH%ﬁ@G] Hecti§AZ of either EPO

positive control, test peptide, ok vehicle. A range

of positive control and test peptidg doses, expressed

as ng/ kg, are tested by varying thel active conpound

concentration in the formul ation. Vi injected are
5m /kg. The vehicle control group is cdnprjsed t}el ve
animals, while 8 animals are in each of , 0-PEG

remai ni ng dose groups. Daily viability9gdd weekly body
wei ghts are recorded. The dosed mice argq nmice are
fasted and then anesthetized with inhal i sof | urane
and term nal blood sanples are collecfed via cardiac
or abdom nal aorta puncture on Day 1 (for vehicle
control mce) and on Days 15 and 29/ 4
M ce/ QAN GHllvg -ral) oCoPLIREME) eprEH2 t 0
Vacut ai ner (r) . Preferred anticoagulant is
et hyl enedi am netetraacetic acid (EDTA). 20 Bl ood
wheresanpl es are eval uated for endpoints nmeasuring red
bl ood synt hesis and physi ol ogy such as henatocrit
@) in £doh bptidD BIFRGhE I the pEfal dimed, dach Ahin@acid Binkosted byatandard one letter
(RBC) using automated clinical analyzers well known
abbrevidlioh [ Mo@isIN-{Rtylilycidd) 0561 i§ThagphthylaGaine] @d MdGis N-methylslycine;
The present invention is not to be limted in scope by
(i) eabRpSqRatdoher eMboghptidydimerdesains bemirhesledar disAifide bogkaiween the
various nodifications of the invention in addition to
two cysRERECHesiGIdks Bechchalogimerwi | | becone apparent to those
skilled in the art fromthe foregoing description and
(iii) PEG Sords eI PR iBranbigd peFethye plycsbelbkeutahdvings raslecular weight of
intended to fall wthin the scope of the appended
about 80,8006 abdut 40,6000 Dloher to be understood that all val ues
are approximate, and are provided for description.
Nuner ous references, including patents, patent
applications, and various publications are cited 30
and di aCin§Rchd Rcdrig dL84ihi §ivhetin e RET Basianv@eduladweight of about
The citation and/or discussion of such references is
30,000DRwnsled nerely to clarify the description of the
present invention and is not an adm ssion that any
such reference is "prior art" to the present
invention. Al references cited and discussed in this

SRECi f i LALMEON or BERink B PHAOKHNEd deFdel thaliiefigdddryrieficibdty of
their entirety and to the sane extent as if each

erythrB%ﬁ%%P 6 WG lefdcfiel r¥d BlU&d deYl popiRionOKatIeRetRYd ERhRis@& ¥ finistering to
-98 WO 2004/ 101606 PCT/ US2004/ 014889 CLAI M5

the patient a therapeutically effective amount of the compound of claim 8.

11. A method according to claim 10 wherein the disorder is selected from the group

consisting of end stage renal failure or dialysis; anemia associated with AIDS, auto immune disease or a
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WHAT IS CLAIMED I S: 1. A conpound that binds to and
activates the erythropoietin receptor (EPO-R), which
wo 2@ampwond conprises a peptide di mer havi ng tPE€T/US2004/014889
formula: O (AcG GLYACHVGPI T(1-nal ) VOQPLR-NH NH2 NH 0
0 N NH["PEG'] ON H (AcG GLYACHVGPI T(| - nal ) VOQPLR- HN
maligidppy; hetrethadissenin) cystic fBaesdis; pralytancteia wbpromaturityt anepyda associated with
peptide dimer, each amino acid is indicated by
chronig iflanhanatpripdiscapes t spel coadinuex i antite blvod s agigg; and neoplastic disease states
N-acetyl gl ycine, and 1-nal is 1-naphthylal anine; 10
accomppiiyd tyzebhorpeparyitieoppissioner of the peptide di nmer
contai ns an intranol ecul ar disulfide bond between the
two cysteine (C) residues of each nmonomer (iii)
["PEG'] conprises at |east one |inear polyethylene
5 gligcol ARER)d arodrding fo daichl OPEBrem ithetREhas i maplegular weight of about
nol ecul ar wei ght of about 20,000 to about 40, 000
30,00pakltomns. 15 2. A conpound according to claim1,
wherei n each PEG has a nol ecul ar wei ght of about
30,000 Daltons. -99 WD 2004/ 101606 PCT/ US2004/ 014889
3. Anethod for treating a patient having a disorder
c Har actAephiapmatelficalcodwbsitinaemprisihg the cqmpnuog of daipr® and aa
| ow or defective red blood cell population, which
pharmaestuticadly ecogpiebls emriami ni stering to the patient a
therapeutically effective anmount of the conpound of
10 claiml. 5 4. A nethod according to claim3 wherein
the disorder is selected fromthe group consisting of
erld. st dgsharmavaltichiomppsitiaracehirdihg ®i dgimdAewhercin §wdEiGahae d molecular
with AIDS, auto inmune di sease or a nalignancy;
weighbeftabout38)06&Beltina; cystic fibrosis; early anenm a of
prematurity; anem a associated with chronic
i nfl ammat ory di sease; spinal cord injury; acute bl ood
| oss; agi ng; and neopl astic di sease states
adéonpancoagpoimyd thivrbdndytd andaytivates heicedlirgpoidd réceptar (FChRY which
according to claim3, wherein each PEG has a nol ecul ar
15 compamil gbrhpres agmptitle dimer having the formula:

