WD 2004/ 022577 PCLlYUS2. 0031028073 LONG ACTI NG
ERYTHROPO ENTI NS THAT MAI NTAI N Tl SSUE PROTECTI VE
ACTIVITY OF ENDOGENOUS ERYTHROPO ENTI N CROSS- REFERENCE
TO RELATED APPLI CATI ONS Thi s application g¢l.a

WO WY of US Provisional Application No. ?]83%580351%873
filed on Septenber 9, 2002, which is incorporated in
its entirety by reference herein. FIELD OF THE
| NVENTI ON The present invention relates to | ong acting
eryt hropoi etins that advantageously maintai n ti ssue
protective capabilities after nodification.

part i I:JQIN;G AQ’HE%EEWQWW% MTW ong

DEALR L ;

OF] [ Bl Nle LY 05 ACGGENOU SR ) ROB@IELIN n

a way that increases the serumhalf-life but al so
mai ntal ns the tissue protective function of the native
A Mrdgyention also relates
—H Y-He —anenta amd anen a rel ated di seases
’['Iﬂs'\fapﬂhchﬂitﬁx dlﬁmg tt&%ndﬁy oE‘U)St Pcfo@;zsmnelt Applicatfon Ndh60/p0%82n filed on
i nvention, . Finall 1 he present nve iaon is directed
Se1""‘“’“"*"%9 22 wlich EFéE?ClHP"I%Ffi Pis e g rﬁ%fqnffh PR whet her an
erythropoietin exhibits tlssue protective
capabi lities. BACKGROUND OF THE | NVENTI ON Natural |y
andogenous erythropoietin (EPO is a
rx&ﬁ%%rﬁ'oﬂﬁ%ﬁl nc op PR tﬁat'a@vatnth%eédsl‘&%amtam

dogenous 65 am no aci ds and
tissue protwtltfecaph‘mhhwaﬂgtmo@ﬁcﬁfmhuhm@wb% thwmene]@vmn r@atesd@ dgng
acting % (glgtg l t 2N Frgé:g}%ig g%%[aan dﬁﬁ%%%@?ds%ktﬁéggruﬁfﬂélf :fife but also
maintaing mb tigpns gmmave filactivhaif the nativeepro®esygo myb bllke fresentipwentior @lso

nt of the otei.n' total weigh The N1 i
relats to gt Braneron RE AArHE rlpeS BT s b do e p i Rgerins of
the presentQﬁvenﬂép a ﬁ@ly[l the dies@n Fiventivngs ddeciedo asays8B8efulnitheedetdmmination
O linked accharide chain i.s.bonded to the
of whethergg Oﬁ‘%letll’rf’é‘gi’éw Pgrue proterlReaPALSd at position 126.
The EPO protein may occur in three forns: c, and
asialo. The a and fi fornms have the sane potency,
BACKGROITHYD SHEEHEANVENTION and nol ecul ar wei ght, but differ
NSt gl o o BN e D R Joont it kit produced
mainly in té B¥drc Endagendooa PO nyclindas 1565 angino eeids andres & molsedar Weight (in
he I R
pmans) of hEpEI T oud MO0 Gl EPERRERERURETERED, M Ebuclsbor
three N—Iinmd)dudfoab ar-fixkd ahgbsmham.’atchmns afe reamps:ﬁs ifor@blag 48 peeentofithe

prtein's g1t e S REHES Bl thar B PR S P b o i oA

asparagineGOPpdsaions 24,88 and) BHaehile @ld G linkdh&igpsaocteside cHairpis doibtiet ngthe
the red bIoochIslsgall,ﬁle1 thr ol esi s,

oxygen at e GeInPaRRIIG It RSSO ) BEY Seyin ol ortn 0,
and asialo. C’PHH& gld @fénﬁma% qle%lne ?JJ bte a@w@m dcfidity, @i inBleZ @ Wéght, but

nber of red bl ood or proper _tissue

diffr lightly 1B SO OE $AORRORFRI BGHIA IecFIIA IOBT S & oy i ks,
terminal s%%%ﬂdo(‘)é%(rg d}zftgr%éﬁ&}'e by red blood cell S i s reduced,

cre se red bl ood cell production by
UnSltrecentgtthegritcipde Soetioared endogofieous EPO is to act in concert with other

growth factors to stimulate 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
circulation. Wien the nunber of red blood cells in
circulation is over that needed for normal

WO 71 i on, EPOin circulation i s decrease ég‘fﬁ's'}ﬁﬁmzsom
when the body is in a healthy state, EPOis present
in very |low concentrations in plasm, which is

sufficient to stinulate replacenent of red | ood
precisely @@tpl&ed|pagsemlﬁ@rs#amcymmt§1@ PHER el e s or roper
tissue oxy%&fa ﬂg%ﬁﬂ;@a@ﬁa P61 &xsbiple, Whien ey@dn tidishit BY red blood

G ven tuﬁat t produces the majority of_ the
cells is redsped, £BO veill inanetisw fed bédod Gﬁlhﬁmﬂ‘éfé@ﬂ &Y stenuigse the conension of

in chron |
I e
circulatiorSi Whérathé Yymber@fited hilewy celisiu lctreflatom ipovee fhatigederi for normal tissue

. . C i.tio c a at nen [
cirenation {y' B e Beert S 28 e bRATR T S B REE BGE
present in @9@;‘ 16Wr Sdricehtk@ondin pldsE OMEitINRRL TR bduﬁmla&ﬁeplademenmf eed

tail below), which has sg}ﬁ nt i aI

blood celogh nogmely thoushegimec Flasma EE el et e 0P ity to

0.03 UnitgdhPven useful in restoring herrat ocrit levels |n
o I ndividuals with decreased red bl ood cells.

Giwghdhatitlemkifaeymeednats themJOEW@féher‘%R% fqrﬁn PR g, rﬁliledgss of kidney
function, %g%&%ﬁ%ﬂo Eéuéﬁg%ag gagm{e%giag r&{m& ;Q&ﬁmmr SGEPT A Hen

t re ceII  evel s prior
leads to aregi®| Similarty anemmaﬁvefdeﬂUBdroguwtg@rqhmﬂc configipies juch @8 LA STgOr

treatments % el Iegl wﬁt@g&%ﬂ heg%e?e 8 %%/ﬁ]@%grfaﬁﬁera %Otﬂg (P"ngs atlon of

recombmﬁdﬁ?@%éﬁs@l@m&ﬁ fdredetiitbetdvd, \p]&ibh Bastsubstardinlly thlg sane\/lnlp]lgglcal
e e B e A P S RHA s it

decreasedFéHEIB&deﬂﬁe several lines of recent eV| dence suggest

that EPO, as_a nenber of the cytokine ge {.mni.g Yot sondi
In pddtion tapcombisept BRI SFﬂsr%@ﬁW%ﬂgahW%u{lé cls {fp Fhopoig cgnditions,
recombm{@ﬂt(’}@thggbéeﬁ RS&OR bb@stt ?erd%‘l:&ddQ:@H Y&VEB pribh® cklfd &%&[&H@l&d surgeties,

For exan‘p e, O and itS receptor my
ey redsgpiting eacd o rape R TOT T CSERPHRERO may be

adlmmstereg%o dei?esg h&ceﬂlg Qb ﬁie&gn&ﬂée@ S ERPu B At ek BGRARKL 00d

nmpensat or response that serve to | nprove
supply, oﬂw pdxkess r@i@,ﬁduﬂ tramatmmreg@dmg bondtansfusignswel | as

Fugrgerggget gff\P ga? g_ges Sgcteﬁte H{denc%%%ﬁge%ﬂﬂ%tﬁ#gp %Se E'E'{eﬁl%?lj aclf Fhe cg’tokine

superfamifyf) Hasthe &ﬁp@fanhﬂwﬁpgﬁm attdbutss, ekioh nteanekaedthraugip nderadion with

the PO P RB Ry o7 EoRTEREIS FAh S ooth B PPU RO P QU e n

attennatin® tibdub Gebisd he iMahitRAbeSvetNEPOARE the&@cebﬁﬁpﬁo@ﬁlés t.
ecently, however, these inprovenents have been

compensary resprnsesthtderpEy nnreuediyRonp eRliblar mjgro TR TBSTH &F efigs

J BrabdtcaiBal toRdl, pRidhlsivaatdtshidVenal
modulate@\%gga%kxéé%%g dﬁ%t%%%ﬁ%@gy ﬂgt gl?]t %Publ icati gn Ngs

failure an@OORNID BSBBZBeraly emoem@ FRipgTOvedreRg @4 Fehpsing and increased

e T ki

hematocrit. NB.&ehily, hbweekr, tthae ntnjnawmemts Hawe hermetitibeted RO’ atissue protective

and enhar{c&{@?ﬁ%%s,t n bl o%cﬂi kilé‘t%fngthog?a{)]?ﬁb?g?uao%ﬁ\i ?@{9?5@5%‘%&;{?9 Patent

Publicatidn@¥&@PLoon/ouvesk 1&t-ad 20034052y370si s is provided fromthe

_9.
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peri pheral circulation into the brain. 5 Reconbi nant
EPO (epoetin alfa), which has been comercially
avai | abl e under tradenanes PROCRIT(r) (from Otho
Biotech Inc., Raritan, NJ), and E. POGENC(r
WORNMEEN7 I nc., Thousand OCaks, C.A ), has b%cel(rqﬁizgﬁeya)z%ogs
treat anema resulting fromend stage renal disease,
to treat H V-infected patients when used in concert
with AZT (zidovudine) therapy,, and to counterbal angﬁ .
e intact

Recpd sefieeelsahaye suggreipbivpiey sippica iipadmunire ddn G mpegpss
blood brafdbhitfe} ﬁecﬁﬁseg%%a—g@m%mﬁﬁ’g%ha bRol BRI BiltSer A9 e thd PO
10 applica

princi pa cation of reconmbi nant EPO has been
receptor. tAe sadiciremstoptivad hists fanusagptor-padiatas terpeyipsisds prosidehBrm dha
. PO s t.ypically admnistered in an initial dose of
penphera]t?érta\}\%tzor?%%ﬁ% a%‘hi ts/kg three tines per week for
Reatunbiharg IBPOt (epcetig Alfa)ywhikls has tebrecontiperainlly atailable nodes tradenames

ut oys .i pj.ectjon in..or I ore the
PROCRIIZ 5% PGS Hinseeh im0 B AR G R Bl A, gy Tagusand
Oaks, CA}, h8s 12k u@dto BN afES rauitdeg badnd enpd eadlidischse)olireat EWelnfected
) as an _anount f_allin%_vvithinfromabgut 30 %e cg{}&it
patients whgbined Jecopestewitt AZL HafoTIdipe) thArapy. 50 P OutEtORIh W?ecfs of
chemothelfjﬁg#nnmﬂ@ﬂﬁ%é%%@lﬁ@&fe@ﬂ%f fddorh bR FPeNEE n@herbhisDth date the principal

o iciency and concurrent illnesses. \Wile dosage _,
application efjscomalinant EPQdas heenyo addeese elirpejo peemipelnihisiressrd, sccombinant

is tyliBf V?!d' Al iR tweBR 501 SO AR ARREY Wveek &
EPOlSty%gaqu m ni g?g(?gl éﬁgﬁlﬁiotgﬁéﬂeﬁeé telré?res a wee- (. ess{il%?‘lg@ﬁl oo
about six fozight weeks s#Berdy en ipiragsriodeor) subditancolisdnigetionrin aner tanestore the

e

such as anbeRatiaRing withirhfroma ybdue 30 pertdne th abbetrBotpeeceniptbecialad mag be n

i i vo, , For ampl e,. intravenousl dm ni st.ered EPQCEEN
sustained by i EE0] Ry i APRICR 0T o7 REIeROh G G BT s
While doshid Rhuifthidfs oidyaty £soring o fie phticatik Bidividhahadells, typially

