WD 2004/ 022577 PCT/ US2003/ 028073 LONG ACTI NG

ERYTHROPO ETI NS THAT MAI NTAI N Tl SSUE PROTECTI VE
WQAADNRIFY7 OF ENDOGENOUS ERYTHROPO ETI N CROSS- REFERENEER8073

TO RELATED APPLI CATIONS This application clains the

benefit of U S. Provisional Application No.

60/ 409, 020, filed on Septenber 9, 2002, which is

incorporated in its entirety by reference herein.

FIELD OF THE | NVENTI ON The present invention relates

relates to Iong actlng ery{hropoietins that are

chem cally nodified in a way that increases the serum
CROSSIREFERHICE Y0 REIATED AP FLRA TGN 32”6Tﬁ2°fo ective
Ty gptlicatioradisims thebakeBsoft16.St Pﬂ@VIS[cmaI Applicatibn Noe6h/40%B0RD, filed on

anem g..re ed. di seas mnth t

Septennt@ Jy H0GpB Ry HECBPoRTEan S S HEERPIG R nal | y,
the present invention is directed to assays useful in
the determnation of whether an erythropoietin

FIELD | rotective capabilities. BACKGROUND OF

eﬁrﬁﬁ’egﬁg’]@agg#}%éﬁé? 1 ég g&c %e%%tg.%) ?)ie’uﬁg ﬁu&?%{; t%geously maintain

tissue prote@ e fhabilliticaier imbdi fitibh. VRI partkiteg@e QﬁésSntEB@ntlon relates to long
i ncludes 165 am no acids and has a nol ecul ar weig

acting epyithroppiglisibat a9 chepueallyznodibel g Wolhet ingreats ﬂ%fa’ilef@h Ralf-life but also
mamtanﬁ_qﬁe g%(SXlg 9?‘(}{%’[1{\7@ %ﬁr%'ti? t’@g Ilegtﬁr g&@fcﬁhzg%s "ﬁlte %senttlﬂ%%‘ﬁon also

L

one acchari de chai ns,
relates tb ﬂ&ﬂfmﬁnéﬂtef fumemialaod inefia pedated diseasts Witk thedbmg mtmg&:rythropmetms of
al weig The N-Ii nked oI| sac aride chains ar .
the pres% ﬁ@s@&u? E]ﬁlfl](]pé t]izﬁ Er,eg‘&gwgelgpn 1 gg‘qor?ésaé(f: u IR termination
, a;g? sacchari de
OfWha%égP%%F%%ggﬁggGM?%ﬁf%%&%g§§%%n a a]imhltelgé’(s?erine resi due
| ocated at position 126. The EPO protein may occur in

BACK&”&%&%E&H}?MENTI Elg asialo. The a and a forms

the—safte-pororey, bl ol ogi cal activity, and

WL REuYRE 8P EndoBettous @fyftﬁrﬁ?m@ﬂlﬂ CGHHOMs b Blylcbrotein hormone produced
carbo ydr at e conponents, e the asialo formis an a

mainly imrthglivesy fndpgancousdEPQ mc]rﬁdﬁsaw%m@[np @cigs pid has a molecular weight (in
) \ Ny cl pi
humansi gtaabgﬁp ﬁf(ﬁj 6(?6 &)a 8 gggr%é(ﬁ)% daié%é. iTéle% O)?cgg)(ﬂf?srl]&%g ﬁgfétr){j’ ‘%/VVIR cﬁ consist of
three N—@ﬂiﬂaﬁf andgfrﬂ\@—ﬂlnkamllgro%cbmrﬁfeicﬁhihataee igponpibtd fof aba@it U0 MPercent of the
mat ur ati on_ of responsi ve bone marrow, eryt hroid

protein’ wqg%llyyg&m dee Nslimked obgrsrechapdg ghaipgare pandad: tg amide mtrogens of
asparag@]@@% (hts 2Q1p§8jl_ﬁrﬁf§3 %ﬂml hlﬂkélpghéogﬁkh aﬁ&gf E&Qied to the

prfocess produc ng t
oxygen aethk serirg resaﬂlheeldcaéc@atlpoenpon é% sTheWRPQ lprcvt&nanaamccur n three forms: o, £,
. OO 022577 .PCT/ US2003/ 028073 S controll.ed
and sl 9 B & ST GRANE SHRT RSO I 4 e ap cgtar weight,but

differ sl[g%@iyli’lll R afRhl @ afeQomPoARR, whill SRRiQ FERa bh @Rdr WifbMOWith the
i mpédi ng circulation. For exanple, when oxygen

terminal giglf (cawhy@atebre@med cells is reduced, EPO will
Qgﬁ]\}%?es t%g Iblll’lg Sﬁia fﬁg tionRF gﬁi(ijo ge IGOQIS %¥Oslg tonyct %% COI}]%GII(Z Q/?th other

growth factors to stlmulate the proliferation and maturation of responsive bone marrow erythroid

precursor cells and maintain an individual’s hematocrit (percent of whole blood that contains red

blood cells). The process of producing the red blood cells is called erythropoiesis, which is a
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precursor cells in the bone marrow into mature red
bl ood cells, which are then released into the 5
w@eeosntzari on. When t he nunber of red bl ood cel PEI/US003/028073

circulation is over that needed for normal tissue

circulation, EPOin circulation is decreased. Thus,

when the body is in a healthy state, EPOis present
precisely SonfBivd OV AORCA M cRRl AR Mot SpBBehe sithibERof 2 blood cells for proper
tissue oxyegbhasioh ggthonompeding citaolatdn. fregampleawhen G&BEeh a’a@pgrt by red blood

cells s 81RO PR erivee ey ol albtion Restiagond b Speppion of

precursdeRES i theBore MR vl b matu@red ®$sodWellk vitilely are fthihGeleddRd into the
such as in chronic renal failure CRF) results in

circulatippp ¥hea gheprusehes of td tgodmptls Hrfircsiation is ¢vea st nesdag fysingrmal tissue
nem. a
cuculatlg%nrﬁ(ﬁ(?lmoéégcu? t1og i %eg%ég%di thﬁlug &ﬁe%%@g%ﬂm 55 géﬂétgl sta gPO 18
present iM \Iehy Iohesactdtiaiess@plassisC Whizh ichefioibian aﬁmﬂaﬂ'dmﬁ,acéﬂnfmt of red
mnistration of _reconbi nant. EPO (dlscussed in H?.
blood C"d]étl%ﬁt porgallyioughiicing. RAsma i kevels apryalbangsfsem 0.01 Units/ml to
003Uhgyﬁhog|cal 15 effects as endogeneous EPO, has been
roven useful in restoring hematocrit levels in
Gn’eln thad thalksdnsiy tpnodud ecthe &mgmhty efithb [EP6xfoc eh I1mi1v1ﬂ1ual the loss of kidney

tion to rec an aole in
function, giegy 51 PEOPB GG LH BT (GG ORGPPSO R g AEFP QAR ofen
leads to Eﬁéﬂqﬁaglrﬁﬁﬁ{y WagHiatrRaybeaat fréif btk eRdniec@ohditiBNE kSchMsicBiicer, or
to el ective 'or schedul ed surgeries, thereb redu0|ng

treatmengs assbéinted atithrihesednaseasdsuch as ehamestthesepys | Hoe. theadministrafion of

recomblgalitﬁﬁ (d&scHEseHb %nggt 1 alﬁ%eq&%)a %lchtzl%rs gg%gtg}lltlﬁfé}? %%%allng biological

effects BlenPedcNOGRENT, 0k b pbedchssfupl rgstosiiig hemaoetes&]s in individuals with

: rellglous restrictions regarding bl ood transfusions.

decreaserd el RlodiselS: several |ines of recent evidence suggest

%ﬂﬁ'ﬂmﬁﬁ% re%%m%l {) ngletIH ﬁlaﬁﬁlﬁﬁi’ rh% a‘?b%ﬂ?fe(r c#]r%hromc conditions,
as ot her 1 npor ant herapeuti ¢ at buit es,
recombﬁli&ﬁtl ERGHad beenugdl to bbestaed blood wvéll llevell; pﬂoﬁB@elcEm@m soheduled surgeries,

(EPOR). For exanpl e, ' EPO and tor na
thefebyf‘?@f:‘é%é’ﬁ@ iyogjaging fiepised i EHse hE?OfH P3P0 Bs&tgfle0 may be
administdd&d forHdBfRCLdRBrR GH MR Bk ﬁ?@qﬁ@&ﬁlﬁg a R/?tﬁ? Bt fﬁhc%‘éﬁ YiofEBe blood
conpensatory responses that serve To inprove hypoxic
supply, oetd adideess religrone me:smcrbmnerﬂgarda& bledd trassfusrmodul at e
P ranned C stress

TIRTey f,egﬁ{ai 1&% r%cﬂlg%m(i %%gest%gagl %354 weg}ber Of the cytokine

sup erfaﬁlﬁ? GRE oflRY EnSeRef Bletlpe@ideiibafs achial aﬂelmédﬂat&ﬂtlﬁ(ﬁfgﬁent@factlon with
bei ng and increased nental acuity foll ow ng

the EPQ regentoe(iPOnR)-hF ersample, BPPead 1tg reogpistiglay phaytan ipppdant fele in
attenuatrp S s@@é k bgcdugg e qﬁtg&c c% ln;;h Igd) bnd fﬁt% %ht Browdes
ese | nprovenen ave een attri ed to

compenE:E&}&eipo&mehﬂrseﬁve ¢d nmﬁov@]mﬁm&mﬂuiangn@bémmbﬁmeﬁsas well as
ol o RBeR £ Rk PEREY BATE0oNe 1 20D ‘el on el
i ERRAORTFL 2 OB 3t TS0 90 s
mental aahity folidveing treEREntrwith EIPEs gn tffect iprevamislytdtibdted tathe patlent s increased
hematogt%;i . S gglreﬁ(gx%{lfgv%r gtﬁeesgi% llé)léflgr%{rﬂ:‘l]tg %Eggeen a&nﬁlﬂed E) 19?(9' s tissue protective
and enhancing effects, as discussed in International Publication No. W0/02053580 and U.S. Patent
Publication Nos. 2002/0086816 and 2003/0072737.
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receptor. As such, an anatom cal basis for
receptor-nedi ated transcytosis is provided fromthe
w@eeodpresral circul ation into the brain. 5 Recordi/nsawn3/028073

EPO (epoetin alfa), which has been commercially
avai |l abl e under tradenanes PROCRIT(r) (from Otho
Biotech Inc., Raritan, NJ), and EPOGEN(r) (from Angen,
Rddent:stubiid Lé?s]%r}five %%stemat sﬁ%ﬁ1$h@l§rrbdﬂﬁlﬁ§’tefeﬁ EP'Cﬁﬂltay cross the intact
anem a resulting om end stage rénal disease,

blood braindmtridrbetaund thetcayplllagest foeming thedeodiseh bamezrcaﬁﬂoeixprm th EPO

e B A ST S YRGS RRLTR 1 com e

penphelﬁf(flﬁ;gtaﬁ()@fmd; %q;mhnant EPO are nunerous, to date the
IE“ nci pal 10 application of reconbi nant EPO has been
OBt eBisEPQ keroniie ainerthish bpnbeericompregeinldy a\rael@blﬁtynﬁ%mtadenames

PROCREIF@ \;\% t(%ﬁl 2%8 e\élﬁ%‘? Ega{rﬁ% ) eg Hi] rl?gg)éﬂﬁ@ &%g fInc., Thousand

Oaks, CADMak b&nusbdtoctr@in bnstEie Késuﬁintgl’fﬁﬂn i anpe reﬁxlaimmua) tegat HIV-infected
subcutaneous injection in order  to restore the

patients 3hgl saddB coraertodt AL L E@GgEdine) Kk éndp@thémerbaJ&fﬂe%ﬂle effects of

p r
o, P SIS L RETRE Sl o e i
applicate@fitec8tmbpantcEPO hat ben tb adckbssnﬁyonhreaﬂbﬁn& ubt thlsrreghrmyecomblnant

. mainte e EPOtherap abs i.ro
EPO is G SRC) S BGHOBE RIS pF PRuESoal TS felkedBisg fmes por week for
about sik @:ﬂéiglﬁteﬁ@éﬁ& SitlR Yy YA itraResds &k E‘L%ch&néchﬂ ifjebtidnh ofder to restore the
i ndi vi dual needs, typically maintenance dosages may

suggestetﬁdlemmcnit mee withibibapatidt.c A fiet tﬂvwafaem@ke‘(els @glgsirgd hematocrit level,

st s GRS 957 3T 50008 R B o

sustamed%?,r@ﬁdﬂlt&%cé BPO2ferpgy In 4P Bbkehdteofiinf deliciefeyoind dd@current illnesses.
ecul e, which may be Iimted when the nolecule is in
While dpgage requispmenix A1yIvary 3ospidinadadespajieniinindivadusd aepds, typically

r
malntengtg%s%g«%%g Fl %be%ﬂl‘ﬁﬁ&?ﬁg{e}{ afb t?ilﬂ{%?hgltgls gtéve\%lg lﬁésgf larger doses are
provided). rcul ati ng hal f-1ife rangi ng _from approximately 4 to

13 hours in adult and pediatrjc patie
iR A0S TR ANG ’%ecﬁ’én%%&g ‘affl ap?,n @%‘é‘%‘%ﬁt%m determined in
PO r f ' S
part upO%qﬁ?o r eg aeclgg%ﬁltﬂ% ‘2?1%{% H%X/P glhg? %\E}j}% ns hor tO pjﬁlélleflsi IIIl anéo For
exampl@ﬁnttdvenmlsbfcadbumaﬂ@red EFDGEERIR md@oﬁecﬂmlhtrynat@baiausfe consistent with

i napt EPQO i I stered. either n .
firt ordef RGBS G5 SR Al GG e B PRI R0f £y L povs in adultand
pedlatné’gé/tﬁﬂn%' With ORFeMhus ik 6l forsk therapehiic Ml BEfRICtiNE QHéT&bsﬁgdﬁmount and
Oto a patient. This presents an additi onal

frequenpyefiosmginest be tapordiaarewnnt fonfhe rplatryely shorbhaiiliferf fasgigcombinant
EPO why it may be desirable to extend the half-life of
" the nolecule. As such, efforts to increase the
hatitiohdlfyebahudQet@nisindit BRO is ERQitidwed gahardy andstearadus or

h
subcutagégugg;%%ga%nﬁaqe oL 9%}%%1@9@%8%%5 153231:?12%]3@ ateggtggérerrgcgn?blggnttEPO toa

tient. " BHbE adifildnl BbdivenBhQ4b A faledtNgrdse Bbthe hy it
patient., ﬂgy \?g%%%ﬁera e e S 0A T G gy reason why it may
be des1rﬁ’ﬁ1€ /thSﬁélﬁBrhé) B@l@‘ﬁﬁe ofithe hmd;etcpler e’csauch exioes rtmmntessedhe half-life of
recomb}né@(gﬁ Qfﬁd%ﬂloe Srgsregrtcﬁ atternlaotn 1}1 eerpeast (fecadedbasecf on the premise that an

extended half-life would decrease dosage requirements while still providing the same or improved

therapeutic benefits.
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bet ween the sialic acid-containing carbohydrate
content of EPO its circulating half-life, and in vivo
whewaneisvity. As discussed in PCT Publication MNOI/US2003/028073
W95/ 05465, sialic acid residues cap the ends of the
sugar chains and prevent the detection of gal actose by
the liver. The N-Iinked ol i gosacchari de 5 chains
fnnyétcl%l:éﬁf e %1 Phnfnsi 8O ﬁeﬂ@h%té&qmt(iﬂ&é 'ib a cﬁf‘éé:t e Bionship
O-11 nhked oligosacchari de chains have up stalic
betweeraibe dislip ecnd@baﬂannncht’amls:;hydmta,nmmt PGP cpmluiapaghalrﬂéfe and in vivo

T TR N YOS MUK (R N—

the sugdrcRiTh £ RRERIE R, defe%ﬁé@@ﬁ’ga@éﬂﬁé bRehd IdRr. YBE BCHMSE oligosaccharide
chains to detection by the |liver. Once the liver

chains typiedbthave bp todsialic aeids pHahaig, andibe Prisker pligesacagride chains have up
he b

to 2 s1a11<! Ac&cﬁ %9cﬁaé% 9%6%%%@% gr&ysa%g exvﬂé@ag%ﬁ to a total of

14smh@aimer shield the galactose chains to provide a

correspondi ng stepw se increase in _biologica
Quentime yheseraialie ped reyduenmay Be cleayeddfors Hin %1% thereby exposing the

galacto&%gﬁg {({1@4‘[«% s bg thd R0 20GE: BEYVE &R %Utsefgb %ala&t%gg g{ﬁ? the proteln 18

iset ematocrit of normal mce ce unno
filtered Eléﬁi the; hloailndsanthy aktbpsiissl inaeae isialsd 4@d corttérit peaPpO cmmitcule is

imted abiljty to extend the half-life of
believefyelipianaeti Bie sepltie hbuiomuSies d st e ane ey Sniivisgee n
blolog@m HitRag Ir(l%eaéa,&doagnha bBiliRACH dgbihr RhtaRsacENANiidifed erythropmetm
hai ns” woul d have enhanced = bi ol ogi cal activity.

By
1sofonnp foNpisg |t1rrﬁghetntr@<sce*1t afdotmad mite)g Sy@g symadified B3I cemtams only 14 sialic acid

sites, thgsgaglglt"olﬁgn fglo mﬁ%(grkf ﬁé/go extte dﬂ g}n aﬂqvtlsgx ]afﬁ@e?h %to the hypothesis
that an BRPO© aliildg thﬁlhd:eﬁ@d toQdnta¥O£d iR 18 Ehar R AhA S 201d 1@ve enhanced
W01/ 81405. For exanpl e, .a nodified EPO anal og

biologi¢rhgetivaly. Byaseviding ﬂé‘?ﬁé ipdditional scpsyiation sdas @64119@1@8&10@052@?11&@6

chains kgagrﬁ{ggﬁﬁggél%éldgﬁ #%ﬁgpecﬁyﬁ%ﬂi\r{tﬁ 3@%8%1 géfgﬁlgg See PCT Publication

Nos. Wdi9$ﬂ:15®6ESNOBe/09@Bﬂ ah®@W@F1/N40bnked car bohydr at e chai ns
o cxiin A gt fergPC P aay et ) o fiobal Naiked darbohycrate
chain afdP¥Eat %Wraﬂdftfoﬁﬁ'ﬂ s hﬁiﬁecflca%&!yﬁfa%am gégﬁéeﬂﬁmh;atWGm/smos
Sites, i ch e

perm t addi ti'on of sialic
disclos@dhaladdetsindefeN-linked ¢trebohylimtadheins ko thevneolcculd it aanied hads & 30, 51, 57,

69, 38, 88 13850 §A% Tad NS0 ELl %gbfrﬂ?lﬁﬁ?lﬂé’s‘;;ﬁgﬁ?@!é?ﬁ‘ﬁﬁgﬁere‘ﬁom 1 to 4 additional

glycosymﬁféﬁtsﬁﬁ knthidheyeehn s thd @i datdn@Ti 18N 6 RA%ic RedRedddicd té MetnitBecule.
ffect that these additional | ycosylation sites ma

H@W@V@‘nwbﬂﬁ afforty fledngrease thsfse alilifesof FRO liga mropa sucgessful and are
useful 19 na%gth a%lfhe %%&Ht) {e%vgﬁ I?o gﬁ&; ﬁ%@%?l@ﬂ%@d&? th%%ﬂ%?tﬁcﬁ&qﬁ&e additional

serum ong ac

glycosyﬂatmtsitéymhy hyveain cem:fcfgmmnmm In particular, ther e
a need in the .art for

PO
(PN itppuld py beiedisiat Exprevidg ﬁé‘%qo aﬁ(}n W tqggeggéj serum half-life
(long a&:fn 86} idfutatls the BGlckiBRM by 61{519 gi:ﬂs(f)ﬁ\% E%’? Ak gﬁﬁﬁﬁﬁf‘ ttllle({'@ s aneed in the

ositirons to treat 1 ndivi m a and
art for a kehgacadg EROsmayesnd Wmthahkmryihmpomﬂucrfemdloaxlutstasd tlsﬂue protectlve

et ot B oL LU0 0t o i
disease® "HOMBHIHSa FEXQ exisdls P06 2RBihe RibidPa BOCAEBEFS is antagonistic

to the tissue protective capabilities of endogenous EPO.
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BRI EF SUMVARY OF THE | NVENTI ON The present invention
is directed to a nethod for regulating the hematocrit
wo eanef0225m7 humans i ncl udi ng the steps of proviBCHYSHEN3/028073
eryt hropoi etin product having a | onger serumhalf-life
than 5 reconbi nant human erythropoietin (rhuEPO and
i ncluding tissue protective functionality and
adm nistering a therapeutically effective anount of
the erythropoietin product. In one enbodi ment, the

BMEF&QM}QWTBM&%N&EQ&r opoi etin product further

cludesth e di fyi ng. r ecopbi ngnt . .
SERF ot SR S ot S Pt h ok R RN AR heioeritlovpl g humans
including éhedteps @ApLovadlBs & eﬂyﬁﬁoﬂ&éﬂﬂ’}k@@c@ hi@RS 8 teH3ar defl@n half-life than
chains or the C% ol i gosacchar.i de chai n, wherein
recombingig hémememlnron@aﬁm (rb@EE’@rﬁn rieg uding tissue @aqtpastye fanptionality and

admlmséﬁh% Ig:t]lg iiboe}]lp Fag%p FtX\Le]aatrﬁ% {) et y"aﬁfﬁg&ettxr?%mﬂ?ct In one embodiment,

the step afiplionidsigedn dgtheopoltinpedict ﬁl&lﬂleH&lﬁlﬂﬁSCthe vtep afimiotifyiag recombinant
the erythropoietin _product may ude administeri rlg i
erythroppr?émémgyh Hilepsbras qhﬁmgﬁabaleétﬁcateonatw%%éﬂ 104 Fhedibied oligosaccharide
chains o} ﬁﬁrb ﬁlﬂﬁ%{j@ cﬁotsgccﬁmc@ dhaid, {?«H&%ft}’:}? L]Ferxﬁléﬁlgﬁédlh@d'ﬁﬁh Mehides oxidation,
In one e the sérumh e is at |east
sulfatloralphoﬁph@.@zlqj&chEGylanong@r atbabinptien $ereofh hal f- 15 life

of .rhu of her enbodi nment e .ser.um hal L fe .
Pecldtedhs G SERETGIsRE St RGeS RV it p i Srvtropoictin
product ﬁﬁllyfmdlhdeead%{mfs{éﬁﬁg Qe ¢ Hﬂtﬁm?bﬁ:ﬁﬁ BlodubVARbREr thélaPhB®unt than rhuEPO
difected to a man-made” erthyropoietin product
to obtaig m©¢mﬁﬂh@ewg¢té@§m®0@he erythr op0| etin der i vative,
| denk C
nF ggl@{)g g}leél‘ta 81%6 nIE élgi-f l]lfe 182%j gegc haggﬁt?b D {j f&ﬁ%&%éﬁl L serum half-
life of r}hm ]Q%oﬁﬂéﬁ%B@ﬂlmﬁiﬁgthfelséﬁtﬂ IRNf-Rf ifat1esy hEou@ﬂO percent longer than
oxi dation, sulfation, 20 phosphorylation, PEGylation,
theﬁmﬁwhﬁﬁ& @ 88N r eof , and wherein the erythropoietin
'Pﬁe&%ﬁs%%’h gl@é tﬁ)rl]’l 18 rggg ggtl?&%%‘tg‘fagﬂ&j rrlaﬂ% @rtﬂﬁ 15tm‘;§'€@1ct Tﬂ?:‘ﬁidmg at least
one erythfopbiatihidegvativenwhéreinait idayt. onk N—hnleedmﬁgoshcnimﬁd,e chéie oatt least one O-

linked olgggsfatégg%eg% eln anzlftﬁ%gérfg: ﬁlg%t Elgﬁgﬁcg’rgoeniﬁ%xr:qg {cl)fo 4 1(gltion sulfation,
phosphc%r?l%ﬁ&n Q’@Q}}%ﬂdnn ke @kt 9@SR6E NAE Wileretldt '%rﬁl?coﬁ&@t\ﬂll f#Rdadt has a

one addi tional aci'd residue. For exanple
longer setugn h&lf—ll@h&n dnEPEh ifiecaythmopdiefin praduchprefeyablsnleds u'pdgle protective
ﬁnmhm%ﬁ fation of at |east one N-linked oligosaccharide
'n or at |east one O linked oligosaccharide chain
E®nReibodBnendthé AAERASRIHREAA] inddifaasORcRided HEIARE of at least one
product. In anot her embodi nent, the at | east one
N-hnkeé Rbgseedharideeian exatilenst eecPlinked Piassinshadeshpisrio grovide at least one
addltlonaFQC% B%Pﬁ éf g{gﬁg)leo Itﬂ Q3G %r hgrﬁlog b&ﬁgﬁtlogltméﬁﬁéﬁde sulfation of
one I'nk ol'l ari an rovi
at least biCN dmked ohlgga&dhuﬁde:dﬂmm ab ieatthﬁw EPWdadlgonacclhamdstchhlh to provide

an 1ncre§%&ﬁ%§%tg\feqrcé\g$%g\:t @g(’) é)%(?ﬂ%p‘? E}Hlaggtitgrt eor{lllgglglggrgnn ¢ at least one chemical

mod1ﬁcQtl%ry L RYE SRR sBHGat ot Bt %aEtQ)I@tN-hlﬁﬁéf ol%@ac%hiﬂdé'@ﬁﬁn or at least one

osaccharide cthain or at | east one ['i nked
O-linked Iohgmeﬂhahdc clren chaovide ab ing@a@@0akeai?ascharge on the EPO product. In still

another ec{)/ 1%26%9 %e atheasg one chemical modification includes addition of at least one

polyethylene glycol chain to at least one N-linked oligosaccharide chain or at least one O-linked

oligosaccharide chain.
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The present invention also relates to a nethod for
preparing an erthyropoietin product having an
wW@zdaoen2ksad7 serum hal f-1ife and tissue protecti VRCT/US2003/028073
activity including the steps of. providing at |east
one erythropoietin or erythropoietin derivative; and
nodi fying at | east one N-linked oligosaccharide chain
THe éschCideéntRAQrhiafdk &fla ﬁlleﬂﬁﬁﬁ"&%%ng%n%ﬂﬁ%p&@uﬁ PR duct having
at | east one endogenous or reconbi nant
an extenép@ﬁqﬁmﬁlglfétfﬁ nncbyssge( prddactive actg@qyﬁmlucbng the steps of: prov1d1ng at least one

erythropgﬁgﬁré? %{}X f%t é}g@? g‘gﬂ Oél atalng fﬂodﬁrﬁlnlg af ﬁe&lf Ioggtl\t ﬁgk 1%8%1pchar1de chain

or at leastepk @olinlgedasligb&REMarid8 @hz\dh oh fied athesdr éneyendo@odd or rea@sibbinant
one N-1inked oligosaccharide chain or at [east one

erﬁhropgqtlpth@éflwlpw aleomapheseheplatianyi B Gylation, p@agqm@ﬁ@tl@cﬂiﬁreof

t I
N PO B0 0%, R0l 8 B Bt o
on at Ieas’il or@dialnkéthohglﬁaabhmdt cheinatr at asitone ﬂblnﬂkeklioﬂigeﬂccharide chain with at
ol i. ccharide ch |n MA h at | east e acid

least ong aal 566 UL 1 PR em f. étﬁP 9ETeR cglgpﬂt %ﬂ que )yicéqal hydroxyl on at

least oné’NCﬁIflk@h oh%éjsraé’éﬁéhée &9&1& &eat |1é:%1§t5(§nect5‘ Sinkbd 61[%‘6929:@ ide chain with at least
gosaccharide chain or at |east one I nk eJl

one a01da|e$1g@fsﬁlctbhlampkdéesahphamngva1ph1rahtp loGiviiriat rydrbxdepuithe least one N-linked

: residues. | ot h i ment st ep, of . . .
otisosachERIE R oF o ALP FEPTANS EfgeaiPane Cur VHp oty ofaeid rsidues
IaragahkLerfiBddi@biit; theistep @l wioafyinE Gndiier tAv1@Re kiRt stdps OF: providing an
erythropoietin derivative in the organic solvent to

organic iy satdissoling Be; er}ﬁh@wéilmgr ervthreppagtingleavetoreda tes o ganic solvent to
form a sgﬂl‘ﬁgh gpr?{gl(aﬁfgtdatt qu%tgottne gﬁlglfe%%lﬁg g%éllf?ﬁrsglﬁl %tod? Peasé} ?ﬁ gulfa(]t? donor; and

mixing ﬂhe aslteasn naec sordeading dgmodind the at leh 08O klufaltfﬁcﬁbnof ity e solution. In yet
anot her enbodi nent, the step .of nodjfying further

another FRBOqIEEES (SR %f;sgodé#wngp@swrdnﬁade&ﬂh%%t@%ﬁﬂfcpmwr%orgamc
r i
vt SSEAL 105, RV ALAMDIEOOLSEAT, o o
solutlonppmwdmm leetst dreawhdanmgagadepoiiiinggwaphorioraoid; aidwyixing the at least
hosphori c id;.and m xi ng the at |east one
one confe B ASPHGRA S [ PERRosTRorE 268 AL RBRRor i ¢ aci d
RN ah@tﬁelséi‘h}iﬁdhlﬁéht #0 step o?iﬂohifyﬁ@ ‘Rulil?é% iRk ﬂf&%ﬂatps of:MBoviding an
step of nodifying further includés the steps of
organic gﬂ'@mtdqhsﬁ@l\ang the re@ghnopmg@m oeq:ny’thrqpog@ml dnnﬁgtntehe the organic solvent to
t4 n or erythr | etin derivativ

forma fe E 1128 S%r 1é1|1] att 1eastf 09(2 1ging %%engoaldg?lg (glhe a%é?agb?raa %édlzmg agent to

the first aéluh@rafd fobR @ sexdndisgiufign;a@6vitingad Hastdnt PelysthyleaagtycOintain; and
oxidjzing agent to the first solution to forma

mixing g ableastSBE eﬂ%ﬁhyleﬁ? 8Lreli chgindtitol thasacorthiolinny e’l%hwre@wé providing at
least on@%%i%&hxl%ﬁ@%lgcolacﬂglgl g?l%d% ﬁ% rFé eﬁésf%%to &%ﬁ)o o)fet}%ylene glycol chain with
mlamt&hqmﬁmapanﬁmpmombdnmgeadoﬂ&gbhast one pol yet hyl ene

col chain.may inclu Vi | east .one,
Pt iRl P i o e Mg oH ToReatag Sporan pitiopis 4 isk for tissue

damage MBIREnFMHeQlaps Bt p%wﬁﬁgl a®bryitiep & dﬁhda_& &vithl £ %&8lone chemical
invention also relates to a nethod for treati ng anem a

modificatipngatat sastonaof thedkliflend dligesageharifaichgies dmibe (dlimigpdtofigosaccharide

. t eps.. of rovidi.ng .an.erythro et n rod
chain, w?lg th8 ﬁ%ﬁﬁﬁ%g%?ga‘c}% d]il(%l?{(i gc%lu?% sylfation, p osgw%ryglflon PEGylation,
or a confuiatin ltherKsTladthin(hesing (‘ahﬁérhﬁ&h@zﬂw ¢Feclie dH6urDof iRlkeedhropoietin
ol i gosacchari de 30 chain, wherein the chem ca

product,jglfreip dhg q:r@‘;lpr@g%qt@dggdlmdsdigm1@ﬁere§@p # awesmolar amount than rthuEPO to
phosphoryl ati on, PEGylation, or a conbination
thereof; adm nistering agtherapeutically effective
anmount of the erythropoietin product, wherein the
erythropoietin product is admnistered at a | ower
nol ar anount than rhuEPOto -6
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WD 2004/ 022577 PCT/ US2003/ 028073 obtain a conparabl e
target hematocrit, wherein the erythropoietin product
wha®4n22s3ue protective functionality. |In thi SPE@FPsIN3/028073
of the invention, the erythropoietin product
preferably has a | onger serumhalf- life than rhuEPQO
I n one enbodi nent, the serumhalf-life is at | east
oan 2080 RSEORAl PRIBI AT or B PHIIPL e
functionalityl east about 40 percent |onger than the serum
r huEPQO. . The prese I nvent i rther
1P e oy e ETinge B reBio B S B Ghe Rl s igoagr serum hale
life thantrH@EP(DeE{ bt thBoath &8 Cthb YGuAHUfe @f atadast SR%t Z@ﬁ&cent longer than the
oietin derivative, wherein at | east one

serum half% uE@@s & srrdhar gmbefimant, dhe serumn dalddifpisat tgaqstuahwetdlo percent
a a as at | east one chem cal 10
longerﬂ%nﬁg %%Q‘I}l #1 eo H‘ru!ggort of oxidation, sulfation,