[ O
(ACG)GLYACHMGPIT(l-nal)VéQPLR—NH NH2

NH_ 0
5]
o NJKANHJKPEG

NH

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

where
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30, 000 Daltons. 6. A pharmaceutical conposition
conprising the conpound of claiml1 and a 15
w@b@xreweat i cal | y acceptable carrier. 7. A PCT/US2004/014889
phar maceuti cal conposition according to claim®,
__ wherein each PEG has a nol ecul ar wei ght of about
(i) in egch WotdeDaenosss of theptidedipernpeshathinorgid 1hindigsted by siprflard one letter
activates the erythropoietin receptor (EPO-R), which
abbrevdasiop.cAnttis dbrashilgruneaansepnal tid -whiphthylalaniveing t he formul a;
- 100 WO 2004/101606 PCT/ US2004/014889 O
(i) eaghypsol)denyonerivaaM] R Hepfidg JinamphRny/ecntrasolidar diguifide bendibetween the
OO0 (r) Ny OPEG NH (ACGQGYA i HMEPIT(1l-nal)V i
two cygRinR(MEeyidusnofraph monomgier e (i) in each peptide nononer
of the peptide dinmer, each amno acid is indicated by
(ii) PEE aeroprises plineal wibrasghed pplyethyipre dlysel mpleeyl¢ kaving a molecular weight of
N-acetyl gl ycine, 1-nal is 1-naphthylal anine, and MeG
about 2000 tarebawy #P8dPaens.5 (ii) each peptide nonomer of the
peptide dimer contains an intranol ecul ar disulfide
bond between the two cysteine (C) residues of each
nmononer (iii) PEG conprises a |linear unbranched
pdbyet Wydompeunyl agewtlingis daiml 16, Wevéim the XERdiae & mlodaculpewejigit of about
of about 20,000 to about 40,000 Daltons. 10 9. A
30,00¢Balsosind according to claim8, wherein the PEG has a
nol ecul ar wei ght of about 30,000 Daltons. 10. A
met hod for treating a patient having a disorder
- characterized by a deficiency of erythropoietin or a
| & or Adwéibed foy treatingl a pitisoichavg b djsordet diiagiarizedthy gldeficiency of
nmet hod conprises admnistering to 15 the patient a
erythrefeéatia peatavcer defectavefredblpadecel propniations whithemetberhesmpdisesfadministering to
claim8. 11. A nethod according to claim1l0 wherein
the patidnea thempeutienllyi ffesiiteaptonnt of the womhpamnd pbHelpm 15.

18. A method according to claim 17 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.

19. A method according to claim 17, wherein the PEG has a molecular weight of about
30,000 Daltons.
20. A pharmaceutical composition comprising the compound of claim 15 and a

pharmaceutically acceptable carrier.
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consi sting of end stage renal failure or dialysis;
anem a associated with AIDS, auto i mune di sease or a
WO 2008/101608 2004/ 101606 PCT/ US2004/ 014889 nal i BOENS3004/014889
bet a-t hal assem a; cystic fibrosis; early anem a of
prematurity; anem a associated with chronic
i At1 andeRheryacgtivakoompositisingggording ¥ daipuPywheseinthe PBGJwe 2 molecular
~ loss; aging; and neopl astic di sease states

weightefebeys dR0RUDRYonabnor mal eryt hropoi esis. 5 12. A net hod
according to claim10, wherein the PEG has a nol ecul ar
wei ght of about 30,000 Daltons. 13. A pharnaceutica
conposition conprising the conpound of claim8 and a _
pRar madewnminorind thatdinse pt wa betivetss thie srythragpictiap regaptor (EPO-R), which
phar maceutical conposition according to claim 13,

companhé pehprisehepdPHds dimer kavivg thedormanla: wei ght of about
30, 000 Daltons. 15. A compound that binds to and
activates thd er tﬁfo%oﬂetin receptof (EPO-R), which
15 coffAGRIAL §srDX CRBHMED NHYi ng t he
formula: O (AcG GLYACHVGPI T(1-nal )Y QPLR-NH NH2 NH O
NNH kPEG O- NH (AcG GLYA HVGPI T(L-nal )V QPLR- HN
NH2 O where - 102 WD 2004/101606 PdT/ US2004/014889
(i) in each peptide mononer of the pépi i mer, each
amno acid is indicated by standard one [l etfjer Q

fifEG

abbreviation, AcGis N acetylglycine, an

1- napht hyl al anine; (ii) each peptide no r o
peptide dimer contains an intranol ecul ar {di sul fide
bond between the two cysteine (C) resi of each
nmononer 5 (iii) PEG conprises a |linear [nbranched

pol yet hyl ene gl ycol nol ecul e having a | ecul ar wei ght
of

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

where

(1) in each peptide monomer of the peptide dimer, each amino acid is indicated by standard one letter
abbreviation, AcG is N-acetylglycine, 1-nal is 1-naphthylalanine, and MeG is N-methylglycine;

(ii) each peptide monomer of the peptide dimer contains an intramolecular disulfide bond between the
two cysteine (C) residues of each monomer

(iii) PEG comprises a linear unbranched polyethylene glycol molecule having a molecular weight of

about 20,000 to about 40,000 Daltons.