] rangi ng from appr.oximately 4 to 13 hoars 1N ad&” t and
maintenanse dosaggsimgayiheradapisengi ahpuiikree tipeg @ weeh Upisdblargepdqses are
provided).t herapeutically effective, the dosage amount and

frequency of dosing nust be tailored to account for
Theldesage hrybin @hd fretveney dfdhef admisigiragipn phiecorabing ERG{¢ detgmpined in

part upon El(?%alfiﬁq bEthORBlel g,r\’aﬁ(gl‘?lgl%g AR A e GBS s in vivo. For

admni stered et nt raveno_us_ or subcut a_neous‘
example, inhjrenbistnadnzinistered EPOIGINIG & repartedlyfeliprinatet at e qate adisteot with

dm.ni st.er .reconbi EPQ t 1e hj :
i U P SR B oS B g e
pediatric pafieteiwith OBEh @hus, dasrder by thetapawticallpeffabeisd, tiwblosageamount and

T R RN Ao

EPO. 0Qained research attention in the past decade based on
the prem se that an extended hal f_{}inf % woul d decrease
Adféronally. berqse terRspiinanh EPP és admipistersa G X g U@V PR Ol r
' hﬁl’é‘é@xgﬁx LibiGn BRAEHE tdqhiredtoNMaRidfO4E&adaft EPO to a
Subcume%%‘ﬁg%%b%ﬁ 028 7_% 1I 1n fact, érqgg_%nto experi nments on ,0
patient. ThismegscEP@ Yiifivnskipeangeniensato 2 prieet, ftrgi 18 Yeii aﬂ@féﬁr_ reason why it may
. .he / S N
R
recombindid FPOIhategaimddedenrcly avantioninthe pasvddcgde basediinstbe prepseitint an

extended ga%hg uﬁ@@u&ﬁ%tgrleg?e ({(\)lgage\{'\gq%%f{ﬂ%gn 36 vsvhiles étﬁ‘f ﬁrgvigf%xlg Qhers%ﬁlle %yﬁg'proved

therapeutic benefits.
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t he sugar chains and prevent the detection of

gal actose by the liver. The N-linked oligosaccharide 5

chains typically have up to 4 sialic acids per chain,

and the O linked oligosaceharide chains h
Wo@f"ﬂ?”r"g‘%aci ds per chain. Thus, an unrmdife3’\@fé%&mg’h%o?3

pol ypepti de nmay accommopdate up to a total of 14

sialic acids. Over tinme, these sialic acid residues

may be cleaved fromthe protein, thereby exposing the,
Iﬂéf{&%i SEEHRDEHERIRON BB EEL ‘1%8}?nﬂ’_§ﬁf%dﬁﬁﬂt pereie 2 g é‘gﬁtﬁ’é‘gmp
between t%él %f?fc al t—(,%ﬁ{aﬁliﬂér}gaﬂ:g)? &5tk 0sfterft BAEPS, it dhuiBti QY 1Rk, Snd Fvivo

o ered from ! bl 0od. As such a stepw se increase
bioactivity. nAsdistusssd aw PAT Poblicatien We W RO ctialiceacidgesidies eapdhe engs of
hield t I ' 0 V(i : harid
o s B 54 A e DB APLAEB I TR L8 s
chains typiatly taveyup(tord aialic edddper thai, afxd the Oylinked ebjgdsamhaide chains have up

o 2 e SISERLEL 80, O % 1 EEDSE LR e SRS e o

14 sialic 26/d§) contains only 14 sialic acid sites, this approach
may have linmited ability to extend the half-life of .
O‘EP{E.“G;FH‘?% siabigiaqid resuespAdtar ey &l o hearoteh, eePRRRrYgs the
galactose S&sNE 8tEdioh ‘BH aNhRE NoRd e 1hvepddtecdd the ?ﬁé’&é‘s@ dhdiftSthe protein is
chains woul d have enhanced biological activity. By
filtered frqmm Sheiblitodg Asireee 2 agpivise BresRsegh Jiebis jideqnuint ByrRE) molecule is
. 0 . .
R L R R i Ll
biologicalSeviBCheRuindd yethe aility N6 equintelgn¢ods@6tions®$ o REL SIythrappictin

. W01/ 81405. For .exanpl e - i c
soforms {556 it astact IS REEp SufFeRblop B EPLIDERI I g satic acie
sites, this 8fpredeRinfayaadt nital abilitaiiextnd tieddlfilifo nBEPQ.-- Thinleddo the hypothesis

carbohydrate chain.. Specifically, WP1/81405
that an ER}) anajog Saginee; fa&avtﬂnaﬁ%ﬁ?nﬂk@ﬁ@ﬁ%éhﬂtfvrcﬁ%ﬂva?‘&? bavenhapged
biologicalta@ti&i?e BYD4:6GHng ttke AlMitAa1aCY@8yIdion3Res, Bdditidndl olighicclBifide
) 89, 136 and/or 138_ The nodified EPO npl ecu) e ..
chains hating ereainghmes wey thsppy medified with sialis agid regidyeso ¢ et Biptication

Nos. W0§1i/(§5§§?, WhosRoPer Hd widoe/sestdi tion of 2 to 16 sialic

acid residues t0 [ he nolecul e. However, while efforts
Forr exanipde, e anaslifiddER banakig thayl rave atfleasbencroditipra) -linked eatbobydrate
_ | o : : o
e s SOERE M aoBty I SOt aft SBh e owony 14
discloses #f hdditiort dE-linhaisertatiirste omwats to theymasyplet imminosictds ot Hagl, 57,

.55 B S HRGALEETD LSRN By 15 gyons

glycosylaS@ ites, Rlidhr peithit the(addinign a2 iorig)sidlib atid mesidutsiorile mblecule.

functignal [ty of endogenous ERQ. | ticular, the
e e L R A e )
useful in MhihfAirkideheiavdcht RP&L, Abiakertioh Ghd Kaabiil Yo te éffédt SRtibese additional
rotective 30 functionali téPf or use in pharnaceuti cal

glycosylaggnipiesiugy b Poter 8wyl ¥Plual s wi th aneni a and/ or
THE! i 684 bdbeRASEto phdVi@ddhddifdh EFO RO 6N 8xikaded sbifin half-life

assays to determ né whether a particular EPO s

(long acting)tilzeg oraintainsthe fimctionalityiof sedogprays ERO: Ve perkipsi thppeilpangsd in the

B

functionaliy featse th glarmaceetidabebripositiomga rastiindjvidhals Wishrenepds itd/or related

s, R AT BB PR P B ) P
to the tisshé prBtebtd@ tapabilities of endogenous EPO.
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5 reconbi nant human crythropoi efin (rhuEPO) and
i ncluding tissue protective functionality and
adndni stering a therapeutically effective anount of
t he erthrop0|et|n product. In one enbodi nmep

WO%”(“@WZB? provi di ng an erythropoictin pr oduc?é%#%zﬂrmn
i ncl udes the step of nodifying reconbi nant
erythropoietin with at | east one chem cai nodification
to at | east one of the N-linked oligosaccliarlde
chains or the 0-linked oligosaccharide chain, wherein

BRIEF S %ﬁql NERONON | ncI udes oxi dation, 10
ation, PEGylation, or a

The Ordsent meomon it ﬂreacé@fto a triethad dorrpgating e @n@pcuf level in humans

wcins BETE 55 By EARBAR FAe FobUEsPE Ml
recombmatnhhnﬁahydrﬂhﬂ:pmeﬂm (rthuRG)cud inchrling tissmgxrotmiva fur@tionahty and
th h: UEP bt abl e.t
B
the step oi?irmhﬂﬁﬁgbn 8lyEépodfin Resde e Thrihed REAIded thaBtep Bﬁm&&f}dﬁg ﬂ&&i»rﬁblnant
5 1ife of rhuEPO, | n another enbodi nent, .the s

erythropoigin with pt lgast gne-ghemicabmodiealion et deasicaiio! s %B?keti Rlifosaocharide
chains or 1?15 B-Bfked Blifahdcniide@nah, wRHEPHe chaRicANERRMatibMhSREé QU idation,

so ditected to a man-nade erthyropoietin prod-act

al
sulfation, phpsphedtylaiora PEGHaBn, ooneonerination disoioét i n deri vati ve,
giﬁiﬁ Kk g&ghﬁ; ﬁﬂ?!
tg)gé @tsteé‘é g@n# A 3%15@%1??& I'de ¢ eﬂ“%{s fas oietin
product mhyamsludo admiofstening e eny[ﬂmtppomia:tproducaa adowergudler apfount than thuEPO
oxi dat | fa Lon, 20 phosphoryl ati on, PEGyl ati on,
tOObMEO?D%?%’%q‘%Y§ tﬂ‘ﬁg‘r{é’ and wherein the erythropoietin
In bﬁd)éimmidnﬂaﬁ, the sehmmh:ﬂf lifeds atnedsiedboul 20fperdehidnngden BHRO the Bhem half-

PN T N T TR SR S—

mesmhggﬁfe@}@mm cal nodification includes oxidati on of
at least one  N-Iink-ed oligosaccharide chain or

The present giventeen i plRedrestel o3 Bee madr S@EP%I?FW%OCB]FW?IH@“&?t least
one erythrb RRSativeOwRAGh bi 108 bnAG A KERR] HstRehaFRE cIRXPHIY: Rast one O-

e at |east one chemcal nodification may include
linked oh@aatchbmdssham haseat ldagipne chomaed] modiHicriéan aslaireod of éﬁd&tmemﬂfatlon

I
phosphorsfigB PIREy lton, B PR et i B LSRR o i
longer seryun balifidifs thhmrtalBBO &he enythogfiomtintprodubtepreferablydas tissomprotective
functi Iqthem cal nodification includes phosphoryl ati on of at
onalf¥ast one N-1inked ol i gosaccharide chain or at |east

In 6feemBadiiet dhodtilgeisme chiit 4 encgiifidation mclpdawixitiation ofut least one

I.NCcrease atiye charge.on,the E - In,still
Nlinked ofGosaR PR DU Feeoe PV SFBASETTSHE CoHeI Rapies il east on
additional fi@iﬁ irésidiR! FOFcxiam@lelie 8t 1a4kelbrid (Bmthl Mmbditieadh nienclude sulfation of

hyl ene glycol chain to at | east one N-I.inked
at least on@eré&@@eh&p& eradecchain Ar grleagt oneddipkedrplizpsapehagidgichain to provide

an increas@d ﬁ%%;%% of] 8he AR Frod M ﬁloagé{hg@én&aﬁnent the at least one chemical

8073 The present invention also relates to

modlﬁcatlan metudetiplfosphopylatisarof n@e@howl}l—ﬁbykngﬂ]ggﬁcghagﬂ@m or at least one
r:
O-linked JI%X% g}aflgg }%?Cl:(q 1%3]?% ?3%0#%%43 (gllgll!é‘f’es(%he pr Oel‘ogl Gltl gIl’l st
another enaﬂodjmﬁ,tth@atéeasmmtchemp@inmdiﬁcaMn mcljadttsredmhm_l Of at least one
poet SE LA R AR Bk S98b R0 e 0 ke

oligosacciRtii@@magchari de chain on the at |east one
endogenous-r econbi nant
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5 erythropoietin by oxidation, sulfation,
phosphoryl ati on, PEGyl ation, or a conbination thereof.
The step of nodifying may further Include the stop of
[ |.ng at | east one vicinal Lydroxyl