ThaseRat vedtcafurtiir eyt tonphapmacguktal cespbdigsedbluding: a
wherein the at | east one erythropoietin derivative has

therapeudicplbnefdsctive pmeppatmat lepst eng ﬁrgﬂma}gg%qiqqgﬁ{we wherein at least one N-
v LRGSR RSO TONS IYAREELINE ottt ov e
modiﬁcaimmpxssu r’es@imﬁaxrdahem sulfaticng plsosphoryaéisn, RB@yla’uon or mixtures thereof,

eutl cal | cept.abl e car ier. The st one
whereinJh L9 AP OGBT SEIE HGar 1T A A e s scombinant
erythroﬂ o?@ﬁt an@M&s géslub' %ﬁﬁec’u@g intheaptalite X&i ddie %ﬁibodl‘ﬁ%ﬂt Qllleephaﬁhacjeﬁtlcal
tures thereof. In another ‘enbodi nent,

Composﬁi@arfm@m imaledes at:bhqﬁ 08¢ phaymagantic by aqcmiabl@l e@nalt Theeps {east one
pharmacgeglgﬁ%ﬁﬁftatg{r: abé%g%'pﬁf 1%1532}#(:? fg%ﬂe lggs_t %ﬁﬁﬁ@% Haﬁjgu;\"f%rﬁteéx'cqgent vehicle, or

mixturegﬂ@%iﬁnent t he pharnaceuti cal corrp05| tion furt her
i ncludes at | east one tissue protective cyt oki ne.
Brnpthepebylipmppiofepharmpeetca rrepasiiionHerher daplydes at laaﬁﬁ one wetting
Of, 7t I
agent, e?z%ﬁ%%g%\%n EH bg?feh g%a‘hja gg%?&%tb?%% ﬁ@{e‘bf‘ 1 tgl{ogﬁgé embodiment,
the pharinfacenivabainip@iitivh titrthdr énoludepatigsst des tissub erbtdaeivevytoEh&.
1A is a conparison of the effectiveness of various
forms of EPO in protecting against cell death

BRIEFt]jEleP‘IdN PG }"wﬁREgri methyl tin; and 25 FIG 1B

'S a conpartson ol the effectiveness of various forns
EdrtlEP@aturemmiteehvaIita@s@@dieris‘tentioe kc4n ezt értainddgfm éu following

t tin.. DET E PTI THE
detaled QRN B TP BT L oA URE O 116 CHAP R S P60 PRE s
F’lfG ERGs abogpatissh dfald deechierRld ANEedusRiMEbBPOin §1Q>tect1ng against
life (long acting) that are chemcally nodified with

cell dea&dr@@ﬁ%bﬁﬁ@%ﬁ@tﬁén@@hﬂm{b apthe functionality of

ERLSBLSN SRy TR 108y 08 R BERFEI AL s i

cell deattatyigg@edey akposuteae irithethyisted on addi ng extra
car bohydrate chains to the EPO nol ecule to -7 WD
2004/ 022577 PCT/ US2003/ 028073

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to the use of EPO molecules having an extended serum half-
life (long acting) that are chemically modified with carbohydrate chains so that the functionality of
endogenous EPO is maintained. As discussed in the background, efforts to extend the half-life of
EPO have generally been focused on adding extra carbohydrate chains to the EPO molecule to

-7 -
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protect the gal actose chains from exposure. However,
t he added carbohydrate chains are believed to effect
w0 b@4/0223¢t i onal ity of the EPO anal og such thatPCT/082003/028073
exanpl e, the functionality is conprom sed to achieve
the longer half-life. Wiile there are known EPO
anal ogs with |onger half-lives than reconbi nant EPO
protect tﬁé"?atlaé%’%‘)é _echﬁﬁyﬁrg b&&é CH@&%XIGY thy addeﬁ%%x%oﬁﬁﬁgt‘a QRaifl9are believed to
not retain other cent 5 di’'scovered therapeutic
effect thdaﬁmeﬁmtaiit}oéftEPEPOeanglog sucmstbalte fqrestreple; the flactiondlity is deoypromised to

n aC| fr f EPO correspqondi
achieve 3 Tfeerot Bk yls ior? gt ko g MAHHR L pralies e BB B
recombiR@P EPORhatRFe E’l‘%}ﬁﬁoﬁh&i’&"hch@ltﬁ AR e bhASEI SR &8k ioWRr recently
activity in vitro,” but has no erythropoietic activity

dlscoverﬁdltlmraqapuilc @nﬁaméEPw K}, LIRUS PEgtective aghi@Bri en, J. S.,

PIOE anmvp %I\/bin %mlgo %18%&@@%%%6 %erge%%On%%{onafér?ﬁg acih§ 3(I-§7, also
referred ol thé ONMBlienlFeptildy,dRs Bt shown $6 hee tiskudprotebiive Aotifdity pivitro, but has
peptide may not have tissue protective activi

no erythiSpRIsHLc A WG ey W M ERor. SELRTSE IShdt - Mol Med, 1,
235-41 (Iﬁbéage*[ﬂlefé?d}é'lf’{l?ehgfeh%% cﬁﬂg&f Ep gx}oﬁg%%ﬁ%‘%dﬁﬁioﬁd

rtant to uncti ona Y, ng g ation
glycosyls‘ulctlesitets ovithivethewd)’ Beiah peptidy maytnet hareﬁlsmet protehi@vecaceivay in other in vitro

I T h I
s B REMASCBL s e B S VSR ohr oLl 58

the functlg&laﬁ% 'aHthlg gl}kb%/’i’é%ﬁ)ﬂ@[té’st 8ahd ¥BlcRtlk 'rﬂdytlﬂterﬁefea‘ﬁﬂﬁﬁhte Q$brall
capability, or a nbi nati on thereof.” Preferably, the

ﬁmctlonh]atbrg actl ng EPO of the present invention has

i B RO Ot oo Pl pERR O RS bad R Fergpopotetc

activity, @i@@%r@f@&ﬁve dchigity, RdsoFtsis ?ﬁﬁl@y%r | Jb&h‘tﬁﬁ&ﬁ)ﬁmﬁereof Preferably, the
i nvention has a serumhalf-life that is at | east

long aCUéillgcﬁhO ofjthp @r%@ﬁﬂm{e@h@éha&qﬁﬁhronoﬁ@hg astifivart lepgtong pf tissue

i SRR PEOLETEL i e 20 o enc, (e serum

Innvie BtnIbOdillmeiit alte Ibﬁgsdtm@mﬂﬂ of3fie ppsert éitentiombasra deham half-life that is

he hal f-life of P il
at et oA FBHE! OHE R GoAERNGALE B sToomTunpt EEGnn shothr

embodnjﬂ%}%eﬂ% ol ﬁfe%ﬂ II;?%]CItm% iHp® dMat I%eﬁﬁndeﬁ@@ﬁ is3PRESt about 30

percent [onger t serum ha f-T11
percent foagemthimtha thaER(D OBIBD‘HfﬂlelanttBPé) I Imrsgllaiubﬂhnlgerﬂﬁ'@m@ﬁ thiadong acting

resent .in t I
BPO of Ble TRy PaEoE IS hETRAR TS DA P Ststaoph: Ao &3t fongrghan the
semmhﬁ!]@%'fébﬁ%&élﬁﬁn&&mmar ed to a native (endogenous)
preferably as conpared to native human EPO In

Rineflse ttedangrasting BAQs of repragen imyermognelnds BRO proleuins with
carbohygrﬁyeb%ﬁmg I‘I%Iee 1%9edawft’1I IIQASI 81¥e I?lrédlglggt ofnt a%%%)ﬁggr%d 9y II%I[R/G

al ns.

(endogehyieh) @PXU §rdfﬂal§lbas Cahﬂﬁbd/ td)r 1&&1@6 atabmEPO. an bad emboch'iﬁ@lt the long
are oxidized into acid residues to phg uce the Iobo‘%
acting EROksiof ghegpeyerrbinggntiondndsrep polBRIEY oA madHiraiiensdA the groggydrate chains.

AR BHRAH! HEAiny| AiralN &f R Chboh R RAn B0, hlifve BPO are

are replaced w e acld residues.
oxidized/mito adidtdseiueevimaddure rIite, losg hdtmigi ERO miothcoles of the present 1nvent10n In

o ASSIEEY A Ly CoERENVOROLE SRty 6 0 E00 e
In yet ahdEMHBRimdn, sbifhtidn AARE E&ﬁéspﬁHH@ﬂioﬁ%@Ihe daPRdh @R chaid of an EPO

results in a long acting EPO according to the present invention. In still another embodiment, the long

-8-
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WD 2004/ 022577 PCT/ US2003/ 028073 acting EPO of the
present invention results fromthe addition of
w@eiogerdsyt ene gl ycol to the carbohydrate chai PCDUSHPD28073
Any conbi nation of the foregoing nodifications is also
contenplated by the present invention. And, as
nmenti oned above, the present invention also enbraces
. [ IRGEM
seting D D e B R e D Ay opaane
carbohydaatt ichajn 05 EFBO Ayl aem]»hraslon Shthelforegoiag qug'w@ﬁ’@lsms laksq gbrfsmplated by
resent invent

thepresch i HE o A SHERFRER GO Bei COMPOSR T BRS  POPPIEGER foRpositions

mcludlngaﬁl%nﬁc@lﬁgal rBhpb&fort HBRASSIuRSHRGr Mdry of A8 SR r¥hédlioned long acting
onplications resulting fromillnesses such as, but

EPOmolechﬁQ ed to, acute renal failure, sepsis, HV,

ThE RRLRAS Pl et hrhd st int Btidly 8 Eher kMR b Retusion in

phannacélﬁioat @anpsBRAS &% tredting Mhlia A81 felatel diﬁ-ﬁsissf @bedifilgy those with
treatnment procedure. As used herein, the term

complicationg BSHERE Tropeillapsset Bich st Rut BRErdise a%qt%rqlﬁlefaﬂwén%ep%&{w
or preventative neasures, wherein the
Chmth%£F§2¥his ]%:prevent or sl ow down (Iessen) t he
Tlhalpmbﬁdn‘{mtlbm isagdocdiroteditd rmzthods failtﬁanmgmem'fh askreiated diseases, as
treatpent i nc{hgde e al r

well 85 5 e QAR BSOS oA P CE Gk B S ee) ddps o both

95 ARGt Add 4che o Predét ARG hedssr Eow}l;eee RERVEEL & t t
therapeu he pr esent I?Qﬁl\gl}g)&]tl OI’? grgm errp ateesS ¥ he usel of (t%?]@ opreven ot

slow dom (lsssgn)El@wrgemd pathniegé comldmrmrshﬁoadqro Ahosgdn méed of treaﬁnent include

t mttent ion,
those alrﬁifffyp\gglgﬂle 6]1130{ [r gs WSF g%{hggeu}?rgne o avgﬁ ({1 rr?r r?lrs n &/H&m the
disorder i€fo®epréRnd MTAE ptdséit iBRnBén &cﬁﬁerﬁ;ﬂ@ﬂ&ﬁ ﬂfé)usb of e long actlng EPOs for
conti nuous node as opposed to an acute npde, so as

chronic gdainistpiion, Beutp Heatmant, ?%?ralﬁtﬁﬁmt@nbfﬂ‘@@%ﬂfe%l iKer e p%qses of this
disclosufe)) “&ﬁ&g? rgmls%%{lb]? dre efrs {o' ﬁﬁu{i‘i%ﬁ dn%éﬂ%ehﬁ@ﬁn a continuous mode as
adnmi nistration i s reatmen

opposed@o as aali¢ moat,yso de emuintdiotie inifla] thatkpsutiopfiectir(actbity) for an extended
rather is cyclic in pature Telon%actln

EPCs of .
period of f@egpd: @Fﬂnmtw&mmlawtra%% if Heatpsrtt ﬁmé%fcﬂonsegméve?y done without
mmal . As used herein, the term
lntempﬁ&ngwmefgf gélécal?glagﬂ? animal classified as a mammal ,
Thedbuglaating HPOyaxd the mmsmvmtmdarfdathqums itheait o, argmpplcable for any

mamma]?I O&é;tés%d h ’?Hgg%’ tglgr;l glgl trgEer g%yggima ?1%1%11‘%@%323!,@%@9131 including
humans ! d¥enIBOER fabiS AR and Db, asFsNbiSidt ahilnis, Sfchtad @ok8ts Zttle, horses,
‘acting EPCs of the pr esent i nvention include, but is
sheep, prast gqaitsnratbéﬁs,tets: Ryefarablyl, ormeramelis humany Zhaadininistration of the long
acting E&@E‘P%l i€ tprr%strélt %ﬁb&i@lﬁﬁ%} nﬁ?ﬁ'l?ﬁ(%tqgrlufrt%i tIB’n rglgVnZ%génsous, intranasal,
topical, hmfahﬁtxﬁhﬁlﬁﬁ)h@llauoﬁ@lﬁﬁbﬁn&i@lmdmmﬂsmiﬁcﬁnﬂﬁdavttwIIncludlng intravenous,
I ntraperitoneal, subrnucosal,  intyadernal
intraartegighiSRiaaTERRS: PRSI, TRHAPiteah Ul BH*4cgmehgpd combinations
thereof. F €l @t es to the use of long acting EPO nol ecul es of the
present 30 invention as a carrier for other nolecul es
Thdpieﬁn’emsemfontﬂmhdn mdytels hathe hsevef [EROatiag @ﬂ?@m@lecﬂm of the present

S TR D
exampld, BES8 s @ahSRil1es RHE pb@r"}&bn@t%tidﬁgicﬁﬁ%e@oddhﬁaﬁrtﬁﬁﬁb?thnklng

'nvention provides a safe and effective
these molecules to the long acting EPOs of the present invention provides a safe and effective
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-9 WD 2004/ 022577 PCT/ US2003/ 028073 transport system
of these nolecules into the brain. And, as discussed
w0 poonoe2s7tlet ai | | ater, because other areas of P€TIES19031§28073
express EPO receptors, such as the retina, the heart,
and the lungs, the long acting EPO nol ecul es of the
present invention nay act as a transport systemfor
transpoxf@sf%ﬁyé)fecﬁesl%%\{dl esRRBhPEARL Il 9Nk QIR nSHE Het@ﬂ‘ﬁ@@r because
Furt her nore, e present invention is directed
other areas shiths bbdy exiets rEﬁOwrengotm,estuh]e ps thepetitaj thelbaart, aﬁ@@le lungs the long
e functl onality of end

acting Egédﬂctﬁ}?cléﬂess (#h la%grgvn 1an{: DA AS ?ﬁ'g%sﬁf)# (%s'{_' rprég)/r molecules having

poorperﬁﬁﬁ%mgMQ@mﬁgasa nodi fied EPO is tissue protective,
.e., an agonist with regard to endogenous EPO. As
ptheipreséns inventien ia ginctad to dsgayyderdletermiting whether a particular
t
EPO m. I{tg ﬁ% tgll%c 131(:1%‘:3‘11t emﬂ% a(él(rg:a | e OE%%JJIﬁfin Aﬁaatss ({Ptﬁe Iyagent invention

may detéfﬁﬁﬁkﬁWheth&ﬁa ﬁhsmlﬁbd-EPO&iﬁl tisgepraéctive &.M&ﬁdtgbmsﬁ\hﬁl regard to
broadest sense, and includes any nolecul e that
endogenghs EPQI AP uspd herpinythe ek agonistn i wsed & the broadet sense sad includes

moleoul&gggaihhﬂxlue Qﬁeclﬂhlogﬁﬁl' a\éhﬁrﬁfy 6f 2 Heﬁltv'e\@(ﬁﬁg sgﬂllﬁrlﬁanner, the term
enbodi nent, tes artlcular EPO occurs I'n an
“antagonist”vs tsed ratdsdyoadsst (smsa,saml 1Rﬂ19defseahy nmh@hbrthatapartiaﬂy or fully blocks,

not oneyr on_assay.. L n anot ment e assay. of
inbibits, (R AL ET P PHIGHHEA B TR OERE FRG. ST gr, it ofa
partlculzﬁaHIiO S8 in RS, Lio\esd9, suéfiafd PYOLLIP S/ @SEPNStohbeBn 8Ssay. In another
he rat focal ischema, rat retinal ischem a, spinal

embodlmmir e pssap whthegresentsntsingan inviolvee theeivalupdomefepasticular EPO in vivo
wsing vapPY bbbt P AT IR Ao e YR BE d e, and
bicucullieeBizeteGaessd ul i n that the EPO anal ogs have a | onger
half-1ife and maintain erythropoietic activity. 20
And, as discussed, the EPO anal ogs with | onger
Functioﬁgi']f -lives have mainly included EPO nol ecul es with
i onal carbohydrate chains added to the am no acid
Aedyansel mltlﬁ)al\mékgr,ouild sdctiomniaticugateanptd thahcredsh @sehalf-life of EPO have

ddi t | boh h f - ..
been sugesaéhl 1 ik i5atRe) EXARERORYE § IBoHRRY s e, Moty propgisti activity
And, as H{sgﬁ%&f 'tﬂ@Ef’?%ﬂbW{tﬁ fohganghif H@esthﬁ%]ﬁﬁﬁfﬂ}pﬁqbﬁlded EPO molecules with

capabi ity o u e. Wthout belndg bound
additionahgariperytirateittminstad dal tp, the einglaaidexrgurnce f Howeveadd sohntlclpated that

s oA B R o 85 S R5EL RBl 9ot 0, s

tissue pﬁ@&hbg SunotibAhlit e tHe trinsel©s agibite 6F ihé@nolecule. Without belng bound
functionality.” In addition, the added carbohydrate

to any pefigilas thearie tlmlamhﬁ of thnadderl Brbehydselp chajes inrthe (O Brienpeptide may
affect funfc?(t)lua?lty l% ? %M: &7 thAd] %ﬁtti)ﬁ?é WY I?l@é’t% p? ecétlve functionality.

nEﬂSlO orie |0n
In additizhl te udéed caﬂmhyémwnhhms, witethdrevithin ge-Qf iBmEﬂ @b}ﬁml or outside of the

configuration of the nolecul e, e additi opal
O’BriencaepBidye brlisvedipdiars ahlech b e t éweeﬁlréansa?na préeniion o e molecule.

! S&Hn Akiohf bBfelrhii dARAblekie RUE LAGE BRI Barbohydrat
For exau|tmpiaei’ i %8@% ?elﬁigl/edlo ‘ﬂa?t e net% E@of gu)?cosy ation 2(“0? yerate
chains m@dlblngk :luhaxemafﬂhe modbcaieethaihabss@tlaﬂlm/tha figmtibiealdy. alurthermore, it is
behevec? that t%e me od 0 egl}tcl()lg atltio% &d¥ng tfhe car%ogyc%gtg a1nse) may alsoohave an affect

on the functionality of the glycoprotein.
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WD 2004/ 022577 PCT/ US2003/ 028073 Ti ssue Protective
Capability To evaluate the possibility that extra
w@ a00botpsdr at e chai ns may affect the functional P€HUS$003/028073

the glycoprotein, the present inventors studied forns

of EPO anal ogs that have five N-linked carbohydrate

chains (conpared to the 3 N-linked carbohydrate chains
TzssueP%teEtﬁ% 3@5 EPO. In 5 particular, the inventors

used nal og, wherein the anal og has extra

T wha;d tae possitslity ¢haaextrhearBohydeats elmimmohay, afffet the functionality of the

results in about a 3-fold |lo hal f-|.i tn .
elyeoprqiEo b Presii TRREIOrCHBUET U PALEO RERS gh e Sapdked
carbohy@fafd heind PRARSEE 1ithd N-fidked cebehydhte SRAAGLS lfebdihﬁn&{ﬂB?O) In

system c I njection (Fll%lgres [A), it was surprisin

partlculaﬁoﬂne fvesiess ined pe EPOesalnsewherem) the arsdog his #x5 Blye gémon site at the 32
F
amino aE gl,o\{vhf&{l \%s{éft% in, a%oﬁt? Y3 \%%é %j{ grx ﬂ’a@% 1fe§f1‘4111 rel:@rg@ngﬁt éﬁ@ f«%‘ge‘un alfa).

Aﬁli‘dugﬁ fthis E@Otanaloy %ppdfa@dde@ithm eheacﬁefrébtaltspmﬁhﬂulﬂ raﬁdug@temlc injection
nplications when used for treatnent in anem
(Flgurespla%)p Btas spprisRglydoh Hesue RECHtiNG 87her REHUA ethig 4 Ubpequent P19 in vitro
iy RNy B 1 ORUE B, PRl s, ofagion o o
tissue proteaopied adivity hinytpredice conpli@tibnyehended dorareatrkdROid anemltn patients if
receptor _that triggers t tissue, protec
those paf B8R BiGeethenanakiP BT o g e iy BO PR TG PR U &FoF YRR, if he
non—t1ssﬁ@ ro@&h‘e'@ﬁ’@ aan%? %61%‘5&6@@&& AsHe@rdietiveRneSRnSis EP’@ lfor the receptor
anal ogs. act, if a patient on such an EPO
that trlggm Hhegiss® pratettereadsonsmmilze extent némmrh eesulingrfom ¢ glewme may actually

be exaof L AR b PRSP PR ek L bieal B GG 1

sufferedifirh @ stiBke, MeSihfang vbRinkkeeROtMET6@ thd¥trdka IiﬁdyCach{uaﬂy be greater than in an
t heory, this findj ng suggests that at | east one
individualaptticsied WithendiREh atloman  EPO recept or functi onal | y

L
additionabvesibh Skart BRO receptoaifimchBAlgrealstgia neanyn2Qisauts EfgIOWh]EhE signaling
endogenQus EPO s ability tg bind to this ve
differs frH UG ELBY BFOCT ISR et TSRt eba coHfia E?Q hafoss may
antagon?z%tePHé) JnESs ﬁ%%ﬁﬂltfﬂ%ﬂ@ PP V%P&I?&dché ResRoEPe distinctly different
anal ogs suggest that receptor signaling occurs via
biologidalimdivitom dbtweed efidogeants BERDurdstbesst FRG anadsgsonggastithpioreceptor signaling

EPO | . I n.fact '
e S SRSl L 70 e LIk LR
molecule€ROTAE Hile tREEPO %b%pt@ﬂ%eﬂe%ro&ﬁﬁeq@éhﬁé BESIREN Bapokte to be identical to
erythroid precursors, e bind mg.lafflmt of the

that expn@g@d;maqhe pgy@goydgg@cmrws ftlagy bipbg aBinity of thernguranahtypp receptor for EPO
in vitro § N I%GJ%Pthkﬁﬁlegﬁ% %%8&8{ & tPQ Ero%ﬂﬁlgg%}?g Cﬁe A re.%gég%uda, S.,etal,J

Biol Ch&ﬂzm l62((8199@})93)Pﬂ’e&uﬂ‘ﬁblyythetd‘ldiﬁfEredcésfaelEefrOE]SacaeSSG@ proteins and
fromaccessory proteins and may indicate t
may indijof¢ pleHlePGHEIAling PRATHIRSS egwéye%haaﬁ%%e@ﬁ%‘fﬁtqddaé%e erythrocyte
d ¢
s PEUYEARY IR 0 PRSI A0 Yool
deglycoryldiidti eﬁERQ acrestl thatds deigingspsiddaf themewfll FRAvesbindiggbecurs in the

S TN T M S -
(which fs%ﬁéﬂﬁlagfy tlﬁ_g@mé ﬂodﬁd‘ﬂ fslbdd BNeth&REIPERAUS %@uIQMS) is also a smaller

astrocytes é) i s presumably the sane prod
Vers1on¢haaidh@@djo®96 bfhﬁlle k@@eb’sl\@&@@ as Jn@@r@h?g?)» 26 1€9I4§%T9& (1994). The

smaller version than that produced by the kidney.

Masuda, S., J Bio Chefn, 269, 19488-93 (1994). The
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- 11 WD 2004/ 022577 PCT/ US2003/ 028073 difference
appears to be the result of a different degree of
w@bkopgosasiati on. | d. Whether the desialiated neeT/IUS1003/028073
| i gand possesses differences in affinity with these
known receptor proteins has not yet been determ ned,
but is of obvious relevance. In addition to the
. r
dlfferenﬁag)ﬁg%% ﬁ)rl%{:tgg? oglrlfc I‘Sgg ﬁf‘vffé&erﬁﬁg%’fs% gf‘%%ﬁfé?%%?@ léll (F:Wﬁétﬁérr’[ﬁe desialiated
natural ligandbpossca‘sesediffhmdcasen sffonty, withntbbsedinngnaedepton priteids has not yet been

.sqlu ptor, exist. Yampji, R, et al., Eur
determmfgi]?)‘g ?ﬁr %Z STRlN85H0: vaneji, R, et al., Bichina
Iﬁ'a@&ﬁ%ﬁ’ tGAt‘BE ?reséiﬂz@ 3¢ EPO9ec Gﬁ&ﬁ@r)ng @@&Ws@@' préieins Sthe EPO receptor is

, 7, 263-8 (1994); Chin, K, et al., Brain
a complcp\re@nqu)r \ﬁmg]p A NRager cgfledﬂechgersngn.?( g@@){d}ng q:@'}lljtq&@d Mlubl@receptor exist.

v 2 Y5 By b, 35 S0r 8 RO g9 B AL, 145 10

78 (1999H5BaB&G (824 al 108R) 147\/\B63-|8Q[I9SHII)}/C1Qﬁ Khes& sBemaiRwMol Brazn Res, 81,
subserve the 10 neural effects of O al so remnai

2042 (BB0R B 2L EHENEs P dot -5 E1RSE B PYerger. C.. Biddle, D. L. &
0

Barano 8 FOL MRyt Dy 3 258N SRR IR B e

neural eﬁegti; bf BpOiakb remaiag tobetdetdrminadt ro. I n fact, an assay

A SN T O NG

tissue profRRBASIdRIS & $ihB! bﬁt he e%oﬁ&%ﬁ@ fet Vﬁ?‘iﬁgztﬂo' 8 ¥R, an assa%/ performed
pr otecti ve Capabl ities is resul ests t hat

on an Ele@mpalpgthabetintiiosan aidsd caboliyslrar Brdie withi 1‘3 @eBrlsmnwtlds

demonsiirﬂgd ﬁ’ﬁﬁ%‘? E%E)aOf ¢ $< B%gsr%trpg?téc ?}re%%}zl bél% S Bis %sul%’%uggests that

certain HBEfitdtioat tOMs O’Bnéﬁ@e}ﬂd&du@ﬂ aPBphtdicioh bf(ﬁirb(ohyﬁﬁetté clns, interferes
an antagoni st towards the endogenous EPO | ocat ed

with thefhedtionalitliet Bisdyotsae AsBPQanglag titkmedifeatiopg tq the () Beregpeptlde likely
X | P
s SSRGS yERELB B0 £ AL DR ER e iy o
fully blaeks thej ehd@’gdleﬁslﬂltd)’m@bﬂﬂjbm tiihd tonthe iE@d ﬂek@ltgt Wistsaclt, hbe tiskeof
of such an_EPO anﬁﬂog 20 Thus,

i eved that
increasippihe s ePbYSTINY TSR fiom e 1B ey By Pwtﬁﬁaﬁh fRyEPO analog.
Thus, 1t\1\§)¢1éhgvx§i B9 BRG KndldSSHigh mBh 8644 %% 8hLORRRN Jebli@Swbilld also lack tissue

er in vitro assays such as the rat notoneuron assay
protectienchpibilities mioter assitpssaysisithas tharet matontwon kssag ehéini ip vivo assays

cuc II| sei zure, .rat ret|
such as s PG YOS M o I Ry PR GY ALy a0 Fguma assays
Usi ng the same EPO anal og as above, i.e., an EPO
analog with five N-linked carbohydrate chains
Receptof dadpdecefrapecytas&® 3 N-1i nked carbohydrate chains of
econbi n vent t t !
e
chains (acﬁrﬁbaﬁ@d fphe aNetnkddtdaitiohl drateadiniab batecompinaal EFO) itk inventors studied
er _systemc injection (Figur e;\élA and  1B)

the analpgs RElEb iR vese éwal@%@r brphagier. (The &P anplog; ey Wi the cercbral
spinal ﬂ%ﬁetr Efstggg iJ0aloA giegsat %kllAeaﬁdol r %ﬁh&lﬁ] %el'ngtb@ﬁﬂd ! aﬂ?%amcular

rain barrier "becau e 30 ca [aries formn
theory, hliooaticbedihat tbaEPDanablgsmatéxm@ess thhmteEPmopé b bamanbbcause the

capilenfy g G PR bR Bt BT praPRI ERO B EPIOB ALY g e anetomical
basis fopf&éﬁ’tor—ﬁ%dﬁ’eéﬁ tf.'r211'15?3EytH%[s fréid SHeqyBkipRérhciRAMiBA $it6 ERDbrEROAS such, other

anal'ogs are also believed to be able to traverse the
systemipdllycdiniinisiergd EPO analogs are also believed to be able to traverse the blood brain
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-12 WO 2004/ 022577 PCT/ US2003/ 028073 barrier, as well
as other barriers wth capillaries expressing the EPO
wo e@ep225r7 | n sum because the EPO anal ogs of PEEUS009028073
art have been shown to maintain erythropoietic
activity at the sacrifice of at |east sone of the
functionality of endogenous EPQO, there exists a need
: ins all
barrier, 4 b B e o e B 5
mewanbwglmem]sd BPO tahelo gy eSbaprionaverve been shovinrte maefdaln@rséhropowtlc

sty bR B L G B 5 el D200 b0 cists a ot i
the art fdr%qgﬁ@édﬁﬁQtEP@D@at Abihta SO JTRhdRiwisSfuh&Ronality T tch@sahbisyEPO.
endogenous EPO, i.e., the tissue protective
Advantag@m@}yi, theatr¢seyt inventiohds diregteddy e derigsactipg BRO) afithg/present invention that
ot oty SRR B Pl B b8 O BBy G i e
functiondBtyMedhddgeadds @PMfi. cN\atid tiseudghietties fuatigonatityl and tﬁc’@lsoitosm
_the_ present inventLon may be forped in_a variety of
capabiliiayrionnmetjefnrnodifHes FBAO BEvidrueptbelliyiayarotein are provided in
ated by chem cally nodifying the carbohydrate
thenmd%%ﬂ%hr) chains attached to the EPO. As used herein,
the term "carbohydrate chains" refer to the N-Ilnked

..and 15 0-linked oligosaccharide chains found in
MMM  the additional N-1inked and O i nked
e 1985 Q&ﬁg@?‘@%f ¢l Bsent ﬁw&%dn'}n%% RAALPES: vaRel FWays. In
ot her™ car bohydr at e chai ns, speci |caIIy sugar chai ns,

general, dlv¢ laop edingEHRANaY be mraéwti@dcphmma lyeratbyarmtbs cygbohydrate (sugar)

a P sed f.or di fi a
chains Rt BERRCY it e SP B SN o bR C etk e N-tnked and
-hnkea: hddhﬁﬁ&ﬁch@fns EOERIAE RO ER EHQ) tla@iﬁﬂdim&fal Naﬁﬁaed and O-linked
20 are contenplated for nodification

ohgosacab@ts}e@hwgs foynd e EBPemalogs.iand any poar grkliydratgychans, specifically sugar
o gl ycosylation sites are not |ocated near
dmum,?%%ﬁ%j%&?tn peptide, i.e., the 30-47 am no acid

BefdembedinAat, cudednber @ireconitieant EPOIS E5QD fanmbdﬂjsﬁtlon so as to prevent
refers to nodified EPO wolefules that h
1

any integfgrencewth fhedgie Mot ieePat Baﬂf&ﬁg?@neﬁ%ﬁ% a%?@?’ﬂ% EPO analogs
are contEﬁ@ﬁEed%@&%bﬁti&f@:'coxglﬂg 1B rgéhpﬁbé(rgfo%t;ﬁoﬁﬁﬁig he ddAitional

ment, an nal og used for nodification
glycosythties sitestaré matllemieedareyr thd €’ Briempéptigeyicnght 30-#0nm2® asid segquence. As

n ab 5 am no acids of_.t Brie eptide. .In
used el edp PR PRARRARES D (EPRo el ey mEeeC oA Gt ey e one
additior@MX-13Mdl LoBORIdrab ¥Ea8 ¥hdbil ANeast 6rfé$adﬂhiohalr0i1‘1|ﬂﬁétt casbohydrate chain. In
am no acids of the OBrien peptide. In still another

one emlmdﬂm@mmﬁPO apglo mdéﬁwg@ﬁg@@ d@@g n@tﬂ@plg@@ara/r%ddltlonal glycosylation
sites w@lgrg%btoge r%r__%%fgs&f It td)%he?l ﬁt?de Vﬂqtaﬁ6tﬂ%1[ %@?o%rﬁéﬁt;etﬂe EPO analog

ana SO0 be use

does nomihdluﬁb @ dtd@lﬁhcﬁﬁbglllydcbsygitlbﬂ sﬂtémNm'Hlﬁ slentt 3iamirmbdidnof3Be O Brien peptide.
that the analog IS revie