23. A compound according to claim 22, wherein the PEG has a molecular weight of about

30,000 Daltons.

-104 -



10

15

20

about 20,000 to about 40,000 Daltons. 16. A conpound
according to claim15, wherein the PEG has a nol ecul ar
wowioghvieoé about 30,000 Daltons. 10 17. A net POTIUBZING/014889
treating a patient having a disorder characterized by
a deficiency of erythropoietin or a |low or defective
redl bl dovktlowml fbr tpepng @pationt havihg & fiserdervhatagseringd by e deficiency of
adm nistering to the patient a therapeutically
erythrapbietit bii a/lewanmdefattive fedttii@d celtpauiation fwhidhanetholzompgses gdmipistering to
nmet hod according to claim 17 wherein the disorder is
the patieat £thtepeuticain effagivg poopt ofithe sirgtoundjoioflaien?d. st age r enal
failure or dialysis; anem a associated with AIDS, auto
i mmune di sease or a nmalignancy; beta-thal assen a;
cystic fibrosis; early anem a of prematurity; anem a
agsoci at mdthed sdvordingrioelhion J4nfheasimtie disprddi is edlented foqm tha lgroup
cord injury; acute blood | oss; aging; and neoplastic
consistiigsefas@stsgeates failac oo dipksis;ederbip assoriatedmiith ADS, auto immune disease or a
erythropoiesis. 20 19. A nethod according to claim 17,
malignaher dicn-thdiessdEG dysts {Hreis] edly lapeminef grhmatofity sdnsoia associated with
30, 000 Daltons. 20. A pharmaceutical conposition
chronic mflpmiratongditdase; cpimplaonidniofy; elete hloddloan dgiag; aBéneoplastic disease states
pharmaceutically acceptable carrier. -103 WO
accomBaetl tyGibb@thaREThtdpaiedst/ 014889 21. A phar maceuti cal
conmposition according to claim 20, wherein the PEG has
a nol ecular wei ght of about 30,000 Daltons. 22. A
conmpound that binds to and activates the
ee§t hr apoéthdd stcordine pt daim(2EPGhaR)in thetPEEhhas 5 mobaepleunieight of about
conprises a peptide dinmer having the fornmula: O
30,000 BadBh&L YACHVGPI T( 1- nal ) VCQPLR(MeG)-NH NH2 NH 0 O O N
" "AEG OY NH (AcG GLYACHMGPI T(1-nal ) VCQPLR( MeG) - HN
NH2

27. A pharmaceutical composition comprising the compound of claim 22 anda

pharmaceutically acceptable carrier.

28. A pharmaceutical composition according to claim 27, wherein the PEG has a molecular

weight of about 30,000 Daltons.

29. A compound that binds to and activates the erythropoietin receptor (EPO-R), which

compound comprises a peptide dimer having the formula:

|
(AcG)GLYACHMGPIT(1-na1)‘\%QPLR(MeG)_NH Nu” SO—PEG
0]
o
(AcG)GLYACIHMGPIT(l-nal)V(I:QPLR(MeG)-HN NH—\_ /

O
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O where (i) in each peptide nononmer of the peptide
dimer, each amno acid is indicated by standard one
wo eaoanico@bbr evi ati on, AcG is N-acetyl gl yci ne, PAT/AURZN4/014889
i s 1-napht hyl al ani ne, and MeG is N-nethyl glycine; 10
(ii) each peptide nononer of the peptide dimer
wherecont ai ns an i ntranol ecul ar di sul fi de bond betvveen the
two cysteine (C) residues of each nmonomer (iii)
() in eaghrpentide sionomhyried the pentide dimencachrmigerdid/is drlkicated Py @ﬂandard one letter
nmol ecul e havi ng a nol ecul ar wei ght of about 20,000 to
abbrevighiontAcqDis Do@etvtdlycines | -nalds Draphiiy %@Wmmé Mestis Mmﬁf@ylgkycme;
claim 22, wherein the PEG has a nol ecul ar wei ght of
(if) cachinspiide r3@00E00fkE pepfids dimerkgyiainyyn PEBUlseBdEultide bond between the
PCT/ US2004/ 014889 24. A method for treating a patient
two cyligipe g) rasidies of el mePRMACt eri zed by a deficiency of
erythropoietin or a | ow or defective red bl ood cell
(iti) PR permpsiseomlineptinbranphed Refoctbdmsralywekmalgerinhaying e mpelequisr weight of
the patient a therapeutically effective anmobunt of the
about%Qa(DﬁQdunbp%ﬂOQQOdDai’qozsz 5 25. A nethod according to
claim 24 wherein the disorder is selected fromthe
group consisting of end stage renal failure or
di al ysis; anem a associated with AIDS, auto imune
dB8easé mnpaundmbqrglna tcojeimB8t wherdim the PEEHag 2 meyestlpicweight of about
fibrosis; early anem a of prematurity; anem a
30,000Batvos.at ed with chronic inflammat ory di sease; spinal
cord injury; acute blood |oss; aging; and neopl astic
di sease states acconpani ed by abnor nmal
eryt hropoi esis. 10 26. A nethod according to claim 24,
wBér ei i mithodfeCrérting apatishiduuing e diseidghehageteridsd by 2 deficiency of
30,000 Daltons. 27. A pharnaceutical conposition
erythrqutm ios tay ertiefectineped bicbdofell pbrilatior wlidehimethod|@mprises administering to
pharmaceutically acceptable carrier. 28. A
the patidnain thecperticalyl effeotimsegiotitof the cowpaiind gf ¢lainci%i m 27,
wherein the PEG has a nol ecul ar wei ght of about
30,000 Daltons. 20 29. A conpound that binds to and
activates the erythropoietin receptor (EPO-R), which
c 8&pourdmetbodacearding o gamtIldehettimise diserdprrig) seldstedformiie aroup
O (AcG) GLYACHMGPI T(1-nal ) V QPLR(MeG) - | am NHAO PEG
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.