Woﬁﬂﬁgﬁ)ﬁgﬁ nk-ed oligosaccharide chain or at %@?25(2*2}’2&073
O-linked oligosaccliai-ide chain with at |east one
acid residue, In one enbodi nent, the step of

| aci at .| east one dro on at. le .
TH s e (PN LS o CCBE BE PreRbe 251 aropae i Priis having
an extend&lt ek AR dnd ASRAE pRAAICFEacRRY Mhcitiind ﬁ@stép@@ﬁ brol iR Ieast one

acid residue further includes replacin pluralit

erythropoigiie pueiythispaictin derévabye: erbmpeages @m@sme ?\hknl@d oligosacc ¥lmde chain
or at least Qflé  GO5acE ﬁﬁg:r Cf@ﬁarﬂg @h’ﬂn o Hl@tat ie She s?fﬁ@g/egoéé J}Ei&%mbmant

hain wt ur a
cryﬂlrc’poiﬁi@bxd oxidation] sulatiat, thpmrﬂemm@EGylaum 054 opntghation thereof.
urthe ncl des.t he vi din
Thmg% of mﬂg.l&]\/%ﬂ]?y g1in Liv‘?en%é Ftﬁ% gé re@?(fl{lj%%: Igaé(? gne Vbcru%l ﬂydroxyl

on at leastmny quﬂcrea lolxgdsaccdaide\camnweau least e @ligleadioligssataheride dhain with at
providin east one conde

form.a saql ution nsj
east onc agglatyidues g pnempalpent i e aeiitrase oG R Pica iy drepgt on
least one NAlkétOo B Shcalarilie atfuin H1a€1caA RES OSliRked a@)@dccmﬂe then Hith af least
| east one sulfate donor into the sol ution. yet

one acid regiBe fuhes rsBdrseplecing hlusiBpolofcinm By drTagey t@? lq%trone N-linked
ohgosaccﬂaﬁ@é H?ﬁxsmtéﬂ fastloRPS- lﬁfked D b b e %Halﬁ’ {vﬂﬁ HiofuralftP bV S5 residues.
di sso eeryt rop0|ct|n or ery ro oletin
In grathey gmbodimentythe ivisp of rgadﬂfﬂns Bithenincludgs th@rshbpaof providing an
V C
organic so%r%g{\; Ihié%ivmg H“os bﬂﬁr’d 8&%1(:(}1: &%u%(ﬁ?égl%%l% ﬂ;te% fo: solvent to
form a solotien; porwibupsit hgstage n«bndamﬂng dmntaprolvﬂagtat badg ophaéifataaiomr, and

mixing the #B%aaf% c‘zqf{g?ﬁ)t e‘%ﬁ_ﬁg %‘%{etggangfthﬁ,r% gﬁ!a?t (.ﬁlte Iﬁllélk'age ﬁE] o T IIIIEO tHe Follétéon In yet
another enﬁﬂaﬂuﬁére,mie Sép ofmicm‘ﬂ}ﬁlglfg'tm inchidgathe stemlfveotiding an organic

sol ying the erythropoictin or erythropoictin
solvent; G Y& Gy R G SRR S AR B GRapg spivpato forma

solution; pi@shﬁ'ihg QiNeasP b1 bhakingielg akenk: @AdiAS Fhddidtic 4tiA%AGRIRIng the at least
dding the at | east one oxidizing agent to the first

one conde@%nmaeehmddhﬁf 3 dapstong phesaborioicid intorthe $9lBigRdi ng at | east
In APl EhENEAR, e UEPOT kRN Bk ieMe sBf O providing an
organic soBshty diseniving the esstﬂ@ppq;@tlrpcrr@wtbnowetat dezwatlveta@the@mmc solvent to

R

the first sofutionse Yormra mnﬂmolattgn, atovahngattdeasifom Ipelycthallem g1Y¢ué chain; and

t in t-ion a relates to
mixing th S5E{ Yng oYERYIehe Ry i BUC B SoeoB Byl e 4 ofprevigine o
least one poh@thytting glyt biechsih s infludepiondit BdeanompylykihyRpe plgtélthain with
roduct with at | east lieniical nodification to

at least OHEPWW@OW ki ﬂ’éeff@?fﬁ]il&c -ol i gosaccl i ari de chains
Th@ reb @ ifdeita- 2 rOdicIRSARGAM fof Beflin gﬁﬁén‘ila inhueeetk Bt ddRGor tissue

em cal nodification includes oxidation, sulfation,

damage malﬁé@ﬁ ﬁlqupapf FevidhesEn aythRoietip proguet sithiah least gpe chemical
modlficatl&bfor zﬁ@éca t o%h BF ik S BKcA 91 Sosh BLARSH %151&6’1] th¥oafdkes Bl'i%ﬁacchande

e eryttiTopolctin produ wherein
chain, wh@q:lytthﬂthmuel mpdifieatidu trcludes e dvition.sulfntecn, phosphoirylelém, PEGylation,

ora comb%%%gg‘%?@ggggn% ﬁgeﬁt%aﬁﬁp a?c{a%g %&m?og tﬁe erythropoietin

product, whaegeth erytiadpiatintprodnbids edrministepedert yﬂd‘Wa‘D i kinougtiairbd EPO to
has tissue protective functionality. In this aspect
of the invention, the gerythropoietin product
preferably has a | onger serum hal f -
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life than rhuEPO- In one enbodi nent, the serum
half-l1ife is at | east about 20 percent |onger than the
5 serumhalf-life of rhuEPO. In another enbodi nent,
the serumhalf-life is at | east about 40 los/028073
WOTOBﬂ%?Wt han the senimhalf-life of rhuEPO pr BTN
invention further relates to a pharnaceuti cal,
conposition including: a therapeutically effective
) anount of at |east one crythropoietin derivative, .
obtain a cqEpRAr G tapget hesratqorip NEeTin th HIVEEPRIIGIR HEIUEiaF Fefas BRIECHve
ﬁmcﬁonalﬁ%’. at least one Offiilcced oligosacchande chain has
at least one chernical 1In 10 nodification as a result

In theis aspéat af the mvestidnf the prythroneiesis prusiugt raefewhly hprgipnaeriseiym half-
: ] res r eof b Nt
e v TGS ER s AL R B 000 M gy
serum hatf-héa o f faEe0b i amndther emyddinepohe sdran hnld-lifisis at leass stmut 40 percent

rotective, functi lity. I'n one enbodi nent, the
longerﬂ“’gﬂﬁrsﬁﬁ@ellﬁﬁ'l&'gloﬁh&gﬁgosi tion further includes at |east
The PRsER aiveRERULHER kd1dtes36 @ pRiraRLatica cbinpbsitiohfifclading: @ast
one har ni accutically acceptabl e carrier ma%l [ {%CI ude
therapentigally|egfgatve rmeustiof aidftst OnedriFeReietindevai enwhergiat ot onpR-
linked oﬁ%ﬁac@hzﬁdé LRan bPR&S onk -8kl BBEosSERRTHBRITh had 41 @east one chemical

pharniaccutical conposition further includes at |east
modificatiomes awssult efpxidatiom sulfasinn phbspppryiptiandRGyiqtion iy migiures ghereof,

i %5% DAL ’ Ry BLiARGH binant
wherein mg%ﬁ%gslt r?gén?&h? e p%gé%gi‘é%%?iaggﬁgeﬂonpqs %lt iﬁon %ﬁ%‘tj(ﬁ% rl.mln
erythropoictic inddes tissie padestivofnactionaliye Inpensteob divenic the phinmaceupioal

..B DE | PTI ON OF.THE FI ES ther .fe
composit o RGBT T RPN A Sy bl
pharmaceiktit@lly dckuble garrietahs ihetaethe Bastiopt dibuent, Adiuvans, epcipientiechicle, or

, jn connection with the draw ngs described below, FIG
mixtures thergofi ¢ 5 conpari son of the effectiveness of various

Tn Bl eRbo&iREht, the Bhain@6dutify coragaitibatfuritee idcludeddt least one wetting
osure to trinethyl tin; and 25 FI G

triggered by ex y .
agent, emnysifyingsaggnis aﬁﬁﬁfgwg% reombmaen (hervel In get apgibprfpodiment,
; md;!%P b P hdsh91ea8dhO 8 beoti it dkine.
mephm{“’r%u{l%%é?i §§a°5éxpo§ﬁfr“§ﬁt§ trimet hylsufuﬁlﬁ). DETAl LED
DESCRI PTI ON ON OF THE | NVENTI ON The present invention
BRIEFDEggﬁhf’f@ﬁQ)ﬁﬁﬁﬁé@fr EPO nol ecul es havi ng an
= ife (long acting) that are
Futthefeatatks yndradslaritigesiofith¢ inverdioh oyl sstetaiied ifiom the fullowing
. the fungctional.i.ty. of endogenous i ' pned. As
doniled dggPGBaft MO P SR ERO T Uf v BB R,
FIbal A isla dompafisonbP@ehafeaivense ot arigubians sfHAGS mchratacting against
addiv%g extra carbohyd ?t_e ghai ns to the EPO nol ecul e
cell death frgegied by GHPRFEs 1S PHBBTIHPES003/ 028073 protect the

FIG A B a QS BipGilisdn 36 the e B3R KRAS Hif RurioliDORNE6f EROYR paste@ilg against
car bohydrate chains are believed to effect the
celldeathmageneﬂémamsyrewwré%b@ anal og such that, for
exanple, the functionality is conprom sed to achieve
the longer half-life. Wiile there are known EPO
- RIFHION QF JHE RYENTIONS t han r econbi nant EPO

that have cryvihrobol et ™ hepRiANGRRBRadSerum halt-
Thﬁ Byes er:né %é’i%%&%r%ﬁ% g#rgc?eéﬁ c;fg I eﬁl)slggf BP0 hbiecht ?ﬁ’a%lr%'}ﬁ € erum ha
life (long acting) that are chemically modified with carbohydrate chains so that the functionality of

endogenous FPO 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
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5 di scovered therapeutic benefits of EPO, e.g., tissue
protective activity. For exanple, a 17 amno acid
fragnent of EPO corresponding to am no acids 30-47,

I referred to as the O Brien peptide, ﬂ?‘f’lﬁl
Wogﬂ%‘%ﬁs?o have tissue protective activity in w#?ug},amgm
has no erythropoietic activity in vitro. Canpana,

WM, Msasi, R& OBrien, J.S., Init. J.MIl. li'led.,

1, 235-41 (1998). Therefore, it_ is believed that a..
protect thegalariopeehamp omx)@eﬁyree H%vwgfhgaaée@icaﬁa{w%e Chatot 3te Sbtioved to
effect the a%/ﬁé)ﬂ?lﬁ&r A ineRpd dn8i8g Wich e, 5P afab Rl 1he RunRdfaliflds PRprBised to

I Ssue protective activity in other in vitro
achieve thelongey halfilife. Fdhdletthanare kaevauERO ppdogsivitelongerbal §ivgs dhan

_ . . O Lo
e ST R S 68U b P ke
discoveredrtbdrepsutie bamyitsi of EBOf eg.ctisaii¢ protehigvecetvib. |

fiulctionality. .Thus, th esent ipvention r
For il SL] i b AREER A EPQ SeR e B Db fofs 305, 4
referred to b9 RV BYieh Yeptite, 184Boch ERdvAChihie: eiid protestivetattinityay viorsi but has

capability, or a combination.thereof Preferably
no erythropeipiys ABY i VEEO (upepRe WM et e P figs?’?ﬁ 0. Mot btea, 1,
235-41 (199RY, AP St {sbe RSl Hiat ¥ mBBfie@ EPOSRREcuRRVIAL aldifsia
protective activity or transcytosis capability. .In_one

glycosylationisiesi wighin the{(RBrieroprgtidp 1ot EPS ispu pelegiive ety in other in vifro
assays. In'agtﬁﬁ{)]ﬁ,%gghug@tﬁeﬁn gﬁﬁﬁgﬁéﬂﬂaLéﬁénf ot Bethe Ef'%) ¥flech a8 fmportant to
abou percent | onger than tahe serum half-life of
the functionalitg ddiling glycERGtion sitano theerol@0lcandydolierfera withttheowweatluym
functi alft1alf life of the long acting EPO of the present
COn¥¥vention is at |east about 30 percent longer than
Thiid) ehelppdstntlihfeati@f relatss endlong attigMABO With sttledst orgred etydiropoietic
... ..enbodinent, the |long acting, EPO of .th esent
activity, GSHY BRISPBIP S6E1% SRR AT R CAPADI, PER Gypipngigh [Rerepk Rrpferably, the
long actin@BPUbf fHR phRER eflenti@IaS Eryithasvidtact G raniraitadst edd dfisak
reconbi nant EPO Brjefly, the |long acting EPGCs of the

 protective potiviy ¥ TARFGHALE ewmahiigt ude EPO nolecules with 25

Tn G DRRUAEAE bRt Reint RO AR pRebATBRNMN Kis lseri@aRL £ 1O that is
nodi fication as conpared to a native (endogenous)
at least ab@wPE) pencertt dongiy tharnibe eeswrp fakidife of rﬁ@ﬂhat@nh%%n%@@hcq n

embodimedt] ﬁle%m%ﬂﬁ%% of 1l ford %@ﬁ’nﬁlﬁ% Bg&&@ﬁ% n? fovbRnkE £38&8L about 30

I'Avention undergo a plur di Ications to the
percent lompgr thah Yarhatfdife bixecsnbinanhERQA e Inevtbloaiirerambotiiveent; it 1agg acting