In still anﬁﬂ@@erawémémo% FOhanalogsdags pot ipglu m@aﬁf}i gtipnehalycqsylqton sites

b tional carbohydrate chains do not bl ock
t
Wlhu”ﬁ%C)%§%%éggw peptide or cause a |oss of tissue

An@PErdrialeg may also be used for modification according to the present invention
provided that the analog is reviewed in three-dimensional space and it is confirmed that none of the
additional carbohydrate chains do not block the O’Brien peptide or cause a loss of tissue protective

functionality. In another aspect, an EPO analog is contemplated for use in modification according to
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providing égqha@gg amé 3331 uss pB thy Cﬁvébothp{

functionality. In another aspect, an EPO analog is
contenplated for use in nodification according to -13
wOD02046/022577 PCT/ US2003/ 028073 t he presentPCT/US2003/028073
i nvention providing the nmethod of glycosylation does
not inhibit the tissue protective functionality of
the peptide. In still another aspect, an EPO anal og
the pI‘eSGHPﬁ[lVQﬁlOH &mﬁﬁé fléqgétﬁh élg&syﬁﬁ&? b6KsRGt frﬁlﬂlthtﬁe RE%E Pibtective
ventlo r ov ere 1s one carbohydrate
ﬁmctlonzﬂhyaoﬁthé peptides ) stilh artdnlssr aSIbeBt e P PepialogenayFor usest forphalification

oo RESIEES BT B R AT ol R
O’Brien ?éﬂtﬂb NEbN& PR, Efdb RERIS TR btfaiReLBarbbiB)daté Bhdif B thé 88 amino acid

ti ssue protectlve activity of the protein. Thus
and an adhtiGRUabeliydipthehainyitbimahe & Botyprpide hathecn skawnie inhibit the tissue

protec’uvg &ﬁtEVéﬁ%qqgﬁeteﬁro h al Sug al}]]tﬂﬂg &%lg % h?ﬁg%g 8196{ &agl%ﬂgarate chain or no

carbohy @8 @BdiAeHitthe D"Bné‘;ﬁ;de@H& i ehenphacdfoa utamhralificatione iB8ne
am no acid may be relocated to sonmewhere el se. on the

embodingsng g rbog T Atein Ftagkeddip At SUNBP ARdn3Y Reelagpigd to somewhere
C ng to the present invention include (1)
ekeonﬂﬁﬂgg&glng addi tional acid residues on the carbohydrate
Nonéiinitsng dxaopiss of mod&idaﬁmsﬁccmdmgrta Ithdgreb’enb(lylhfmtlon(lﬁc)lude )]
repl.acing the sialic acid.r g%gh | es

‘&g}’a‘?’ﬁgatlé’ﬂ of V1cmal hydroxyls;

2) repla@ﬁlgttﬁbrs‘?ﬂﬁ' ARld RsiBYesSkike RE l‘ﬁﬁllé‘féglldﬁés P)e8RBRI B hégﬁhve charge on
term nate the carbohydraté chains with

erythropmtm bg emﬂﬁit@n andloephdseboryirtios;, anﬂ%)e (%@rirmn@athemad?mﬁdna%hams with

o co GRS B B BB AR REREBL B ey e
oxidatioRtSAEEtidH, Qﬁcﬁs@}iéﬁﬁahoﬂmnﬁfbrWEJGyld@@n Aes dthadrodedgres, aﬂﬁash will be
etail below and further illustrated in ophetlc
describegtimanshter detaithrelow and furthee ilkggated @}ﬁpnlsetlarﬁgi being
the Sialic Acid Residues A chemcally nDdlfled | ong
acting EPO of the present invention may include an EPO
OxidizinigWhe SyamdinGins heé Replnbinh vigh &&lﬁSAcﬁS ﬂgﬂdﬁés ar e oxi di zed
to provide additional acid residues.. In ano

rhssRiFHHpodifipe laeariins BRY ¢f F@rsqﬁe@ng?r&wpéwale@adw FPO in
which tﬂe%ﬁfboh?cﬂhﬂe? gsﬁgérg) &€ %kgl&%%ﬁ 0 Bﬁ%@ el aﬁ@f‘tﬂoﬁﬂs&cﬂfre&&he% T ¥iRfher

resul't”1n an rncrease e of the nolecule, as _
embodlmmmhe aidli¢ acié rm*.m@emamse;ﬁﬂ@d vnédauslebltdvmd Igalldawt dé@dlﬁcatlons of this

ai ns for h..th creens I enDV.
type L G BB AR BT PBIOGE Bl ST O P B P STBR » Deceuse the
galactosE Eﬁ’a[ﬁléjﬁ} S8t dhQRe 1iver¥BreBnSab sl BiRbdoabs 16 @fBo6idted protein from circulation
dification to the carbohydrate chains 25 on the EPO

are prot¢ce@ofsom detgctipme gt Bror¢ sbplenid chemichkmedifigaiondp thq Gapkohydrate chains
on the Eg’g)glﬁ%cf) gg aaCt (iancliig % n %}ﬂﬁlq{c??fsl% of tﬂeri&?%] Ldt(ﬁg E}Jgﬁ of the present

en nore VICIna I'Ss "are

inventiodC FeSexatple Wdeh mode VEﬁﬁEhydiroiﬁEare $qﬂatm1 fb&laf:rdls,l £ larger i 1ncrease in the
results. Al though one of ordinary skill in the art
SeﬂthNédﬁwfﬁéﬁognlze several suitable nethods for

S the gétohg gr & léﬁfrpﬁlg akt éu?n% %t:? %{ %et J%(f&@pélﬁttablg mePhtRls for

nmet hod °i nvol ves gt 0 sugar
convertinp tlecial o sanhis of emjlthaipofcyld; @eyshBable tiethod nn\aﬂl'aiSél): mwodifying the

form al dehydes; and .(2) . oxi.di t he dehyd C
e e e Bl £ o 10 S0 ing o
aldehydS3Ven&HRIaBids ORER MsAUASMY #RDxRhAng the sugar chain to form aldehydes are

known to those skilled in the art and include, but are not limited to, periodates, such as sodium
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known to those skilled in the art and include, but are

not limted to, periodates, such as sodium -14 WO
wWQOM0E2677 PCT/ US2003/ 028073 peri odat e, andPGUUs2003/028073

oxi dases, such as gal actose oxidase. In addition,

skilled artisans woul d be aware of suitable reagents

for transformng the al dehydes, such as Quantitative

perlodat%glﬂﬁ g\i%ﬁf ﬁg.laéég '4bh ngé %ﬁ%& %'xﬁllaéey 18%adikieR) Rilfei QMsans would be aware

one e ment, the sugar nol ecul es are
of suitabbexieaigentscfomirins forsxng uhmabbhy@d,aetueh anQuiniratheBanediat %ﬂu’uon

comme i SATBILH 8 RSB b0 TSl e izt it

sodium }?é?i%@&jcb ﬁﬁd‘ﬁmh@f‘trga?éa AR (REntitRIN E@l\édi&QS@bﬂbﬁ (Hashk#) to convert the
sialic acid residues, or an EPO anal og, having at

aldehydﬂseaigtamdﬁe car bohydr ate chain that lacks a sialic acid

resi 0

SR BRSNS o 100 BB g
EPO andl&x, IthHﬁg asipa¢ bn®EarbéEratevteim thatiacks. alahcaem(are&ﬂu@ 1Sf mbmcted to

of EPOw th the term nal carbohﬁdrate (sialic acid

oxidatiop apipg selactasy Piidaser ABlagialoferma PHEF PIpRoRFoiset perordng %@15 aspect of
e. oxi di

eime 1 A8 18 TS USRS AR i) e

Preferabﬁo |as1ta.]|oen‘ythrb}m)1ét[rﬁn3$|ﬁm rotdesxadizihihdd® Q 1stsobjacted & arlother oxidative

h h d
o B AT S T RGBT,
19 %@&o&ﬂ%@%m%&ﬁﬁf%nﬁﬁ hihbGahitoRskidd M QleMEmbBe GRlIAE b&Reate the acids

aln even if the'acids involved'in these
on the smgaa lisfior Givei dired t}a:sen@tirﬁcm@@w ifyadve thh galgriosmediaarenes if the acids

ivotve 1St oo R 48R B EROMBREUR SR Ples i e able o

evade rdmov8 byBihE BOASsiddRl ga‘Mctdse 0Rdin, thecauiasitthat the ieastiegns for, will not
the Negative Charge |In anot her aspect of the present
be exposadvent i on, a long acting EPO of the present invention
is 20 forned by addi ng sul fates and/ or phosphates to
t he EPO nol ecule, which will increase the negative
Increasiap Wed¥egativd Okangel ecul e and t hereby increase the
hal f-1ife of the nolecule, In other

rds, .the : _
Inegathpswsredi &f He R5ESCRHEYEOnNHI08E l?rf“téng\'lﬁig B& theppassguidpyention is
formed E% ﬁ?&lﬁ%f{ﬂfa{%@ an(‘l\'?f gllﬂ)s HMQQ %88 EPE nid1&3d, §Mmi@f wll increase the negative

group sul fate donor, including
charge (fitind @bleculg lapd tiet gbiy descreayk yltﬁdfsﬁqlnﬁa @@ ﬂ;wa@iscldﬂ dInsdtherovatés, the

s D P e TR LR b 05 BERE s e

sulfuryl%‘&l pSftbrh @Qhﬁatgﬁblli&dmfzﬁlﬁnfglﬁrét@ﬁﬂ %1 célfp1d§1 $HkcbdaniiBoglycans and steroids.
I scussed in S. Pongor et al reparation of

And, the-hegatiPoctangsmaneiac by gcegsad ngmtrﬁ@mngr%p}wph@Oagrm&/@Fo a
carboh qifatlon Procedure, D abetes, Vol. 32, No. 12,
Y snber 1983. For exanpl e, insulin sulfation was
Oa¢ KiigBleahéthédfor Bul@ert@)amf tnsatih waliscussed din SaBongor ez‘ al., Preparation of
di met hyl f or mam de in_the S e of co n3|q9
High-Pejgieit on@a@ﬁgaéglgmnwhna wa&ﬂ%‘s@g giondiaesdrs stes, Vol. 32, No.
12, Decgl%) 1’98§n9\0136x|3cnd1 i @G RufR SRFatioh % @F&fe@ Sulhh AWrfAld YMVent, such as
AR be controlled over an el ght f range by~ varying
dlmethyﬂanatmnier(Dl\/tﬂ) mcthelpreséntg o geniensing agm’u;g kuch as N,N'-dicyclohexyl

carbodii%noigg 89&&) 21%('1 la%ul@atg Hgﬁo?d T?ll'” ggfarteee gf sulfa {J 11l Can be controlled over an eightfold

range by varying the amount of condensing agent. Although conventionally prepared sulfated insulin

resulted in major insulin bioactivity loss, the bioactivity of the sulfated insulin made with the Ponger
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resulted in major insulin bioactivity |oss, the

bi oactivity of the sulfated insulin nade with the
woemgee2577r 15 WO 2004/ 022577 PCT/ US2003/ 02807BCT/US2003/028073

process varied between 78 percent and 87 percent of

unnodi fied insulin. By using a sim/lar procedure for

EPO, one of ordinary skill in the art nmay control the

process RN Mewel 76yl @k LN ARG Lt er Bhasanbdmsagium hat [-1 17 e

nodi fi ed EPO  For instance, the
Bnyeugag |a\sﬁnﬂd1q1rq&dmrfe fEPEP Oponelsd ofdiears akidldn Ltiys adaipy gontrol the amount

P 1t T T R e
negative Eﬂaﬁg@éﬁ@@ nfd5Be 1@&1‘&:&%6& BR&diAd Siﬂﬁttééfto ahqitbteiny. dlyébl\h@ EPO or an

is prefefred as the sulfate donor, those o

EPO anabxgdn ailegst gm WIater soltlble cabpdijpigr e ieEbly PCG, é%tjmpf@ture of about

. WS PSR Ul e S0P L SR Sty

recognizé B@ePhiaapi @ﬁbfdltaﬁbﬁtﬁs ofr usheitERE mssengmphmtmhor ic acid

(H3POX4) as the phosphate donor ain,
SHRba prescires 631HPY lsseé feparobie PER% 1P%Véat5\ntqf§1§r@’ O ygjng phosphoric
' & LeRNOBRARA. A3t
amd(H3 dﬂeglggPsgLosp g?§lg %%Hﬁ%%%%b ?grggﬁa g the A
would béCatibohyaltiBtseleChatherphakitateRe@GersTh effect rpbowdr)éat@naﬁ &P
of EPO nay al so be nodified by the addition of at
| east one polyethylene glycol (PEG, a conpound with
T ermmaﬁnﬁ B APSh a8 ChbinBWedlpAGSt ory, which has the
foltow ng 15 general formula: HHHHHO CCOC-C
Tkl catbohydrateickhins ¢f BPOmeyRiEe heayodifiebbpiieaddiion ekt leptyne

polyethyéﬁg@ é‘) &{1 @\ﬁl@g%gp@gu%lfilv? %‘H n% g%ﬁ? %% lﬁg’wlls%orx \g&lch has the following

general @R@EI ment, the PEG is an am no PEG preferably a
nmet hoxy PEGwith primary am no groups at the term ni
(mMPEG NH2) . Pol yet hyl ene glycol chains with primary
am no groups at 25 the tern1n| are very usef ul
functional i zed pol yngéf's Qnd gr oups on
MPEG NH2 are nor g LLQﬁ_I é_aQyLa@Hng agents
t han the hydroxyl growpslthat ar¢ prlesent on
conventional PEGs andH they aFsoHreddily undergo
reductive am nation reactions. In another enbodi nent,
the PEGis an -16 WD 2004/ 022577 PCT/ US2003/ 028073

The PEG may also be a methoxy PEG (mPEG) having the following general formula:

| I
CH30O C—C—0 C—C—0CH

] N

. H H . n H H

In one embodiment, the PEG is an amino PEG, preferably a methoxy PEG with primary

amino groups at the termini (NPEG—NH}). Polyethylene glycol chains with primary amino groups at
the termini are very useful functionalized polymers. The amino end groups on mPEG-NH, are more
reactive toward acylating agents than the hydroxyl groups that are present on conventional PEGs and

they also readily undergo reductive amination reactions. In another embodiment, the PEG is an
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el ectrophilically activated PEG such as
NMPEG succi ni m dyl propionate (nPEG SPA) or nPEG
wa@emgiozasmi dyl but anoat e (nPEG SBA), bot h of whPChus20e3/028073
commercially available from Nektar Therapeutics of
Bi rmi ngham Al abama. In yet another enbodi nent, the
PEG i s a nethoxy PEG hydrazide. 5 In one enbodi nent,
electroplﬁﬂ&élgqgﬂi\tdt&f‘PIﬁ(f}, &g a@%ﬂ’b@a@kmﬁﬁﬁldﬁ%bi%nﬁg '(&h?EGCBP/A)Ebr mPEG-
oxl dation wt perio as di scl'osed above),
succinimiidyl botaechtd (mPRE-SBA), bbthey @h@rdmﬁmealhfrwa&ablgﬁpmd\fektar

Therapagies gf DTG & piEFTeo Ry S oy cnBeiREy Ptz anetpe PEC-
hydrazid®, Predeterm ned period of ti ma at room tenperature,
whi ch produces al dehydes in the carbohydrate  chains
I]Aosmmml@elptethe@démen o§ theghileashone PEGys pelevedeia grlation with
periodat?]gas $sglo ﬁquaeb%lvl cﬁi’og}eg%?rltﬁ s’éﬁb@&%ﬁﬁm&}@a@%fé@%&%% For
example} EBO@%S(dutZ(ﬁﬂmSy B fist amltke@ mlhmgaerlcdlatbl-d 4. ndodthm perlodate for a

ol i gosacchari de groups of EPO maybe subjected to
predeteqng@gﬁ)e@%ogmﬁ at r;goE@ tgmp@rﬁ‘@re ﬁ‘ﬁ]é@é’(@%u%? Jaldehydes mn the carbohydrate

chains. %ﬁﬁ«?&é’ ﬁ.fiﬂ%ﬂ{é id ?odlﬁ'ﬂ%h%@géwﬁl 1 1886 minBRl 8w aitible from Sigma.

not ydr azi des, which are
The pencdn’mﬁiasz itlednlbye remaiddaiyl enffer exuhiiegd, at witick ltlaméhtt pxidized gialic acid groups

. anpt her epbodi add [ fth | east .
on NS Sy BRI G Y A AP L Fa SRR P in the
presencd &fcty%{cmoﬂﬁﬂ dad. aGliRBR FIRS i@ﬂﬁ& i8é1L8¢, baKid abi 1Rityd fohmethoxy-PEG-

gal act ose oOxi dase. For exanple, an asialo formof EPO
hydrazidehavtiichyare xpoweedcitidy anaplable érana]&@lﬁgreTheémedu%) in buffer

%&a?t#xérgeitné§q%}1jg?§i§$ é%tl?xg a% tg(ré] ‘Zé\?% t%ﬁ% 9@%% é&%ﬂ}ﬁ? %\é (i’ljlel Mtachment of
PEG grdﬁ@ﬁ hobyeinalt @lacedia Ird,%ﬁdueg' Bi@erb)btfcfaﬁbn 1571 ghfaef(bsé)eXMMD‘Feﬂexample an
buf f er exchange, at _which time the oxidjzed

asialo f@@l A EPOsavipgsKpRed tomminah galainjeaetidrs) B bRiter st sypigeted to
st I A B 0 AR0RCS8 PR AL e Bt

chains. Eﬂie blifsenf thei berenmaiebbgl kuffayexbhangﬁ,sastdv}ﬁdl fpme theroxiditee galactose
nmpounds of the invention. ski

F ed ..
res1duesaqu}1 l%eaw iRGteddo F@E% ARG AR E Cglﬁ]ﬁﬁ? B%WCFP cwo{)q{ggyédnde
PREHbERs }g?qo %v'e%fbsnc;t htelRakd POLMARE REhdsBOr other methods may be

VEersi ons er EPO derivatives such as the tissue
used to prepdre titei oompoyh«bd&ﬂth&@e@@o Federampiletasskiltedjagisan would recognize the

bl
applicalplig o §ibee SHmREd MO OBE R AT AR I S5 P B b5 3 of QT ED

derivatiAds@uelPad tHE AR 'i)?dt@dﬂw@ YyioRin§ @3€16sdAah GhtBrnhfiodah Bililication No.
entiret Producti on of the EPO Mol ecules A varie

WO/02EB5Hb a1 68 Peissi B lpianoros y QANRS oAty LD DB 26Y pbich are
and EPO-rel ated nol ecul es

Hwoqm eqﬂ% #ﬁ%@ﬁ %%%“ﬁgﬁcﬂ&ﬁ ? expressi on systens

represent vehicles by 30 which the I ong acting EPGCs of

I nterest _may be produced and subsequently purified,
Productégp of 4k / cells that may, when transforned

Qﬁ’ ilgﬁte%g e‘é%&ﬁ‘ vidiS sPRBLS Blal, A Q1tiiked B PhrddiRe BRAbRWActing EPO

seque ces h he hodified erythropdietin gene

and EPQ1reldied mdlevuldstof 1heTth$$on nSheidwsbetpressnrsysteins pipresdnttvshicles by

which the longgctlzn%oE%(S)s %g%reggrn/a}y g 8r% {1(96 Sa%g%ubsequently purified, but also represent

cells that may, when transformed or transfected with the appropriate nucleotide coding sequences,

exhibit the modified erythropoietin gene product in situ. These include but are not limited to,
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bacteria, insect, plant, mammalian, including human
host systens, such as, but not limted to, insect
w@eiok/0p3t ens | nfected with reconbi nant virus PCT/US2003/028073
expression vectors (e.g., baculovirus) containing the
I ong acting EPO product coding sequences; plant cel
systens infected with reconbi nant virus expression
bacteria, HEE& P18t ﬁaﬂama_}l%)q{lélﬁéllﬁg\ﬁﬁmﬁﬁpﬁ@ét §stérﬁ§J §uchC§{% Myit nbPRaREPto, insect
nosal c VI rus or 5 transforned wi'th reconbi nant
cell systepisasfwctdd evifhrressnizinany e'u‘um?@rf(sélog vectgis (ngamed9V1ruS) containing the
hro 0|et d not ec codi
long acti ]S]E@ 1 Bq,dr nlcglsn Lsyg ntlectﬁ(z lW&t Irﬁcgo rB(ilnant virus

expressmﬁﬁ}ebtorss()ésgt ARGV & mos’ﬁfE]vQ%@,, CADS; tobkkdo mvdsic RS, TMW or
har bori hg reconbi nant expression constructs

transforngeg it r@pwgbma@tmhsmlé eYBPSPEA eFioBherghel i @éﬂﬁ@h@ eftaining

mralian c | r
erythropé{?%nn,]rerlr%te fengévclo?lal seqt{gﬁé.f% &rq‘{m%}hﬁggég{]n%égll ) altncéluﬁ’i'hg human cell
systems, @Eo )IFDL 6980, COS, CHCS BHKg 298 31153 Rarblsripg mmmbmanﬂf&ptassion constructs

dition, a host cell strain may be chosen tha@ .
containingraemateesderived Eepy e grromedt HB Al e & sBgadefkiogein promoter,
o rom S5B3RS, REERRSATIE BSNSLRIREURL ARG K pomorr

Ilpnd:dl‘ﬁms largstafellstroenay Yerahdsenttbatpgdubaes thp expregsionfadthe inserted
t he fu t|o of the protei
sequences, G TR GEL RIS Shie prip R AR PR e bl G, Suen

modificafiBECAld ﬁo&@ﬁﬁg Bf Sidkeir ﬂodﬁ&@ma? ®8 impérddhs FatthOR@dbtion of the protein.
processing and nodification o rot ei ns and %ene

As knowpmcmc sforAp;armimlat@ae eu] differenthost sellsharpsreckipgneshgnisms for the

chosen t en
post—tranﬁﬁggléag H%ﬁssgfg %ngi i ﬁcea%g o? Plg)?%nlrlﬁ Sila eé}Bg gﬁddﬁgtg %gp?)ﬁﬂate cell lines
or host s§ftéins E4KRY 3HRbdrCto féﬁﬁire ﬂfékbﬁreéthﬂddlﬁ@ﬁﬁaﬁ&ﬁd phﬁess&igl dfftlar foreign protein
machi nery for proper processing of the pri

expressegly adhip iepd. euliryelshasheslisthat RAsseribe ﬁ%ﬂaflf%?@h@ﬁfycfpf pPioger

process11?§§ft8§ %ﬁgﬂﬁ{l tﬁ%ﬁx%ﬁg %ly%‘o;s?ﬂuox?l nd Ipwgb}tl&%rng?ﬁ%t &8k bduct may be

used. Slldhﬂ‘hztrﬁldalﬁan B EBI8, inclGiig hWmROhoBldklls, Helale bEOSe nvDidijted to HT1080,
373, and W3 8. 20 Fo cm  hi gh-yi el d
CHO, VEB@HE%ﬂ$éﬁﬂ@fCF@%Bﬁﬁ? %F% aﬁéﬁ 8st abl e expressi on
Hor 1dHeSb A M1hsh- Fcﬁ%ro%@ﬁ b?reoﬁﬁﬂoina{lﬂ 8&idsN@hb18 bgRkNion is preferred.
expr &ss the glco I nant tissue protective
For exampitodellimes éiaaistebziy enpesche Ecgmhmap‘frt@@umr ofeatjvepeytokine-related
s ST P b 3 R R i i
origins d¥8eplicaiS], RosRANNE dnhbeAsoBAED Bith Q]Nzk))éoﬁﬁﬂreﬂ Fblylapplepnate expression
expression control elenents, e.g.,  pronot
control elethems erg., IFEGALSHEEBNCET, SPHIERTISH ﬁraéﬁcrﬂ@%%tﬁa%%‘fgrs polyadenylation
d en
s PP T 0 D6 A 0 g

englneexfeﬁ rc@lﬂ@ﬁajabh‘,\allov@&aﬂb neey &d le2ldys mmy etwéchat] Inedizg andbthgn eny switched to
in an enriched ne

for

a Selectlgwéﬁe d h@ Selegjalalg magker s heges R ll‘ﬂ% 3@@%&0&@@%@&@ to the

selectloﬁ & Qﬁ)v&ysec‘éﬁg"gi Rat iR Rapul f12RLie ifto HRY Gk@NERnte ahd1grow to form
ectlon an oms cell's'to stably integrate the

foci thaqah amwicen babbnechmdr expdsdmgto wel linerd Triomethod frsy rdvindageously be

that in nbe 0 d. ex ihto ce
used to prigst SRS R Rsererna® HEG At Spesiet ne Joerbdadugt: Such
engmee?eﬁgz'efl‘ FBEs B8Y be bérﬂ@lﬁaltl @‘ieﬁﬁﬁﬁ’ E@8&indghdERGluation of compounds that affect
nmut ei n-r el ated nol ecu gene product. Such engineered
the endagehous| dctivisy ebihe E@Opl”&laﬁﬁdcmplﬁwl? genreammoductn screeni ng and
eval uati on of conpounds that affect the endogenous
activity of the EPO-relaied nol ecul e gene product. -18
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WD 2004/ 022577 PCT/ US2003/ 028073 Alternatively, the
expression characteristic of an endogenous EPO nutein

w@eee/0295thin a cell line or mcroorgani smnmay PET/US2003/028073
nodi fied by inserting a heterol ogous DNA regul atory
el enment into the genone of a stable cell line or

cl oned m croorgani sm such that the inserted regul atory
Aeﬂeﬁﬁﬁ%l | e e%@gs‘?&f éﬁ%%alﬂteh‘sﬁ‘é‘@ﬂanvlénﬁggéneﬁs EP@Q%&Q%%M within a cell
eryt 0|et| mutei n gene. For exanple, an endogenous
line or mifcré&RErnTEIN emay panedifibdby insertiog aﬂnbteyolbgquaw EWWW“G]HCH'C into the

ene t hat
genome gl ke el 165 o5 Qe s ek gpoh ) et Py efpment is
operativély ﬁﬁf{éd Withhe MBYgRBuP&YihYdHorfinuttMSRhé.I RéF ékample, an endogenous
regul atory el enment that is capable of pronoting the
EPO mu‘@mpg%@é;hai s adrmatly kgrsedpicgae pibengh dduet EPQ genathat lééllomlally not
cxrescly O B R V45 P L RSB ettty e

regulatofCdlénvéit @tht Bycabasie bf promotifig &emxpfﬁsﬁﬁm Oﬂal es@gaslsai geny product in that
el ement that works across cell ty

cell line ﬁ*em@qrmrsgtw@ Aétgmaatf%iw BAmsprEOnARY Slﬂf‘@tﬂeﬁé‘é&ep@éﬁ FR{? genp may be
I I | S
e e i
Agﬁdé’t@r,oldgﬁum@ gutaeﬁta Bleqimsmays be msarsedt iatogpedtaide h@ihﬁhﬁ!fg@:ﬂ[ﬂled

microorg e s s e o A RE PR i

techmqu%@ 40435 talléet%d hlgﬁfo%ui\%omﬂmgﬁél Gadcredad “@llfkﬁgwﬁ@é-thoé‘@éif skill in the
't ernati onal Publication Nos. \W93/09222 and

art, and m@s@ﬁE@VErenﬁePaéﬂttNerm@éBo@@r BatenifNagh + 2A5 .88 bands5,578,461, and

e RPN R PR S Do RE BEEL  of wich r

lncomoﬁﬁammgﬁ%bgﬁéreﬁonpos| tions including the I ong acti ng
EPO nol ecul es of the present invention. Because the
| ong acting EPCs of the present invention 20

advan eously have erythropoietic activity, as well
m—%—?ﬁ—g@é’l%bj c?,t ive capability and transcytosis

Taadehi nyentioneysoathtes Ufmﬂwﬂmbﬁuedalfoompbmeamgmciudmg the long acting

anem a and rel ated di seases in indivjdyals e%l SO
EPO molgegies o thopipsentiaventiony Sepajse edens aiivg %%9 S& F%P@e%?ﬁbmmﬁon
advanta%é%l@ hg{fél%] gﬂﬂf)ﬂﬁgﬁc‘ RRvit}, Bs dddiak kiQ8he prdteoth@ 'Egpa@ﬁﬁt& RHd transcytosis

present Invéntion are contenpl ated
capability; tey mentontdmsatedifa taatinane bbaredhia psbizies] diseases i 1n 1nd1v1duals also at

I ndi vidual.s. al so expe n rarjation.of
isc or PP {PBE DLIE UG RPHET Lo Ee iifTEa. figdons acting
EPOs of thK Bres&ilt i RAHER E&coﬁﬂé&phé@é&fo@&%étﬁﬂn%eﬁfa drldeelpted Si@bses in

I nvention are contenplated for the treatnment of

1nd1v1dtal$ewhaoaﬁxn3nn¢n¢mg\ﬁle©hnaﬂ1@0§@5 meatel fasuliishdiueh andlzheimer s Pagkinson’s and
the n agin
v ke G5B Pl 908024 RO B
treatmefIT@AMET, in irtBvigiAs aibject tve@ntitons rersﬁ‘lltlﬂg @ont the hhﬁna] agingfprocess, e.g.,
the long acting EPGs of the present invention
balance pagbleres ksadipg tcb?aﬂg}g, Ry deipas anddhe Ik Mojsgyst the Prese’“t invention

relates tEg%e&se %tf't o offE Egﬁlﬁégﬁj ST df%E r\%etnmef@ﬁ’c%dnl a@rc'aﬁ'ﬁrshl%y bftgr molecules that

recep exa , any of the long acting
have po&%eﬁhmmmm batreyewitiyapikaries bbvude #POrepdpdoramceut i cal

RSS90, Bl Lhe LBYERAORc L0 PO 00 NERLENS, parmaceic

composGRIR 8B iHe iRRiGH. Hh%ditfb\ﬁe{?atﬂo%@ EPQ dhald g§ ﬁﬁy‘@eﬁﬁbl@ded' i€ pBdrmaceutical
one tissue protective cytokine, which 19

compositions of the invention in a blend with at least one tissue protective cytokine, which will be
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WO 2004/ 022577 PCT/ US2003/ 028073 di scussed in greater
detail bel ow. The pharnaceutical conpositions of the
WO poog22s0n contain a therapeutically effectiveP@mnosaum3/028073
of the nodified EPO preferably in purified form The
formul ati on should suit the node of adm nistration.
In other words, the pharnmaceutical conpositions of the
discussedﬁlvg%‘été%ta{if‘l‘fél&w.e an amount 5 of the nodified EPO of
the 1 nvention such that the targeted condition is ]
The phdralab@ticaloongheditivheofthe peenticiowataina thetapattegily ie§fective amount

enppl . d, .as di sed .i.n r etail. bel t he
ot m SRR P B BN TGS LRGTRASBS By piatt pbleor
administRA@6n.! BXétBerdPSAgehepRiRbeeutibg cOMPbIBSRW itEAnvention include an amount
nposi ti ons of the invention may include a

co | ude .
of the madifiedaBRQ o ghel inyendipn sueh thet thaiesgated @nditiea 13 Beaiebieprowiged the proper
E 0 d and i - . ] )
dose oSS REIAMIE,r . LR AT oy, ppccia
composifisrosHodRl Bddliveretid ®hompioxedosagiamagit.r ati on to the
atient. In a specific enbodinent, the_ter

'he R#FRERIICPLeamRPsHioRB At thp Irentionnay gﬁb}ds@gfaeragpugcaﬂy effective
amount %fggééiron hg{:]t?nggl?ﬁ:j :&értnggduﬁd%d Fedgist ar%ﬁuﬁ of %g;ﬁ%ﬁnaceuticallﬁ acceptable

In the US. armacopei a or other °
carrier sgan®epadtige the dagnfor pdopfeoadnigistrapdatonthe pgend nor spasific embodiment,

et s, BSOS MUl ThE L s
state gov%fnrf{hé?lkﬂ bflifedMnt the WX PhatnhRobd1€ bADRLL é&eﬁaﬂy?@iﬁ?ﬂﬂzéd R &g

uch 15 pharmaceutical carriers can be steri '
pharmacbpejafatsise suatimals, andlhere pedicularls is hitmanga tlde termd"ceirics’, refers to a

. i pcl udi ng . t hose ,of, petrol.eu ni ooV

aitent, difyatbeerEpishF g Rt oL s iRt i FRTRRRG, Saen

pharmacBhtRl Sdrri®islcan bé eeAREIqRIds, SUAH at figink iskl@tion i atatérand oils, including
solution is a preferred carrier. when the _ o .

those of ppizelrtre canimelay cassiblodi yNBALLC PEeiBdEh psPEpRLpPll, soybean oil, mineral oil,
. S . .

s GTFENERY Nt A SEL 00D e UF AR omposicn

is adminésddred Brtayverpaklyi Saligy dojutfons andi@ebabdextroad aridi ghyrsrol solutions can also
Suitable_pha[naceuticqj 20 excggiepts in Lugg %Farch,.

be empleyyed g diguid| captess @arislarly &, migeiplieispiutings- ¢ S uiiape@happasgitical

excipienfshﬂéllﬁde SthichCAUSRE, 1a &0, WBrosa! SMAL BraltTHYE SR, chalk, silica gel, sodium
nonostearate, talc, sodiumchforide, dried skimmlKk,

stearate, @l yoeenl algnopeapiel, tie sodjhyebloride whied skine rhlitnglycernk propilene, glycol,

) fhllﬁk% é{g{a ﬂhar maceuti cal conpositions of the invention
water, ethagol apd faedii§t ai n mi nor anounts of wetting or

BIYhSihadefScad 8610 Ssitids oP thelthi¥dnBbh RAthyaU8HoftainMBHE amounts of wetting
conpositions can take the form of solutions,

25
or emulsifyinseagshisney, PEE hufiferingrrgentabiTbess copppsigonsceap dakiedie form of solutions,
powder s, SUSE al - T r . ONS Lke. :
o S5 BT S RBE e A B3P 8 e e
TiRwohipoutds ¢fahd infvexitioh. caiPba foraméated ssalcuyral @cele fidrads] €harmaceutically

salts include those fornmed with free amn %e:cfu,es uch

acceptable saltgdrduirdhpsediarmedpith g ABER SPERS, su 6%'31% egived from
L] b Coticl BRI |8y ete! Gnd 1RBIFROS Gith HelREboxyl

hydmCh\;?a(}?hbl%rsgg&?éPgeglfy?{aqlg’r%ﬁ%%icg%hagé rtthE)se %Ioeri veél from oxy

groups saicld bt sepderved iftom sodimmm potassivmahmineniunt, erlcium, ferric hydroxides,

. droxj des, 30 isapr.opyl am ne, .tri.ethyl am ne

ISOPIOPQaﬁairﬁyﬁngﬁM?&ua?sr?aﬁBﬂ? RO QIS BIOREIO & - 20

WO 2004/ 022577 PCT/ US2003/ 028073
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Conposition I ncluding Long Acting EPO As briefly

nmenti oned above, any of the long acting EPGCs of the
w@e@gems7i nventi on are contenplated for use iPCT/US2003/028073

phar maceuti cal conpositions. In one enbodi nent, a |ong

acting EPO produced from oxidation of vicinal

hydroxyls is included in the pharnaceuti cal

%B%%J} nvention. In another enbodi nment,
Compostagrt & pharn EO’ A&ﬂ %)@n‘po& tion of the invention

Asr’tnieﬂ&emenabnd:@mye aop of thergngasting @PQS(Df theeresest imvention are

conempft bt inp B EEH el S A BRMEHER ShlL s ro
produced@fEbmskidatioh bh Qici—iﬁ?ﬂydrdik}ll@@ ifdrededas ﬂi&p}ﬁﬁhadéﬁtﬁw Sd)lhp(ﬁslihon of the
is aresult of increasing the negative charge on EPO

inventiotyy Insamothet pmhod;mnb thepherpsteyideheqrappsition aftihg inverdionrgludes at least
one longtatr%rpn%gﬁ@n[ﬁat Fa esu 91%% a@%gt c s@l'icoéjcgcglﬁeg dg§5 &%T@s@ﬂlﬂl@%&dues. In

yet anothep leﬁlﬁudlm’ﬁent eheglong E’c&lﬁg(ﬂ‘ﬁﬂ) figluded ir the h)hﬂiﬁdicétmchh&)mposition is a result

phar maceut.i cal corrp05| tions of the i nveE .
of increagtagiths BrEatiyhehapseeaetO b vRHRBRnd G PRYBRER Giopn gillgmotber

embodlr{Px{gllt % lgh% Eug %o]f%ifo Igﬂg?egls t@lg]inﬁg ge% tlhg gﬁﬁﬁﬁ%ﬁjatp ¥hAYwh more complex
moleculghag@Ecittamal isdoripdediit herphaohacetigcal conmgositions of therinvention.