33, A method according to claim 31, wherein the PEG has a molecular weight of about

30,000 Daltons.
34, A pharmaceutical composition comprising the compound of claim 29 and a

pharmaceutically acceptable carrier.
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OO (AcG GLYACHVGPI T(1-nal)V i QPLR(MeG) - HNT NH ~~ -
105 WO 2004/101606 PCT/ US2004/ 014889 where (i) in
weawh/1pepé | de nmononer of the peptide dinmer, eartT/aRt000014889
acid is indicated by standard one letter
abbreviation, AcGis N-acetylglycine, -nal is
_B&pht Hyphatreaseisal camposifien ap@r%ngi’@tcﬂﬁ}méﬂwh%n the iPiE? has a molecular
each peptide nononer of the peptide dinmer contains an
weight oftabentdD.£6QDalfongli sul fi de bond between the 5 two
cysteine (C) residues of each nmononer (iii) PEG
conprises a linear unbranched polyethylene glyco
nol ecul e having a nol ecul ar wei ght of about 20,000 to
aBéut 40cnoumkhatdings tozd agtivetsaiie enthrercisindsqipior GPO-R), which
claim?29, wherein the PEG has a nol ecul ar wei ght of
compaubé aemprises BeEpOG0limel hewing theformule: ret hod for tr eat | ng a
patient having a disorder characterized by a

deficiency of rEL¥LhLDp;;ftin or a | ow or defectlve

red bl ACHRaR@LLIRRoPMR 1l hod conpris

adninigge ?ﬁ% to tﬁz atﬁ%nt a )nﬁhapeuticall PEG

ef fective amount of the compound o ckﬁin129 32. A
e disordgr is

nmet hod according to claim31 wherei
0 nd stade renal

?Z:Fa@§98$gﬁgithe r éﬁgﬁﬁ§R§@§%ln tod i N DS, auto

i mrune disease or & mal | gnancy; beta-thal assem a;
cystic fibrosis; early anem a of prematurity; anem a
associated with chronic inflannatory di sease; spina

(1) in 8aclil é)eét{]deu [oh mgrcolfgg p%}étﬁl% %114169363& c1d &N 1&?&pdy%§aﬁqhﬁd one letter

conpanie nor na

abbrev1 hAQ@?%ﬁ%@églﬁ ne, {\ngﬁei tﬂ?l%ﬁmﬁ?ﬁ:ﬁ&[rgﬁengmdt e E)s‘r’}‘ﬂ-tmeﬁ&lglycinej

as’a nD wel ght o

(ii) eac%g E%%%Qe r[r%grllc}n?eg 3f thgﬁ_gg ée %}éj)&% aﬂ?%ﬁ g‘gllaglﬁ 50@8‘@&%&%‘8& between the
ier. - 106 WO

twocg;arqﬁgfﬁﬁ]&aéﬁ%hgfﬁgﬁégl4§8§agg{eg phar maceutica

2 EETHRBo b AR B AR BB g MG P BB o

about 20,000 to about 40,000 Daltons.

where

37. A compound according to claim 36, wherein the PEG has a molecular weight of about

20,000 Daltons.

38. A method for treating a patient having a disorder characterized by a deficiency of

erythropoietin or a low or defective red blood cell population, which method comprises administering to

the patient a therapeutically effective amount of the compound of claim 36.
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36. A conpound that binds to and activates the
erythropoietin receptor (EPOOR), which 5 conpound
weowpnises a peptide di mer having the formnul a: POT/US2004/014889

(AcG GLYACHVGPI T(1-nal ) V QPLR(MeG) - NH NH) ~PEG 0
(AcGQ GLYACHVPI T¢(11 nal )V QPLR(MeGQ - HN NH- N~, ~ where
(B9: | nAenghodreprilidgtorpirin 8 whereirt the digasperiitielegedhiion thaggup
amno acid is indicated by standard one letter

consistutgufevd stigearenal A GeiosdiNlysieangthiglagsobinied with AdIPS jagto immune disease or 2
1-napht hyl al ani ne, and MeGis N-nethylglycine; 10 (ii)

maligneagh bpephilabecninvystisfibosist ¢rely peqptik dEprdintity c8IMig J5e0ckyed with
i ntranol ecul ar disul fide bond between the two o

chronic yrglemimary Gcase spidelesrdofiuaa chutrbleodisss; ging; yangpggplastic disease states
conprises a linear unbranched polyethylene glycol