hydr oxyl th hai j
eeo o VAL R S BRSBTS B R o
serum halfEefk ioPgckibinam/BPCUl es of the present invention. In 30

anot hey enbodipent ...the si.alic.aci i due n t
Brigfip 4 long S\t Drosts HvBictinuf R L R e VI |
carbohydré‘tﬁ Ehzéﬁhﬁhﬁl%fe £ é’&ﬂd‘fﬂﬂ%ﬁ le.astf‘oblg hfr?ﬁig"mﬁlﬁ(ﬁmé/rc]:&’.ﬁparec% toa natix};eo
7 phosphozyl ation of the car rat ain an
(endogenwgsﬁﬂoq,@rqf?rawaﬁﬁ@l@&di t aatEfﬁ%%@E 8P§'r E@O’feoeniqqﬁ’é“‘iﬁng ng

i ' ' | el LBRdns 16 e ch®Bydrae chains.
i S S L TSRO Ry s

In preccnehodimenidhe Yichylhedikyls on therperebydieta ciippf apative EPO are
... .pol yet t ' )
ot RSB LA B SO SOREPLE0E B DS 1
another enﬁmjdh_ﬁefmltm gdickagid reddneppe QErHPQ ny eqplacghwlﬂAh:gs labide acid residues.
In yet ano ﬂ%%@q%?qq@%gs%ﬁﬁiontaggl op lgh%%ﬁpotrylIatglo\ﬁeol%ttﬁeocgrb%hﬁé}atg Qﬁ’a[u? §Fa EPO

results in a long acting EPO according to the present invention. In still another embodiment, the long
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i ncl udi ng pharmaceutical conpositions, which include
one or nore of the aforenentioned |ong acting 5 :FPO
nol ecul es. The | ong acting EPO nol ecul es of the

resent invention are contenplated for in ' '
AdPéeuti cal conpositions for treating a 9%Hﬁ¥%ﬂgﬁ§wm
rel ated di seases, especially those with conplications
resulting fromillnesses such as, but linmted to,

acute renal failure, sepsis, HYV, henpt her a and
acting BPQ; ofethe prresutiigvention yseulisdion the odditionsf PP@' @W@Bﬁ ‘gx‘% %8 to

carbohydra?&f E&’@t' glgrbffﬁ ST ArofREink §lodiRekidhs $eARR®nteMBlated by

or the treatnent procedure. As used
the presentﬁmreeilm Adipag memnomtdraéavmﬁmpresp@tfleregh%almmbraces compositions,

. . her apeut.i c treatne

inotuding SRR b SRR ORBHRSC OO REGHEHA ldnk Soting

EPO moledian (| essen) the targeted pathol ogic condition or

di sorder. _Those |n ed of .treatnent incl
Thelpp e FPOOlFUIe PLBF FEFeTL SGRIGE Reoqly Eg%drfé)rne&tﬁgonm

pharmaceuﬂé’dl %oﬁl P&itfbin§ O d84tin@ andrhia aad felutathiidtadel esidvially sioseiwith i
revent ed. The present invention g_oﬂﬁtrenyl atﬁfv

comphcatmxﬁéeayﬁ@gcﬁront ilacssesTaCheRs; BU Jmiedio, pgite repgl Fy e, sepsis, HIV,

tﬁ ﬂggron acute treatnent, and/or intermttent

mnistration. For the purposes of this disclosure,
The whyeotinventidmismisoiraetedie matldds fiay treahngmpiacnd slatehdigpses, as

well as kits 125%%1 gog %t&{e’?&%egp %'gce(&%t ! lﬁgéﬁshc?&ﬂ ShPErm ARRAREE £RrAD both

to marntain the initial therapeutic.
therapeutroefa‘a&matnt émk;trbphytayt)c drqrevantagyd mms, vrbsrmoﬂje objettiigie pagygnt or

nt e ent a ni strat.ion”
slow d“""“cd?ﬁ%"@i@? &5t v nLOgrﬁ ?ﬂ%ﬁfm OIZ‘BSOF% er FUpLI eeh Bg&?éﬁmﬂ fHotude
those aheaﬂ%‘ﬁvl’tﬁ Ithel disoedee bd Well 48 that prode tolhee kiertisoadst pn@oﬁﬁwmrl the
resent | nvent | on, .and the use t her fl, arc%[n EPOs for
disorder is o PREvEBIeR. T PIRFEg REER O ACP S e W R PPRETEFR

chronic admtR¥Rbn, 2618E BESmEM, MANr BidriRtent bcmﬁisﬁ'atfbﬁ a?Sr ihe pﬁ'pimb of this
i ncluding humans, donestic and farm ani and zoo

disclosure,s plypis adl@rmq@rétloné’ Aefamte admgigistation of fyesent §1 a ‘EP&P’EIPQS mode as
opposed tohh% raoie mod? heep Iﬁél%n tﬂfpifﬂtﬁl ‘l‘hEl%paihE Sffed? (Setivith) ThiemaRtiedded

uman The adm nistration of the |ong 25
period oftmﬁtanrig‘mﬁ?mwf adprhnistration isttreptmeatthatdsnet gensgersively dong without
Lt ed |, intravenous, intranasal,

mterrupno{l’%ﬁl%agfe“s clj{f’ﬁc i rrr%%al i nhal ati on or parent eral
Thelbnt; AitiigRPOs ofithe ptdsent favetriiom, pvktherdses theraof, razaapnbiepble for any
intra

intragrterial, subcutape ,
mammal. A BSCAHet S AT L Re to 4l R B ¥ o  mammal, including
humans, d&ﬁ.éﬁhb&@dfaﬁﬂamniahh ﬁmﬁ@foolsﬁm pfpssmtnalsnmhas dnglsfuatst tudtte, horses,
relates to t use o on i.ng EPQ no] ecul es
sheep, pigsp geale MOLISEIG Fidlrphldhe® rfr“ﬂ’ﬂaﬂ ﬁ? ”cﬁ‘lﬂ‘?’r‘élﬁ %?PSP tﬂ"%g
acting EPOerf%eaﬁrgﬁﬁt i¥entieinBREY, buhig hot1aNigedEbGralciaepientds, mﬁﬁﬂiasal
I'e, because certain nolecul es_have

topical, quaémmﬂamh@lﬁh@cqr@g@nrewé anigistatinafhg 198tsF rﬂrﬁl&ng R FRRYS:
mtraartenél Qﬁﬁ&ta‘ﬁg&%cfﬁlcr%ﬁ Cfﬁ:@laf, %ak&ﬂgné%?tshﬁiﬂucgga@in@zfdeﬁﬂﬁ 46 e&QPihations

vent1on provides a safe and effective N NO
thereof. 2004/ 022577 PCT/ US20031028073 transport syst em of

t hese. nol ecul.e '
The presenl gV o e# IrJz:ti?’b‘t"estctgleﬁls? 2{5 Qb{‘]ﬁ e%A'MI néas g?a%%g%%mem
invention &aWaa s firer mokepilerinto seas of fis bbfethaidtave EPOtrtr@ph@a For

and the | ungs Ion t|n FPO, T Ies .
example, tﬁp@,@%ﬁqﬂa;wglﬁrfqlﬁﬁl i;ne gtuglgeicfog%gls ct%aﬁ ﬁrﬁﬂng
these molddRleSpUhE®nh adting ®POs of the present invention provides a safe a:nd effecﬁve

chemoth:
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poor penetration through such areas. 5 Furthernore,
the present invention is directed to assays for
determ ning whether a particular EPO naintains the

functi onallty of endogenous EPO For exa
WO AR present invention may determ ne mm@ﬂmﬁ&%
nodi fied FPOis tissue protective, i.e_, an agoni st

MAth regard to endogenous FPO_ As used herein, the
erm "agonist” is used i.n the broadest, sense

ansport YRR GARSSe Tokdshes SR REEnML S ARG TR BEFC data beieh Preyoe
other area@&f tﬁe 5%'-' Q@d]fec to?‘b EhdiPds R thel}igﬁ‘t L&d fﬂe:lﬂglgs the long
I'S use in the broadest sense, and
acting EPQ mplletspdles oﬁhypmlemueréwn sy apfens witranspyrt systeny Farynahecyler having
|t or. neutralizes the biological activity of
Poorpene%%{ofl&ém@du ?{ Bne enmbodi ment, testi ng of a
Fufibdrinot: the prdsbDiroentiongs dinectad t6 Esswjrstfm(ﬂemtnjmg whatler as:azaicular

SN LU T W T T —

may deterinthéQHHe@Sr 4 ﬂﬁdﬁwbpl@tis BRud@proRketPR] 1 4.,QidlagdniEEREH Bgard wo
usi ng vari ous assays such_ as the r@ltpfo al |schem %des

endogenoysiPQ- o5 vrsfl herganbe Fing "agqBish 4p Lied &t the broagerhsengnend s
moleculesghag Wfdtd th@ﬁioﬁ:gicél%ﬁvxﬂp&%' stive TS inQN@hildr YnanfSy, the torm,

cussed 1 n the bacKground section, various atte

“antagonisiisiusksin Awdroadest sense,-andl insluges upaaiesyle tha paTtialiy e%@klr blocks

| f
st o Ll D% SRRLR0R AP Sr N o) Bl fudt i
particular BP@cnumrenh, antih et/ RSagratiogrs Riidtckll padderant thetbficulrén/assayh dy another

uded FPO no| ecu

emvodioneb ik AR SRt e B S o RS A utar 22O i vivo
using vandrﬁ\lt@sa?i suchfas ihs rA fddaCisgiringd rdt hainal itdhemin, sdakii bhcmi &dauma, and

car boh te chains may interfere with other
bicuculling prizuy % benefits of EPO, such as the tissue

protective functionality and the transcytosis

capability of the nolecule. Wthout being bound to
w particul ar theory, the placenent of the added

GQQQ&’ ?lr A BackABIRBsektibrl P8icdek Bidnfs 1B GRkd-HthaRYIF2T of EPO have

ect nctionality based on inportance of this
been succep;e‘rfyt indbat\het EPQ er@éﬂga hevs alosgey balflitstagd majpsain erythropoietic activity.

And, as d‘?ﬁl’é‘gﬁ%ﬁgﬁﬁgv\ﬁ%’t alogs tkﬁlg e%rﬁgl?—i V%hﬁ\f@ﬁil ge@é?i% ﬁlBEcules with

er’wt rren pe or outsid
addltlonal&ﬁrbb]melraté]:}&mseaddqdep thedeninaacid $pghidne: eHowwehaMe agfreipated that

these addlﬁ%rfag P(%Grd} g(iht glg(gﬁﬁgrlger ere %#ﬁ ghmf:ﬁthérg g@%ﬁb%%ﬁgs; OafILE?% such as the

tissue prot@étﬁfelfgi&laﬁalmnaﬂdfthd e sexpdsiscaab ghility béthadﬂhldcubn aVithout being bound

bohyd h k
toany bt e LGRS e e PSP P B b B pepLeE may
affect ﬁmétfonhlﬁ Bikcheh | dthit ﬁ@naewm eeg@fd 19 Iuysne Pydt@tive Antunality.

t he carbohydrate chains) al so have an
In addmmaﬁhee@ﬁed RS R Ak L iR fie B&F@/e%ﬁs%?%ﬂde qfghe
O’Brien p é‘@ebﬁg’? QéﬂeQZc?éLZVAD A4 ediA 008 180 hSnsdonk B ieRtBhR bAGE InvRcule.