(FAITRb o P R e aaERT RS gt IR pnassing v
pmduce%vI B?}é{n¥ 8f fRe Erf‘e%ﬁ&dts oPthepeRbAGh atbAS fk %hh@a@glktﬂ:af EhbdR®ns of the

ess |labile residues and at 15 [east one |ong
invention.c FoingraEm, theathaimgacehigcal e@nmsﬁéﬁn 9friles imaentiog reayeinclude at least one

long actlﬁ%gﬁ’gﬁ}%ﬂ%%s gtresglﬁt o%.?epg%cgrﬁ%%fe ?‘télrdn?%sdu%n Wlt?l lesséablle residues and at

least on€RhE b&ing BIF® tHa0 BOhefdshngf ﬁl?@sﬂﬁ tHehﬁbgﬂh&Sﬁﬁhtge ion\BPW bysulfation

advant ageously are able to 20 traverse barriers with
and/orpb@%ﬁ’hPHYéantIOés havi ng EPO receptors. Thus, another aspect

of the present invention is a transport system using

the long acting EPCs of the present invention as
TranspoeRSysiegyr S for nol ecules wi th poor barrier penetrati on

into a targete ea of yhawn EPO r tor
lﬁch?eair@%'&r e fw agtRe %%5%\&? %ﬁ BESEMY WB% advantagagisty are able to
traverse %Qﬁliésa\tvﬁh Qgﬁlﬁé}ﬂas Ry §|EPW6¥e;ﬁ‘&’é 0% fud, Bfoth&HRFdct of the present invention

barriers. I'n one e odi ment, the tr ansport syst em
is a transpoct gystes: sk the t@gacummgPﬁpﬁthofprqswﬁ ipvestiemas @riers for molecules

with po%gaﬁgt{]%régg%ﬁ?gg %BP 83?%%‘6‘2 ngjtﬁeclh y#@%ﬁ%agﬂt&s Such transport
systems ngéﬂ%’eﬁuﬁ? pRYVE et veNGhfdaheBed bf @llivelctdse Ehe ihfact barriers.
her words, the long acting EPGs of the prese

anme eeibesingeas ﬂ@@ urmspm pystam &luges thedens aghing .FJEOS ‘ofthe present
inventioR 2 gud n{]%%% %ﬂ %ng)ileﬁﬁha ‘?@kﬁ‘g)&g?&%{l? réerttra{sl(?rﬂﬁ oaiﬂo@iﬂ% §?13ve1 28d 8afe method of
deliverymt®e tﬂeﬁnﬁbﬁgﬂa’sbnaﬁﬁoa&ﬁeﬂ e behpewbids, the Ilc&xgualcﬁﬁg EPﬁs of the present

fact, an i rtant problemin the treatnen hunman |
inventiop g ALIOGHBP BoTLE P58 SAOHRFANMENGHEAAN {6 At 80 T gep e OB horses” s0 s

! t dit Molecul

o b DS AR PRRDE Bl Py RS T B PR o8 Bt s

Inufaeir an mTpmtarm;brebhamss tIue’rtaaatrrrelghxf huinhie bisirsentves is posed by the need to

I TR e e A —
to brain %ﬂh@i‘ée Mhe Ld1Ed s kbHRE lﬁroﬂi%@w&@‘be ‘éff@é’cﬁ/etlﬁ' @iaBh&@@dand-tBdrapy either do
WO 2004/ 022577 PCT/ US %003/ 028073

not cross the blood-brain barrier (BBB) in the brain adjacent to the tumor or do not cross the blood-
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tunor barrier (BTB) in adequate anounts. Thus, there
is a need for novel delivery strategies that are
wapiogzstd the brain and that bypass the vascuPEr/US®03/028073

For exanple, antibodies that could be used as either

di agnostic or therapeutic nol ecules do not cross the

BTB in sufficient quantities to be effective because
tumor bafier! (B8 1S hdRuatbSnoHAE, ThiE L08R Afkd RG n’e:regﬁieﬁfzergﬂﬁﬁategws that are

present ‘i nvention may be used as a carrier 5 for such
wnmmtmﬂmémmheadﬂnnbhkmmﬁbwauah@ab Eﬁr@h&mBB@ﬁﬁmdB$Bﬁﬂ€wédbeu“ﬂaS

e i SRFBL Bl EL S5 TR, B PR DB RO et

because 6f heR @%' 2Qtshéle thebhe Ebtin% ERQsfeRd prysens Bfegtidniesy bdused as a carrier
i nhi bit oncogenlc SI? or to inage gene expression

for such gfolgaylesise allow traversal ol thlerBB% e8Pt Po rQnetePfémP]@ﬁ?é agpelpgide that may be

used w1t§?}%108é act,t{h i3] ssog[Qﬁe %@Xe%? Mv%ﬁ'tllﬁpl)é aQ S:mﬁ Q&ls{a' gﬁgoﬂugleoude which is

various gerre 't herap of "nhonvi
typlcallyf lﬁéﬁwiﬂﬁr it® i bit Mbgémcamgnm b1e itnage fak@epressi@r aithe biain in vivo. In
wi t hout _aid. 10 Furthernore, the | qg acting EPGCs
addltlonoqhe thap@ JsHpg ERPs ofthepresent IESAtigR may g %fg bdn variohs gene therapies
(viral or %ﬁ'ﬁ&ﬂa@ orﬂﬁgétﬁ)'hg)d wh¥c'haa?§5’1%r; {6b latrgé toV@bdsQHSBTB without aid.
erapeuti’¢ agents. Becaus rug-active efflux .
Rulﬁhlampme tthe Bqng\ahnmgﬂm@eof thx pressmtexﬂveatlom rey BBBs@ha$ catreer-mediated

nspor By Ao o g TR TSRS PSR B AAD, which e
expresse@gl@ MeBBB ahd %ehim ThctiPly @ﬁldxrﬂhbll%fh%fﬁp@&hdﬁg@ﬂt@ HoRtthelbkain back to
partly for these reasons that nost of the

the bloocl,l the distriiiution e fribieseeagante in the brwh axayl begnhibided ¢rayevepiedn It is partly for

these reagsflﬁs? t&%ﬁorpteﬁ%?tc% assg%lfc%rglggl f?r:dpgl‘ftwt rﬁgle{}lﬁg% t?l atgg %gé?@?sed to treat

cancer olitsfRlthe cenlflervéit@yste® (ONS atingffetive RotheReatafent 8fbrain tumors.
present i nvention as a Carr|er for such

Thus, the Hemethlona peiing PO ahkapsesaryinratign af uFatrst fopmigp ghgmotherapeutic
agents n? ebre{aﬂgg% Lgte n?)ﬁﬁ%ﬁ% gtt@ %é%gltsfq{érﬁ' t{} g{ag% b efl% lgeﬁgﬂlﬁ'%ﬂe agents within
the branefﬁi) Giﬁhrd@yn tIn ahbted atepdaadiitnhe KR actyg EEijn}rhECj oimetl with a drug that

that inhibits the active efflux transporter to
inhibits e <IN GEOHE O HHIG eBFTE FErhS e o5 BRTRY Beraii geents that are

nmnmﬂ&@%ﬁmé&ﬁonﬁﬁmBQB%ﬁ%hy effluxed frombrain to blood. In
t

tion e present invention also contenplates the
Insddfonthdipfdsed iERAtars alsacontemplafes the use IOéwﬂé“@d\HHm as carriers for

SRR ORI A VI

examplds ¥ stdecel18 idcNale retias GhdcleNBadt, lungURebr, iliveSt sm¥ll Bid@Yine, adrenal
smal | intestine, adrenal cortex adr enal medul | a,

cortex, mmaﬂ mgAylla gerstarylengetheliabgeses, OvasrRANCISAH SpRa skinpifendometrial
n L
cells. Irf aslﬁ%ur%%l geg&gr% ceﬁé cluég \91?1!1411?] 111‘1‘{11% B te%r@ﬂ%lﬁcrell% érat}rbal c?lls
photore€pkdriods ahd ﬂ@ies); ghﬂ@mn botan hefegqitay ar(lztomis amldd\/lilezlfeesélls muscle
gangl.i on, pol ar, horizaontal , amacrine, NUeII%J
cells; hegg|cpls: %and@lm R glakﬁe%m?ate@m@e SHAIE L B inggpede, and junction
tissue oéﬂ%g%ovecﬂtﬂaﬂaﬂ' dok aﬂ&’gﬁlc%l?bﬂ?@)t [d lceBO4Rer c%'ll@%p%gﬁes stellate, and
an unction tissue ce atrioventricul ar node and
Kupffertuﬂhsilkﬂadmﬁf chils mesingid, eedll epithélial,end teiulag inthephtlcells; small intestine
u ki dney..cel.l s

colls: e bl e R ATV ah P TP PG P e LBF L P elomeruloss,

fascmul§t€aelﬂd et 88dd R8s, 30Arén8] hedulBARlI®tchrdnMias téin2 ba@ll &9 dells: pericyte
pts) and enteral endocrine cells; adrenal’ cortex

cells; tesie$ tedls: beysiim Settok.cend spergreadlalend theirgepursers; oyt cels: Graffian follicle
cells; adrenal nedulla cells: chromaffin cells;
capillary cells: pericytg, cells; testes cells:
Leydig, Sertoli, and spermcells and their precursors;
ovary cells: Gaffian follicle -22
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WD 2004/ 022577 PCT/ US2003/ 028073 and pri nordi al
follicle cells; pancreas cells: islets of Langerhans,
wW@2melr2zs77 0-cells, ,y-cells, and F-cells; boneCTEk1083/028073

ost eoprogeni tors, osteoclasts, and osteoblasts; skin

cells; endonetrial cells: endonetrial stroimand

endonetrial cells; as well as the stem and endot hel i al

-cells, and F-c

o G T BEGSETL R 5 BERNS ] ShRAAIRAN, Bl el ma ot
bone celle:yntsmopngewrkgms&fbblystmnﬂ iostieetl asiti s, cells; phé@mememalleéﬁndometnal

swoma e CeBER SN Bk e 5Bk DR Btpove i
organs. |1 nked carbohydrate chain and/or at Ieast one

addi tional O linked carbohydrate chain (that exhibits
an ext ended ser umhal f-1ife but |acks tissue 10

r [ | |
Composifio QBEol 1g ot%) 'fz Su%lg Qﬁlvev\b Bl ’ ZﬁStEPOOnZnal og

Mydvtieny n&lntlbﬂétﬁdbot/m Iﬁldﬂnztdeﬁﬂ@ll ccbinbcbs}itk&fhccaﬂb@hy dlieqiresent invention
chai ns, wherein one of the additional car boh

may inclagraBP gnilge Ardae fiicishenerddition! Nelgted arophy &t Shein andlor at leas
one addlﬁgﬁg? AT aMohPardeld %ﬁ%ﬁlapéﬂﬁlﬁ%tdn\’e%tenﬁé’& eif’lalf [TBY but lacks tissue

rma conposition o the 1nvention. In anot
protective rmmity)ennh bleht evithhuh teasicomettisaal proecmpoyidkimen P@ﬁf exztmple an EPO

T e
carbohy@9dichLaR &l 10 SRS LRINIOaS S ti88, it BethbidktRorkRAMA :t1s§11req;|%tectlve

review ng the analog in three-dinensional space,
cytokinebineg Ifomh@C@l}BfSltmm of élpst indlentionn Ily émotbﬁi@mb@ﬁlr@nbdhﬁ nlﬁﬁmaceuﬂcal

maceut.i cal ti,on
ComPOSIFﬂlgPﬁ%‘génvgfl ipray i gue 6 *.L, Suteonf)r o%uec? ?t\?é{%%ywo%?lr? g gy least one EPO
analog tigk cbiRaivk a@ifokalPerbalnal g chéid that 40 khows fRnpreviedhg ’tl& analog in

functionality as a result of the nethod of adding ®ﬁ
three-diragastaanal sraeh dhyerkthe Qaicngeptide: Ha yphaplich emb@ﬂ%@mnzp armaceutical

composﬂ%og PP glel s teg’a&? I uﬂgéﬁtqgas %’)%ect?%{%@éfo%u% &ﬁo Lifie and at least one EPO

or use maceut ica
analog h@@ﬂi’(@ a6 Itits$1&rlﬁot@étlﬁeff&nq3foﬁsle®tas ia mesaittof dre. mathodhofrddireg) thg extra
und to any partlcular theory, it is believed that

Ca«‘behYﬁh’fatetcﬁémﬁé‘? tHe®9tGinoccurring gl ycosyl ation site at am no
@r?EﬁO? %wﬂlezi f%fcﬁ‘étt%g g r%%t)?l%iﬁ@?gl?e 19 BoBmF1AedahAYRn the

out si no acid segnment, the tissue
pharmadeniitad cd)mpcamtlcnm pd mel presemsmménttohe Vﬁﬂmuahah@goumidb @npparticular theory,

it is beh@‘f%aa'g t&? ?166:11? ?)rgglgpng ﬁ,?yﬁ8sy6]l(?}o " %galrﬁ%ltg gct WaSS relocated

elsewheRY G mtahzﬂ RRRATIthd dM4PEmiddeacid htO theftR¥ue protective
i ncl ude an analog with a relocate %Posyl ation
capabiliti¢stof the E%aﬂﬂég sRuishierrnharded as eomparsdighar P @ pnalpgwith the

e PO gl €167 948 0GB 10 P AL RERion

include &UEE@SaTneld gI\AFithFéﬁ-Elo?blﬂéﬂ igby@bséydatidNasite Vb0 1HBAAGBino lanidotoeelsewhere on
nbodi rent, the O Brien peptide contains, 1

the molqca}eoéﬁ%gedﬁlasaée%gﬂamylaﬁpﬁ sfmay o8 &t FUBOGRIB A nih £5.55,89. 136 or

138, as sﬁgﬁ?éﬁ@nm b ichiiGi] NI P01/8R4 B! Mﬁ@e&%cﬁﬁ@ﬂtdflﬁt@Bnen peptide

e tissue protective cytokines for use
containsi bﬂe&sfdaﬂ)(mydlatftchaﬂlsi Frearpalizsentive iembedinicoh ther @ Brien peptide includes 2
81% 1%ﬁcgbly those cytokines that |lack an effect on the
Or MOTe |GaPa S%B¥t maintain the tissue protective

Suitable tissue protective cytokines for use with this aspect of the present invention are

preferably those cytokines that lack an effect on the bone marrow but maintain the tissue protective

-23-



10

15

20

25

30

-23 WO 2004/ 022577 PCT/ US2003/ 028073 effect of
endogenous, however any cytokine that exhibits tissue
w@e@iezasive capability is contenplated for useCT$1903/028073

the present invention. For exanple, suitable tissue
protective cytokines include chemcally nodified EPGCs
generated by guani di nation, am di nati on, carbanyl ation

effect of %ﬁ@d' %39&%? h&kdRPhny C}&&hﬁé fHa%}! b tﬁtslheqﬁoteét@\)’é @bhifIfty is contemplated

i on or sucm nyl ation), nitration, or mxtures
for use wnhehe pfeserlt mvsntoii Eqr@wMEPGumbl@dm@a)mﬁefwe&Ymkmes include

chemica [ LR Sherah b RGP AHBP e KB gmoriion)

trinitropBdnHHBSN HcQladbs Cace9 oA sl Ehyl#bion)) 8@ratidn drssivifures thereof. In
protective cytokines according to this aspect of, the

addltlon,pEl%@, avplecuiey avith omodifisrtianiial leagime prmmine.tlygag, éyrosine, tryptophan, or

cysteine ?%Sg‘é”%t | g%r% nai/,lt%@pg%gt %?dl:l %ogl?%nyﬂ%t:e%] f(%rl'hge B k8 rotectlve cytokines

r ot eo
according@sthighspedt od tdiRegnbinpeantioand/ or nut at | onal
substitution of arginine, 10 | ysi ne, tﬁ;r 0si ne,

Mﬁvqugpqﬁélﬁlona} thgy%pr@fcqqqu: %)étp]ga%ss 0595% ‘Lhmpac?sent invention may be

obtainedbdgﬂgﬂﬁ ﬁBﬁ{éﬂgegﬂﬁilscﬁ%Hgitﬁa Qfﬁ%@ dnd/Br 1§?¥aﬁ5ﬁal%ﬁbéﬁtutlon of arginine,

lysine, tyrosioe, pmpaiphain oy cyﬂém«: mstaediey mlotecuhar blptoglcehtephleqb}es aFdrSCIOSed in

s S8 TBNE s 3o AT DS SRS i

its entlré%t R e%ﬁm%fe QZ@ble'ﬁ%@de 5prMecﬂ1v% cykchZrﬁas il at ?éaét%ne%’k‘hﬁ)re mutated
Y151, K20A, K20E, E21A,

EPOs haohie SiGaaSntiaaa € 7SPEIN, Vi B3l 130sdA S AKBSBN, BB RIE. RT4Q, Y15A,

vise YR ShonEgSh, RSB L GO S, v

N47A, m&lmsﬂ_iizggA Y@@%Sl}ﬁkgglgi @%%QEXZ%?S?AM%B%R S100R, SlOOE,
F
S100A, R10635 G181 A6 &1 0N b H2A NP A, Sfc@%@l%&mﬂﬂ&é 'T1061, T107A,

i, R R gy ERA ISRy pRBn B pten g miso

G151A, KIBBA, LTIRRA,153A3BAC0SIGAACT KTR DM, NeZUa8 A30RL 3BT, N38K, N83K,

P42, T dwisad. B Rk Moo b S A E TR RERD, G151,
K152WIRSSIA ReMsian (301 REDAIRR 1Yo R. E:))@fn?[gs oPtHl db63d-+eFEeNRY modifications

2003/ 0104988, 2002/ 0086816 and 003/ 0072737, whi ch
are descaibed mmoqrqndmgtléﬂ Ratent dfublieation Nver 2003/010494Fe 2002/0086816 and

| e at ur e, use er
2003100l Sl his e Co R B e 1 PHECHAES, &t B hifEin
nomecla&le@s&d R3€n] BE tRInged aflend dcidis deﬁ@ieﬂ@@iﬂﬁh@haﬁﬁesammo acid’s one letter
position in the EPO nol ecule, followed by

code firstefollawedbhits apsiten wdhel EBﬁ)énglgch@tfpléqwmthg p:qp‘lacement amino acid one
letter co%x.ia{gﬁl{ exg lelg(i)&)]f eg‘g _fl %&@#Eﬁé%ﬁ?&lﬂﬂ' v?t%yljx Gt hidino acid 100, the

am no aci Serine eén change
serine hiobednghaigeditea glutanic lheidanot her enbodi ment, the tissue
B oA S B 05, 2 RGeS e o
site muﬁﬁ tbl%Q if0hAqhe LiBEhHABASH ndeifdludeABA, C%&ZKZOMMA D43A,
KA5A° FA8A, Y49A, K52A, K49A, S100B,

K45D, KGR, FRBAQ X 4981 K332A, KKQAOW,OOMR‘.I&?ASTQU‘mﬂ%RlH@AA K140A N147K,

NITAGHNR, RISt S Khsal RSO i, (bt AopRleR 22 11

RydiPkinBeRr SRYodimeht R tfé@«f%rﬂ@&ﬂn@'@t&d‘ine%'nﬁ@ include combinations of site
mutations, such as K45D/S100E, A30N/H32T, K45D/R150E, R103E/L108S, K140A/K52A,
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mut ati ons, such as K45D/ S1I00E, A30N H32T, K450/ R15CE,
R103E/ L108S, K140A/ K52A, -24 WD 2004/ 022577
WEDDANSEOD3/ 028073 K140A/ K52A/ KA5A, K97A/ K152BCT/US2003/028073
KO7A/ K152A/ KA5A, K97A/ K152A/ K45A/ K52A,
KO7A/ K152A/ KA5A/ K52A/ K140A,
KO7A/ K152A/ KA5A/ K52A/ K140A/ K154A, N24K/ N38K/ N83K, and
K 140A/REAUNL RA o R/ O@QAa@vmlmdsmwm@mwszA

protective cytoki nés not include any of the above
K97NKtb2ﬁdKﬁéA!165MKlm0Arﬂé9ﬁé’Klé%dﬁ45féK62Aﬂﬁ OtA/KéﬁféA

s QYESEIL s BXLRHF 15 2 R B0 S UGy e ctoinesdo

not includb by HthabbSRToHBiAGbns. | TAGhoiHer éiboddberithide fn@édemte@we cytokines
conbi nati ons of substitutions: N24K/ N38K/ N83K and/ or
may inclpdoayHg i abogerefatencefodicPEalians REOGHNE Hith ihe=site sigatipps do not
[ ]

include an ?)&fﬂ% félb\gﬂé rpr%%rﬁtléﬁscéjf shﬂﬁﬁﬁﬂloﬁgé ﬁ%{%@%@g%&%@ﬁncggr A%ON/H32T

(eRalnreedifitaion®br mnﬂamy of modijficationsExangifeesthe dfextbildiy of the

- nmodifications .or conbin ngll ons of nodi fi cati ons

mutein’§ AR RO A I e eFRBEOr) TUSh e EBO rRaspif T se5oRAaKIspERIRT- Examples
R LN e et
R14A/YCoOAy B3pOYid] DQSHUPM MAaN@KnEmA dHhhsTel 38R, N147A, P148A

rison, B8] RE KBl b B4 e B BB B g PR oseof
ordlnary%kﬂf Rahd ¥t Rigimentdiaf huhah ghdveth heBn&Re Tius,Mlode elfnbodlment the
he modi fications or combinations of nodifications

tissue prptqeahvermolgm dass nphiaciufle neon merg of theredifipations os combinations of
l’l’lOdlﬁC OE% Bﬁgﬁ{n&% %ecqglbec € hbl hi u%fr t%% 1%{81 eCCI{ 5 aﬁﬂ{ ytjtag)kl?’dﬁégh I1‘cs receptor. Further

discussibéf e €lsdub pEfeddied dyﬂ@mn@s 5.inftadenih c&ﬁalahdhﬁgU SrPaat Application No.
attorney docket no. 10165-022-999, fil

, attoreayrdogket’ nReHBﬁ‘équarﬂ%Tﬁ]% dlyps 80%% ep “(%?P%W%Wé%tolg?ﬂﬂle Protective
Cytokm%n %Cﬁrf& u%ie? é&ﬁg Fhdia6F P f’J];Jt&;goE NeL&fhdi @ and Enhancement of

ora ancenent o esponsi ve Cell
ResponST\PGSG(leSTlsﬁmd a@dg}ngsw > thb entietdisclsdiesd wdselr ie 1rm‘ormnated1by reference
is incorporated by reference herein 20 Finally, any
herein of the superfamily cytokines that exhibit tissue
' 8 Qapdil@ties may be
BEAGEGH YRS SRR SRLIRY e oy e s g pnsis o
used as el st fangak Etelycloaiof attréoromithsks long hetirg FRG's er)Ehl@l?plle@% effects or

serum hfilﬁ-ﬁlé? dlg)iﬂnmiet:sgg%l}exgg g)jlt lirle gpgﬁ% t E?t gltfﬁgegk%ui gﬂ 3% 1(11 elrfeﬁllln-S (IL-5),

granuloé(}@é -BAVr hég@lﬁofﬁnly%nﬁﬂ&hfgrfa&tﬁ\(@EESF @i&ﬁh‘t—e@lﬁhdhhﬁi detived factor
er

|ved f act or PEDF and vascul ar endot hel i al

(PEDF)g&IdeaBpuﬂ?af@n@@th@ Ixtor{VESDher aspect of t he
ac C ol g %{%@tﬂL gﬂese;ﬁtefsﬁg {BIB;:?/ gﬂ%@g%euﬁgm ggn g%cordlrég to the

present ﬁﬂaxhtitgl 1hay/1nnlg1da‘an E)@@Sdnamgélamglat leagtaine hleldiltlmkzé dN-linked carbohydrate
ar bohydrate_ _chain and/or at | east on i onal

chain arnﬂcrruaﬁl@@%} oas pAGHeRA & Enla%aFPOﬁl SRR i B SRR e serum

half- hfeso%li [‘Hzlﬁ gé %lo‘t%eﬁvp H&thl fSa ﬁlbﬁ@%ﬁh Rf R‘Eﬁ Ghb Vﬁa@?ﬂdléﬁhfe%hat exhibits

s one snual nmol ecul e t hat
tissue pE)XdEltlbe fimctionadisu eSLptabte@maﬂlweolﬁmﬁ@stmdnm ibut/are 8gt limbedto, steroids (e.g.,

i G50 SRR SOELES (PP b aoa a0,
antlcataﬁ&ﬁd &Pﬁgﬂb@ﬂesg (Bu@thioreQRAAIIMe ShproxddddituldspWatal&6] Fnthetic catalytic

scavengers as well as mimetics), indole derivatives (e.g., indoleamines, carbazoles, and carbolines),
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anti catabolic enzynes (e.g., glutathione peroxidase
super oxi de di mutase, catal ase, synthetic catalytic
waeeanemsers, as well as mnetics), indole deriRel/Us®e3/028073
(e.g., indol eam nes, carbazoles, and carbolines), -25
WD 2004/ 022577 PCT/ US2003/ 028073 nitric acid
neutralizing agents, adenosine / adenosi ne agoni sts,
nitric acn%f}?é{r% 111% Meh@%fﬁé‘f’dd@ﬁ&s&ne"h%’bﬁ@{s p}%)ﬁédh%ﬁﬁcgaﬁ(giaﬂﬁfélds) herbal
aand ureni c vitamns (vitamns A 0,
extracts (guikoets wbe hed tunmania); vépnos (Vitanhind At By @d(fé) gmdascmietdﬁr@n@cceptor
inhibitors f%a)%%tllgel En(ét {ﬁlggﬁi %}nr‘grlokr)llﬁq%ﬁi@ ?8&351%'( a‘gpc?}:&)ﬁf zmcpgnc{ thagnesium),

NSA]DS"@%‘ QXiin, @dﬁoxeﬂuﬂ{&ﬁﬁﬁbfe@ ngld combinanbhsansrebh an addition,n
tion, pharnaceutlcal conp03|t|on of the
pharmacpw:mhwrmpsﬁm af itled inention nEpONelHds HHEPQ appleg, mtissue proetctive
1t tok Iecule with tissue

cytokin pa% %1512105 16 Nik hnt%sq*ﬁé&%fe%gg%t%%t tective cytokines

’I&féd{sﬁﬂe Iﬁ‘ﬂ@b‘rﬁvd’@&cﬂ@ws @fd/ar emgll gitscalel yreprefombly prosenhim the

phar maceuti cal conpositions of the invention .in an
pharmacgpigah £oTBRASHIRF e herBY GREPR IThithAmBuns eiisignt fpdnainisin or exceed the same

SPORTHeY By CRAS Jth&s EPO. In

activity ﬂlc&e'uga!rlréy %t%lgr %Qllveg lhﬁ &ggotglégous 1 50 y ﬁ %ér%g s one |

embodlrﬁﬁb,d:ﬁe tigsat prdtdftelv’e Icmkme ran&’besxhal\]/motﬁpubm pﬂ@smm m amount sufficient
nol ecul e i resen an anmount .suff.i ci ent

[
to enhargh s SEINGIF sk 0 Gt B PRSI TAGPUTGAT cBymoe the
v1ab111typaﬁ19tf§&ttlbﬂ 9f effBrBI AN REponSive BAINARIEN A the iR8ividtiaR DR driek¥mple, the
d function’of erythropoietic responsive cells within
pharmatieh@cal n@tnmsetm of the rasmtaWhepreEfmﬁ mvgn@mnmimblk gicludes an effective,

this of th n
non- xS SIRAPLAAGF 1 Rop b BEBhu 4 ool ERERE elefE | A epoodimn,
the tissuk Peotédtive dQtoRme iesiebar® irtHht phimRiceRiabcomeddtitn ih an@moLnt of about 5 mg
reat er n one enbodi ment, 15 the tissue protective

or less. ermﬂnmi@mbgdlme@gém tigsHe pw@cﬁﬁ%pﬁa@éaﬁ REpPSe Ewﬁa%, Phargigceutical
compor 38R 54782 Y00 B BRI s i
compositidntildudeh abcmidq},gttb Gahg of thepesictpranctive qytokamy preferatly about 500 pg to

about 500 ng to In still_ another enbodinment, .the .