5  accompaliethyl abnérenal enggheepeiediecul ar wei ght of  about 20, 000 to

about 40,000 Daltons. 15 37. A conpound according to
cl ai m 36, wherein the PEG has a nol ecul ar wei ght of
about 20,000 Daltons. 38. A nethod for treating a
pdd.i entA mahm&ﬂgchndg toonladenr3 Sciharein therAELelths pynodecular weight of about
deficiency of erythropoietin or a |ow or defective

20,000 Baltdpb.ood cel | popul ati on, which nethod conprises
admnistering to 20 the patient a therapeutically

ef fective anount of the conpound of claim36. - 107
WO 2004/ 101606 PCT/ US2004/014889 39. A nethod
10 adtor difnghatmaceiltizilreo@gositirmrcomprisingthel ceronayad of daimaivand ad

fromthe group consisting of end stage renal failure
pharmaceuti¢adlly pedeptpblapmniera associ ated with Al DS, auto i nmune
di sease or a nmalignancy; beta-thal assem a; cystic
fibrosis; early anem a of prematurity; anem a
associated with chronic inflanmatory di sease; spi nal
caed i o piraymacadistleotnbomitibnl aossding i ot 4dnhencn Fheel’@ﬁ has a molecular
di sease states 5 acconpani ed by abnor nal
weigheofiabbut@p®0@Brlsons.40. A net hod according to clai m 38,
wherei n the PEG has a nol ecul ar wei ght of about
15 20,000 Daltons. 10 41. A pharmaceutical conposition
conpri sing the conmpound of claim 36 and a
pHar maceednpoatd tatdicie pt aildlastietes theerythrdpbietiy receptor (EPO-R), Wthh
phar maceuti cal conposition according to claim41l,
componné cemprisehepdpli® dimsr mvinglteciotnarda: wei ght of about
20, 000 Dal tons.

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

WZ%JJKJA}HI —["PEG"]

NH

(AcG)GLYACHMGPIT(1-nal) VCQPLR—HN" j~NH2
0
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15 43. A conpound that binds to and activates the
erythropoietin receptor (EPO-R), which conpound
wa@onpridses a peptide di mer having the fornul a: PQI/US2004/014889
(AcG GLYACHVGPrr (1-nal ) VOQPLR-NH NH2 NH 0 O N
NH["PEG'] OJ NH (AcGG.YA C HVMGPTT(1-nal)V C
wherei@PLR- HN NH2 O - 108 WD 2004/ 101606 PCT/ US2004/ 014889
wherein (i) in each peptide nononer of the peptide
(i) in egéhrpeptidegaariomandfiies roiidt dimer, eath eminedcidys idigaerhpyostandard one letter
| etter abbreviation, AcGis N-acetylglycine, and
abbreviatingl AdGsis N-avetyleiieine adnd Aimabis 1(maphthdaletingyept i de nononer
of the peptide dieter contains an intranolecul ar
(if) eadtipeptideingbmotverd thsatepldsrliméraontsing swintgrselequins disgfide bond between the
resi dues of each nmononer (iii) ["PEG'] conprises at
two cyktems (C)regidues pfccach modopest hy| ene gl ycol (PEG noieties
l'inked at a single point of attachnent and having a '
(iii) [“BB@EHicomgrisee hideagt tavo linedr gblyetbflerenghysol PEC) 0Wicties kiked et a single point of
60, 000 Daltons. 44. A conpound according to cl ai m43,
attachmire ped mvegelroRBEG:dmeleenlaryteight pabowid 0 §AP toboui®¥00 Datjons.
20,000 Daltons. 45. A nmethod for treating a patient
having a di sorder characterized by a deficiency of
erythropoietin or a |ow or defective red bl ood cell
péful atAl wmpowtdiactording tathindApwieses eashl RERihes @ molegulpigveight of about
the patient a therapeutically effective anount of the
20,000chsipasind of claim43. 15 46. A nmethod according to
claim45 wherein the disorder is selected fromthe
group consisting of end stage renal failure or
di al ysis; anem a associated with AIDS, auto immne
dis.easa methal foredatipmapatient Hazing 2 divaidersebenavtarized Py midgficiency of
fibrosis; early anem a of prematurity; anem a -
erythrapmatiaions kol avidefectivemeddriow dell pbutatian.orhjichohgbedempsigispgministering to
cord injury; acute blood | oss; aging; and neopl astic
the patiérss @ #senpaittealiyseffective amount of the compound of claim 43.

46. A methéd according to claim 45 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 preniaturity; anemia associated with
chronic inflammatory disease; spinal cord injury; acute blood loss; aging; and neoplastic disease states

accompanied by abnormal erythropoiesis.