Ity To evaluate the possibility that extra

For exmmammmpaﬂ@e@mm sonfigyragipp efthe meleoplathe pdsifianal garkphydrate

cin Bk B SORE L b 5 /5801 XSRERESIE Wl
believed ﬂm ﬂtdlﬁethmxbwf%rcesjﬂattiont(drradﬂmgl-tha aatbeblydrate biodiys)l maty @lso haversm affect

on the ﬁmcnon rF%J }?ctoprEo%nz.'
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5 particular, the inventors used an EPO anal og,
wherein the anal og has extra glycosylation site at the
32 am no acid, which results in about a 3-fold | onger

|f-1]fe than reconmbi nant EPO (epoetin a

?’W&?@h thi s EPO anal og appearc(adpvvl thin tl{we[%sé(rmggmgp
spinal fluid after systemc injection (Figures A, it
was surprisingly not tissue protective when eval uated
in a subse_uent P19 in vitro assay (Figure 1B). This

Tissue Prqtegeive 6¥Pabil&% ue protective activity was unexpected. In

'ro%@%&té% ogslﬂﬁhtkzﬁ% e carbRhfdrSS URsi 1A yeEdoMBle Bibfidtality of the
ce co cations when used for treatnent in

glywproteaméhn meqﬁatt iresmtoss stﬂdlﬂf@w HEQanelp gh hakhaye figp N-linked
carbohydr%% ?ﬂ@ga@%ﬁ%a&gdq? H‘l[ehﬁg 1nREs Ea&bctﬁlg&raﬁ rcﬂmﬁ&tf r¥&n‘é%%ﬂa i a‘P)t Mn

non-ftissue protective
particular, digsnipedntss \Meﬂ an EP©andog vateenit the an@mﬂ@g exougly&Rafioy site hte‘fhe 32

ein iS558 e Bl LRI RS MAE PGS AR et

AlifBgtais BP0 dhalop epriie Qsﬁmﬁi ﬁiéi cdbl&altspmb]@udl sfer@fstanic njection
EPO anal ogs. |In fact, if Vl%w\lent on, such, an

(Figures 144t Wep SEEprSinEl SPLERSES RRics e PR Evalyied mﬁfsaP%?ﬂu%ﬁ?rfB vitro

! rStebNeQciiRYy Wshinaldetel SInGidAR0R  thé fAGNof
assay(Flgﬁ%Sl??] T@g}ja{c{{/?gi{ljggﬁ@%ot tregt egl W th gr? EPO apal og. Wi |l e

tissue protagive whtisilymepytperdyee enorligations agn pigd fordisplient Megpiya prignds if
those path#ﬁﬁ'vQEtB HAE0% rgci@%nr@%le l:]&ﬁ ro%ﬁve g&gﬂiﬂyo P8} cx4RPR! Phhe

ece tor |ona y exl st I N neur ona
non-tissuetpiraisetivs EPOranmlhg conysitagrvathi tisgue miptetive sndagepgus FRO fof the receptor

roc recur sgr
o iga N SR Rl TR, B B0 kMRSl Ba ol it may getaty
be exacertatud|dué 3o theudziof Ghdh(EPU\ar&ldger Ri foct, i6 potieat vrewmePO'ﬁhdog

di sti nctl dfferent tivitie tween .
suffred S BRb (e Bt e RS EROP LS 655 1 gy B0 Frtact tan inan
individual 8t Ekdrwifl MFEHO f@logoccurs via functional |y different

EPO receptors responding to differ pmai ns of

Wigifsmot wishvg i ke bquad foatty Pagijiplaptheory. %ﬁénﬂ@@éﬁgﬂfﬁm &@L@ﬁem one
additional Q:feﬁfoﬁ'o@ a® EPY die opﬁﬁctpﬁﬁl'l‘y £:8R9MmtrRGrohAl tﬁﬁ:eh dfRiidhalgnkng
expressed by the erythroid precursors, the

diffes ot thleiﬁ grytitdayte Ifﬂ‘?;ﬂutSPrSt psl thera fsgrask_thay sertain ERBaplogsgpay=po
antagonmgéldo g nt\éhé ERO% %bﬂ‘lyg b n‘ﬁ% fhid %oﬁ Qﬁhép Qeﬂt@rc %E @fstlﬂ,fﬂytdlﬂt?erent

rocy e Masud a, S
biological aan\ohes@amvpn @:ﬁi@gezmszsaomd thegIHO RGeS @ngg@styhatrmﬁer signaling

e P L ASAERIR AU g
molecule. Effhcnyetdle P Q i‘eo@or@ha mte&dselqmem:h hasel:reym tﬂpolttt;d'te be identical to

mat ur r.ogr am hi s dlfference
that xpre P e e H Ao aReT e By U of B gRa gt e or BPO
in vitro is ﬁfuc]Eﬁ’)Qrerﬂlaﬁ @8 HPD rebeptorioS hd@rocdfiRpaet S84, &.&., Masuda, S., et al,, J
eur al lﬁ active bindin occurs in the go norrral I

Biol Chemh gﬁ& RIEAG SRR el it t],}Eé@ itisregpesppes TR Apgessory grotems and
may indic&td Hat Hl%renﬁa 2k OSSR s Bk 251618 YH283hosé WhtivaRkdiBthe erythrocyte

presumably the same product produced by_other cells
maturatiosprofrags Infersstingly) thissdigfersacesin HHty dy not wodificd byicgnleten at

deglycosy%gg §P€l§0 %5%:@)%5 %%ﬂ:?ﬁri %ﬁ 841}(3?5 aly; -aBivR BHEYY 0ceBfin the
normally foGHR26A2E) 2BATSD mizibh ef ER@eRé pipedditon, EPEkprofuced by agnocytes
fferent d t r
i i gy o PR RLEG B B YEREAVLERD: b YTt
version thhthaf frodiictd/bnnt Ridhée Seaduda\i, J Be(ienr, 269, dAD488S3 (1834)nGhe
yet been determ ned, but is of obvious rel evance.

-11-




10

15

20

25

30

In addition to the presence of EPO receptor nodifying
accessory proteins, the EPO receptor is 5 a conpl ex
gene for which a nunber of edited verS|ons i ncl udi ng
ated, soluble receptor, exist.
Wogﬂ“‘?’w Gr JBiochein, 239, 494-500; Yainaji %ﬁl’wgf’s’“zﬁ%
Bichint Bioj)l~vs Acta, 1403, 169- 78 (1998); Barron,
C et al., GEne 147, 263- 8 (1994) Chin, K, et al.

Brain Res If Brain Res ,-F@'ita.
difference ﬁppea@tto het the r@éalt Tyl glffe]en‘i deg;;,ﬁ IBF g]gcosxljﬁo% %%1 %y}her ¢ desidliated
natural 11gM{%15ﬂo§§ebsfe§ hl%fencegm a@hﬂgbvﬁh tHese knows redepioAPRVEEAS has not yet been

Ki d- Internat 5, 808-820 (1999). Whiet her any
(hmﬂmnﬁbﬁuhheﬁ@ﬂméﬁgﬂ@ﬁsﬂsubserve the 10 noural effects of
I I
In S8 g bR B B0 B B0 ool RRAERE Ry A oeptor s
a complexigesnfos Which atomberod edltﬁdsfsmwnp),ﬂmlmg a/fgungatedl \sotuplei receptor, exist.

v, A R 0 TEROLS ! L M bl g, 1

78 (1998);Bufdod) Cisetal, GELETH7C 2638 U)@Q#)aCﬁmpﬁa etral V\deim Red Mel Brain Res, 81,

2962 oSy B SRS i Sl A8 B, . 1. &

BaranowsiSURIE K8 1Ak 153, 863-820 999 dinftiethat Ardivs thele Versiofd sBbdefud the
peptide, such as the addition of carbohydrate chains,

nmﬂﬂeﬂﬁﬂﬁﬂéﬁ?@ﬁ@@Tﬂﬂﬂﬁﬁwﬁﬁéﬁ$ﬁﬁ@ﬂ1onal|ty of the protein. An
Fﬂ%ﬁ?ﬂ?&%sqﬂsc‘&éswnﬁﬁgbick%%%@% O BribhfepiBhi AP aRbde have

acts as an ant oni'st towards he endogenous
tissue protE&Pioe h@mw@dvmvp,t'tmt no mﬁnmwm betuafwewrrp Bafepi, an asjaygperformed

s ol P PSRN SR A S0 (0

demonstragxdtiien the@PQ ﬂ]almgyaakettt]ldsm pyicbiiemapabéities. This réskié byggwits that

ot o5 e BRI et b B

with the fileiddaHE dﬂﬂiﬂp@otélhs Al EPCKartalogSwith medifidagions tothe O’ Bnen pepude likely
capabjlities in gther in v tro, assays syc E as the
ooty

acts as an frAEORI OB LieapdograoYS O oG IR cesgdt Ry or

fully blocks3e @6 ot sSIEHP I hGilityldb 614@1b tHeTHPO 186pT! As stichl the eik oAl
ischeiiiia, and spinal cord trauma_assays, Receptorr

increasing tekiant elinraeSEYaHEE trogmasilkely ik tBepse oés@héﬁéf’é)gana@g
o, is ERYE oy 10 R N0 by O gt e i
protective cqrabrh]hysjmavﬂwr i sssayfs sneltasriby TwbmptoRRON assieanidiy Bt vy apsays
d r
s s A S ph, AL B8 AL ME 8 e Bl s,
cerebral spinal fluid after system c injection

s A and I1B'). Wthout being bound to any
Recept"”%%f#‘%?%g“gf@ “$Heory, it is believed that the EPO anal og
Using teddafheBPOC4ARE ab hlﬁ)vlemeathh BpDamalop mathrfivie a-tinled carbohydrate

because the 30 capillaries for d, bra
chairs (copgiEd & P Sl dse FULEbIFRLS ehetss P&éﬁ?ﬁfﬁ%%’%ﬁﬁbwa%‘ﬂ%ﬁ stdicd.
the analogafbﬁﬂﬂmop@dvers@ﬁx% ibfooki BEaifi BEABL Ahe MO LB aﬁﬁe@fbﬂ%ﬂﬂﬁﬂh& cerebral
fromthe peripheral circulation_jinto the brain.

spinal fluid ety sysierpie injecsipn (Rigpresnl 4 gnd i Witkaque peie 'EP@dé%%r}Yd&@wlaf

88%use th
e G5 AL QBB 35 A GENBESart S8e e
capillaries\fedniingithe bided brababariieratsowixpiessdbpEPQ sgceptor andmredds émgen@h@lcal
. EPQ rec st e of
s o g SRR Do BB APPSRl B FRL AU R n 448, o
systemicaBE ddnhistered (EPChaa s hiefalso @elidvedito Heahletto aavmwxhe bloed brain
functionality of endogenous EPQO, there exists a need
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the art for a long acting EPO that maintains all of
the known functionality of endogenous EPO.
Advant ageously, the present invention is directed to a
| on actlng EPO of the present invention
WO 8223 cr eases the serumhal f-1ife as Con‘pﬂ;&fﬁé%sz{)hg}ozsms

reconbi nant EPO, but also maintains the functionality
of endogenous EPO i.e., the tissue protective
functionality and the transcytosis__capability.

barrier, as WeH poefberbarrisooitorapiisres Srpreesres EEOFSPI%e such a

In %g{]%%égﬁ a%e (2%1?2[(1) s%gtﬁule egfé ;g@o'ﬁé_life Eeenoﬁh%ggffflﬁl%nz?%é&&? oietic

activity at the@aqifies efﬂt lgashseme pﬁ‘&ne rﬁwnmzfymf@éépgemﬁ EP&), thersexifs a need in
l.
the art for \é\gﬁlg Pg%&ﬁﬁgﬁ}lg t&‘gﬁ %Lﬁﬂg WY ttﬁ)ﬁ g'sgg 36 fr:nguse EPO.