Sme. IATeAl iSRS AT G o ST BH e RS BSR4l ipfosent in the

harmadB &1 cgﬁﬁo&ﬁ&?&ﬁhmﬁ% i, %&., %M&Rkl'rﬁ to Puef eAsalQ{o)évrﬁBQlﬁHse of
P 8 . In an altérnate enbodi ment, a |arger
ordinaryaskilll nt theﬁrtx the ambBsiLeg pbamtaecmtloabcccwoamon@dnsmpfp@ééfmta phipent depends

on anuxggefj o%?g@%%in CeUt gta 1'1\1)0’[&3&1”?6 | &h tbo hﬁ 6@ glfen an 'the dosing
frequen@j' oy Ei(!il'séusls&ﬂi ﬁi"g@ea@értdetaﬁlhﬁlmitﬁtregﬁd to dosing.
har maceuti cal conposition adm nistered to a patient

depends on a nunber of factors including, but not

t % on of the patient and the
Treatmg_‘q;fé :pr(ﬁgdmmls{raﬁogiw 15(.’1 be di scussed in greater

Ted ﬁbfenﬁﬁt1&ﬂ&d%ﬁ@adtﬁg$ﬂ®st aﬁad @hsﬂrﬁugeutﬂ;ﬁl doregdsiteemt iwhdling the long
Adm ni stration Met hods The af nmentioned |0 acg gn .
acting FRGlssreipngph Frndhetierapaitiods VlaEnECHHER R %ﬁlgmf% diseases that
either an%RQ an?ﬁﬁ{a PInERIEoAERiohE) to? Afedef O mtdsad mféiﬁﬁéﬁt ItH%Lt Sdsult in anemia.
actic treatnent 6f anem a, hunan di seases t hat
In genemil tt]malong actolge Gnefithapesend mmmnorcmmﬂtlmrfsqquomt dosing or the use of
st GBS PR e G e pens i

recovermoﬁgtﬁgrﬁggygﬂ?dr&@ permt |ess frequent dosing or the
use of 30 smaller doses of erythropoietin to treat the

Thowresali suaniew wintamniates hepae of e hyetasengp EPOes frgystematic or chronic
ability to
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recover fromother tissue injuries. The present
i nvention contenpl ates the use of the long acting EPGCs
WO 20048325t EMRLt i C Or chronic -26 WO 2004/ 02257 7PCT/US2003/028073

PCT/ US2003/ 028073 admi ni stration, acute treatnent,

and/or intermttent admnistration. In one enbodi nent,

the pharmaceutical conpositions of the invention are
admmlstlaaﬁgﬁ Nl Qfe?ﬁ‘ne(hla r28)cE Mtboiftht RERLRGEatiOh. BNOR EEhddiBent, the

get cel t'i ssue or organ. In another enbodinent,

phannacemeammmm oftthe 1mmmjsarc pdminiséred pleronjcalle bt prewcfrmfnhance the

dm ni stered acut el etr
target colf o4l oF Ry 1 e ecrighdeieeh 1 SlasBathlt olpgatioR Ut e
inventioPf@y BBE@HInI $atd SAANPSI 4 i foNSsiffle tldetmany eiinOinjidy.eln yet another
admnistered in a cycllc nature. The adm nistration

embodinsht, ﬁh@p@mmal cpmpesiensd theiprsniion age @imlnweéed in a cyclic nature.
nt L ay ec
hﬁ fa%i 1n%%%ﬁ F %he c%%n?)gmn’ﬂgllé Hzltagﬁg 5?&%@% Fﬂa‘?r?tl’dv@ﬁ‘ous injection,
intraperifor Bl ] aﬂﬁﬁumtﬁchiiﬂeﬁaﬁ frt@tiuedular, mltrademhaloatsu‘mmtaneous administration;

t ransnucosal e.g., oral nasal , rectal i ntrav gﬂna
via inhalgigs); trﬁ@wcosgu%m@%aasalﬁrﬁqd miravaging ng*’bhn%qal submucosal, and

transdenﬁ?l@%&ﬂﬁlhﬁeﬁﬁmg RRr&! pr e'?ér@lglgr BB hYmidifRiBH Bt HephhRbdceitical
arnaceutlca 10 ¢ osition of the invention
compositisn péihe Intv(en‘ad)n 1s$m€lntemim$nsh a(hmmsmatmynd:)equ foonpdh 4 ¢gpse amount

of aboutg (ﬂ?}%ﬁg%ggutgb%gtpri Bagf @oggiag g%al?%?p Ol OI?‘} é)ng embodiment, the dose

amount 1%'599&'5’@5@ Bhto bkt 8G8E InaBheE erhBodent (HedsP@gmbwnt @éilzib@tlt 1 ng to
In another e odlnent the dose amount is abo

about 5 mgn@i Y an«a’rbmﬁm@dmg}entl fhe flese ampmwh srabenbid Iraetﬁtabowtﬁemg In still

another %{H@?dﬁtélpn élé?&i,r%ﬁ%%'ntt tlsna%%& go rr%%nrg rr% abou%ﬂﬁgﬁal tjh!e dose amount

may be #84500P 5,@% abbtr 5 examp h@thér%&bddﬁ@n&ﬁb@%sehﬁdﬁﬁymbﬁbe about 1 mg to
about 500 g to about 5 ngy. In another enbodi nent, the
about 5 @gse anount may be about 1 ng to about 5 ny.
}ﬁ’ﬂ%é‘%ﬁ é‘a{l L& os(r‘tgffﬂg%% el iBPhtBh a&%%ed df?)Y BRchQph %@fﬁ\ﬁﬁﬁﬁhon include
f'or parent era nistration in aqueous and
aqueousrimﬂ NAGHIGIEOBS stieﬁrel 1h]tecuahljeeomabhs{eor$ubpm$10ns vdrich may contain antioxidants,
uspensi ons, contain antlox ant.

bufers, B HaAe oSak 2 I SOP oG S REPoF DR fﬂléﬂaﬁ{yriﬁ%gﬁﬂﬁ Fifghe blood of
an 1ntenﬁé&%& gf&gﬁ afyl i a§1%095‘f Be MvieRtidd) enefiHaRBaRhitie) cémpositions may also

recipient. In this aspect of the invention,
include Wla‘&r pﬁ(&hﬂhmwls,aly@unpo@gttabiﬁ gllmaly.d mixresithereefd é)harmaceutlcal
cer

|
composfiiet apfipebaerisp Bt e Rt Y PGSR Rl P muti-dose

containé®é§ 36t &lnp® schRH Ahtpaled hn@didisNingl hay bOstored)in heydqphiied (fectze-dried)
in unit-dose or multi-dose containers, for exanpl e

condltloge‘qlug@n@qwﬁm thesadditpnnaf g s@nl@h@jﬂﬁg@m@g eﬁ SteHe pyling solut1on for
inj ect101i1% 8&518%&%3% o%r{ ?(? ﬁ§e§ tﬁg{tc%rﬁ}ggrﬁne%ﬁygb écclgrgﬁ sél?ﬂb‘ﬁsr dnﬁ%u%héﬁons may be
prepare® 6l Steils pbwmﬁs,S@hmﬂesmdftzﬂﬂetQ S mjeentbodinsent, alnwldnnybeiblycompnsmg
ior to use. Extenporaneous. injection sol
an inj ecgabkep@hésoa% a feng 35EnE P e R PS8t P @oﬁwﬁﬁ §mefgen°y use by
ambula&"e? W £SenBP b drfOLE] Battib 1@ BRi80R0dI ment,  an
ol nj ctor cohAprising an injectable sol ution of a
Inoong eaboilimgenE R pliarthecutinalentiposition gt the upregt}pl@j@cfomlated in

NN 7 N SR T
admlms‘l?tlaﬁém‘}%%ﬁ%dn%inﬁ 0 FBPSatlp) 110f pHaliBadeBNEN t:bl‘ﬁﬁoshﬁon may be in the form of
fornmulated in

a solution in sterile isotonic aqueous buffer. Where necessary, the pharmaceutical composition may
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30 accordance with routine procedures as a

phar maceuti cal conposition adapted for intravenous
W@elwu225rT ati on to human bei ngs. For exanpl e, BEEUS2003/028073

pharmaceuti cal conposition may be in the formof a

solution in sterile isotonic aqueous buffer. \Were

necessary, the pharmaceutical conposition may -27 WO

also incld0A Phrlg Eé@ﬂ Mé}@ﬁ %Qe?siale@ilc $6cH 22A1dédfind o ease pain at the site of

solubil'izing agent and/or a |ocal anesthetic such as

the injectiprl OBz ingretliens asay hadunpléad dither ssperately or mixed itegether ironit dosage
The ingredients be suppl i It her t )
form. RO ST S TR R AR B4 50 RRE el sated
containefi§iéh lay SPRnbi 2 @€ sROvEeI dRAtiNEthe quiitRe of autive AgEral Viien the
hernetical | y-seal ed container such as an anpule or _ .
pharmaceufishbeomepostione af the gentonra it be ydmmisiwed by migaen, an yfasion bottle
wit s Sy AR TRCE G SRR AL 08, A A g A ion. A
when thopltabmadeafti¢dl eoppaditimeaeto bahdrginasteediay &yjection sl ampelewefisterile saline
be used for_dispensing tge conposition.. And,, when the
may be pAEAhOHK thaneEshPEsIEY BRI HST HeadiMsHEE M ed by
Sk ol Sarsih s beSrovided 1
PRGN, oA ARSI Gh AP SRR Ron 1Y 18 prted s ol
tablets; muokders ateratulasnsoliRians neyEns o sesperiensdil aquesks ardaptagueous liquids);

} for oral adm njstration. b r ovi.ded capsul es or
e S S o BB € L R g B o
10 perceﬁgt;%%i%ﬂﬁ Berddnlb PR StRE ifREti AU BOUSe drhbpdifient; the active ingredient
e

bl e foans or Wwhips; enulsions; or conbinations )
is includef & bobral Toreudation in en puowatiof gbert2Oipstaenidle ahpwi 0 pergent by weight.
: cent, t.o about reent . [ j th
il e il SRERGARR bttt Tl 2B kbl fo s T percent by
weight df$hd d€ibeidgeedigntt he oral fornulation in an amount of
about 20 percent to _about,K 80 pg;cent
e

s by wejght. 1In
Tobiats ordwet BRI BB PR, PGS Bolcrsr R Pad T B ves thereo,
RS G i ¥ adfd or salts thereof.
eSS USSR PPt st
Soft gelg@leatpsuiesaagysiutiade negetabicdilsgwakac fats esmissadidchiquad polyols, or mixtures

derivatives thereof, magnesiuymstearate, .sod
thereof. SRR FHGSITER AY BELIC R GRITRI. CHPBor B T e e

etV as e abBRiRehded 1808kl AB)iAstrforCARS bE 8SatdBYith or admixed

I ncl ude vegetable oils, waxes, fats, sem-solid, ) )
with a nhaiteyial thapdilyysl dsintegratipx tud/esabserptipe of the Sotiva dasnkinabrigastrointestinal

Syrups i ncl ude, wat er ., . pol yol ]
vact. PSRRI R L5 S B e PT e g E oory
disteara® & a @ABiRAtIIntBéreON THRY, theswaaisddelshicvian aative agedt may be achieved
with a material that delays disintegration and/or L
over meapSovipENGAf Bicesswy, dadojiEe agrahean bf RIAECIHASOPbPHRSdTgraled within the

tr For : t] ] i
stomachc o%%é‘%ac&ﬁ@%a? é?ﬁg@és?%?ﬁs%rn%glt E{e \grrﬁgi?g;ﬁf%ﬂ Igg% ?13?8% YffhuBed to facilitate
release 6ff Bt RAvAigent ora arienidi gasttdintastinabloeation diteus spdcifec pH or enzymatic

..sustained release of an active agent may be achieved
conditiohyer many hours and, if necessary, the active agent

PRRMAGuREQ BB i bALII PR RS tHRd s TadMhihRirBtidBayBe provided as

stonmach. Pharnaceutical conpositions for oral o
discretegatrhes imtended rremmain ialistinise corgactinit thel epidetnaie pf the ggaepient for a

rel ease of an acgtive ent at articul ar .
prolongf pETRqRs TRA SR oResaike sOBpetfe Qg for topicl
adminisBRAENIREY Be pLititidtas ORfmeth % SIGE tish eliorB OIBEOSE, bbRa&s, solutions,
adapted for transdernal adm nistration may be provided . .
pastes, gels, sprays, aerosols, oils, eye drops, lozenges, pastilles, and mouthwashes and combinations
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di screte patches intended to remain in intimte
contact with the epiderms of the recipient for a 30
w@e@koraied period of tine. In addition, pharnmeReUSMa$/028073
conpositions adapted for topical adm nistration may be
provi ded as oi ntnents, creans, suspensions, |otions,
powders, solutions, pastes, gels, sprays, aerosols,
rheds i ini | thE €6in, ROGHBKL V@B ternal
thereof. A UG ABnih AT SRenRATE i SBin, 10X (2003 038075
tissues, athgicgafintmgheor dréem {sqpéforblyadei.nAsdrehénoiermelated ie prjeigtment, the

. . for.the skin, nouth e r. other .exterpal tissues, g
stive ing gy £ 5 PR o O P e S LR g pdh G o weter
miscible bR ehtHa83! | Afi@dativel@R ThidiveBFredidd haydetfbit@ulated in a cream with an

~ ingredient, i.e., the |ong acti n? EPO, may be enpl oye?
oil-in-waigrthiaseon depterineil hasei Nikendhe iopigal admingsiradomisdn Biefprpt eye drops,
base.. nat.i vel ] [ ' i . . s
e pacRr AP LRt PR DAE LR SO Bt i
dissolvedat fispénde®id a hasbdle o, 4 Heintanpiquedusadivemti stration is
in the formof eye drops,_ the, phar ceutiﬁﬂgl. : clud
PhamaseTiGabernRsiang afanjhior B2k RIIBRAFY PARIitfElipp giay include

i 4 a1l y&iving 2 pHRROLNYESE BouSHPREASIRo bBout 500
solid Carg&rsslflﬁ?na%sl e ca#sf@%aerf?r\é@&ggymlgﬁ pgﬁ aqdeous sgl vent . ° u
microns PHRawieesanty bahdnrinigrosd by mpsl iabiepieothfangh tlzesdse &oth a container of

nonary. admi ni strati on may i.ncl ud solid carriers .

powder Bt FORC ARSI BF BFPAB Y RUDIERD PRTBA P e E ey s intended
for nasaPRBHEis#RidH fE A tie t1RNREdenPPentibd A OGS liqila\vaieess, e.g., nasal

may be adm ni stered by rapid inhalation through the .
sprays onuasel dropsn Rrefooabl nithephashageyiierd comppatiensgyd dhe igveniion are administered
to the HOSE: Ln an t‘?l ternate enbodi ment, pharnmaceuti cal
mto the VALY ISR nt ended  for nasal administration

36 iz Rh Al Aichheaybeemethplishee BY dodp imhylaiisrcihusigh lainjetithbiece into the

carriers, e.g., nasal sprays qr nasal drops. )
oropharyapceengoftsT ypcci iy agRpieAetASI oAV IBG BB TR 1B Prpfurized acrosols,
neutf SRR RSP L 1 oMbl osses o
active irqgectioenp| Pdindcdwicalemmposiiahsinteaded for durngfinkalaiwt thay eckde aqueous or
ot s O iy B B RS S BSRE R o venion
are admﬂl?srté}é&)lvﬁ'degﬁ‘ aRula4i2R U@y ihidsHd Sloph@¥ax. Whi ch can be

constructed so as to provide predetéerm ned dosages of

Piaemaceatical @oinpgsitolisadepte®fanrsrdadminisiratonmbshe irovided as

Jntended for. |lung i.nhal atipon may .inclu a -
SUpPOSigrIEs QANgAE LI W%Tfpé’gﬁl&‘#t’\} © fur%%%l SR gﬁlﬁrng‘%g‘ﬁg%}ng,{udes about 0.5
percent iR RESMIBE Qi dre B 2 49ERATE e $n Sfothdi@nmibadiknt,ahe fPpository
are adm nistered via deep inhalation directly into the )
includesbophhpsrasat (RRRIUSE detrenida WeshirsEre ingrrsliendalst gl qogfher embodiment,
.rect al,. adm ni st.r-ati o '
e sl LA g8 B B o 2 pgcn 0 sout 6 prs
by weight! PRabik a§Fecesf thé invertion terfhamacenitdall despasitouts of i invention may
) percent to 10 percent by wejght .of active ingredient.
include Frﬁdlﬁﬁé%llbgﬂe%édﬁa%ﬁ’ts}mg Pﬁet%gﬁﬁ%&fst ory includes about
t 5 rSiRtstr@6§4rd M8y be provided as
R S R e S A S
pessaries/tgmedhe nteains, gels pasits, foantstee sgrap powivdadiopsi n an anount

0 bout 2 .percent .t.o ahout. 6 percent L.ght . 4.0
’{{ﬁq élaggﬁ%e&pg%fcomgslfl o ‘ijeo ,Vel{%}.?él %Wa?l%h%%%ﬁﬁughsfered by use of a
perfusa%?ﬁﬁ]&ﬁbﬁ {0 8n Bfgah NG 16N AEMEIStERY. T fichddoliimadits] thephbrmaceutical

i nders and carrier, such as tri %/I[yceri des.
, preferably about 15 pM to about 30 nM,

composition preferably has about 0.01 pM to about 30 p
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Phar maceuti cal conpositions adapted for vagi nal
adm ni stration may be provided as pessaries, tanpons,
wee@anss7gel s, pastes, foans or spray fornul at PONES2080028073
The pharnmaceuti cal conpositions of the invention may
al so be adm nistered by use of a perfusate, injection
into an organ, or locally adm nistered. In such
! i rGHt t ion solution is
otve TR, B0 L W GG 19 pBRg, ctvsin sluon s
Universifyredfisadoisyn @B¥Y soliBorp(witho pib ofiab@0 7dNp aboty. Sadd an osmolality of

ot 2RI SRS 003 DS gl AT 200, 5 R vy
starch (pREEHBIS hAVinS Al 1EQiari vei it Grontliiote 260,000 ©fab¥iSIOOMB0 AN substantially
Solutron (with a pH of about 7.4 to about 7

. [ .5 and
free of ethpilene alyrell pthylent chlatebydring zodipmailaride, g acktosplgaiig KHaPOs, 3

out . n, to. al I . .
et S e Sy R £ Ruc P AT HEPREEREE s s mosnestom
gluconat¥€l. M €C10m BIZQHM sHA0wnd QRicbreited 200G Rtk cdifiel; 40 units insulin; 16

substantially 5 free of ethylene glycol, ethylene.
mg dexagigibgransy ed 12 mg phpipbrech | Thei g Solin e &F%‘ﬁéﬁ‘{q ingigtaghyp U.S. Patent No.

4,798,825'_@51941 is iﬁiwﬁ%dﬁ'&%&ghgﬁﬁbg&em&g SBRH. "GiandBefhbodiment, the UW

l ucose; ;5 mM nagnesi um
solution glagrconmatnegboiit G aVp Fali abdhd 800mvy/ sddireferapl yuadwuat@ng/ml to about 300
00, 000 units penicillin;. 40 units insulin; 16 ngy
ng/ml, Oéﬁﬁ%‘_ﬁ]@ﬂ“ﬁ%tstﬁ‘ﬁ%ﬁ Iﬁﬁﬁ&“‘ﬁ“%ﬁ“‘bﬁhenol red. The UWsol ution
T DafhS 848961 th AdHB AL thé PhddnBeeutiBdRBpbEitionsoftBSinSedtion locally to
whicth is incorporated inits entirety gé)refetenqe )
the area frenceil of treatmantIveh adminsstiation maytbsackipy albsloraltinfgpopdyring surgery;

it BB e R BB L8 o o gsions oy e
of a catheRE;WVhEmB of b kSspLitdry ObraBihatms oY kidkhplent, $did lakideing of a porous,
desirable to adm nister the pharmaceutica

non-poreusnprogslatingps meterieh Encludirg e hrangy sqhyastsgasticgenahrangs; of fibers.
n . i i ST Terl d
(83, & DEPATRBks Y 0BT et e it AR long
acting FROpIfitigegressnt inve@tion thay bodilivaetiina contrdiled-relessedystem. For example,
dr essi ng aften‘sur%er;,by i nj ect) on; gy.n?an%H15 of . a
the polypetide my, befnymisiRedaring I%tEﬁYﬁB@}StlB‘,F“ﬁﬁono PG OBotigrpump, 2
transdert eﬁ’fl‘f, 1ipS&intks! SRR IMERE BOa@RhinRuROSL US one BRBoSAIAH S :pump may be
or gel atlnous naterlé?, I ncl udi ng menbr anes, such as _
used, sush hsadisqussedenSradels; aby198p e rkngll n Maddi3Ril 6i4. Isatsitiesfinpodiment,
di squssed .above, Wi th respect .to transder nal Y
the compyad A BF 4PGred 1 4 TS, RO I RO MF T na it dgspribed in
InternatioR¥&HbliSRioRBYo. WEOdR V1084 86l UTS. Paf@Nb A, Y@U3 IR HiRASEre disclosures of

system For exanple, the polypeptide may be .
which argdnéarperated & refstange hereinavie praiberepthedinest, ppfymeric materials may be

vt TR 054 PRI RUE ) A ADRERLPL 8 g . 1959

J. Neursdtiigodli:nent, a punp may be used, such as discussed in
Saudek et al., 1989, N Engl. i‘ N@d,,321'g7ﬁ@ In . :
SisbcRBirollsspelgRsretitems Ny beaiAset HPToxNBEOldRe MFEPEHS tarset, Le., the
VeS| ' -y I i bed
et ot B gk AU Pt LRBE T SRR HE e, R Gonton
MedicalPapptiohtions.of €onadll@bReledshevodrit, ippel I 518, 6984 eQthef conpylledhrelease

e B S e L Sh PGSl B R B by Laneer

ScienceP10dYSR183£q0b¢ 0l | ed-rel ease system such as those
material's discussed in Howard et al., 1989, J.

Neurosurg. 71:105.
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Such controll ed rel ease systens may be placed in
proximty of the therapeutic target, i.e., the target
w@eio®22577 ssue or organ, thus requiring only aPE¢T/EH81008028073
of the system c dose. See, e.g., Goodson, Medica
Applications of Controlled Rel ease, vol. 2, pp.
115-138, 1984. Ot her controlled rel ease 30 systens
-~ contenplated for use with the present invention are
Dosing di scussed in the review by Langer, Science
SelketidrisX thd peferreti@didctivemd\nons: zoygq ,dggaz@m;he administration methods above

will be dgt%gr-]/ég%? ggglg 1‘?518% Sﬁls%D%sgcﬁ] 8]88) eI ors own t r%nﬁ oL erfdﬁ{a.llf}g%qll in the art.
Exampleméf ﬂfé%fa@t*é@éflﬁcluﬂb tHe pagiciRk € diﬁdn@&ctﬁhgsﬂﬂd |t1§idp}aahha®kmet1c
based factors known to one ordi nary

parametarhet tp £2O, mmb@savelﬂabams@etﬁ%tsa}, Balfrde. e (erélded {0 the skilled
artisan); ﬂﬁrctohléltt:ﬁloﬁ%ﬁ Ie1 %Jye gg b% ?%gn%%?glﬁésﬁ%ﬁf tg))ebeég%ev%dulgﬁ normal individual; the

body mabs oRakepitidat;lthd Methﬂ'ébﬁbxhhmgtratmalt}ﬁe frécfuenC}emﬁadn(lmstnwtloaiede., chronic,
to the skilled artisan); the C nd|t|0|i11 or dise

acute, injsgmitieph cepLontIat BEkEriqrist Bdnthes datess allikroaniy i ticfficacy of
adm1mst!8%g g‘lélhﬁir%leutléah enROBHuIBR Hr&isel P38 RahbBtbe debifed BichREhg to the

mnistration; the frequency of adm nistration,
judgmenit oBthe pedutitonar,and Heutieymstanes of tlteemltt;lcum rp@tm:ntt ant

di cat.i and ot ct or
R X PO P Rk RSRE Y By e AgpRag Bl the pation
populathK‘ H&n% ﬁf@at@c[ ﬁ/@thi@(ﬁ QsfRaent HBRelodribRvele ﬁ:tedcﬁ‘@e@@ eOaEHi D Bxicity.
ju gment the practitioner and the

PhysmarmDes&M%m@@s%? E@ hel 3t andiA13p-2331 (AW0). Indpcteioarpgipas with CRF,
the PDR&EEO&%XIE&S%OH é E@%ﬂ% a@ﬁle% fAE %XF ARk ﬁ%ﬁ%cﬁt?%g&ng 5rom 30 percent to

he "patient  ~popu el ng
36 percent. t I dofehst,dbf E@iceniatiogiseh Gﬁe’mdithérepﬁltbe BDR téza:h%lbeadymt)the dosage at
avoi d tOXICIt Physi cans Desk Reference &g ES
a dlfferesulgarwg:ra Jerehisitihg hematogi)level axqegds 40 PHCAt TanPRR shows that
e
the doseta&nd/bB wathhpldrneetment ifithepatients hemitocnmpmachqsamr Exreeds ‘rbﬂ upper limits

chenot her a the PDR teaches to ad dos
of a targgl Y e?]f}?ﬁ?pf%’f?e%sl%g&”ﬁc@%‘i‘er gigd VJ’lff’ftL? IraSiRats fpsen
inventioh S0 1dMECBRAS atFhiRNRELEREs of BXD BR cfROWachR@ a therapeutic effect while

practitioners nmonitor the patient's hematocrit during
avmdmgtmwwpyﬂymommﬁﬁmwamd to avoid toxicity, adjust t he

ﬁose and/, l?nreggl 0 8% g%tlf&eﬁ(gegi‘a grisﬁ%elﬁg%ltg?gnﬁt ud 1glster chronically

or systemidafly Qﬁfl d@@@@l@f ab-Bh{E@ efues g béd’yewélghﬂ tb @Bourra0 Wik ®bely, weight per
armed with the teachin the present 20 jnventian,
adminisgpiéan. & o exampple. abouhl ﬁgfﬂ?gsh@w veragti o alrouEp@etks bodyi wrght is

conteml%l&eﬁuf&'o%xgw@el{ly ﬁB?‘H%iﬁtthg rﬁitfn%ﬁ{ e%h%ﬁ? II?B Qe 2b&%in g'&){emotherapy In

OXIi CI't one the |
another al@lbb(ﬂlgleEP@ldliostheofﬂhceEmg factinpvER® iwabouss ﬂg ngﬂbcxllyezvee@t to about 50 pg

PR e T o )
adm1msf’egéﬁ aﬁtaﬁﬁ)tuhp@f ab%ﬁf 1(FxEViR |b%dy %E%ﬁs b tolatidhit X@uPABYodR naidht per

about kg body wei'g cont enp Iated for
admlmstralrrcm vieglet gnozﬂlm |em@0d1melnh ehet lpegxacrtmgtERﬁ 1sc@nnelstem1tm engmount of

o B GRS BB B O T g 075 v
body wiBhiHtodeOacBRE WPOBHa@be effective when administered once weekly for treatment of

anemia in CRF patients.
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/ kg- body wei ght per adm nistration. In still another

enbodi nent, the long acting EPOis admnistered in an
w@pmun2250f about 10 g / kg body wei ght to aboutPGDUS200kER8073

body wei ght per admnistration. In yet another

enbodi nent, the long acting EPO is adm nistered in an

anount of 30 about 1 g/ kg body weight or |ess. For

T%é Bl iRe RHOKL r&eﬁﬁly%lufﬁ@er@ S¥chiRie@Btunt Rvab 8bithe GonkSclhg EPO of

body wei ght of I['ong acting EPO nay be effective
greater thamaboatonﬁ Qﬂognbvrebl(%%@ meanbhebkong ehghodimends the pffeative daseeashigves a

at i O 7
o T B8 OB ) EOR L AP e
embodm’ieﬁ?ﬁ ke éﬂﬁébﬁkfé d@sfe elcﬁl%vés()i@nﬁﬁ 1dvePoEROI0k actii BPO bfhlb‘tam 20 000

ut 10, 000 mJ m 80n/ml>fln one enbodi nent
mU/ml (é@@ wfnil» eThesmng NPl pespraferably meruesdand gehieys 4tah<g4’f1 2,3,4,5,6,

7,8,9, 18?}821{;2 %q%aﬁ[o?gg{rere%§ﬁgsq %fiﬁ'ﬁeﬁlma&)% o??éeegitn%a\yceye Segted as deemed

necessarfblioay e odirmey sk‘ﬂl irethelartofFot exeanipdegrdandnistregiokR@ydfe refated daily, as
20,000 5 mJ m %60n/rﬂ) Thesrumleve{ls %re f
long as ohinisplly BefeySFe 28 4HEPIARERERCIVER 2R SfIGEY 110 1, Wagks, preferably,
everylt%3\§eeks7’ 8, 9, 10 hours, or conbinations thereof
st-adm ni strati on. Dosages may be repeated as deened
BE@&‘IES?JM IpngycturmERQs afithié present Skiehtion pvielas irgreased-garum half-life, their

PP TSR TN LN N S——

systemid dHeflowRkapySFobeanc@MBIayndat lificlidinpeK &ionth&bsy, @Y ddministration of the
every 1 to 3 weeks. 10 Because the |ong acting EPCS of

long acting @Pﬁ} @I@émacquﬁv@lmpmﬁsmwe)féhﬁ inMenrtwaswAng dragapy may decrease the

ha :
anemic cl;oncemsa \éVét 165’%%% {ient %({i 51'85.1 Va\g ﬁQ?e% %ha{nr]s Hb%eﬁotg al%él %%(@Eﬁcg and amount of
present 106i8HigMMIEPO wﬁp@m@schemt her apy for cancer

treatnment, jncluding radiation therapy

Apfheniliseysaed devervhgdhe phirgasi 900@3@15%& Fofdbs iy prtign include a
long actlglg' RS bt i ﬁrc‘es&{t iH G LN 18 aﬂéﬁ[)% ﬂ'Pa bR&E 3RY% I TRYue protective
crease t anem c concerns wt ess frequent and
cytokine:s tieel doarposicss sndyHmnsed tparae ainqua whe rdlateddisersys iarpdtients that are also at
ik o B e S S RS ST AR B PR et discase may
be treaté&%?&'eE)h%‘?‘ac@ﬁtléahgoﬂlﬁb\éﬁﬁhb 8thi M/ HESn risteh®BOth8 PO halogs
O of the present invention or an EPO analog in a
currentljo amkabw splas to pricsen gheprshtoddndreased dymasei frrm tregiment.
conpositons may be used to treat anem a and rel at ed
di seases in patients that are also at risk for tissue
TreatmdnPKu§Y. For exanple, a patient with anema that is
also a high risk for heart disease %t 20 bhe treated
The lnvw@naham‘eé@ﬁa Rharmacsped PRskoprkighatpgduds Qusfitingye containers
filled w tll? 3he gl‘qn&fe Ef grgﬁﬁﬂlglof?% hﬁﬂﬁ%:%gﬁéa)f c@ﬁﬁ?&lﬁms of §f2 ifivention. In
revent rrsk of 1ncrease amage
one emHoIdﬁﬁémﬁhé effdatvatamenht dfitheslomp ectinp/EPD iand a phsmapeudiealiyeacceptable

a phar tlcal (ﬁ) or kit that iLnclude one or nore
cartier rpepasaged 138 Stnefd doge Vot i GhY QP of ¢ he

Wheh e atRacelitidd QOIHMt%QﬁWEé ﬁq%ntfcﬁqp 9&dptddaBspREntbhe

Invention. In one enbodi nent, the effective anount of )
administrhion, Gorpxamplen theePpasitiommei At seewtiniadaoihjlized sepdition. eThus, the kit

may include the lyophilized composition, a sterile liquid carrier, and a syringe for injections. In one

embodiment, the kit includes an ampule containing enough lyophilized material for several

treatments such that the administrator would weigh out a specific amount of material and add a
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carrier may be packaged in a single dose vial or other
contai ner. Wen the pharmaceutical conposition of the
WO pwet2dsoh i s adapted for parenteral adm ni stPEX/Us2903/028073
for exanple, the conposition may be stored in a
| yophilized condition. Thus, the kit 30 may include
the lyophilized conposition, a sterile liquid carrier,
specific AR oS YFF U6 LR teMnRat §R88n. arRRRr eRBedh¥RNhe kithgay contain a
Kit includes an anpul e containing enough |yophilized .
plurality nfarepiles edchcosteingrgdpecifie emoreia 0§ ﬁﬁdmmlmd mafigsial and a plurality of

conine ST 4L 0y SRR oy i
contents BEIAIPHRIS 4iP&R /03 1rich REtRinkE L fod BRI theatthert 36gsioIwifloit Magsuring or
~ . treatnent session. |In another enbodinent the kit nﬁy
weighing: dptyat #osher smbpdiment tlgﬁk1hcpﬁ§1@ﬁ1@%a1bedg%n@6tﬁf H}C}def@ an injectable
: ific. f. yanhid j g - Beontains at least
T
one ampaleei the Dfopbized esmpitivh, attedst dixecathineriof taraieosoluimagat least one