47. A method according to claim 45, wherein each PEG has a molecular weight of about
20,000 Daltons.
48. A pharmaceutical composition comprising the compound of claim 43 and a

pharmaceutically acceptable carrier.
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20 acconpani ed by abnormal erythropoiesis. 47. A
nmet hod according to claim45, wherein each PEG has a
woredogacdeas wei ght of about 20, 000 Dal tons. 25PdBUSA04/014889
Ppharmaceuti cal conposition conprising the conpound of
claim43 and a pharmaceutically acceptable carrier.
- 199 WO a0t 0itECemMPETdySe@odinibABE9 48.9vherein each PEG has a molecular
phar maceuti cal conposition according to claim 48,
weightfebait 30,6¢(tPalPEG has a nol ecul ar  wei ght of about
20, 000 Daltons. 50. A compound that binds to and
activates the erythropoietin receptor (EPO-R), which
5 conpound conprises a peptide di mer having the
f 60.1ul 2 co@poynidiBt BindA LR tivetes thapmmqapwepmmﬂﬁzm which
NHO (r)" PEG OONH O- H\pEG NH ~r
5 compquAd QuEr¥ACGHKWERIcTitmentaviny GefoRule G) - HN NH2 o where (i)
in each peptide nononer of the peptide dinmer, each
amino acid is indicated by stahdard one letter
(AQEWWEMQ?WH&@@C@LWQ%W? ine, 1 -nal is 1
-napht hyl al ani ne, and MeG i s met hyl gl ycine; 10 (ii)

each peptide nmononmer of the tide dimer contains an

i ntranol ecul ar disul fide bond etvveen the two

cysteine (C) residues of each N g (i || PEG o. ,PEG
conprises two |inear polyethyl en %

moi eti es having a conbi ned nol ecul .af\a))eqt/NH

10, 000 to about 30,000 Daltons. 1. A co oundPEG
according to claimb50, wherein each PEG has \"/

nol ecul ar wei ght of about 20, 000, Tl t ons. o)

(AcG)GLYACHMGPIT(1-nal)lVCQPLR(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, 1-nal is 1-naphthylalanine, and MeG is N-methylglycine;

10 (i) each peptide monomer of the peptide dimer contains an intramolecular disulfide bond between the
two cysteine (C) residues of each monomer
(iii) PEG comprises two linear polyethylene glycol (PEG) moieties having a combined molecular weight

of about 10,000 to about 30,000 Daltons.

15 51. A compound according to claim 50, wherein each PEG has a molecular weight of about

20,000 Daltons.
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- 110 WO 2004/101606 PCT/ US2004/014889 52. A nethod
for treating a patient having a disorder characterized
whyooa/10shHé ci ency of erythropoietin or a | ow OPCT/US2004/014889
defective red blood cell population, which nethod
conprises admnistering to the patient a
t B2 r apauhdtiosl foytreafifige pitivet havingia tisorflertcheracienigsd by @ deffciency of
claim50. 5 53. A nethod according to claimb52 wherein
erythrdpotetia bisolover défective reddflad ctlil poputatien, grhiymethasiromprises gdroinistering to
end stage renal failure or dialysis; anem a associ at ed
the patidnt HithédapSficalyteffedtivenameurd 0§ ha senmundof agimiS§nancy;
bet a-t hal assem a; cystic fibrosis; early anem a of
prematurity; anem a associated with chronic
i nfl ammat ory di sease; spinal cord injury; acute bl ood
| 63s; ayathpd aredrdingdptlamt $witiree ths disotdat ie selected from the group
acconmpani ed by abnornmal erythropoiesis. 10 54. A
consistitg ¢fedd stageoehl fajjuteor diabysin Bemiawnkreriaied with D PEGHdgwnuse disease or a
nol ecul ar wei ght of about 20,000 Daltons. 55. A
maligrphay; reeceahdlissaia;cystipdiresisperrlyanpniz of prgmethatyc aepdrasepcited with
claim50 and a 15 pharnmaceutically acceptable
chronic aflamematorpdiseade; phmpltackinjuiys alcute blvpd bist; iaging;aod veaplastie digease states
cl aim55, wherein each PEG has a nol ecul ar wei ght of
accompixded by20n&6@1 dgthtopoissis.20 57. A conpound that binds to
and activates the erythropoietin receptor (EPOR),
whi ch  conpound conprises a peptide di mer having the
formula: -111 WD 2004/101606 PCT/ US2004/014889 O
( A¢.G) GAYACGHGRLd(lihg had3vCRPIRIrdE G)chMEGNIR a nigi¢colaOveight of about
NH NOPECK i9H(r) NHY PEG 0 (AcG GYA
20,000HMBRIT( 1- nal ) V QPLR( MeG) - HN NH2

55. A pharmaceutical composition comprising the compound of claim 50 and a

pharmaceutically acceptable carrier.

56. A pharmaceutical composition according to claim 55, wherein each PEG has a molecular

weight of about 20,000 Daltons.