Advantage(oﬁslgdlie) preééﬂﬁhmuaﬁ fsapbeaed foa Immacﬁﬁ’gEPMf qudeshmnmentlon that

t h t ef N-I.i.nk
SRy e e A
ﬁmctwnali%f‘gﬂﬂﬁ SRHSuSEPO, b Nie GicklE biodidale MnbhiohsBey add the@rahsaytosid

osacchari dé chains found.in EPO an IoE and an&lgd.
capability.oV iequs susfiodngfamedifving R Ohio prevyidesueh & hpnehicialprgtem ap pioxided in
pgched to EPO In one enbodi ment, endogenous or
theneﬂse%{é%onm nant EPO is used for nodifi catl on so as to
prevent any interference with the tissue protective

Modifi capa j 1t S of endogenous EPO. In addition, EPO
—JlllgEEWéFE%QLHEE*arC contenpl ated for nodification
The tubg hetinpFEPOB of e poesestémteniioneat boformpediniadiarigyohways. In
i tion Iatlon sites

general, 5 e B RO R e iohy bl Sy S PL BBl (user
chains attaSB&AIUE BEEPOASAs Mﬁ@ﬂerblﬁi hé Rermitbabétstirate cl'EB@ mifialtothe N-linked and

refers to nodifie mol ec th 3%%Ae% g
O-Jinked abigassceharis 18R FoURY rﬂ} geoeus (ﬁ’ﬂi‘? “0 KRS
ohgosaccﬂaﬁ@é&haﬁl@ SorRd ¢ EPORAd10A; dddnieg dineé Rty dratd @ambgapmﬁdany sngar

one enbodi nent, an EPO anal og used for nodification

chains, aﬁ@hb@@’ﬁ(’rﬁftol ncI ude any addi tional glycosylation 25 sites
‘Q% %& r%gﬁﬂug Or %@&rﬁﬁn&ft EpDEs fidaitheRoABRtiot §o ad tB prevent
I O her e

EPO anal og does not incl ude
any interfaxence swiithe tcmm prgiegtorosypamlin@ﬁofsﬁnﬂ@@nm FRGr Bpedition, EPO analogs

R

glycosylat&ﬂicﬁtés Qe adt 1etaied asyritit OiBn&GlpBﬁsie ivd..tthé 30-#hemi@oReidepquence. As

t i de EPO an
wed herolfgl B SO ARG FAPRG EBORbERY SRARERS ghBhevegtlesg one
additional M-ﬁiﬂted%@rbbﬁ}@iaté beipadl gt lesst omvdddisiedali Ovlinked carbohydrate chain. In
th

ree- di nensi onal  spac S GO r med at .npne . ..
one embodiiery a1 ERGAFAS S 1 SRt SRR AT gt i3t BYBssviaton
sites withih RBod?'s Bidif hcRR RE €’ BFeik fdptifte. Alnl a0 5thei0dmBJdERdIe, the EPO analog
protective functionality. |In another as

does not inchedeagy pdditiomat eigsisaiien St Wik abopt fomiRg {5 e 'Biien pepride.
o still m&ﬁ&%ﬁ%&&eﬁ@me 300,108 %és%?-ﬂﬂld\?%y d\ﬁ%&&léﬁl B3N RidnhRes

esent I nvéntion providing the net
mthmmegb’mespémtde on does not inhibit the t | ssue protective
OQALhs 0 1idlto Ak iARREG -
Arhlup@ QE ImAY. soﬁ% e s % fogsegl fg:gﬁorf e to ﬁfég)
provided that the analog is rev1ewed in three-dimensional space and 1t 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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according to the present invention providing that
there i s one carbohydrate chain (or less) in the
O Brien peptide- For exanple, endogenous EPO contains
a carbohydrate chain at the 38 am no acid

WO 2023 8nal  car bohydrate chain within the 6%%?4%2%0@)&28073
pepti de has been shown to inhibit the tissue
protective activity of the protein. Thus, an EPO
anal og havi ng one carbohydrate chain |

or.no . .
the present dzitepiémipdiag disangiod q{ gbﬁ@SthlB? ﬁ%ﬁﬁ nﬁb‘ﬁ‘[’ﬁba &he tissue protective
ﬁmctionalifé% g%:'ﬂgnt%{e.e (irg Etﬁf arférﬁgg %s;leﬁ,qﬁ' B #falo@May! b3 u@&Efor modification

e cart drate chain attached to the 38
according tathepyessat inventign frovidisigdlead theet it enasesroRbdris chais fordess)ipdhe

— otein, 10 .Nonlimti i fii ' . \
o585 4RO AATRL B i 5 s i
and an additionat icakbolgydedlelitairowiihin #¢i Qf Bries paptids hasrbetshowartdwhipiirthe ssue

. chajns_t hrough gxi datj 0 icinal hydroxyls. . (2
protctive (s R 0] PRI <ihi 6 Hhel e Pebribe g ARt Sham bl
carbohydrafEShafl 8Sthe O3 ridnehB@Sik behtéridate@ P baia neddificggororln one
] er%rhrop0|et|n by sul fation and/or_phogﬁthéJ tion; h
embodimentnigie earbqhayirateghainpiieehed fruthe 38 BBRY AFi4mRAY G APIRCS;tp omewhere

conpl ex nol ecul es. Thus, the nodifications to the
eheonﬂwggﬁﬁ%hydrate chai ns of EPO may include 15 oxidation

Noslirhifing &xampleslebmoHidicstions pesardingrig thsrpresswnyaniiomincide

providing agl‘g{%ig)fl?l Q%ﬁ%gsgdﬁéﬁ gn %h\gﬁralfnﬁgh))ﬁ’r % cBfis 136RH dxREHor 5 \GERA h§droxyls;

el"'ow er 11Tustrated in prophetic
(2) replacifgxtheniblic dbid re@hied wdihrigss ldbde reSidnesa (3) Giragasiog thediemuiiye ghargren

.the Sialic Acid.Residues A ' . £ 4 PO
eyt ity i R BT S T B B B g
more complék mtﬂ@c@l\dgi Ghléia e Iﬁ{aﬁjiﬁxahy@rtatm_agbshlghﬂls Yhadnsef E}?Odileweidclude
to_provjde addi.tion residues., I n_anpther,. .
ovidation, BeT, ROAFPLOT Lo PE P Pt e s P ok WY b
described ih @ftatet 88hil Seide bl fuehibrdi@srateldprbpietit EQasplefl. this type
result in an increased half-life of tbe nolecule, as
conpared to endogenous EPO because the gal actose

Oxidizing &E‘ﬁ&%&j thfgsWR%}gl&éz}% b ¥8Yic AGH%8A8.AOr and renoves the
Socl protein fromcirculatron are protected .
A cheriveltionedificdiong Acting B Osefifes prptentinventiepingy include an EPO in
; di L ansat | i bileakgiehal e thhgutRRO
wirich the (RS0 B8 £Bart il ORBET BANMANGLERS B3 rnl) hARRTD
embodimehthithe kaligadid tesidgesEROsplated with lessdatdlstacidirespdies.i Madificgions of this

pl . i ¢l nal |
v GBS SRR AL VP AL B0 e
galactose ch@igs!fdk SvhiohlthdIpweg koresne farfand rehioves e sdgbdibted protefirefrem circulation
S RO T T T C——

on the EP(P1éhdsabh GrddR (HRfbald ™ SheRfim{ Half PR G Tl dctige EBOs siliyayresent
nol ecul és with vicinal hydroxyls %%%gyperlo ate.to

t .
invention. fRor pragipiRe MR ELoregingl Ay digiyle RisireRjaces BY A¢iffs fJATERL ijcgpase in the
serum half98PRkALEe aci ds. Reagents suitable for oxidizing the

sugar chain to form al dehydes are periodates, such as
Althoghione okordinarytskilk ih Seceartswold eegognizersecralspitablimetheds fefe,

conve@g%@%&%%}s@%ﬁgp&&m, 6&&%1@9@&/09 atrolvls (1) modifying the
sugar molecules with vicinal hydroxyls with periodate to form aldehydes; and (2) oxidizing the
aldehydes to generate acids. Reagents suitable for oxidizing 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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peri odate, and sugar oxi dases, such as gal act ose
oxi dase. In addition, skilled artisans would be aware
of suitable reagents for transform ng the al dehydes,
Quantitative Benedict Solution (qﬁﬂggg '
wo%n@%ﬁzgfﬁl e from Fisher). In one enbodi nent, 2 2@&@%')};3

nol ecul es are oxidized wwth sodium periodate and
further treated with Quantitative Benedict Solution

Fi sher) to convert the 5 alde S.in cids. In
periodte, QHtbRHEI SRR R SRS A DGR ied AHGRsBId By aware
of suitableljréag%ﬁtékdr ‘Eraﬁ‘s.%rggﬂ}i] £ dBSude budhnis QRR AN IFEedif@piufion at

I'east one car ydrate chain that |acks a sialie acid.
(commercialiy irciileble Fromdthen c freneregbodizicdha thesheai sialesuiga Prgoiidined with
: X . S : Of. ‘ Y&bth
oy e B i R EBRU s sagn ot

aldehydes &tftic &R. Wi t h t he term nal carbohydrate (sialic acid)

r enqoved 0 Pref bl asi.al oeryth oietin.s.
o GRUR Gpeiiaay, sits) ety SRy Fael DR Yt g peidda b
EPO anald@Xhaatoi a¥ Rast d8€8Hrbohy @t chsin Qud bickd Bdiaticerciangdiecis subjected to
o ol ution, tg_ transtaormthe %Ipﬂ)eh dli(?ﬁsi to acids. .In { of
oxidation Ysig EHfGtoRer IOt AAe form GEEPRERIRA 18t PURTCRS 8 it whpet ©
the invent%ﬁ)ﬁ'. eDGn HILH fdrfh DT RISt A@maal ébiboh?&raief’(ﬁaﬁd»lzﬁﬂi) réhdvien.

ven that these nodifications involve the gal actose

Preferablycasisloeralrepoiptin is peeda Qnge oxiflized; thedtPQ 1 sipjeded to another oxidative

?.Sa@'% hORs oq#g .&cul e,
agert, suc}{l e no %gﬁ{ %%éﬁlo‘:ﬁ? %H%Jg[ gb egfto%ﬁ i}fé‘aﬁd&%@??ﬁé&nﬁd&al by the,
In yét wertheriembedimeniah adbadan tehakide systeo manprorehto genereteffacids

livyer reens..for il |, L Si d
on the sugph i, SRV TR el petihich e P 4 EXRARE on ASVERR b deias
involved ih thé@thanebrmaAiohony saippediork BE BHO mblecyle,dsembleciy ghotildds able to

Is.20 fornmed by di ng,sul fates and/.or osphates.taq. .
evade ennp il P BT SR SR Shl P R B B R R GRLEy o il ot
be expose®harge of the nol ecul e and thereby increase the

half-1ife of the nolecule. In other words, the

negati ve charge of the EPO nol ecul e maybe i ncreased by

'g‘-lma B ca¥el ch involves the transfer of a sulfuryl
Increasin / Nedds

group froma sul fate donor, includin rotein, . o
In griojheo hippit e thegrason Janentiony b yenamstingéF & pethe present IXgRfion 1s
formed byitaﬁﬁi}]g gl.gﬁés Viftd/6 gg[gﬁ&@i/o @k BBORR LG, GBRE Wilt¥ncrease the negative

cing a oric group Into a 25 carbohydrate.
charge of 1Ba enokile abd thereby hotbagcothe Balf-fifstaf the rofledutes Jh othef words, the

X i SC Ln S Ponggqr. .et '
wssve SRS SRIEERD e FOR B oy TGP e st ot
sulfuryl grghéﬁ ﬁ%ia&ﬂl{dgg gmﬁ,dﬂﬂudjﬁ?g plotig _g],ycélf;i_ids, BIQF?CSB’?_imgWQQHS and steroids.
cenber .. For. exanple, .insulin.sulfation
Aad, tho T ShaeeR oY el BTAARY E PR - Rsogs oo 15
catbohydrgtenmet hyl formLuni de (DIM, in the presence of

condensi ng agents, such as N, N-dicyc cxyl 3 .
O bt mothafeT gabeeeion olpRpla isdjpquste “H%-?Fb&ﬁlggfﬁﬁ 68&%3%"6“’11 of

Hi gh—Poteﬁéy, [idhfa8kkSing BRuREs G 4 Rbv S uBMURE PadLei8 TR, Vol. 32, No.
range by varyrng the anobunt of condensi ng agent.