~only mx_ the_ contents of one. amul e carrier .
containeg il a104s# HRGeGAGHY £t B BRI SBELTGR® BROh Qe STEHEa AN gPtinrs
are prefeg%)rl]fhé’iﬁie%élﬂ)gseafeﬁ. yet another enbodinent, the kit

alns an-autoi njector including an injectable o
Vdnuthe pharofacauticalngpositings &R ofventinn dratebr ddornisiered by infusion,

.. still another enbodi nent, t kit contains at |.eas

the kit D SR S PO P bR RFT A gy B Thg at teast one
infusion BBRleGAM ﬁérﬂ_@?hﬁna‘ééﬁfchlegra@wé&t &kaliné. | east one

container with a local anesthetic, and at |east one _

Akt appgedipng to thi praseitdyventipe masBlLip decludrot desst ererreuihpiggeer specially
r ef er.abl. roetical | y-seal . .

adapted SRR Ve TR IR ER0h A8 rifrope B 08, Eutoct. o igufators.
this aspcR€li thé Bivertash, e dinhapinohude thehdevidetfopdiafceluap inhalatioh,udlgish contains

at | east one anpule with the éohar maceut i cal

al

the phareaeRybis? tPBROSHEN. A ticelgyice SR ot leatt Gur BHPWS Of peeqps oy oil solutions of
'%ﬁo i - grade water or saline. A Kit
the long‘;agtgr{oér [ ng@%ﬁﬁgﬂ%ﬁ%&lﬁt& i nvention may al so include at
Weasthe dore; auting BPOgibermacesipet cahpysiticoephethvasioinde sdadptad for oral,
direct .l ung i nhal ati on .suc ressurjzed aerosqls ..
wansderipa bt 8thab ot TFGLH it BELer ol LAeE iy Gl gpeeRb gy Sqining the

active inlgPRABRE bidDat 1EREoNE danfTB¥trhtitfl HPCEL B IGEYT fnihi8hatibn’ @&l include, but are
K ung 1 nhal ation, which contains the pharnmaceutical

not limited g esdasirorg, spoenst (fier ciehadgdnistnation), staside ¢leanieg pads (fos trapsdermal

._.agueous or .oil. sol ution f . the.lqQn | P .
sconins PGS 2B Sl ot St v sl Sud PRt a sinele doseof
the longRBAESBROYAd e reARBRP S 4 pRFIRY of BiBed (BUEIMid Péutmsntpdapt ed
for oral, transdermal, rectal, vaginal, or nasal, t

[ h
Irjaddipipns the ks myayi ecntfited veith e R &yPerplsdutesst EPW’W%PE: the
long act}glgeEP%S)gﬁaﬁg{ag&tﬂcﬂ%&ﬁg@g%ﬁ@hﬁﬁwgﬁ?nﬁ m'6e made in an (%bumin solution

m ni ron ai nistration ai _
and a palysotuattesolition. af e kitdhclhdesitheepblymybatesdutidm thespadn'éAlbumin free”

for oral adm njstration), steri]e cleaning pads (for
preferabﬁy PSR NP ICOQEWF#@?‘?I%?? %{ﬁlls ﬁﬁée iﬁ’égﬁ‘lm %@ﬁpq'r ators (for
ndleAfy ielﬁlw Atd Aelude HBHcdGnttBe MM (rBkliveEL Pa b@Bental agency

ose of t ong acting EPO (acute treatnent) or a _
regulatipg ihe ahantifacoire, dios essalcdfimbainsacenécalnenttiglogical paedicts, which notice

et e R S S 590 1 B RS B

phar maceuti cal conpositions of the invention may be
made in an al bum n sol ution
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and a pol ysorbate solution. If the kit includes the
pol ysorbate sol ution, the words "Al bum n free"
w@e@herabt y appear on the container |abels as mel/0S2083028073

the kit main panels. Mreover, the kit may al so

include a notice in the formprescribed by a

gover nnent al agency regqgulating the manufacture, use
EP()As%ﬁ?Sale of pharnmaceuticals or biological products,

ch notice 30 reflects approval by the agency of
Thepudsanttiovation skso oelatsatoemssays thdetaminel thersrghropeiebaand tissue

oty Sl RSN 57 L PETHRANR SRE RS, P38 By g o
used in s*eh&apdmh@pmvd@éuh@al@eﬂlpbmﬁ&m&ftm Pe@mit inventiorp o bx;tmlﬂs the

of the long acting EPGs of thefpresent i nvention
erythropejstit affectoh & |ERECHAREBYINay awvErifisd dergugtnthe gre et TE- 1% assa% which
will be d%g;ﬁgsgg gn n%ﬁteﬁt%xaélﬁgi?w 'ni;ijér) gsglﬁée 155{1@ %21?9 gllgdpgl\ffeg bEBPO compounds

may be &aiding sk inaird&sassrand b;ﬁdv& hlﬁsaysg Iwhidhardu élecmﬁedam'gl?ealer detail
assay, which wll be discussed in ater detail in

below. Iraddiip® the presrat fiveaiipn %m%&m%%%a Piideegmptingpey only whether a
part1cu1a‘fw unlBY mﬁﬁssﬁé(gf&é}g% H&ivﬂg i alb LR IRS %M?P@E&nﬁcghnd acts as
| SCUSS

Vi VO assays, din greater detail
an antagbaisowith tesped th ¢ridogendub EPPx. esent | nvention al so

ﬁgpa:sgagfg pg[EheS ; egtaﬁﬁ%%%fd Iﬁlgg'r eisgg to&?éc‘togg)ll%/ Qfﬁ@ﬁfun 2 shdrt period of
time usn?%ﬁ h¥thital aRBintr SR PG EHBpotnae NEGELERHRe Hé%@yséﬁ’bﬁld@&herem are

an antagoni st with respect to endogenous
1ntendecht9§3ay©ndﬁmtlng as epenf ordinagy il inethe ety apldieespgesiother aseays useful for

deterrmrmqgﬁﬁa g{%’ FlC 61113(? %1%3%8 rgl%g c%% Q%)agéltle%/BPEPascb %g)%lds

assays provided herein are |ntended to be

non-limting, as one of ordinary skill in the art
Erythrongieficid¢8égsiaye ot her assays useful for determining

d

"hpa eég%yog)%fe?lg %’Hﬁf)ﬁtg 29 EF%/et ﬁH (‘Scf’éec%}llttr?? kct i@csﬁﬂ@@@lé bfh ﬁ§mcular EPO
compouihéd ﬁl:i@ﬂ)ﬂdbf@ﬁﬁﬁieéhsmg ahltlcFUSblﬂztags In ore. emlioki&n@dh,l d TE lyCGﬂ]dlne may be used

control hematocrit _levels, rticul ar
to deterig Bt R GELE P DTG L3S SV PERPBHS 25ty atheropls may be
pelleted CREsHeA AR ﬁl@}%@ﬂd@d 4t conBbitratibRes [T(ﬁyceﬁ&nl"ﬁﬁl@ of }@dium, with

deterni ne her a particular EPO conpound has
recombiapyttBR@pwl @t ERO @ompwirtdyef iffterestalded aimwcuﬁe cgm:ep@atllcmtse a he individual

N e

formazaEREAHOAPLMRE: (@ellTRéE PR eca R s6H, WI)eCl fic
concentrations. The individual cultures my

Hegt prtenayed thedfPQ gompenng, of dmtergsi rapy fistpe %&ﬁ@sse(bm wvml?ab@bservmg its
e
effect 018 @éalq}e%n fgbrh %}ngﬁelh&gioﬁl %gg g%ﬁ%l@%ﬁﬁ%hg@é; 01?1(21%%)}/50%? actlrﬁlénstered 500
U/ kg—vaE@O; CHHER(DI dorﬁf)ounrdtoe’ litﬁsﬁest['rﬁyarf ¢gual vdema s esisde suboutaneamsly three
obserV|ng its fect on th&,hennglob

times a wsﬂe Enriafe] offhise V‘ﬁ’ﬁkﬁf éﬁgveemmaéﬁ& feicmbto oksPrve AR eqflgopoietic
responsé)d ME?becrog'f}oé&pls dgeﬁﬂlnlg u g fyfh?@po%?@ £ ATRNE: Qrum hemoglobln

nt er est an equa vehi cl e subcut aneously
concenttd‘mr()ﬁ@f the mice.

Further assessment of potency may be obtained in vitro using TF1 erythroleukemia cells. The
EPO compound of interest is erythropoietic if the relative TF1 cell number increases beyond that of

the control. In addition, those of ordinary skill in the art would recognize that other assays for
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times a week for a total of three weeks (a tine
interval sufficient to observe an erythropoietic
w0 e®poeese) . An EPO conpound is determ ned to bECT/US2003/028073
erythropoietic if it raises the serum henogl obin
concentration of the mce. 30 Further assessnent of
pot ency maybe obtained in vitro using TF1
y cBpdia discusses at
determis P e K PGy SR, o PR IR chchh b e
least tw0| assarys asefsl ibepEndinitmthe efythropeiedomtivil of imERQdionipeand, which include
hose of ordi skill in the art woul d recogni ze
exhypoxo TR gAY %l‘?sé;r&béul?@? IO 2004/ 022577
PCT/ US2003/ 028073 determ ning erythropoietic activity

are availabl e. For exanple, European Pharnpcopei a
Tissue Pml‘mfwe@gabiill‘VASQMthedxomEP%Q@éI i n determnning

I:rtl Eﬁ? & %cﬁﬁl%ﬁo{h%tt s§u %)%Meé’ﬁ\;eycaggblﬁ‘g/nag? 9e ?{EE%P&QH’[ WEBn are based

y OXI'C ticulocyte
on the ti&86 Pittective TdceSiuLioPERPTE cmmoeahé:mqamdelfbxythé\amy $>ch&33/6 remgptor is

EPO Receptor In one enbadi ment, the th? ﬁﬁ pr ot ect.i ve

isolated, @95iBiYI 9 taysaa%,glay be yediip deisFREsH £ PRTHFE CRPWOPRE 8 fssue

protectn%rbaﬁﬁﬁh $ KEow RIBELe M SrdiRGSREDN in Y arERR typ¥6Laskfiemployed
enc or the t1Ssue protective recéptof Is

largely depeﬂdatoadhe weight ofehe/ERPO caspaysl.may be used to

detern1ne articul ar EPO conpound' s
Tt SRR BT 05 SR R AL HOLE B i iy mhibiion
assays. @Kinlpktlt'nré dsBs %ﬂ/ on tRELINP B f B hradG SN0 S @BLReEGrith the test sample
argely depénds” on the wei ght of the EPO conpound. For
analyte @x adiplited nuinberafdundingreiiesion acompean bindiag asresys Agrused herein, the term

analyteca%rgtt? %}r 3%":(2%5 S5 ?to? )1/nt§rﬁst3h 'bQ Iteg{eﬁl}?r t?s%ﬁ@é%{ectlve activity. The term

“bmdmgaﬁ@{n@ﬁ%féré)tocéﬂmﬁit@n\ﬁhdt Birtds €o ﬁﬁ&hal@‘w@pﬁbaﬂgmﬁ §R@® réceptors). As
limted nunmber of binding sites on a connnn bi ndi n
used herpnls ttmser” afersigdabarsiangants; pushias lahelod gnalyip apel gkt dmuopized analyte

ctos I S GAMERHAL, kG103 PR3 e g o

used hereif iBbE myedeyecpibid fahetidniakity thatribes hat mﬂaﬁ'emrvaﬂyﬂhe binding of analyte
pically the EPO receptors

and s biadiBi e oNBRTBEICABEP e bidg A SIS G e Del iseied ieety, such as

Y dctiveBp AR s Yt asFRALRGURat must b ted
ﬂum@d?&%éf%%ng Jgﬁgﬁbg??%ggsCﬂﬁnnblllged gfndlng par?ﬁgr © Teacted oF

derivatizaddo bt deﬂecie«]‘,csnplumsmeﬁ h%utabbdacers usaychettbe widpismgpep &, 2,1,

det ect unctlonall |nterfer
2, 1 RS en g PP e s artd S e APl pRaforescein
denvatlmnfﬂoﬁbﬂﬂnggrhﬁéfﬁﬁﬁb @&rivafigkildensin |u©i1jeﬂﬁ”eﬂ<)halucﬁaﬁés@ﬁireﬂy luciferase
detected directly, such as 20 fluorochro

and bacighehiupifirasedbe Mal. Nind. 834563 csifan, a@eqhbydraghwﬁifm%ones
horsera }getr{)x;el asegﬁkﬁ%zﬁaélﬁg yﬁ&s@ﬁﬁ@%ﬁ, ?% ag%tr rd\égeté %ﬁl@garﬁﬁgg:elysozyme

sacchanﬂﬁ Ak idh SRl gnesse B3lase; fdllactdde?didaskiBnd EhRbse- é—lpﬂofphntelﬁ%gdro genase),

t hereof; fluorophores, such as rare e rth che

heterocyqlig oxikeessi(Hricass B oing e pRHPIRawit %wameﬁféa’f etmploys hydrogen
n66%h adaRe factopBB8idhid. §HBFeroxid d mixtures

peromd tbg?gﬁlrzggggfﬁe}r{ﬁ%(? ag?ergs?g oidand bact elzr [ gemm ase, aud mixtur

thereof; Ibumnrf/mdmgsp@rl,laﬁels Rabtenbphage 1a81, dBblp free radi¢als andh combinations

thereof. 3 d! n? elzt%zgﬁleggf%t %§€%§Eﬁ§%é% ﬁperomdase or alkaline

phmmhgmgalact05|dase gl ucoanyl ase, Iysozyne sacchari de

oxi dases (glucose oxidase, gal actose oxidase, and

4lskilsd ertrap mmmqu@ng@nmﬁy@gﬁlgg@ binding the tracers to proteins or
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het er ocycl i ¢ oxi dases (uricase and xant hi ne oxi dase)

coupled with an enzyne that enpl oys hydrogen peroxide
wo eoen2xdrze a dye precursor such as HRP, PCT/US2003/028073

| act oper oxi dase, mi croperoxi dase, and m xtures

thereof; biotinlavidin; spin |abels; bacteriophage

| abel s; stable free radicals; and conbi nati ons 30

r g QTR Rlch o ARIAChHERT cdrodinil@asin A ides, bis-
pmypanﬁg grggah% E&l ﬁgxg%gie of al kal ?ﬁ% c6hosphlatase A e IS

1m1datesslbas-ldlaedtlmdtbewdmp,sanglvkhfr ]ekeomay‘r’g@ herddo ¢z widvtie @heveydescribed
ﬂuoresc 5%12179 6%%1 53 L3 % c%lf,e I&glile %r‘g Plcglgage ?Sgl%g)eégolg%f§ 71;atent Nos.

3,940, 47@9@%5645 00b), 186 etiraifeloyetes of wWhichay 1h66r§@‘éted by reference hereln
di mal ei m des, bis- imdates, bis- dlazotlzed benzi di ne
Tempbilivatipn RErepgapish be.yssparaing f@dﬁll@dm&p%rﬁ@r om any analyte that remains

e i QYRR L RORE o SIS ARS8 i

the bindidgtpenherNd analyt3 afdi0guetiefae dhSas6dhbproSéiiurd, heby mdlsor;mon to a water-
di scl osures of which are |nco@§oéﬁted b re erence
insolubleaaiior syripgerkbhy | Hajent Non3.6¢0-7 avalqt goup 1&%&&9%?% glytaraldehyde
- S Yh&whiek ol ® tati
cross lmyh ng %g? 5@?%%@% 56 arrrtggﬁ uir egﬁga‘% a sandw chg}gﬂggﬁlyoprempl aron.
Ting, thablnﬂmgepnaﬂnerphaﬁlbteldsctiyblhmdﬂmfonem>$ ofteridh¢ compejitionlaad the tracer

e A o 0 BT Pl e, T

separatld'fﬁhﬁ* Ke %coﬁirb[ﬁ%%y(de’ca%tm@@vﬁ% tl'l\@bm@m% %Qﬁtﬂe@@\)as pBdinsolubilized) or by
coval ent coupling, such as glutaral de

centrifuging §whare Hieibiegingpartmpr Was pleatpithied afier the éorpmtttWé geagion). The amount

o et 5k SR AL LGRS P Ryt BEVORDERELR 281 Aupefra oy e

amount 6f mafkeLsubkiagce D¥REidsbdrde carvds itk khowa amoudsdf myty h&ty be prepared
bound to the binding partner are separated fromt

and comparsd yrith the ieskresisdo aﬁg}tgqtgfely‘[(iﬁtgtmgeetég PROIREP ﬁgyy’@é)resent in the
test samﬁ%c URL R0 %n@){epgﬁﬁ%)qs 'tﬁg%‘[é,vmg Eté%a%;‘% g{pnﬂ%ll? s é& f@)ee[s ELISA

prei nsol ubil1ze cent
systemsbi ndi ng partner was precipitated after the conpeti t | ve

reactiaon The anount, of test sa
r’?@%@?@ﬁa‘ﬁ‘?%’ﬁ]& ARG &9T X a%ﬂjggﬁ}?l(ﬁB%B%lﬁa pfl%éeé & used to adsorb
test samBR IRAed ¥arh e 1511%@@9&'% bP¥vadBiK e B8 bAAGR is used to adsorb

se-redponse curves wth known anounts of analyte may
labeled biedimgepenadanddiraingd orapearabis thért wpamtedtfggm raskygl traget. oT'he amount of

bound tg%ﬁearqg]lgllrgt{ﬂgﬁlgo det E{or%\%gﬁrtng]zaeaaw 2%&@1@% é/otug' éjangaf“cﬂtassays, the
test sambrqu ﬁbﬁsepir’ﬁt‘éd@%ﬁ)@é@ddﬁ{gethbdeleléﬂ|ﬂlﬁﬁllﬁ§1f>£frfeﬁd to as ELI SA
systens. In sequential sandw ch assays, for examp

Qemperitsiand seyvisharthgdyoemplage phgsecﬁ@%af#@ AT B mtf@ral part of the
method t\?ﬁeﬁea%%[@{c ‘?1'0}{ g&’a}l]g %}@ cgﬁcﬁfcte‘?ﬂq lsﬁlgﬁesrgﬁs%ﬁg\ﬁ%%t% gﬁother species

oun te'1s use
of compltitick fxgaypasllader "hoﬁmgelteouﬂchsm aoweder, doet hetmegear 1311aefd separation.
fromresidual tracer. The. anount. of. bound tracer

In such gp peeY- 1L OBRERE Ao REAYTOVILR Ko 0als is peRaicgaad ups su that when ati-
analyte baildSH e REAYRt eﬁfﬁ%&%@@f RS AALY- %nal}r%%od1ﬁ§stth§ BIRhR defivity. The tissue

not separated re adding the bel ed bi ndi ng
protectlptarebq&or is e‘mn;pgetted Witk a@ufdn@wmalmrgm@nﬁgﬁj@ a@mply:tye such as peroxidase.

conefE LR LA TR B g e
enzyme! QtiAitPbMNAE BibEEALHY §Pe BT kil B tyhbdtyefen® @CALBMIT.

Steric conjugates are used in steric hindrance methods for homogeneous assay. These
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of conpetitive assay, called a "honbgeneous" assay,
however, does not require a phase separation. In such
wW@po0a®sAy7] a conjugate of an enzynme with the apal/ysmo3/e28073
prepared and used such that when anti- anal yte binds
to the analyte the presence of the anti-analyte
nodi fies the enzyne activity. The tissue protective
conjugat%seﬁg B{rhesiRd %2 %%@H’cﬁqlri%ﬂé‘a l%v&pl'nf)}éﬂﬁlﬁi Qf@%ﬁﬁ RApBd oG small analyte
e to an enzynme Such as peroxi dase Conj ugat es
such tha‘raanebecbl iodiapign fsrdrstamslellwsnmablhéo Bino theocanjigatetit tief sagiedfme as anti-

analyte. g[f!{gtaﬂg%e&%%:er?t 1}? teﬁtggltg];e) ¥V{71 tbglz(%létll}tglgari §R Xﬁ%ﬁ@p eo}(&hﬁg argl -hapten to
bind the E&hj 1&EMshltindlif bicBarpehh t@aheSicRf 6f the eshjifats hajters e.g., a change in

hi ndrance nmethods for honbgeneous assay. These -36 WO
ﬂuoresce‘@@@)wbwﬂﬁmpw UBpgoBiwe8073 conj ugates are

ovv- nD S)ﬂ é’ar&; 8% ﬁ%ﬁ%;&%gﬁi\{ég 11% afsagnlgldlscussed in %o-pendmg U.s.

Patent Abﬁl@dahaﬂNob 001y88,903) Mmlﬁm@@oaﬂm fﬂ Apphcstwm&@iaé Noo60/456 891, filed
bi nd the conjugate at the sa as afl anal

April 25,7303 gbeth of @fh}fh&%\@@(’rupﬂmmé’%fé enocﬁ e R ther gtHeH 6
anti-anal yte, thereby allow ng anti-hapten to bind
the conjugate, resulting in a change in the character

Functionff Akdws conj ugat e hapten e g., a change in 5

fl uorescen e is a fluorophore. More .
In thesAbsgdice § 8\5\1\@3\1@0 %%eqﬁerlﬁe don tgel éssglg Igglcgc'acrt}[vle);eceptor, the tissue
protectl\%%%?é‘rﬁhﬂle% oFtiad GPESASk b@d&é&‘nﬁﬁ&ﬂhsﬁ% funStionaPak&Rt both in vivo and in
cation No. 10/188, 905, fil July 3, 2002 and in
vitro. Pmpqzsablme@rﬁ ogéndrakkiNan teowaseng gerform & gagleppitto argn vivo assay to
acrmif R B oL PR YA D A G marve

necessary€ p&lBsaliseth f askire thad € donipoand exhibits thbsarsetissan pmtéaane capabilities
fhe tissue protective receptor, the tissue protective
in vitro f@gapo; t| es of an EPO may be det erni ned usi ng

I&hﬂ? Cc‘hEQ of‘&% slgﬂi(iﬁ'the Qﬁ‘(ﬂ/(ﬁﬂﬁl ?‘9 g1k tﬂhdéféﬁrﬁﬁ’e whether an EPO analog

ter aib one lnary s I'n the art woul
having dD&faﬁthnﬁlaﬂdlﬂbm |1‘éhn]{Bdwat‘h‘dnyd1rate| dhain and/ca gskysttone add1t10na1 O-linked
determ ne the tissu tectiyve abilities .of an EPO . .
CarbOhyé@Fﬁfé‘g]Wd usipg ¢ C?Iﬁgl@é&? PHPSPHS @Eﬁlf’é%‘P‘?X hﬁﬁ’f/esﬁ%t 1&%en%on EFlrSt in vitro

tests suc'ﬂ Ia1r9yc Ll%n@ elth R R ask B/s288MR tsiffo deh@mERIPRING the EPO

ts the sane tissue protective capabilities in
compound bf mtms(d exlbigdtzsud pror:ﬂcav:et ¢apabilitiere Bfenoindinrrattydiesquch as the rat
art_.would be a Eelto determn

focl sy e Pe B shE SRt P SR PRl Py the resut

of the i7CRfDeRMAE at e chain and/or at |east one additional
O linke car bohlydr ate chain, using a caonbination
Iasyaymodels epwgmplaisg ytke presant iitveptivfeineluge, bufpregior hmﬁfed to those

Ltr test I
used to é St%rémrslg%lg lﬁc og tlﬁﬁ%g)r&?ct \%%tagagb%lt‘rf]eg melge{}ﬁlg@l%l%c'@%gﬂg& léfﬁﬁ‘ropmetm
above: tﬁ@BD@Ueﬂﬁas@ziy, A neot@sduramahodii zts@a:y hnd;ﬂ]B&Dﬂmﬁotrﬂmbarww, which are
dseuss ek ST S U e e S e ntended o
be non—ﬁx%ﬂﬂfgaas Rt Srath) &ilP theed v&cﬁ’.ﬂd’ REb-d B8 heukd §therosfu1table in vitro

I'n vitro testing. In vitro nodels contenpl at ed a%l/
assays fohdetgmnesieg the tissenproativecipabidifichef EROD eommunlds it gageral,ghe EPO

compouBE g\fsogll.’q }?Wné]gﬁrﬁa ?@?Li%ltpgétrgg?veet ﬁgr? C(lmqf):aknsgrfl toa conl{rol it maintained or
enhancddMBEVbNePSHthat&d - BHedriheRRidtihiwould be considered antagonistic if, in

comparison to the control, it detrimentally affected the viability of the cells within the assay.
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above: the P19 cell assay, rat notoneuronal cel
assay, and the cDNA m croarray, which are discussed in

w@e@anzsidet ai | bel ow and further illustrated PEI/US2003/028073
Exanpl e 2. The exanples are intended to be
non-limting as one of ordinary skill in the art would

recogni ze that there are other suitable in vitro
assays for determning the tissue protective
capabilities of EPO compounds. In general, the EPO 30
AcdﬁﬁﬁundngUkﬂabmnEbhgbméggﬂ tissue protective if, in

ar n to.a.contro [ h d .
EPBH SRR uiS Bl ot Mo S GUARE Bhuy SIS g cetime
For exmﬁ;ﬂ@$1@%ﬁ§nﬁ9 baapMtsihed whdifferehtiatERHIBWIESD Buﬁp‘l’erhéiﬁed with 2 mM L-
control, it detrinmentally affected the viabilit

glutammeh L0 ohlepenicillin 6, AR nakelzjreptomypingi falg (ﬁ@ﬁ@z)zwiﬁ/o percent fetal
PCT/ 1S2003/028073
sovine sETAROGAORR e b (BRI e S

free medi@ﬁ@ﬂiﬁyl dohairtihs 8)mé SorpGReis@R abowe] Fithethd exlceptéon offoug/ml of insulin,
anple, P 19 cells may be nmmintained undifferentiated. )
100 ug/mhome&iegum@% PR EeSTOPe. 300 putzeseing pag? haM eseo: Bigma) n
G 100 g/m streptonycin sulfate
place of e%%?@%ﬁ%§ percent fetal bovine serum (Hycl one
Cellakion sdaorwigis JQ pevbénd hom:tﬂlmnajf as theakd gh d&mighHedB ré@mivhant EPO and/or
an BPO EQ BRI S et BOELets T TR LR UBRt GroBHeg ARGy and plaicd i
25 cm? 388 1Rre 13RO 2t Hhal Abndity AT bBEIs R i Serilfree medium alone, or with the
progesterone, 100 M putrescine and 30 nM Na2Se(C3
pretreatI(lSntgldél‘;lonm Cqll wielelitf manbe ﬂ@t@mllm@bb/y mgpagdlumexcipiogel | s

t.hat h_ 50 onf |
T e T T —
withdra®4l ih ith@ifRfdntiatdil 88@6hAtIRE PAOLBI. fEt@%kﬂnpl‘&@%b@dblhﬁnt EPO rescues up to

serumfree mediumand plated in_ 25 cnR tissue cu
50 percenf aEthg nguronalflikggellyEpm degpthdf usedan a spnegnpfpon ¢f 0.1 YimttoT00 U

o 3 ATLE S BIpHLLANG 90 D RELGRGLAEAL o1 ol

from defthulganeke boriodprefAblniowtust ms&kiabbﬂ@Squetdes‘atnsabouﬁﬁ@ percent of the
addi tion of reconbi nant EPQ can prg%g fell | oss
cells, megt pesferaply ghout ) nEFdeRbiioARA IGPssdf P58 &S at ed
neuronal -l i ke P19 cells. For exanple, reconbi nant EPO
rescues up to 50 percent of the neuronal-like cells
B.fIn dfirdBat Moidhewrsedhssay a concentration of 0.1 Unl to
100.Um e consi der.ed t.i s ective
In PR B b reb o e R g S ocp 48 GRS LRt rotectve
capabilifiedfl 1 EHO esmpakibf idiemst ik 9irR0 Mok @kample %rﬁﬁﬁ@rﬂotbﬁeufﬂiﬁ%ay be
rescue about 25 percent to about 50 percent of the

obtaine¢ u$ing spina sordg rf@ﬁel%aaxzsmm Daglepsrtcairyessndpytifiedby
Immun Rﬁ%@@@g } L a%ecl){] %reerprg r%abéfgeeﬁ%d &t%\yld;eﬁs?rﬁgg%dgf%ﬁg/ggﬁg&to élass

coversligs 8024 @nowtieplaics rdcbgied wsthypelypDdL@ithive and apfhinland yon‘lﬁining
an EPO conpound of interest in vitro. r exanp

complefe oy RS O BT RED b M, S Reng percent horse serum,
25 uM %—3{;6?(%1){60&&%315251 ﬁ%ﬁfaﬂﬁ% lﬁ‘éi’ge e'hﬁ:ﬁl 1ﬁ R ¥19t§)t&ﬁ in, Ing/ml BDNF).

nopanni e ce I's are preferably
After a perixdieds tate, preferdey aboyt G(d%ﬂ@,(EPQ E10E Yy tmEBOgloapsund of interest (10

U/ml) or vehicle may be added to the cultures (preferably about 5 days before determination of

surviving neuronal density). The medium may then be discarded and the cells may be fixed with 4

percent paraformaldehyde in PBS for 40 minutes, permeabilized with 0.2 percent Triton X-100,
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coverslips in 24 mmwel| plates precoated with

pol y-DL-orinthine and | am nin and containing conplete
weiosies7nedi um ( Neur obasal, B27 (2 percent), PCBUSI03/028073

L-gl utam ne, 2 percent horse serum 25 M

2-mer capt oet hanol, 25 M glutamate, 1 percent

penicillin and streptonycin, ing/nl BDNF). After a

blocked %{ll lgﬁ)efhfentt e calpge?ﬁlﬁrlﬁl by ﬁl@ﬁ’éhttedqvf#l@)ﬁ%lbogig Qaézhﬁ&?vnﬁh)

EPO conpound i nt erest
phosphovséiittﬁd: h@lraﬁilymbats éﬂMé@Zt b 90‘9@ OCYQIInght,@Sld (Vgﬂuehmdabirgg thpaidin-biotin

o GBS FhapY BRaRlope i Lhtt B VS Bl notogcay by
cmumngsﬂﬁgz tﬂg%akxed mﬁth 4 percent paraformal dehyde in
PBS for 40 m nutes, perneabilized with 0.2 percent
Mixed promany-cobigres o8 golanepnos plypasarptirly WIsryHPopgers Juring

N TN ——
days befoRibssdssthamentel fushber 3ds béen%ﬁ@@)l t@Mgmlﬁb@th, 1na'eﬁise the number of

vi sual i zed using the avidin-hiotin WithOd
primary gloieReHEBE ARTAT SR STRES. vITasi toiherorsiderpt Bug mﬁ%ctwaﬁhﬁ EPO
compouﬁ'c? ﬁfﬁ?&?%t ﬁ% %}H QQJV lslaV leRf thesaHe oM 13nP@8h th¥Bthe control.
rlna y cu tures of notoneurons
In one embaah&mhe thesER @ abhpowmiderigfereatis pOm@iesed:ﬁﬂsumgrotective if a greater number

nalntenance ul t ondi ti.ons. tion of
of motoR e e BPE 410 G jaigoinge Ehis bl i egmpared to the
control. days before assessnent of cell nunber has been shown
to significantly increase the nunber of primary
nntoneurons observed at 5 days. Thus, to be consi dered
ti rotecti ve EPQ _conpound of interest
C. 5 d A 2t he same nunber of

AdBHeR REVIF O RSsaly NG Betehging Cdue PhotectVe apability @ R0 BP @asdtnpound of interest
t he EPO conmpound of interest is considered tissue

is a cDNsx Br@erade s 2ssgr @ay be uprdrip dpterpinedifirarranhing ERfQnd the EPO
compouﬁ@XFgltefrés? 8‘3?2%%}}9&&&910%@&%&3{19%\}9 Wi ’@lslg\i%p%blta{e Fom

npar e cont n vitro ase
undlffereﬂi’tlactéal\l}“l INdetls car shay d&ifrumt pzﬁ‘reni of gent ndaksiay estomated from a mouse

det er.m ne tlssue protectlve ab|I an E
1200 TN A BERRETH IPRPEIENIPon s SPeBRA v BB %9“3 g ©, fagggpression of

1,200 géﬁy P81 HSAY o 39 LR eSS %? thef usE %@ ﬁfl‘f@h ReRibrERQANS fbBeClontech (Atlas

conmpoun I nteres y gene expreSS|on
mouse 1d2)f Gzile ﬁ107/§sample}3n;@y beltleated nmlJMglhsWithts@mef regpmbinant EPO, an EPO

T S NN R CE TP T

subjectedit§ E&ﬁﬂhrd%}énvﬁﬁ)ﬁi%ﬂ?a RurY PAWay e tl@é<1§i@§dﬁb@ of Bielshi@e EYI6Bine added during
For exa he expression of 20 200 genes in P19

pretreatgent) sAﬁalystmlarﬂe@sah pyiracken by éobmﬁ%%ﬁatﬁgﬁﬁhb iath on-column
DNase t(‘?f%‘%?@ E‘l‘%ﬂt@g}?é @&{ . PUSEs tl@n C@olngﬁ?ucted in the presence of

Overnl
[P]-ATE C’Dliﬂﬂabd@d pIEBQ haﬂngﬁﬁaferabimio lmld:hcmf cohﬁits@lr h@er may be hybridized to

or m Xxtyres there The cells are th
the cDN(%ﬂen PRSPILRUES ake ot Tsmen ag%ﬁr%@iaél&?dtaa%ép o x-ray film. The

1ntens1t}g gﬁ%ﬁ%@éti\%r& als a‘lz e}}%éasﬁ?gd%ﬂ?a Phos %H@r ]E{a%&eﬁfaeanglfyzémnh the Atlas

ring pretreatnent)
Imagezalmntmtdm@gram(gmmmbractl on by col um

In %&ro%ﬁn\saatyg %Rﬁgrﬂé@teg‘;}ygg? Blfegeg% Lljan/n %%ghﬁag, b(uirt] g%tng)g ﬂ1tn’ited to, the tissue
protecti¢ORREFUREER dvAlubREEID 88:@P6 A9 buch as the focal ischemia model and intra-

hippocampal biculline model. In addition, an in vivo model for evaluating tissue protection includes
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[ P32] - ATP. The | abel ed probes, having preferably 20

mllion counts or higher, may be hybridized to the
weDNAomsibn nmenbranes at 68 C. The nmenbranes aPET/uaxhE 023073

and exposed to x-ray film The intensity of

radi oacti ve signals nmay be neasured with a Phosphor

| mmger and analyzed with the Atlas I|mage 2.0 conputer

spinal ccRH ﬁgﬁ@rﬁ‘sia% OPt @ifdihore3 glelvr&ngﬁé/ %s@%%@é%sg@%tﬁm%%oﬁéd Publication

present invention include, bBut are not limted to,

No. wom@ﬁswméusrmmmmcmsm 2092600868 16\l PAOF/ OBTT37 are
; PE%(% ﬁunds h as the focal ischem a nodel and intra-
contem %d‘g 8l BICRIFS é‘v $¥8 . In addition, an in vivo

nodel for evaluating tissue protection includes -39 WO
2004/ 022577 PCT/ US2003/ 028073 spinal cord injury
D. ;Kltifﬁfoq‘\ssawlBasedromEOﬁal IshemyaModels assays di scl osed

i[5 B3] 0B EAULLER L B SRR A o

particula? BP8Y E¥aniidaad 1535£ed Glomfc&ﬂbﬂsateﬁda fnmdelu %r ek drhple@ale Sprague-Dawley

present i nvention. In Vivo E sed. g GI‘gocal
rats (~ 2 ga 2 gl With aélﬁfée @?ﬂﬁ%}cfP??éFﬁc cpgofs). Brigdy § Fpjs may be

anesthetiﬁ%@ Wlﬁlgﬁegﬁg%gbl%o O%E%JSWP Eugfas e‘é}fa\flfed%@%g’fé tbﬁl}s)&%tuﬁ)ef of887° C using a

artic conp on a focal chem a
water blaltlkitel Thefight exaiip ineny beadceluSpd bytres mnwbsagend traassctéd. 250rr hole

T . TN TR M TN T T S —

cauterizREME@PRRE fAdal 6REyIOKFo B a?@ﬂuﬁ&‘a@hﬁbﬂﬁﬂngﬁﬂns@\ﬁ)&@ﬂ\ﬂCA lesion, the
erature of 37 °C using a wat er bl anket. Th

contra—1¢t¢gﬁqar@tsdr otary mesypeloeclvded fod & howsusingirastion peeyideddy fine forceps.