57. A compound that binds to and activates the erythropoietin receptor (EPO-R), which

compound comprises a peptide dimer having the formula:
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O wherein (i) in each peptide nononmer of the peptide
dimer, each amno acid is indicated by standard one
wo edota0160&6 abbrevi ation, AcGis N-acetyl gl yci nECT/aRZI04/014889

1-nal is 1-naphthylalanine; (ii) each peptide nonomer
of the peptide dinmer contains an intranol ecul ar
di sul[T1de bond between the t cysteine (C residues

(AcG) @Y AFBCHTH A SRRYCQELR(MePEs N&@s two |inear
pol yet hyl ene gl ycol (PEG noi\eties having a conbi ned
nol ecul ar wei ght of about 10 000 to about 30, 000
Dal tons. 10 58. A conpound according to claimb57,
wherei n the PEG has a nol ecul & ght of about
20,000 Daltons. 59. A nethod for [treating patient g
havi ng a di sorder characterized by ™ ' S GI~I5MN_ 0-PEG
erythropoietin or a | ow or defecPiye re | opd cel | \ﬂ/
popul ati on, which nethod conprises) adm ni st eNHQQ t@® o
the patient a therapeutically eff i ve amount {f thec
conmpound of claim57. 60. A nethgd accordi ng toOclai m
59 wherein the disorder is sele¢ted fromthe group
consi sting of end stage renal ilure or dialysis;
(AB®GLEACHMCOITa- @I VEQPIR MEGS; MU o NEaune di sease or a
- 112 Wo-2004+164806 PCT/ US20G%/ 014889 nal i gnancy;
bet a-t hal assemi a; cystic fibrosis; early anem a of
prematurity; anem a associated with chronic

whereinnf | ammat ory di sease; spinal cord injury; acute bl ood
| oss; aging; and neoplastic di sease states

(i) in ACCHpRéNhetnRy ofthapepiidd dieey tivhapdiossidss inBicated bAstamlatioure letter
according to claimb59, wherein each PEG has a

abbreviimtlor CAKGATs Nasdegidly diie, adablital is20npbDylBlahingns. 62. A
phar maceuti cal conposition conprising the conpound of

(ii) ea€ Rptideaordadr 6f thopeptidadimet dootalns yn atrempleairalismifideibend between the
10 63. A pharnmaceutical conposition according to claim

two cyiRineWpesithies @A edeh Riotothas a nol ecul ar  wei ght  of about
20,000 Daltons. 64. A conmpound that binds to and

(iii) PBG konigisesStviolme@rpolyethglens gydoh(FBE) eptiaies h4R@ aRombiskd olelecular weight
15 conpound conprises a peptide diner having the

of abou10000036 atidut 30,000 Daltons.

58. A compound according to claim 57, wherein the PEG has a molecular weight of about

20,000 Daltons.

59. A method for treating a patient having a disorder characterized by a deficiency of
erythropoietin or a low or defective red blood cell population, which method comprises administering to

the patient a therapeutically effective amount of the compound of claim 57.

60. A method according to claim 59 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

-112-



(AcG GLYACHVGPI T(1-nal) V QPLR(MeG) - NH NH2 NH~O OPEG O
O NNH-,~~\~~~NH Oy "PEGNH O (AcG GLYA
wWolRBRhTi60e nal) V QPLR(MeG - HN NH2 O wherei n (i pCT/DSBa0b14889
pepti de nmononmer of the peptide diner, each am no acid
is indicated by standard one letter abbreviation, AcG
malighagoyt betrethglpsgbyie) ovstic fbrosig parlysngmia ed pierhiprisy; apanHe assegigded with
MeG is N-nethylglycine; -113 WO 2004/101606
chronie@Tlay8RO0Y 948 8Pinal ¢ard injiays Hacple pldod dospgipgeand @ponlastic disease states
peptide dinmer contains an intranol ecul ar disulfide
accoriparrierl tietbnerars! erythropoiggis.cyst ei ne (C) residues of each
nmononer (iii) PEG conprises two |linear polyethylene
gl ycol (PEG noieties having a conbi ned nDIecuIar
wei ght of about 10,000 to about 30, 000 Daltons.
5 A 63 onp dumethed aeserdingdo elaimei%avherein caqhiGehas aé%f&WHPE@elﬂla@f about
a nol ecul ar wei ght of about 20,000 Daltons. 66. A
20,00¢Peltand. for treating a patient having a disorder
characterized by a deficiency of 10 erythropoietin or
a low or defective red blood cell popul ation, which
met hod conprises administering to the patient a
t 168r ap upliapatdeyticat fomppsitien cempising B coteoved apdaird 'ond a
claim64. 67. A nethod according to claim®66 wherein
pharnepeutichllyaretprablesarsiet. ect ed from the group consisting of
end stage renal failure or dialysis; anenm a associ ated
10 with AIDS, auto inmune disease or a 15 malignancy;
bet a-thal assem a; cystic fibrosis; early anem a of
prédmat Uk phaymacentiesl eoneesitier aseadingia HaigHiZowherein cach PEG has a molecular
i nfl ammat ory di sease; spinal cord injury; acute bl ood
wdgﬁogépwé@ﬁﬁglmﬁmu‘neoplastic di sease states
acconpani ed by abnormal erythropoiesis. 68. A nethod
according to claim®66, wherein each PEG has a
nol ecul ar wei ght of about 20 20,000 Dal tons. 69.
pHdr macke ceripahd thettpadsite igrecidatny rche@m@ror)mtlrcr@mm ﬂ%PQyR) which
claim64 and a
15  compound comprises a peptide dimer having the formula:

0
(AcG)GLY ACHMGPIT(1-nal)VCQPLR(MeG)—NH NH2

NH_ 0 PEG
T 9 >
o NJK/\NHJH‘\\\\/\/NH
HN PEG
w T

(AcG)GLYACHMGPIT(1-nal)VCQPLR(MeG)—HN"~ )—NH2
A 4

wherein
(i) in each peptide monomer of the peptide dimer, each amino acid is indicated by standard one letter

abbreviation, AcG is N-acetylglycine, 1-nal is 1-naphthylalanine, and MeG is N-methylglycine;
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pharmaceutically acceptable carrier. 25 70. A
phar maceuti cal conposition according to claim 69,
wob@ernadrsoeach PEG has a nol ecul ar  wei ght of abOTUS2004/014889
20,000 Daltons. - 114 WD 2004/101606
PCT/ US2004/ 014889 71. A conpound that binds to and
(ii) eagharepiidet raenomiseolhy pdptidpdimet dontaine e ntremole gt Ry Ifidg Aprd-between the
conpound conprises a peptide dinmer having the formnul a:
two cygieing ACGeGilncACHPASPRIPdmaTal )V QPLR NH NH2 NH 0 O (r) N
fl".AOPEG Y NH (AcG GLYACHVGPI T(1-nal)V C QPLR-HN
(iti) PRHeomi@isEs trtedinedrrpolyethylere siveoh(BEED miothsienpvmgarcoppingdmolecular weight
pepti de dimer, each amino acid is indicated by
of aboyt {8 telabone30,@WO0Rattonsabbr evi ati on, AcGis
N-acetyl glycine, and 1 -nal is 1 -naphthylal ani ne;
(ii1) each peptide nononer of the peptide diner
contains an intranol ecul ar disulfide bond between the
t Wo cy <t @mpouldi)ccerding tudsmdh, whestin rashdWerhag @ molsoplpr weight of about
conprises a |linear unbranched pol yet hyl ene gl ycol
20,00 PE@ps.noi ety having a nol ecul ar wei ght of about
20,000 to about 40,000 Daltons. 72. A conpound that
binds to and activates the erythropoietin receptor
(EPO-R), which conpound conprises a peptide diner
h&6¢i ng A methbdfomtreaiing a patiest hayyde 2034yde0d8@6terized by a deficiency of
PCT/ US2004/ 014889 O (AcG GLYACHVGPI T(1-nal) V QPLR- NH
erythrogidietinlidr ©lo® erfefscting ridi-blood cell population, which method comprises administering to

the patient a therapeutically effective amount of the compound of claim 64.

67. A method according to claim 66 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
c;hronic inflammatory disease; spinal cord injury; acute blood loss; aging; and neoplastic disease states

accompanied by abnormal erythropoiesis.

68. A method according to claim 66, wherein each PEG has a molecular weight of about
20,000 Daltons.
69. A pharmaceutical composition comprising the compound of claim 64 and a

pharmaceutically acceptable carrier.

70. A pharmaceutical composition according to claim 69, wherein each PEG has a molecular

weight of about 20,000 Daltons.
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OY HH)r(r)-PEG NH 0 (AcG GLYA HMGPI T(1-nal ) VCQPLR- HN
NH2 O wherein (i) in each peptide nononer of the
w@epkilosoeli ner, each am no acid is indicated bRCT/US2004/014889

standard one letter abbreviation, AcGis

N-acetyl gl ycine, and 1-nal is 1-naphthylalanine; 5

(ii) each peptide nononer of the peptide diner

contai ns an intranol ecul ar disul fide bond between the .

t#b cydtempeunddhat biuds i@ gad activatesibp erytheneistin rgopptyr (BEG:R), which

conprises two linear polyethylene glycol (PEG noities
compokad ¢amgprigescaonebiideetimerdlasing thaformwiaght of about 10, 000 to

about 60,000 Daltons. - 116 o

—
(AcG)GLYACHMGPIT(l-nal)VéQPLR—NH N2

(AcQ) GLYA(IZHMGPIT( l—nal)VCIJQPLR—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 a linear unbranched polyethylene glycol (PEG) moiety having a molecular weight of

about 20,000 to about 40,000 Daltons.

72, A compound that binds to and activates the erythropoietin receptor (EPO-R), which

compound comprises a peptide dimer having the formula:
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[ ) 0
(ACG)GLY ACHMGPTT(1-nal)VOQPLR-NH NH?2

NH O -
\ﬁ o o o. O—PEG
HN_ _o—PEG

(AcG)GLYACHMGPIT(1-nal)VEQPLR—HN" )—NH2
o}

wherein

(i) in each peptide monomer of the peptide dimer, each amino acid is indicated by standard one letter
abbreviation, AcG is N-acetylglycine, and 1-nal is 1-naphthylalanine;

(ii) each peptide monomer of the peptide dimer contains an intramolecular disulfide bond between the

two cysteine (C) residues of each monomer

(iii) PEG comprises two linear polyethylene glycol (PEG) moities having a combined molecular weight of

about 10,000 to about 60,000 Daltons.
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