12, Decemfjet 188 gRoraxample: inswin sulfatpmayns cagiod Qnirip fe grEans §plyept, such as
_ Al CoRvEm I TP o o
S L g e b e

Ioac I'n" made W t _
carbodiimMBRDEC), and 5 sult«3IROO 4T 1BRREET of sulfation 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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PCT/ i 1S2003/ 028073 process vari ed between 78 percent
and 87 percent of unnodified insulin. By using a
simlar procedure for EPO, one of ordinary skill in
may control the amount of sulfati
WO{EZ'Z 72re the serumhalf-life of the chemlg(’ffjﬁf'?ﬁgﬂ:;mz8073
nDdIerd EPO. For instance, the negative charge of
EPO naybe i ncreased by adding sulfates to the protein

by di ssolving EPO or an 5 l,o n at | east one
process vmsétbéwe%’f%mréené AR GRS émmﬁaﬁéé F§B DCC, at a
By LETPLGANN RoRbnRIGUHPO, bhe ofhiingrylHD ih ﬁldlii‘ﬁﬁ@’ doBflolaBe amount

t he sul fat'e donor, t hose of ordi narégsklll in the ar

of sulfation/gnd thereferg e sprum b@%@ﬁl"f e sherpicalbimedifieb ERQY Farigsteshdhs
|
negative cha% ogﬁﬁo\%a teg&g%aﬁc%@%ﬂah g@%ﬁdg&g ptﬁ g]:}e p?%tt@?l_notﬁldésf%l?fﬁlg @.‘Pfﬁﬁ’ an

EPO analogiisi ab tpagiloas phier saublacirebdiimdRometeaably RECy ht@stpxnmretu@af ebout

4°C. Whll@?ﬁlééaw\é\?mi% {7\1‘5 Fc’lglhag rdon%ﬁa ﬁlo ot’)f?og gr&sﬁlgz_?éhgfég\{%%eadﬂy

recognize diP SRMABleSuERE Asriord for edefvett thopesmhvyitani on of EPO,

ST BB BB L A RN TP AP L e T ey Sther

acid msro%}jﬂltﬁd MasiHatedfonbe 25daind Hhile pi¥spiRiridlabianepeteyed)| skifleibytisand
nmpound wWith a long and safe c¢linical hist o%é'i?,fﬁhl ch

would be ahla@o mnrélwsglepmm@hospbat@ donorsdp sffsstplipsphorpiatiop
al so be a nethoxy PEG (nPE. CG having the follomnng
gener al fornula 20 In one enbodi nent, the PEGis an
Terminatingphericar 45 2 G‘zetlroxy PEG Wth primry
r.ou
Thegﬁa%’ gycgc ag%%sagvﬁﬂafmsfagﬂ & Igéﬁﬂﬁgé% ro u)sgdlg&ﬂ 3 Mt o
polyethyledesdlydon{PE)pa mgounﬂ;eﬁhl h lcfngmud safe aliniga disproy, dehshas ttigdollowing
no end groups on nNPEG -NEI are nore reactive
gmmﬂlﬁmmgkard acyl ating agents than the hydroxyl groups that
are present on conventional PEGs and they also
readily undergo reductive amination reactions. In
anot her enbodi nen J1tHe PE al -16 WO 2004/ 022577
PCT/ U S2U03/ 1: 128 7 3 €, ee(g il licaldy activated PEG
such as inPEG sucgipimdly prqpignate (znPEG SPA.) or
NPEG- succi ni m dyl\ tbuttauoat’'e GhIPEG-SBA) bot h of
whi ch are commercial ly avail abl e from Nekt ar
Ther apeuti cs of Birm ngham Al abama. In yet anot her

InaS B 6 B e reRe R APEFON o e oL BBk

is achieved via oxidation with periodate (as

di scl osed above), followed by the use of

cyanobor ohydri de a aitli noH P. F G For exanpl e,
EPO i n sol uti qp, be|f|E§t oéldbze%Hmnth a

peri odat e, e.c., oi q1per|odpte* for a
predet er mi ned peri ofd ti men at rBom t enper at ur e,
whi ch produces al dehydes in the carbohydrate

.
zad.

In one embodiment, the PEG is an amino PEG, preferably a methoxy PEG with primary
amino groups at the termini (mPEG—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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chains. A suitable periodate is sodi um neta-periodate,
which is commercially available from Sigma. 10 The
perl odate may then be renoved by buffer exchange, at

ich time the oxidized sialic acid group
wo %@1’?25?2% ol i gosaccharide groups of EPO m%cgfelﬁzuosmzsms

subjected to at | east one amno PEG in the presence
of cyanoborohydride. Suitable PEGs for use include,

clecrophilghly 5Htel ERGI 1 VB BASHEIT RS NBRPEHS (FOIADER] PUarE

Lt
oo RO SOOI g a0 i, gt

Therapeutlg?r(hflﬁasﬂmghane Aridbaah. QBYG&@IO@% ebedimaastha PEGs Hipary -
hvdr devvlth gal act ose oxi dase. For exanple, an asialo form
yaraziae- ot EpO (havi ng exposed term nal gal actose residues)

In dnefefn®bdiingnt ihe sﬂd:ﬁmbq:fehet aidbaistcnne @’Eﬁas agjseyed xiagaislation Wlth

periodate ( Ctﬁ%aciéb%ﬁlv}ay fqi]\é éﬁ)b{;ﬁ 321%‘%“%3%1%@556 tl%O PEG >1;“0r

example, HPOEIR sBatisEmRy Eéjﬁllﬂb/oxkikldﬁefd%ﬂﬁi(lﬁﬂmaﬂ@e, e g&,tsoﬂ&hin(;i&nbdama farlae

et OGS RO BT s bS8t oty
chains. A ﬁﬂﬁﬂg ?%&ﬂﬁéqé édﬂl‘ﬁlm ZiBtaTRBo AR, RAS iDERMheledIphaislefiem Sigma.

tended to be limting as these or, other msthog,
The penoda@yndyéhem};@ggmo@d,bwépﬁpr@xghﬂ@g% @W@G}h e dge gxpiized sialic acid groups

on N—hnkefl 8%%&5&0@%1(%&:}%6@9 )éf"]ﬁﬂg g%ay%e St J:c#c%dto A fehs? Bk IBHS PEG in the

Tty of these chem cal
presence oﬂqdncﬁhomhyﬂmhs Smtahia €EGE fig ulsmgluéﬁa bittrage petdistitsa fo, grethoxy-PEG-

EPO der.i vatl ue protective
hydrazides VF’L‘}{% P STy Y ai%ﬁ 1?%? er nili ?%E%’Ite{l%%bl i cation No.
In ardHePE5RHENrA THe AddSionRBatient lekilohé BBGioperiNosed by the attachment of

MO 1 M A N A —
asialo forn 5@1@(}ﬂaﬁﬁg efpdsbitemBiReD gh@bt@ﬁ-ﬂsﬁ&e@ daifatiy fint subjected to

elaciose GHBERACTIE A OIS MBS B o e f o ety e

fouFBEn i MEDEd R0 Ve R bulRs bxcBHRE 08 Shh inkthé SBized galactose
chains. Th%bu eser‘?ml1 vehl?clogs by 30 which the long acting, EPOs

residues ma)‘r bi nfomc@ié, to stagashecprith R insthel Presans e o R/ARIbYTahdride; eq,
but e
Th%l:jlue@r tgs g'? % 3}%9@%% ?ﬁg edddiéhe HEMing4h gigset &3nRf 1?1@1!1’53&55 may b

appropri ate nucl eotide codi ng
used to pr@a@ulmmm'ppundsmlﬁ tHeiinventien. Fisd eXanade, ersirillad enpisinevuld ryegmmize the

sppicastBf Wi st oot H RS S Terdetb Rt T b DR 2

denvatlve@ﬂualﬁl his theBEBIR ploddtive ¢yedkireks Higcloseden hhmancaylsmbh@,tm Dieh

TR R R

incorporat cRYdnch Borein@iRirRhingtyt he | ong acting FPO product
codi ng sequences; plant cell systenms infected with

recombi nant virus expression vectors (e-g.,

Productio b EpeWssiedlsai ¢ vines, CaMV; tobacco nosai c virus,
ransformed with reconbi nant pl ast]|

A mptyes"gosﬁwxp:@mm@ctpesys@ms mw bpruabzﬁzh tg ?IOéB?ﬁtB‘? leng geting EPO
and EPO- %q]tg},grf egB sys?ﬁ&d S{EB& r@s@ h@ téﬁé’t@ﬁr@&ﬁﬁvehﬁ:[es by

I nc n cel syst ens,

which the &ng actuig'lmm(hf Besst nGibe p&dhbadwndz%eqlgmy phrifreB.dnit plge represent

cells that rﬂq(?yg gg?%&%ﬂga r ooy %{;}1 (f wﬁﬁ uﬁ%ﬁrz)pngtg %ﬁétﬂ dQ go ﬁeﬂuences,
exhibit them8dified ét?ﬂafﬂpbiéhﬂ ip&iRiratupl /2 3. €These include but are not limited to,
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or frommammualian viruses, e.g., the adenovirus |late
pronoter; the vaccinia virus 7.5K pronoter. 10 In
addition, a host cell strain nmay be chosen that
|.ates the expression of the inserted

wog‘}ragjﬁﬁ%g%fi es and processes the gene productéﬁﬂb@ﬁ@%son
specific fashion desired. Such nodifications and
processi ng of protein products nay be inmportant for
the function of the_ protei nown t t hose

bactei, nggR YA RASRTHan i 4TS e g S SO ASe uB mfd  scet
cell systems RitEétd &tﬂﬁ%g}gﬁhmﬂﬁs‘ﬁ ieQﬁon *ﬂa@ﬁﬁ-&r (g2 BahAdViIREontaining the

processi ng no |f|ca i on of protelns and gene

long actmg@li‘fam@ﬂ@ct cagipg sanenaese plesy qell syt infsctsd Wﬁaﬁcogl)‘?%%m
expression Qr%&orgz a%ﬁﬁo&% en?t#ﬁﬁ! Liud, BEMELHSHREL rﬂ&gicfvﬁxﬁ?t’l‘l\@@) &nd

oreign protein expressed. To this
tra:usformeé mdth rmmhﬂ;mant plasnhdn s:tprcsaloh gedidrafe. g;,oﬁsvéegmld) NentarehWIgu | ar

erythroponinqlilgrgjggﬁ 1%11 u[ﬁ%% Wqénta c(rgs(;) %?SS m'?r 1911 ce%l Syst m %ﬁl}/&%hﬁm cell
systems, e §SHE 1080 QOB CHEY BE, 206, 813, Iﬁﬂfbﬁng’&mmbmaﬁt ehpmssmejohmcts

SO N e T T
or from mani¥fdfian 48 3ses, 313, th@RR—nWARS 1ateXbrofmefer; NG tifTaViruh 7 SR -préredier.

producti on of recombi nant proteins, stable expression
In adéxqoneef lenst el straifigraydg sheser thabmpqulates fag expregsio phibe jpserted

sequences, %)L(EH log ne%@r&&%%ﬁﬁlﬂ%@ rBHtﬁ:%HﬁhP!i £i%6 (FdsHR®n desired. Such

ate | e gene product may be
mod1ﬁcat1<ms ghdperesding Riptsin mh@wtsusayrt@ @n@t@é ir ghe fpection pEthe pegtein.

t I
s o fiOBOBi0h ollitaf i Bfoaetf Boge Al 1 RORE nflufinfs Bk e
post—translﬁ:iﬁl?ﬁﬁ&&e@@ng mﬁnﬁcrdmﬁcaabmufqmtsms andggene pnodmjs ezi\ppmpnate cell lines
ennancer

or host SYSEH}S)?%E?]%OQTT{ g%ﬁ%ges@F %:crggerc]: r%xﬁ% zlﬁféﬂ a}lcgérrgc&%'gg bPihe forei gn protein
expressed. SE @b @icigéticHtost delb thavpoagesd the céllutar ndlldhlherg orqfrofiche

oreign DNA, engi neered cel wed to
processingfod Fhepﬂgnaasawswwta%%ycem ?’ftqﬁleﬁldr@a?r{’ggfygaﬁ‘a i egpeprodtictiay be

used. sucmﬂ'aﬁmﬁﬁ% Rt cells SRI1GELS MBnABBbibells] 188 beCdrahdtdiniRa kEHT 1080,
he reconbi nant plasrnid confers resistance to the