Saline, 1ch:Oé)ﬂ;pn381r %?’O @Pp&ﬁ)’kg%@u 5lﬂ%§%ﬁ(§ %nﬁlgs?\n?ih rt%%t%%eg{ (65680 jUt/]?g—bw) may be

administegddeh fal onsétt ik revhisidle dmtideclueut eri zed di st al tO
the rhinal artery. To produce a_penumnbra surroundi

Afig524 hppugethe praing &g rapoverisad serih i roany thick seqtions Mgt rough the entire
i g T B AEE e b D Eact LB BB ubseny

incubated3f @Qblukgn bfi p&beﬁthﬁpk&ﬁ@tﬁmzpbmm a@hlotide (wan) ast 5S4 I‘BM)NaCI for 30
: U k,g)é\/\%hl nac)é 15 adm Cff?er ed t t he onset of
minutes b brlei BROVLHPEOF B0 SIS0 arfempélter&Zﬁ%mage analysis
system (‘M@Hﬁ‘ qmagﬁﬁ ReODYaM s@r&tﬁﬁl&@o&mm@ REG1 Q0S, BEPO
cut throtgh the eAtire bra’n using a brain matrix
compoudé of mréslc-lwmsldemp pammpmf)ctlvafahars@mratomthmyfatch voluiye due to the rat

bat ed | t of t
vea ST bl st Ve o orrhe st s EP R radt for
30 mnutes at 37 C. The volune of injury nmay be

determ ned using a conputerl zed |mage anal si s 20
Bylutlava Asgay Basedwiyinkg-hipnosampal Bigylll Mdel

) th P

%g{hglg @@gﬁ%. écfrgse& rﬂﬁé’tg?tgéegc%{) {’Sr o’% aQTEPEpWQd 9 determined in

vivo withrisira-bippdbesngahbicutina Ememlodnmcd eearhplefhele IS@taguMD%wley rats (250-
focal ischema to the sane %iégr e ter ext

280 g) are.he)ispd Aagongion tempenafirg {30 ]é%]}‘p Fhiye éx&méqﬁ (6% percent) with free
access th %Jdaanﬁ n&%%gm%ixeg'lﬁ bl sht /a8 kzc,&gf% Nadeks 2R fhlcallty implanted with

anot her e I ment, the tissue tective capabi
cannulaahd alectERios codgetanebtizgc geﬂmcmaa ddscnhed ini Vezzamit A., et al. J Neurosci, 19,

5054- 6%&%@5%&0 aa@w’i}égl G uI e eXP rliqultﬂe:sm (lFIS)errcent ?Hgno%arbltal /4

percent chloral hydrate; 3ml/kg i.p.). Two screw electrodes are placed bilaterally over the parietal

cortex, along with a ground lead positioned over the nasal sinus. Bipolar nichrome wire insulated
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280 g) are housed at a constant tenperature (23 C) and
relative humdity (60 percent) with free access to
w0 omd/ozasd7 wat er and a fixed 12 hour |ight/ dar kp€Htkmn3/028073
The rats are surgically inplanted with cannula and
el ectrodes under stereotaxic guidance as described in
Vezzani, A, et al., J. Neurosci, 19, 30 5054-65
electrodés](%@ ?l}n) n@.{y tﬁgﬁ Ye 1rﬁ1ﬁ51§te&rﬁﬂat5}§llﬁﬁﬁ§ tHa&lch#8 $yMBioPhe dorsal hippocampus
hesin (1 percent Phenobarbital / 4 “percent
(septal p@lﬁ) @ndaa chryuitaa(2d; gaagtﬂ)/rkeg' be ymilpterafiypositioned em toptof dlatedyira for the

B ST S B bl B O . S cop R breemafor

implant&ioAWS theE’dltﬂf@ﬂodés ShoGa ) Bitedonsdstenioed.s; 14&alM and 3 below dura with
2004/ 022577 PCT/ US2003/ 028073 el ectr odes (60 M may

the nosettge pet -2 hplP axirasdGb& ‘é(@té@la@ yThedkad Brie id Steaedaxjy Eggf diates,

Academécglgregsofaﬁgj)Y%sP%%ﬁu s ? lte (ﬁ:fé% glagg)glctg%%e%g% t8 a?@ﬁgﬁhgocket (March

Electroridse N aad, ftogetidrevith tht irdédtiopeaamigseqred to the skull by acrylic dental
i ntracerebroventricular infusion of drugs. The
cement.coor di nat es from bregma for inplantation of the
Ex‘?ﬂ@ét L RARLES B s‘%@ &lys QfterSurs hen th 1
e S B e %k BP0k a0erylery hen the animls
have fuldst ree@veﬁed thmatssa,re Ben &dMatistend r@ombﬁhlat BBO oBtlwi PO nompound of

interest ﬁ)tfgg%ﬁoa@}ﬁ%—bgﬁ?@g %%@alggn%nﬁge{lg}nﬁ% Pc{ug% gl%doagéunna} %plnappltes before the

inductioRQF kRucllYRE §izursd. eteRédcdtres M recding HROEEGAhd Yﬂtltaheﬂalﬁﬁl injection

i njection cannula, secured to the skull by acryli
of drugstharve heen prevrewsly dtmébgidﬁ@mamﬁwt are/. fhetreqcabFyp Elaﬁrr 234 256-63

(1986). %g{eﬁl&gﬁl%gn a}}sS %\é%ﬂo&igg & %ﬁ% ati e%ﬁ%“:iflé()?%\f; &a ggﬁﬁ? er e?in) for a

recover e

mmlmuﬁﬁffqmbmﬁam bEIBER iftiating 1ERBE @ermmmmgj (4o¢hanheltBHE@ pblyglaph, inodel BPS,
5000 bvv) or. vehicle intraperitoneal ly 24 hours
Battaglig R@n%f@a. lagag kA ndiesahoRt bt BinKgs 1o RheHi SDreiAuH, EEG recordings are

made AU AL Sr IS RPESNER il AREREARLOE A o
injectioj veare asglk yo nhmeﬁhdﬂ&dd gz usimg g nded]e @8-gahige) plotridiag Sramobelow the
Exp Ther, 239, 256-63 (1986). Briefly, the animals
cannulagr e gl | owed to acclimatize in a Plexi gl ass cage
$ SN P0 & MeadiRld By BRGHL AWM 9L A5 ﬁbﬁHﬁ%ﬁ bl Abfn to provide a
initiating the EEGTecordi ng (4-channel pol ygr aph,
sensitiveroeiurdpBhe aBatonuglsin aRantyoriidrugBol bemani, At.&k 91), /. Rhargracol Exp Ther,

SR TER O TRt
of at leaB®lo/ 11 follbveiiCatetdtiogs MRdlhfoaelcal® dMtdbsdiags: hiyh frédih@ncy and/or

i njections were made to unanesthetised rats usi ng )
multispike @amele(iqsaangém@esh Yleee saichynizedmpile Powayhectivitgn Aycgronous spiking
u i
may be 8936&83%13&&%%1&%8%&% ﬁ.‘ﬁéj%&&ggt%g' &ggér%tg ﬁanﬁ/iﬂe&guxjgégre preferably
the laterady tb b fast s'emm/@bmanetonaﬂ) Ithﬂ tbtal tifedpergsn eplepranttivitd. (determined by

Phar Ther , 239, 256-63 (198
adding tpg?tﬁ@nﬁée PR %%ﬁa @? CRipRAss;sewylp dusaiion)yand t 8¢ a%ﬂwlty during the

rrence of at |east two of the
EEG re(%dgﬁn% :Rne?#& ge&e&%&%

[terations in all four |eads of recordings:
ﬁheg]htrﬁmé;m@eamyalévnmh/mlnne seirutd mpdd esiog HH(eaayitsias A osad-out has been
vol. ta ﬁr oni z i ke .or wave ac

hi ity )
shown Qa1 b g SPRI P B8 T B QP VR P LS e et al.

Pharmde6} E)ejbrm; sziezmsam@ssy STIRROBS R chRsi@dtadtisduy peRédie 8% EPO
are preferab
compound of ?nterest should reduce the frequency and severity of the seizures to the same or greater
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the latency to the first seizure (seizure onset), the
total tinme spent in epileptic activity (determ ned by
wa@oaingestbget her the duration of ictal epi sodeBCT/US2003/028073
sei zure duration), and the spiking activity during the
EEG recording period (seizure activity). The
i ntra-hi ppocanpal bicuculine seizure nodel using EEG
extent ast6é Ftbi¥indst Bpdead- out has been 30 shown to be a

sensitive and specific predictor of anti-seizure
potency of drugs. Vezzani, A, et al., J. Pharmaco

he 0. be consi dered

gua\‘tujd;'est shoul d

Q AS5AY, 1238 c(l £ e ¢ (rlal
Ifl é’t%@thtef"ﬁl \flff@ﬁﬂé@jﬂ ﬁdboﬁﬁﬂ%l\%etﬂ@% jebont Afvehhiéh, 98 iadite Svefsible glaucoma
e same orggreater -41 004/ 022577

rat modeﬁmﬁy bszeakiocizgynaie thytisHe prsectie canabBith phpasticumdiP Grcompounds of
interest. I\%) 4 \é%(arﬁ%lAXS/tgét%Xusg??t ”n%l 9&13%5(:,“{;23/ g%g‘l\égfvé g% ngheg}na ur?l?lgp?ﬁﬁése cells will

die afterBO @ﬁlﬁﬁl"es bhigettiniio Biresan A3 gudhe tar tes&evl&:tltﬂr @elglb}&mi@nmimlﬁlsfeﬁdd EPO
may be_used to determ.ne the_tjssue protective

compowadép)i mtpqefth&bﬁﬁ&sw RrgiestveEstv Kigppdffingat orproteecslnagnsitive fo

r
e 9 SHRTR\ G R 3R0HS FE DL i b 8 AR PO R .,
Vis. Resmi@T Q4435501903 C hepnmmﬂarg sidine MAY beugjkected mto éstantemet bleamber of the eye

eri ral | ni stered EPO . conpounds af
ot adte BRI BT Fpiskil BbeN-GuTE ol TR FERLE BHrPTEPERE Ty mimtes.
AnimalsHrOHRE b flidtsred @ﬂﬁietdr\sgoo 0 EHG AQe6d9 weddht etHpEritoneally 24 hours
reversi bl e glaucoma rat nodel nay be used as descri bed

before thgynistion bﬁwnhemaaand copinugdgs adedy dgse: fogiue- wditionglgiays.
]%?ﬁtro ?ét%l Caﬁg}(rgleay S #)effﬂrré@%lyog'xed -ng%)"te(f ral[s n% v&ee aﬂer treatment to
determin@r vaigssibt EhelRY @oﬁl)ésﬁlﬁlﬂfﬁntafebtqms@dssd@rtﬁ&ﬁdp’r@teaﬂil@b activity. If the EPO is
mai nt ai ned for 60 m nutes.  Aninals are then

tissue prateaiiye, dhees Brpulihy gnodgressrygtion plEastyvity g1 HiscRjeaiier gogram, in contrast to
mnnmbh@hﬁ@gﬁﬁkEBﬂHﬂe&y 24 hours before the induction of

I'SC continued as a daily dose for three

addi ti onal days. El ectroretinography may be perforned

n dar k-.adapt ed ngts one week after treatnent to 15
é&%&ﬂ&ﬁiﬁi@é@ﬁ$@%—§4ﬂ§ EPO conmpound of interest

MOSSEASGAME DRSS HeBitdo c\éﬁteﬁﬁ)ﬁd‘[é’d fo¥ usd §ith B JeE&hi Bvention to

tissue protective, there shoul'd be good preservation
deterrnum‘w}aathqr\antaPCbmm}tmmé Ieeblbm)hf:stw pmgfrcanp a¢trviyonigeresal or within the heart

| s tr d W t.h aIin ar.di.al
specifieflf 1Pt Brf Acay b0 Ry Bebpuers FRPA Y BAELSEE i bows
before b@ingan@s@{auea@h v\}ﬁ@p&fr@d foit S6rovkutyMirfeRfo RIBEMN Ani2d¥igiBhAI Adse of EPO may
to determne et her an EPO conpound exhibits tissue

be givenyt dheetart oletha @rqopilyrg, at whighiapathedeft wiaitheasondis arery g occluded for 30

it S8 950y IR PR e VRl By mon,

which tibgithgammektinestidied fandrducepactiod. fAaimals ﬂmmllyg ashaat iﬁj ection (saline)
_ occl usion. An addjt ose f EPO may gi Vv
will demqqmgiraie aﬁ)%rg%%n%q%ée I&rtb% Eegﬁﬁng Basto eI lﬁélcﬁ"h\ée Agrated, siff hear
seconda’fﬁo%ﬁﬁ% ﬁ:rtﬁ)ﬁ F'WherSas %ﬁﬁllléféjfegelfvﬁfg tROERD Hﬁ&f‘oﬁﬁﬁ‘:rest should
hen Te ease The same dose of O7i's given [y f
exhibit iondecvenednt af ¢caediat fimations eompatd to/\ﬁlauhonemei cdlerommfﬁlrence significant

ﬂthep%hgnﬁ qug?gﬁg?é r%h%ﬁnecHCtlon Ani mal s receiving a
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will denonstrate a |large increase in the left end

diastolic pressure, indicative of a dilated, stiff
wheann2253econdary to nyocardial infarction, WhRCEEHS2003/028073

ani mal s receiving the EPO conmpound of interest should

exhi bit no decrenent in cardiac function, conpared to

sham operated controls (difference significant 30 at

ﬂ%hpalﬁogd g#uyllz,z%%gﬂs if the EPOis tissue protective.
PCT/ US2003/ 028073 H. Spinal Cord
Sppal cordAspiay sssgys may alsmb@luaed Jmﬂythasmaw immepsption wmhaate the tissue

t he pr i nventi.o atet e ti
protectiVf e ol piedgy B EPERompOuERiol Blerkt. B EIENE, il Sabpfedt
compredsithe§ Eittemplated Fb:1t1is6 Withlthe prdbens Riveatio OW‘ijstarQQt@]Qfeﬁﬁlﬁd) @kighing about

is contenplated for use wth the present invention

180 g to\abgutad00rgre p{erf@rﬁhlwwemu thin sty aBbe enigraigye grofesally dasted for 12 hours
before Sgl% ryga.r?cg fpust y&{ @tk?%l}{e %ghf% E)ES? g&%{hb mtr glacﬁﬁh ettion of
th1open1amﬂ)dh1mmﬁ4ﬁﬁhg/kg&ﬁ\t)r Aifree dlfaunﬂmaartﬁ“shdwmm @mﬁlmilfne aas percent) a

traperitoneal injection of hi opent al sodi.um (
completﬁ@mj 15%)1 (T-4p {agpinediemy tsrr&ffuoaﬁe% k¢ RGN W&E él?er?éd ofa

l tion of
L R e
temporairﬁmearﬁno:ﬁhpaexemm(m nesgtori(e¥ g@mb elosﬁﬁg domabn thesspinabdord for 1

minute. g&ﬁ% Ilil% r‘ﬁg g}eac:l@d )gupylg tlgli? }SSC ﬁli ﬂ’ﬁ aélprgzgll% g]ﬁ%v\vlﬁ%r}ﬂ recover fully

from anbtBSsiHhRIRIurkd OB tAEr $268 ETIR Yatshiee SBhildked eOMtFhub®ly with bladder
m nute. After renoval of the clip, the skin incision

palpationgt lergdwirealatly upiél spantargoss spidmgadsumesd ecover ful |y
gmmmlsalrr]lea: c% ﬁaﬁ%ro%? rer(];glgg ;Fr%g% g%lhnegﬁg dlaﬁ“gl%ggu %Eﬁl%ﬁtngl{nediately after
the incidi@aiicldsed. CEhélginlaynibif tinaBpedciwtae EPO/@inijﬂoﬁgd bﬁﬁiwmsd 1n an amount of
Animals in a control group recei ve nornmal saline (vi
16 mlcrpgsr@mé/\kérbaw i jeaeqtPorprrelgieaifarcdiop ohfhedpts iy thep ealiaied using a
s vV
oGR8 0L SHPARSEA, Gy LR LA o 06 4 el
hmdhmhinmvegneaﬂsj;ﬂol@ (normal gaith elhewats larenesie(bfcmgﬁmmibn:ﬂtdleﬁcftm 1 hour, 12
t he [ | oconot or

s i.8 then | uated usin
hours, Zﬂéwppwg‘l%@%lrré» g pad Lk? gegﬁw Pbp a8 ExigRag ho is blind to the

treatmeCRAER aliFRGI LG VES A Pt c&ﬁﬁcﬁﬁxﬁ%@ hrﬁereﬁ'@ﬁééu@?rotectwe the rats that are
novenents) to 21 (normal gait) he rats are tested

given thediPQ shouid exhabit dlgficksrtagd h@teﬂomhecq@ry fromrthe irgury than the rats that

. o hﬁ@er 48 . hgurs 72 hours, and 1 week after injury by
are givepiic Saling ICSHON o " who is blind to the 20 treat ment

each ani mal receives. |If the EPO conmpound of interest

IS tissue protectlve the rats that are given the EPO
ERﬂhblﬂSW‘B Gond TachgmizKestingnd bet er over al | recovery

2?1 r?gp Igrhﬂ)gé(l:l e}étﬁ trﬁ)%ﬂ sbglglb{o?& %Cfli%lg]]ta t%sgiﬁg ﬁ {éstril%efor tissue protective
capabllﬂ'}e SEdrmgaxﬁﬁle! Newrfzhhed V&ntwdbtmsr(sé & Hbimionths plc’n alale) erefighing 1.5 kg to
2 SRS B SO B D 5 B L B

Anesthefs?QQnd&'t ﬁﬁ Qt?»l'b%r&hfjhal(ﬁﬁélﬁ)m W8 95‘1’091& o;(yéerhgldtrﬁalm%néd 8th 0.5

are used in this study. The anihmals aré fasted f
percent ho b pereut Inlothare iy amssturadiEpercoh esydeasind 50 mdmemtlam] An
rcen

1ntravew§ ﬁ%tg?tﬁ%@aﬁa{lgle (55 @Lge:tdqg e lep ea:{'rov%n? el&l%%grts 159N 1nf’:Lllsed at arate of 4

ml/kg body weight (bw) per hour during the surgical procedure. Preoperatively, cefazoline 10

mg/kg-bw is administered intravenously for prophylaxis of infection. The animals are placed in the
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percent to 1.5 percent halothane in a m xture of 50
percent oxygen and 50 percent air. An 30 intravenous
w@ 200h0228r7 (22 gauge) is placed in the |eft earP@BUS2003/028073

Ringers lactate is infused at a rate of 4 mnl/kg body
wei ght (bw) per hour during the surgical procedure.
Preoperatively, cefazoline 10 ng/kg-bwis

right laté?ﬁrﬂe&itﬁﬁﬁ biibi ttﬁ@él&ﬁ‘ﬁx‘éﬁ&rﬁd (&ﬂ?t'h p%'if%ﬁé’ ic@ﬁies nfffltrated with bupivacaine
infection. The ‘animals are placed in the -

(0.25 perzo@i} AP2 87k SROTINoBROOS hed8pFBllelrtp gftetSpltrwt%ﬂwl 12¢tewta1 faysl. After

kin vidone.i o
incision BEe SR Apaa BB PO aRr A o B EREG S hffpogum and
iliocostafis BiiboBilith RndsBlek SteQBirdctedTHHE attRhEhdlQbrth & dxpBsedRiia g e retroperitoneal
the 12th costal level. After incision of the skin and

approactsysuebifieeslisstuntsriattsl therdshrepal sepry; A pisos ofigff-€8ityhiag is looped
wound G REHE My ATTOBRAIA SRR R EHER A0 g o v

rubber tubel BypRillidgosehk PH tapips.ohe hlor&nld nﬁﬂbﬂahmaﬁﬁhlljyumtluﬂﬂf br 'IZO fninutes.

to the left renal artery. A piece of PE-60 tubing

Hepgpe 0040 imeirpgistraisd £ (RIBUSIRTE polug pefiorg aqriae dusion. After 20
minutes OFI)(!CIJS?(HIak ac{llsee&rﬁbﬁﬂgté? Qfel}e{?xﬁgéd El?eslﬁﬁgm L8 QHSHA Ad the animals are

|"ar ger ber ng on e PE tubing, the
monitoraourttih ﬁllbremvary,raaumxﬂmtum Itl;eyaim:isamtﬁgd aﬁsassea(ﬁormeluuﬂ@gical function. A

400 I adm. ni strated as. an tr avenous .
contiol NGl PP Pt PRI RIS BF o DF mDBe i g s of aori
occlusioRCAhMBEPRoup HEaniHBE r@BF £ 85 NRNIe bR I0e tHeSHRY 88pddd of interest

incision is closed and the animals are 10 nonitored

intravenously immediptelyeaftoy eapgriusion (h 6Hon ¢agle grauppy are serial ly
I\gﬂﬁs Son eg?f osgaisgegsééerdgalg?%gﬁl%lto Fhe %It c;fé‘.@réﬁ%? tr{ O Hnd M1 S5HP b9
investightoTBididab eheytrédiment at eheas e4 ﬁf)U.I@,anUM@ hoRfsCAfies | rdpﬁrfusmn A score of 0 to
Anot her group of animals receives 6.5 w of the
4is aSSIEm@t@ svcuHEAleE foligvey 85t param%gawethélesqvgﬂenﬁﬁw aftespyjty motor
functlonf ggfoof mfeﬁéﬂﬂy tor f@ncftl h, V@@a%%g%ﬁl&ﬂ%r moVeiheft ofnly, 2 =moderate
I'on 1's assessed accor lng tot Iterra

lower exBrettiitycdinnictamndyikbgeoel dnjngﬂlmtjt Strénpitelsutiigbiloty tdo ﬂlranzdleg@urtdhebody, 3=
treat nent. at %} hour s, and

ou 4
excellenf gigiriagtion Wik e Brlingie G 52 4R bady FRhe Dot Eiopmaliy; 4 =
normal I?Bfomncﬁén fohd QM Qlaﬁdeﬁq‘ér é’s%'c@z%&m‘ﬁhﬁ;ﬂlyﬂﬁ p@ﬁébfégﬁtammals twice a day.
ower extremty mofor  function, 1 = poor | ower
IEstter RO cgmpmrxdrofﬁmtm@su i® nssummtecawm the awiintals thatesergiven the EPO

snouis G RiseFRLEH lEort BIRCo L Do UArLAP e bR ane e
saline i n. 3 = excellent notor function with the abil | ty

o draw | egs under body and hop, but not_normally; 4
a@bmmﬁcqu@arlfe&rs@wr@lﬁypem tigyiemapspews Y éﬁiceptgrs and, thercfore,

v RYBFHEH ST By R 800 STRAGERIE Sy oo

clinica] bfpicatidr il ﬂletER(D canpogidwd intedest, R led tisdrowexii irdidogniae that similar
qui cker and bettgr ov?r al | recoY fromthe
in vitro B3TAYS InYRIVEG P S0 1HERA R Yreells Hay e PRHPRERd Bhin i assays

1nV01V1r%gg§§§%’c1gEﬂB§ oH2AeAha§alsh! 'b@g)erf&%’e%r Aoy E}‘(eﬁﬁﬁle af; vif)*oga?sg@}é based on serum

O receptors and, therefore,
depnvamcesqmnr’mslp«zﬁoumed Iseng ingeueligy mtied) andeLafdﬁgcﬁHs apfl apR@col similar to

de upon the proposed clinical
thatouﬂéf&ﬁﬁbe‘é OSEh ﬁ;l%a(sﬁaér EPO conpound of interest, a
Bkiid fehyalchh 5aBirvee @ ih@GREMI FLarlsRdtwell Fol 8famyi18) t b¥dlfate an
assays involving these additional responsive cells may

EPO’s dffscipmonaetinesd cellss onaofiardiparyskglig the art may perform the retinal ischemia assay
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i nvol ving the associ ated organs may al so be perforned.
For exanple, in vitro assays based on serum

walepniozari on can be perforned using nyocardi al PCT/US2003/028073
retinal, and Leydig cells and a protocol simlar to 30
that outlined above for the P19 assay. In vivo assays
can be directed to individual organs as well. For

describeg)eﬁilﬁ%. &n HGitBYAb 3_@51@&@ Bn Eﬁlalqnﬁlo%fsf &fdot ﬁmr}illfl&lalfcﬂﬁlcells, a skilled

I's, one of ordinary ski In"the art” may perform

artisan cohld reatilymaddifisthh enioaardiss anfarcticimpde] 204#s6@ 257. Those of ordinary

.. PCTIUS2003/ 028073 . .descri ped, above. .1.n additio to
kil in {55 41 Y31 2° A PRS0 B GL 0 elBFr L APNBEr Ay Sehpbirfel do fyauate whether
a particiarRr (D bBskessas tidsiaprotul 6 ac!tﬁ@iﬁs'vﬁtﬁﬁéﬁarﬁ&to bl EryrOFcELEl @bponsive cell,
_ infarction nodel discussed above. Those of ordinary
tissue Ol@E. in the art will be sufficiently skilled to
sel ect the appropriate assay or nodel to eval uate
whet her a particular EPO possesses tissue protective
EXAMPLESvities with regard to an erythropoietic responsive
cel | 5 tissue or organ. EXAMPLES  The foll gw ng .
ThedioHewing nsqphiehir esamples are mersly ilfustratiyet theprsferied embodiments of the
present RVELRI & SERBCLMRbAstRE b ﬁmitﬂfgetﬁg Mvehtine e RBpe mﬁch is defined
are nof to be construed as IITmting the invention, the
by the appamded clhimshi ch is defined 10 by the appended cl ai ns.
Exanple 1: Chemically Mdified EPO A Oxidation of
Sugar Chai ns The sugar units of EPO nay be converted
Examplé Mt Oh&&icEi$y Piwdima Hped | owi ng procedure. EPO and an 15
amount of sodium periodate sufficient to provide the
Sdesired (the greater the anount

atigf o
’glg(el s@%?x: lgnggs %ﬁa%?%ngg)gpé %o@a%{}fcﬁh?o%ac%&s%%ﬁ%ﬂfogg%g %r?r)]gedure. EPO and an

amount 3€ §3daki8 periddes suffities t6 providedRe MayurthEvxidatiomnddstiad @he girater the
ice for about 20 m nutes and dialyzed thoroughl

amount g pasiurg ipstipdatedre Rratr hetrréen PG oridatign)ABRb St 100 mM
L
thoroughly8isthgaligiiiied veautdrf dhe proid&gnsoitien be cadyved ditoen the dialysis tubing and

anhydrous), 200 potassiumcitrate, 125 g potassi um
“ﬂhcm%HﬁB@&Hﬁ%H&@ﬂpﬁﬁuﬂ%botassiun1ferrocyanide) may be

ﬂ!(?ﬁaﬂ{ﬂéﬁ% BRLQdiSShitloh 18 YRS Ser biflfade, D@L dGh ¥ oRte danhydrous),
liter. net hyl be

Several drops of ene bl'ue may then
200 g petdsboun tivrate) é2%)p pntastian ithviecyBaawdi 25t g Bohasiunp ferropyandde) tmay be

cissov G gy et 6 RS RoiedEm Y | hlsk S5 EEHTHa " Blstiphng Dlue may then

be adde@ k&t Quadtigaté Benddi® SeRikighi on is fully oxidized. The
sol ution may then be desalted and concentrated usin

Bioduptmagyi then b pddefl t/hgIQuaniiteliye Benadict Printion wplilthe color of the
. 1) .. . . .di_al
sotuior{ e At ihg G ER Miom R RAE VRGP LBRERI Tl desttea

and convértiatddalsact aas@lt@keea@smrifugal Filter Unit. The sample (Product IT) may then be

further dialyzed thoroughly using distilled water.

B. Oxidation of Asialo Form EPO with Galactose Oxidase
50 to 500 ug asialo form of EPO, 10 pl 1U/pl galactose oxidase, and 100 pl 10 mM sodium

phosphate buffer may be mixed in a 15 ml conical centrifuge tube (110 pl total volume). This

mixture may then be incubated for 2 hours at 37°C, at which time the solution may be dialyzed

.45 -



10

15

20

25

30

30 50 to 500 g asialo formof EPO, 10 | U gal actose

oxi dase, and 100 | 10 nmM sodi um phosphate buffer may
wheoonoxsd7 i n a 15 m conical centrifuge tube (RADUK2003/028073

total volune). This mxture may then be incubated for

2 hours at 37C, at which tine the solution maybe

di al yzed -45 WD 2004/ 022577 PCT/ US2003/ 028073

thorougﬁrlg %%1\9}% gﬁkﬂﬂe&'\?/’a@g ’f‘l'le;;lﬁ’ohlh& %aWe%EmoJJ&efr&ﬁ QLG 1y B YubR€s and collected

romthe dialysis tubing and col ected into a
into a fréshéwstie Pudsmc{®Phoduct 111). A Quantitative Benedict

ut d ..
FANO R R T
a final velugRoraflitee tdeybangopd sememylchdihe BRyandest 4dded Bethe Quantitative

antitative 5 Benedict Solution. Product Il may be
Benedichelation.o t he CUantltatlve Benedi ct Solution until the

%8({11% I fma&'%%@é?%&%%ﬁ? | d egaot{@sB e%lec? ?‘{Edlﬁ‘t%nclﬂ}tﬂ ﬂ%eéﬁ}ft% eof the solution

ution rs he 'so 'on ma
becomediglealihdichtmgdhe st fL&Iyeﬂudlsech dl'tersoldtion aﬁayeben be desalted and

Centrifugal Filter Unit | e (Product
concentiairdispe PpdrimEee Ce}taﬁlﬁéle%ﬂt%%%nﬁm SANYRLg ngo‘éncé W ) Piayithen be further

of EPO EPO may be dissolved in
dlalyzedﬁﬂﬁggﬁhné Qlﬁgﬁfdoﬁﬁ?}g% %p( DVF-SA) at 4 C.
N, N - d|cyclohexyl carbodii mde (DCC) dissolved in DW
gzy t?EE.be Eggad and the solution shaken for 4 hours
ice may be added and the pH may be
1t welyed diQolked iVl Wdﬁ&ﬂ'ﬂdf‘é@%ld@"{@l\’@%ﬁ)’% of C 1§ NbEcyclohexyl

sol ution may be adj usted and t a
carbodiipadg (PECp@ssolved i DOEF mag tlﬁqglrbelagded wgf the sq>1nt1@p Q}ybgl for 4 hours at 4°

C. Cracgg% gcé ﬁ(?] S/Stetralt f g(gana(.llg PLI p Ef;%ea:%ﬁl%ge%o 7'% ﬁrlth 18 N NaOH. The volume of

the soluﬁéﬂﬁ 28 by eljyistdd ahd/@edample Ihﬁayl H&:f&ﬁmﬁg@rfof E@I@r}dg fg 15 minutes in a type
ul fation is discussed in ongor et

HN-S2 pubistinead DN IS S forshes, M g el e fpematarimay then be
extensivgl) Ao MBte it B VRGN fon IPIRBEREDIn 5. WdhgoriFur,

Preparafisrcofl §ighatoeshche¥ e@i-agdoygatiad drsalineUsiAf aDloval $id&ioe RProcefiure, Diabetes,
PEG chai ns to_ EPO EPO nmay be npdified thr
Vol. 32, ¢ A2n et | BESUEHRRY pOVBR 12186‘1’8%%%13}‘??/%? by Gaference.

such as those obtained above in A (Product The
degree of nDdlflcatlon may be controlled by varylng
1% 3 ehainsatioi RO dur i ng oxi dati on.

]E]gg %45 rﬁ& ﬁgg fhﬁ %ﬁ%&ﬁ%ﬁa f?%‘é‘l[) é‘{afél%srtg t8?g %) gl ﬁydrates such

as thoseIbidihiSabdte [@R"(Pﬁo@ﬁ@qg atiy & gydetdf ndodidation 29 belvbs@slidd By varying
net a- peri odate (Si gna The phosphate buffer may then

the perigriaty eqpsemErtion duting e¥idalicmhange in 100 mM sodi um

ste%ﬁ rﬂ@&a@eﬁ? ﬁﬁg@% {‘% g%@fﬂl %196 mg—ﬂtrn?%ﬁﬁ E)neSO mM sodium

acetate) for 30 minutes at room temperature with 1 mM to 100 mM sodium meta-periodate (Sigma).

The phosphate buffer may then be removed by buffer exchange in 100 mM sodium acetate, ph 5.4.
Methoxy-PEG-hydrazide of various molecular weights (Nektar Therapeutics) may then be
added at a 5 fold to 100 fold molar excess (polymer: protein). The intermediate hydrazine linkage
may then be further reduced by the addition of 15 mM sodium cyanoborohydride (Sigma) and
allowed to react overnight at 4°C. The resultant conjugates may then be fractionated / purified by

techniques known in the art.
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added at a 5 fold to 100 fold nol ar excess (pol yner:
protein). The internedi ate hydrazi ne |inkage 30 may

wao ben/okes7f urt her reduced by the addition of 15rP@iviuS2003/028073
sodi um cyanobor ohydri de (Sigma) and all owed to react
overni ght at 4C. The resultant conjugates may then be
fractionated / purified by techniques known in the
art. -46 WD 2004/ 022577 PCT/ US2003/ 028073 E.
Attachnment of PEG chains to Asialo EPO An asialo form

Bbf ERGachyettef Rbd dhaad t¢ AsolgBP@he att achnent of PEG

A s Sk maNE g PuEh e aten Sl RERLTHRS cnenty

created t@x@ﬁlﬁhl‘"%@acto%e ARANEs Affer Bx{dPitRAUeEh sdldckoseBRIIABD ks those obtained
human huEPO may be desi ali1zed using Sialidase A

abovem(B’me@WéHI] nc.) according to the manufacturer

R R TBTFR ORL B DRl BB RN g o
accordin@@b Yiahytudasreer getcol. Sﬂﬁd dhiefgcal h@dffﬁ;&hld)ﬁ ﬁlptrefbrab@&:onﬁrmed by
shoul d show that the nodified EPO has an apparen
running Freireastip Pragerip a $pS ppbyaeryirmidegel Wamias fh?ere%%maﬁlﬁ% ghould show

that the gllgaﬁ:!ag Pﬁ@s r eskgﬁéﬂtqﬁolgﬁﬂﬂ%mgﬁt ot Qgcgft %g%[}é%hﬂg € unmodified EPO

I C acl €S remnal ni ng on
has a m@é@ﬂz&l\mg}y of elssit 8BH&aDa0 The smlieAcid kasidufes ERQ@InIAE be thet ERO are

SI al rm bt ai ned, the newl y exposed
preferab tﬁ%%@ é?&t? %0%1%’ PO (2-4 ng/nm in 10 mM sodi um
A’ﬂ%&%ﬂé@éﬁo Iasthd & EPOTﬁyob@ﬁné@( 'c}fé' %Ry &ﬂo@ecﬂ-@ﬂac‘éﬁb‘etr&l&ifes on EPO (2-4

gal act ose oxidase in Sigma)” per m " of
mg/ml i b uﬂ\ﬂ@ndlufﬁfﬂlosléa@tbufﬁr)nn%t g exidod Wﬁédoﬁ @nﬂmﬁgﬁléacwe oxidase in

eos 5 eSS Ry SR, s AL L GG or2

hours. acetate, ph 5.4. Methoxy-PEG hydrazi de of varl ous
nol ecul ar wei ghts (Nektar Therapeuti cs) may then be

Hhtdehesphatebuler slay the bpcrempwdjb fgr % g%m(wry%%odmm acetate,
ph 5.4. g/;e@%o?lyr\%]?G Epgra E 8f u S Se'rgll%}(lga? ﬁvée'l %% dﬁeﬁlﬁaﬁ qglFfaégutWay then be

added atsOSlfaldne y(ahmhbnnolay d}tde@bﬂ(p()@h@iﬂ?@roanﬂ 2Qe alt¢rmwethtd loydrazine linkage is
react overni ght_ at The resul tant con at es .

then profayenty Ve HRALF ol B8 STIEOR oF | Mbgo e SHI LB G iema) and

allowed'td réa@@ox%ﬁ1ght%t 4 t'ﬂg}gﬁﬂfangéonﬁggglte‘é %‘d fert B ARHBhAEPRrified by

sial o Form of EPO may fie throughthe
techniques kackhmiantheaft. PEG chains to newly 25 created term nal
gal act ose residues after oxidiation with gal actose
oxi dase, such as those obtained above in B (Product

k1) - ARRGERG 6APIE th ARy HasiERD zed using
‘Neur am ni dase (Sei kagaku Corporation of Japan, 1 U of

Ay eginiol forre df BB begn@lthﬁg@ﬂv@tgh the aigrghmepfol FHGhghains to newly
P4 H.6.5
st DR i hbah e SH00081 BR800, 09, M e

above iOBi(Hasiact(I#0 pL dl ssolved in 75

RhuEPO (1 mg) may be desialized using Neuraminidase (Seikagaku Corporation of Japan, 1
U of lyophilized powder is dissolved in 100 pL of 75 mM NaPOy (pH 6.5)) at a ratio of 1mg EPO to
0.05 units of Neuraminidase (5 puL). Five units (5 pL) of galactose oxidase (450 pL dissolved in 75
mM NaPO, (pH 6.5) (Sigma)) may then be added to the mixture. :

The phosphate buffer may then be removed by buffer exchange in 100 mM sodium acetate,
ph 5.4. PEG-NH; (750 molecular weight, Nektar Therapeutics) and 15 mM sodium
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30 "M NaPOX4 (pH 6.5) (Sigma)) may then be added to the
m xture. The phosphate buffer nmay then be renoved by
whedotee2sexchange in 100 mM sodi um acetate, phP&I/4S2003/028073
PEG NH2 (750 nol ecul ar wei ght, Nektar Therapeutics)
and 15 nmM sodi um -47 WO 2004/ 022577 PCT/ US2003/ 028073
cyanobor ohydride (Sigma) nay then be added to the
cyanobo%fééiﬂﬂ@(s?}grq pﬂlél%}gﬁrﬂglg FE Qg%eggg Ehg?ﬁ%‘flgg 81% alﬁ;weﬁlglo ;?a-gggxéeggght at 4°C.
The PEG-PBLyispreferpripnéded)at @860 figjd QiolﬁE@cesNIﬁzglymEm’] eratein)(80ang of PEG-
at es t hen,.be. fracti onated
N, TR B R e b S o Fir e BB ek iuc g in the art
Assays A. Erythropoietic Assay The erythropoietic
attributes, i.e., the ability to control hematocrit
Exmmﬂ@%M&Mmﬁdmﬁﬁﬂ%W&rtlcular EPO conpound were det erni ned
_&5|nq3£E§)&%t_&&gﬁ assay. TFl is a hunan
j i line with conpl ete dependence on
THe@thrdpaiztio a8ributdd) i. &.nthe udiling toF¥tro Khdnaatourt levals, af a particular EPO
Bl ood 73, 375-80. TFl cells were obtained from ATCC
compounhyere fAstsimiedaging AhedoNP WIS t h t he fol | owi ng: 2mM

Tr19% Y AHa0 %rytl%lg%eq%rh@%% 1iné Wiy c%ﬂ'g)’léfgltiee&x&éh\r(]:g}b%’gr&vtﬁ factors,

g/L gI ucose I um bi car bon
1nclud1n§EPCSFK1tamﬂa,1ﬂ ab,eBloed] 73,f355e80. Blkdi aells seranbtaingd from ATCC and

it SRR b oSG Bt AL g oo

yruva’cc,a |4C§‘§’L g@l%sé qsﬂ»@’E%B&iﬁﬂl lﬁﬁar@oﬂ%ﬁ’é‘ 6@@&?@1\@089“ anHO0) Ife?éeln’éfetal bovine
medium with or 15 without GW CSF,

serum umﬁicexmrnanntam alrdl| asgs hbbalmé duxing eciye sowethague P¢1lﬁﬁféﬂ washed three

times nga éﬁi[ealtﬁgrgalﬁg%%ll n{lgs%teﬁ %b ﬁ?(/: r‘ril@egl rgtr1 ngéfnl Og %is C}gri ml of medium, with or
without EREQSH, it AP Ot drAEPORBalog hivng Eltdba/slt dh@dtdd@twﬂaUNa&ﬂM& c&bohydrate
mai nt ai ned for 24 hours and the cell nunber

chain andéy af lepsieac addifienad O-Feedwarehy drgterchain aégi%idzg@pemﬁc concentrations.
i 5] U R i ) R B g wins
formazagaegeion grodast (Cell SiteraBoasgedVindiso, Wol) bycoodiag tothegnanigacturer’s
effect on the henoglobin concentration using fenmale
protocolBA| B/ ¢ nice. Animals were adninistered 500 U kg- bw

nggfe%oé%rlﬁglogﬁg I PRHASA wdsHr & 8Sdssedf vAB b?%@érviﬁ%lﬂé efect on the

e subcutaneously three tines a week for a
hemogleton adnoshtritimesingdeksle BALRB/weniceit Aninzls werfaduisstered$00 U/kg-bw

ve an t hropoi eti c r,esponse). PO conpound ..
PO, 15 BPRL B AEaY b BE e e SNEE o bl paTaEE TR ghce tims 2
week fo$ 8 a8l JTermRe veBlisa GiRRGaREF Ak fBiBieBf todDsdri€abr§rofdiétid@Eponse). An
assessnent of gotenc was obtained in vitro using TF1

EPO compgentt is [deigkained tcks ¢rythropedeticgf it giges thoverym hemoglahin cgpcentration of

the mlcgplgelr{h%r Sds¥ sﬁ{eﬁp p%hgn{cvy Wa]s %Fi%u{eg lzr?%z*tr\é%s L%h 3 gér%tpﬂ}iaﬁc%fnia cells. The

I NCreases bey on e control

studies @mﬂimad yhas ki EPOIls‘leﬁyﬂﬁo;&flétldMﬁ tHedelteoQRl zel fidiater didnerses beyond that
ssays, such as the exhypoxic nouse assay and the
of the C‘Pré’fqlcul ocyte assay (European Pharnocopeia), are al so

Phkisk P bﬁinﬁa‘i’{] sl §n Wetalt oA reco gnize that other assays, such as the exhypoxic

mouse assay and the reticulocyte assay (European Pharmocopeia), are also suitable for use with the

present invention to determine erythropoietic activity.

B. Tissue Protective Assay
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activity. B. Tissue Protective Assay -48 WD
wWQeMpE2677 PCT/ US2003/ 028073 The tissue pr or€DUB2083/028073
attri butes of an EPO anal og having at |east one
addi tional N-linked carbohydrate chain and/or at
| east one additional O linked carbohydrate chain were
TRURNE R MR AGibhies of 8] EP®iaAS0 gﬁ%ﬂg afNBAkt 8A&hdditional N-linked
cultures were established from ppocanpus of
carbohydr8tedhginraatl/of ettlaast ene Btdaiorsl elinked Sabehyirad chatd wereddermined using
th fllot;vr orgsmenl nges and the hi ppocanpus was isolated. Cells
© IoUORM& P Nen di spersed by incubation for 5 ninutes at 37

NeukdhaBcdtuPesdRér6 8sthblish¥PEbi thOhipbbeimfue bf 08vaely B fetuses. Brains were
titration. The cell suspen3| on was diluted in

removedsad fracfl fiven mewnstsasdItheiigpecaawys vienisalpter. Sells atere thep dispersed by
I
mcubatl%yn?% 53%1?19{_?? ra]tl(ﬁh :@;1% aCZ(?g ?&é&g g@gg@(@olu%@%ol%@% ??{H&g8¥ The cell

suspensiSf w9 dilutee il serpeifroe ek Hakg) mddi dcﬁltal\tm‘lg 1tpesient B-27 supplement
re-treated with EPO over ni (l;ht and then exposed w

(Gibeo, Bpcilesdifo. YA gndepeied ontogye @@fta?ﬁaw&dfmpﬁbpsa@ ai(l@&%lfy of 80,000

cells per%gggr?ﬂg oér:l%l%a d Ie{t\ll{'elg r?l?%( ?rgatl‘é?gvgtﬂgi}%%&% Igtaiat e@é%ﬂé)g?ﬁs@twnh or without

1) EPO, 2) amBP8sinalog hhwinprabtleadteae tddiGordl Mnl{edrcaMhmm’ues:ham and/or at least

one addi-%élléztﬂ%-ﬁgll«\ﬁe n{a@; gugf d b ]x&/e Sg?’f/-@g'sa%}‘?goaédf dg)é%)d tt%ﬁ\épltMloMT for 24 hours.
Cultures3wéré uSed b iRédavio- &H'laﬁa’ys Brfird: 2 5- diphenyl tetrazolium
brom de (MIT) assay. Denziot, F., and Lang, R 1986.

Trepiliebildiylof ithreeaetls was MBassertlyy hep-@et dllT@fbdvtﬂhamlr@-yl)-Z 5-
d1pheny§%5ag8y%rpé)rc§nlnv | rqm%f)rpér)sgi g% h|ea:j %15(5 ?%ﬁjgl, 'f%g% %apld Colormetric

Assay fdYRINAGS WD andSukvid 417 . MBﬂllfeﬁtlicms t(M]HE tétﬁatzbﬁ@rmdlybl prozadhire Whsng
di ssolved in serumfree nedi um a

improved s af kB f‘éef*/@iSr%/ AT ARG Befbn MBT tovezelim saliwas dissolved

n serun{ ng ﬁ‘l@&iluﬁf to t‘ﬁi‘nal &Jn%@ﬁ g@ﬁg%?ﬁﬂ' hid Q&deﬁ zo ﬁ:le cHT?at the end of the
medi um was en rermv ormazan was extracted

treatmentiforB hduxs h-iG]Y Cs dhiempminmh vx(ai 1idd)remébsicamidahe Sranzdn6lasraxiracted with

was read cr ate reader. 20, As denpnstrated in
IN HClggoproppmol (? ) Egbs ngcsg’lt ARGV aire3deansd miseP qaf&a?%qebnm

A bd iR ate@ ﬁ@){[g{ e ahdlo ARAQY atdtast §@5IddRMMal N-linked
additional O-11nked carbohydrate chain did not exhibit
carbohydratd ciwireandfyr @t keestione addinenal OxlinkEdeaibolipdhieshaidakd n«ptbaalilblt a tissue
; t.aﬁq@ claimed herein is not to be [imted in scope by
protectiyq flingiolli £ i ¢ enmbodi ment's herei n di scl osed, since
THEH Cerftidh AichBEd Sndé]SinlcaltRAGEH Rt Bd Juhitécdihi sefse 18 the specific

several 25 aspects of the invention. PFZ qlgl val ent
embodinaprie Beraiarlisclesed sinee dirge gmpedimenigiarhintendpassidigpfeations of several

aspects Bﬂhg r{v%}{t%}} ' e d%uﬁ\g@e%g Fm\é?ﬁb%ﬂt% agg)ﬁltefndgﬂ nx§1t1.‘ﬁ ﬂy]s%ope of this

I nventi on I n ose shown and SCf
inventiohe Migded Wakibudxodifieatamp af eretintentibh asaldstkinl tb gltbse Bhdwieand described

art fromthe foregoi escri pt .. Such | .
herein vl gpgquecainparest fézr%osasgﬁleg @é‘oéf‘{né theiprezgingrieseriptign. Such
modlﬁcﬁtﬁ:ﬁ’@ 8rfisd iRndRPONEE QJH“& r?fhg'éc prlolf tHepBERIA SRRl .l ﬁﬁlreferences cited

ereln are |ncorporate erence herern in
herein agnihcorgoiated byoefesinkce bcmmase]mlr entireties for all purposes.
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-49 WO 2004/ 022577 PCT/ US2003/ 028073 THE CLAI M5 Wat
is clained is: 1. A nethod for regulating the
wheowapzasrit | evel in humans conpri sing the stepsT/u$2083/028073
provi ding an erythropoietin product having a | onger
serum hal f-1ife than rhuEPO and conprising tissue
protective functionality; and adm nistering a
therapeutically effecti f the erythropoietin
product. 2. The nethod:yig#%#%$%§ wherein the step of
providing an erythropoietin product further 10
ri.ses the step of: nodifying rhuEPO with at | east
VVhﬂlS%ﬁgy “H&mi cal nodification to at |east one of the

1. ANretHol g8k reShILEDSRE GBRAtoBIe: 167 M BurBsinstddepRsink Alkedeps of:

ol i gosacchari de chain, wherein the chem ca
nopiiofidingt armasytbmprqhg@socbwt krainomlongen seayn balf-life than thuEPO and

phosphor | .at i conblnatlon

there8¥rlp ng $u?ﬁnﬁg¥{%&%%ﬁ?natgﬁnﬁl wherein the step

of adatliishirarthagpatitdlpr efetiié sabint of fHeetythroportin priduct.

of the erythropoietin product conprises adm nistering

the erythropoietin product at a | ower nolar anount
2 RO S SRR AR B GG e
cmnpnsaahéskpbé is at | east about 20 percent |onger than the

seru hm fe o UEPO. 5. The hod of claim4 .
BB RS it AL EFStop bl inpBeion g g Tof e of the N-linked
pe re %tgoéagﬂgaﬁﬁe thans e Cﬁﬁﬁl&é@f‘o‘ﬁ%bsfacéﬂaﬁﬁe haif, Waketéh tbchemical
) man- made erthyropoietin uct conpr|3|n%é at
| eastm«zﬁlﬁcaélloywhmpmﬁs@mdﬁmd@,r&u aiiany phosphemytatian i EGdatgen, or a
one N-link g% ggsaccharlde chain or at |east one
O | |ﬁ§8@IEH “KC¢hari de chain has at |east one
chem cal nndlflcatlon as a result of oxidation
sul fati on, phosphoryl ation, PEGyl ati on, m xture

3. Tirenelbed ofsgaiamb Wiesip e SaRoadiHpiGHoE &iHeFpERUlzcTiRgliye amount

otiv 3y SAREI AUMBR S 6 AT LB B owee

amount &fayltrmmtcﬁdbt:nn prcomhpatableasrgtl Issnatocrit.50 WO 2 004/ 022577
PCT/ US2003/ 028073 protective functionality. 8. The
erythropoietin product of claim®6, wherein the at

4, TIRARELONEr ARG GAlerdR B defith hAMlife is at least about 20 percent longer than the
serum half-life of thuEPO.

5. The method of claim 4, wherein the serum half-life is at least about 40 percent longer than the

serumn half-life of thuEPO.

6. A man-made erthyropoietin product comprising:
at least one erythropoietin derivative, wherein at least one N-linked oligosaccharide chain
or at least one O-linked oligosaccharide chain has at least one chemical modification
as a result of oxidation, sulfation, phosphorylation, PEGylation, or mixtures thereof,

and wherein the erythropoietin product has a longer serum half-life than rhuEPO.

7. The erythropoietin product of claim 6, wherein the erythropoietin product has tissue
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conprises oxidation of at |east one N |inked
ol i gosaccharide chain or at |east one Olinked 5
wo@bkiogosacthari de chain to provide at | east onePCT/US2003/028073
additional acid residue. 9. The erythropoietin product
of claim®6, wherein the at | east one chem cal
nodi fication conprises sulfation of at |east one
Iwomch&gﬂﬂwﬁgﬁ%ﬂ9l|gosacchar|de chain or at |east one
't nke ol i gosacchari de chain to provide an
i ncreased negatlve charge on the EPO product 10 10.

s RS ER LA RLR bflg e e EEhEh R iiRlaion
compris@NASaIeh B at1bR0 oM Nainke@ 85 osashalitd ¢Hakeek at least one O-linked
ol i gosaccharide chain or at |east one O I|inked

oligosaceharige shais kraptotisle @hlepst ome apdional acidiesiier eased negati ve
charge on the EPO product. 15 11. The erythropoietin
product of claim®6, wherein the at | east one chenica

9. Tﬁét‘ﬂrﬁthtb@bieﬁﬂ prodoopsficies @adictdiotheaf leatt one abd¢mioalanodification

compris§ SeNeR TG ne QI LAl speck bk Bl o (et O-linked
ohgosacgllrxdtrﬁlg%ﬁﬁﬁ P@?ﬂo@fﬂe%ﬂ d}easg:g ne% HIBERRGE 50 PRPALRL. an

yropoi etin pro havinhg an extended serum
hal f-1ife and tlssue 20 protective activity

%’3{9@81%8%‘ E’](?Pd(?}?:t %Wr% %&%ﬁﬁg Jﬂln glg fﬁtagléﬁg\% emlgeldnodlﬁcatlon

compnsE@ﬂiofs RPa@dn dAKasCiR NihkSKSthodAdcBATRCBRAIJr Ae1eafidhB O-linked
or at Ieast one O linked oligosaccharide chain on the

oligosacgharideabain smprovifi¢cgdnuaased negabive rhareat theriRpiodastet i n
by oxidation, sulfation, phosphorylation, PEGyl ation,
or a conbi nati on thereof. 25 13. The net hod of claim

11. T eryipeictinhhriust €flai 6radicten tig o Watthee chémtmal medification
the step of replacin | east ope vicinal h
comprisgadditiqneates 1ogH@DRPp] Yﬁt%érhm@ elgekderrant kasi s I\ﬁh@fedaqhgosacchaﬂde

chain oﬁa%?escl%t RED- h&é(ﬁ“g%s. och: rg%%ﬁ% haride chain with at

one acl The nethod of claim 13,
wherein the step of replacing at |east one vi ci nal

dr on at | east one N-|inked oli har|
12. A mgihiaf orrentting an K GRROIGHE it ¥ingdu sUERAT aR fgiejife and tissue

1w doh } Qi Qh@&é er5| due further conprises
Pro repl Sgt?vﬁgﬁg Sngrg ity I%f vi ci nal hydroxyls on the

| epstvidingatNledst nk@@tythxamlm @@@ﬁh@g@@fm dertvative; and

PCT/ 003/ 28073 accha
on g e sy oL RAERREEERATIR fRie” allsr bar By
aci d §1pgkAdRside chlin o-ﬁr’[ﬁe AEIEAROEnOénde b @iols d2rechiBin@htierythropoietin by
the step of nodifying further conprises the steps of:
pr ovi e gioars bR e inBosBPTdHion. BEGY BRI AgomREaion thereof.
erythropoietin or erythropoietin derivative in the
organic solvent to forma solution; providing at
13. Teastthod ef claind &2 siingeiagerdtep of modifying further comprises the step of

replacing at least one vicinal hydroxyl on at least one N-linked oligosaccharide chain or at least one
O-linked oligosaccharide chain with at least one acid residue.

14. The method of claim 13, wherein the step of replacing at least one vicinal hydroxyl on at
least one N-linked oligosaccharide chain or at least one O-linked oligosaccharide chain with at least

one acid residue further comprises replacing a plurality of vicinal hydroxyls on the least one N-linked
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providing at |east one sulfate donor; and m xing the
at | east one condensing agent and the at | east one

waiofiatzs7donor into the 10 solution. 16. The Pet/osmos628073

claim 12, wherein the step of nodifying further
conprises the steps of: providing an organi c sol vent;
di ssolving the erythropoietin or erythropoietin

oligosacglgaﬁji;é 2hdiY Br hNedsPEnOOYRRLE oﬁ?&s‘é@dﬁ%ﬂ&@cﬁaﬁ{ Wit8 a phiality of acid residues.

15.

16.

17.

18.

ion; providing at | east one condensing agent;
provi di ng phosphoric acid; and m xing the at |east one

FRIGERALIRCRE SARARE 2 SRy AT BN IRABI S B8R o

WhBioRiding diorghBe s@beripdi fyi ng further conprises the
steps of: providing an organic solvent; dissolving

t héisealying theroytrdpaicn o8 expptippeieiiedqriyatee inthe preanicsolvee to form a
orga%iﬁmggjvent to forma first solution; 25

provi8|ng ‘at | east one oxi di zi ng agent; adding the at

| epmlvidiMieatQedstlbe dopdagaiptagent; t he first solution to

forma _second solution; providing at |east one

poPpsiding %ﬂ%asb‘P%%‘Ilfa@Hié’i“ﬁr;é 28hd mixing the at |east one

po i

o ShE e R G &g sutlaod IR A RRA Al 1BFbr i the
pr ovisdlutignat | east one pol yet hyl ene gl ycol chain
conprises providing at | east one pol yethylene glyco
chain with at |east one primary anmno noiety at an
Btnahod bec1£0a1 1) wireRdn W sEPUAMRREIE R EoRRPBEOBSRESs of:
19. A nethod for treating anema in patients at risk

f opravidingien okgamigeolyemtpr i sing the steps of: providing

h i et d i th -
?rgg}eslgf%llf\élgrg i e%f?%lllcgr{o[i)qrtlgx acg‘%}yotwg%mgﬁﬁ fil?]rgx%ﬁgff: I?nﬂt%g %pg%ﬂ]ccs%lvent to form a

ol i gapagwehari de chains or the O 1inked oligosaccharide
chain, wherein 5 the chemnmical nodification conprises
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The method of claim 12, wherein the step of modifying further comprises the steps of:
providing an organic solvent;
dissolving the erythropoietin or erythropoietin derivative in the organic solvent to form a
first solution;
providing at least one oxidizing agent;
adding the at least one oxidizing agent to the first solution to form a second solution;
providing at least one polyethylene glycol chain; and

mixing the at least one polyethylene glycol chain into the second solution.

The method of claim 17, wherein the step of providing at least one polyethylene glycol chain

comprises providing at least one polyethylene glycol chain with at least one primary amino moiety at

an end of the chain.
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10 wherein the erythropoietin product has tissue
protective functionality. 20. The nethod of claim 19,
wob@re2237t he eryt hropoi etin product has a | ongeCT/E820051928073
half-l1ife than rhuEPO 15 21. The nethod of claim 20
wherein the serumhalf-life is at |east about 20
percent |longer than the serumhalf-life of rhuEPO
22. The nmethod of claim 21, wherein the serum
half-life is at | east about 40 percent |onger than
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conposi.tion ¢ ri.sing: ,a,therapeutically. effective
o oRRS g e HRI oty st Be ok SenicflpFlbain to at least one
wher jffheail-linfke@sligdaechbtidd cHeBE od kO SimEedalidodecchiidddthain, wherein

or at least one O Ilinked oligosaccharide chain has at
| eastthoshemspad redaficatipn icomprses onidaton splaliang phgsphorylation,

oxid_g% r%i uh;ggé hﬁﬁggggggghorylation, PEGy! ati on

or m S er eor, ern the at | east one

er ydrhinigderirgtd thexdpedtically vifedias amolugirngelie @-gthvopoleinfproéduce wherein
than _recqnbi nant erythropaietin and has tissue

pr ot B¢ PVETPRARY Hﬁéwmfnzw.stwt aﬁgwm%laf fragint than rhuEPO to

CoNPQskdih Qo Paﬁtﬂ%’tﬁggt?henfaw&iﬂe r conprising at |east
one pharmaceutically™ 30 acceptable carrier. 25. The
phahemoeiht egdhropaikio piodiictrhas fissuk arote@We finkpgiordlityt he at
| east one pharmaceutically -53 WO 2004/ 022577

PCT/ US2003/ 028073 acceptable carrier conprises at

20.  T1IRARHhOdES Slhint 89N twheddh theaithropietiR pedtfuct YRR 16h&r s@hm half-life than
m xtures thereof. 26. The pharmaceutical conposition

thuEPOof claim 23, further conprising at |east one wetting
agent, enulsifying agent, pH buffering agent, or a
conbi nation thereof. 5 27. The pharnaceuti ca

21.  Timesod bbelaiad 26 lvatieneid the sttt helf-1iG0iRRt lesdt ABo@E20lpeasht longer than

one_tissue protective cytokine. -54
the serum half-life of thuEPO.

22.  The method of claim 21, wherein the serum half-life is at least about 40 percent longer than

the serum half-life of thuEPO.

23. A pharmaceutical composition comprising:

a therapeutically effective amount of at least one erythropoietin derivative, wherein at
least one N-linked oligosaccharide chain or at least one O-linked oligosaccharide
chain has at least one chemical modification as a result of oxidation, sulfation,
phosphorylation, PEGylation, or mixtures thereof,

wheréin the at least one erythropoietin derivative has a longer serum half-life than

recombinant erythropoietin and has tissue protective functionality.

24.  The pharmaceutical composition of claim 23, further comprising at least one pharmaceutically

acceptable carrier.

25.  The pharmaceutical composition of claim 24, wherein the at least one pharmaceutically

-53.



WO 2004/022577 PCT/US2003/028073

acceptable carrier comprises at least one diluent, adjuvant, excipient, vehicle, or mixtures thereof.

26.  The pharmaceutical composition of claim 23, further comprising at least one wetting agent,

emulsifying agent, pH buffering agent, or a combination thereof.

27.  The pharmaceutical composition of claim 23, further comprising at least one tissue protective

cytokine.
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