CHO, VEH&IE&KJH#L%G@S 2031313, 0d WB&bly into ate the

| fsQedferred.
R e e e
For examplel oadblined Kias stairlr hmﬁesnﬂgt radm@maa’g@gu@ryte@fyeg:@tog@@gelgt@d

er..cebl |i t t 1

molecle i BORL BT P26 ARk, FngERAR B3 sl octory e coman v
origins of ﬁplxdaubn,rlﬁst ca¥y/cah de pansformed anﬂhy)m etbnjtolleﬁb:s appeemiateexprsssion
eval uation of c ounds that affe

control elER A yPBTOEF GBS ERATER FOIPUGHIR GaNE o Sge Vaton
sites, and th%ﬁke,m a?ﬁb@éb%?eﬁﬂ&kﬁcfbmﬁ'ﬁﬁ@ﬁ{e@ﬂﬁﬁﬁ&mﬁl cffﬂferfatelgné]JNA,

e expreSS|on char act rIStIC of a
engineered ile gy §o kol BIowaloE kP dayy ip 48 B %gwa&aﬁﬁe&ﬁfm“’hed to

a selechvet?ﬁ?edf@ Airlels@dctie AKEF inltitdrefonMthlk PlagifidenfoMAcdifgidt & e Y
ment into the genone of a stable cell |ine or

selection auﬂ et q«rils:tow@qb@amegmesth@;nla%nwétmtt) Hheirichrosiasemes g grogt i fpom

foc that ] m?xﬂ'i)e lzl%n LA P& Mitd deﬁlfﬁgs "I'hﬁshn&tﬂ@d ﬁﬁﬁﬁﬁ%ﬂtﬁgh%usly be
FOPGI et n nnut e n-gene. For exanpl e,

used to engnehm geihlines tift ER@saﬂ@eEH@ geic-tehikd mtéeqm&mﬁ Plsﬂduct Such

englneeredn@ﬁlzrapél%c gr;ll ﬁ %flf oar@%% l%iﬁ.{] in g(ﬁreeml?%%(ng?egglggtgngﬁ l@&n%?ﬁ@se {rhat affect

the endogdnOé dcBviy 6 theEROGelbled holeeule maye rediatt i vat ed by
inserting a regulatory element that is capable of
pronoting the expreSS|§n of an expressed gene product
in that
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cell line or mcroorganism Alternatively, a
transcriptionally silent, endogenous EPO gene may be
activated by insertion of a prom scuous regul atory
I nt that works across cell types. 10
Wozﬁg{}og%lgogous regul atory el enent may be in?grr{[]gzdmf’/%mona
stable cell line or cloned mcroorganism such it is
operatively |linked with an endogenous erythropoietin

gene, using techniques, such as targeted honol ogous

Altoraetiygly, tha eKmpssionshapetes o Qe endngrRRY P Q RIS B SR el
- ol : ﬁéﬁﬁéﬁ' LS hiHeReb1670a0 DN PRk e MbryNdement into the
Imemmﬁ%ﬁéﬁ%‘é’ﬁ%@. at er}’t%an\bs., %2, 215, e "and 5?%78, 461, and
genome of kistablereel] linme claded micearzaisnngish thap g ipgpobregyigfory element 1s

. . W91/ 0 7, the t] I:SGl S f el e
operatively; 1]’%84 ‘6%)6[? gleeeaa%%'}m%egfe b@gﬂ@é eﬁr?el n%&l};ﬁ aﬁoﬁ%ﬁlﬁ??éﬁf SnOHS
EPO muteiC@emaBiitis auimallntrapsceiptionally silentlt, i. o naraFRQ genelthet sssnoppally not

phar maceuti cal , conpositians i.ncl uding t . i
expessed BRORFOELPRE 0 BB prbsaacel oy 3a ialed i sRpihee
regulatory b1emBniaARd: i tGp B SE pRémothg thy @pesstion ofivarkpesse® @ene product in that

] advant ageously have erythropoieti.c actjvity, wel | b
cell line or ggcrpprggianp AYematiele 2 B‘%S%Pt!qnﬁﬁy sfeg F‘i’éﬂ%&‘&%‘? BED géhe may be
activated bg %g@fﬁbh bf %prrog:tk%ﬁoﬁ rr%u?a@(ﬁ& SI¥RIcAl tB& voks dcfRatdBipesOf

ma an ated di seaSes in individuals also at
A hetesttogous regaiatonyelemens sn be ifjseitddsto agtrdle ol lige pogencdng
i QGAGE P opkflif 8 wiltfhn AU deh A cryhEpdiOcRS ok
R M e
techniques] suelabtergeted homnlopous renothbination, edhiadi asewelbkngwn to those of skill in the

i ndi vi dual s 0. £Xpe, ] j rjadd I
o, and alsp Aerg R LS AR e B! 4 2580 o 39RAEH, and
Internationki I licdtieh Noer WQI98/09232emt GVQ9 HedaoAghERTe disclosuees pf whishtare
) invention are contenplated for the treatnent of
incorporatednyFpierenpe RERHvi dual s subj ect to conditions resulting

fromthe normal aging process, e.g. balance problens

| eading to falling, easy bruising, and the |ike.

Pharmacentieal $0mpositigns pr esent invention relates to the use of
Th%: Q‘?sehpﬁge@gh 3¢ ﬁ@ﬁ o Bharhdd€euBt A $8Mbodiiine Rclidh ke long acting

riers for other nolecules that ~have Foor ) A

EPO molepiesatf Htpiremntinreption. Bacpyseithe long aeting PPOP §F the arepenl inygnton
RS S et ivt B abifRtnd HahRiosi
sG55 SO, S R S B R Gkt
capability, tiesypestdntemyiatef fot treatient efitteonia andrelattdidiseanss invindiviguas also at

} EPO anal.ags may, be .i ncl uded | n,. i.Gak: .
sk or vagQin B PO B ook F el A gl on, g tong e
I e e
2o/, lscussed.,i,n.ogreater. .
individul R P W RS TR LI GBI BRE SoF ek fgon's and
the like. FuiNEMbiOthe GGt Riinb BPOS G ROSedentabdntion bfeeohicnglatdtionthe

of the nodified EPO, preferably i.n Eurlﬂtﬁed form The
treatment ¢fgnerniadn ingividuadarbieet o sondiionsguiips from dhs narpalagineggocess, €2

i T Whd B MABPRS ithd BaRnGhvdakien

balance Pr%@%@%{é?&éﬁgﬁ%?’ﬂ%’e&gynﬁg@n% gﬁfﬁs of the modifi o EPO of
relates to théeseiof terlengastisg BROS pithe pissent Byvepitonds e8HeR forgiher golecules that

treatabl e provi. . . . rategy is
rave poor gyt Ghi Ry S b U B Bhin RED BAPER DT O The
Fophamphe et ofaiad long anipg EPOs discsssai dbdvimay b invludedinipharmaceutical

compositig]n(s). rc])_f %érln%nt(f&s‘ a[g%drﬂggﬁf r\]iiérlous EPO analogs may be included in pharmaceutical

compositions of the invention in a blend with at least one tissue protective cytokine, which will be
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The pharmaceutical conpositions of the invention may
include a therapeutically effective anount of the
| ong acti ng EPO conpound and a suitabl e amount of a
eutically acceptable 10 carrier s
WOEO%% 1{5%7‘;7 the formfor proper adm nistrati ogp(?]ZU#ﬁ(gmzsms
patlent In a specific enbodinent, the term
"“pharnaceuti cal |y acceptabl e" nmeans approved by a
regul at or; agency of the Federal or a state
discussed ig g{raten ARAR beIPWi i sted in the U.S. Pharnmacopeia or ot her

Th@ﬁﬁﬁﬁ@deht\fca[ @&ﬂﬂ)@ftl@ﬁ&doffﬂ% iBvé@ifion BRRGNR ERPHEIcRTY eﬂﬁfﬁ:ﬁve fimount
ani mal s, nmore particularly in hunans The te

of the modifred BRI, prefqrdﬂ:e epupigied forgg [The Fﬁrmu‘aaffuﬁmﬁld suf e 1o

t
i 55 et e Wb SBfoBROMS o i e 6@ hnoun
of the modified HPEs0f theinfemion smihltim thodirgetedemnditionipireatablamgogdedshe proper

dose and sé%%&yﬁglfzr?lglogﬁj ﬁ as d1 etsrgtgl Srgtgl]ﬁu a11g?1 Ws%ggﬁ&ﬁigée%lhgﬁl

compositiofisAildbe @ehliverediﬁ@ﬂcmétomicldoaigd atabwnt] i ke. A saline
solution.is a preferred carr.ier

T AU CHREBABUS 1 HP gl R CE P Gppeutioally ofective

amount ofﬂ{&tl&?%V&HHgJEPM compindené @ bwitabe raﬁaoaﬂd)fa@uﬁﬁmmﬂemtyms@table
cerol solutions can also _be engloyed llé&ﬂé&n

carrier 50 2549 Pﬁoé\dg theﬁ‘am foz prorey torRpiration ithg prtie

the term "pﬂﬂrﬁa@?ﬁtfé ﬁﬁé"tlhé%ﬁé Iéa@ov%& &L R 'r@g‘ﬁla%or?/ Qgén%!? 8f tﬁ& BEddkal or a
ucose act sucr os gelatin rice, flour,

state govamimailﬂo,r figted incthe gles Pharourapsia os othar ganerallyrepesniznd foreign

pharmacopg a{}(g)r L %{ %51?18]53/ élr%neore?‘ gz?ﬁwfa}:mh ﬂﬁx{ngrfs 'Igltl;: 'rt]eg%o'lééﬂgﬁg %ftex% toa

diluent, adjuvke, ex'ﬁp&enn lvavehidewith ehichdlonthespdutio m@dnﬁmstbuem ﬁml\lnt | on

may also co m nar agount,s of o .
pha:fmaceuélﬁ%cwgfl g%%&lﬂlﬁ gqmg Sbﬁr]—[io erSPlﬁégg glré ﬂzt%tser gr%dnoxlsémcludmg
those of petORRS ki@l Segetiblelod kﬁmtlﬁdme oﬁgihmu@ﬁ asSpdaniiti dipmyb% oil, mineral oil,

ensi ons, . enu| si on, lers, .pills e
sesam oil BB eniFe- S8k RO BgHSE LA AP e PR R cppositon
is administtR KRPFBRINEGS S%netshﬁmbﬁkVﬁﬂtaq%u@@eﬁtrb@ dn@leidbral &lutidBs can also
neutral or Salt forums. harnaceutlcally acceptable

be employedastliguidrrerrings pekisdlarly tor mstablaRltipat Spbls Phrwagtiedlch
excipients %llfdg Qﬁfch Pc’;o\ég Gadids@BucByd %&9@_{, RaktCriceD h&ﬁpélﬁﬂd, Gilica gel, sodium

tartaric acids, etc., and those forned
stearate, gl\m:drbi mmeteuawb@kwodugr Jugridlesdréad skim mﬂlssémgrh nrepylgneoghycol,
water, cth g"’f“ B taSSI um anmonium calcitnl, ferric
%N oxides.; 30 i sopropyl am ne, tr|ethylan1ne, '
Thepieihydeatitah compdsitions of thé By erdion ejay piso catnie, migomouR of@etting

or emuls1fﬁg%gée% 2$I'7 Tj U%%% 3/ ZSSG%}%{IJCO OS I a%e thISIfQI%JL %ﬁ% P%ODS

ove any
suspensions Odhg1 G164, itdbdet ?ﬂﬁ @fpmﬂébﬁpcmcﬁﬁee ElIstdlﬂvd&HlEasﬁlformu@tlons and the like.
contenplated or use in harnqﬁeutlc %g%05|t ons. ticall
The fPrepaEnds AR FETIon 521 b fgroaeted s Remtl of FlioERy apppecutically

acceptable%ﬁl‘tﬂﬁ&lh@h@ge WinfddRath FRECERNY frdu Iihs%ublﬂﬁ‘d tHeke @eh%dtﬂ'tﬁn

p armaceut i cal COfT'pOSI tion o i nventj on.

hydrochlorig phesphorégrBestic raxatic, tarigac pHas: fise aud thes forpafBith ??f‘o%ﬂ%?P‘}’l
groups suc%mllg %ﬂo@é’ [N ﬁo#n%ﬁh#ﬂegot b€ Qﬁmﬁnﬁﬁf cAlORE: Akl MEr&EREes,
resu acl ng e sialic acid residues

isopropylawiiriel trieﬁ:s_yﬁnhada i2tethylanging cr@snol,l Instidjrst pracrinch efe- embodi ment
the long acting EPO included in the pharmaceutica
conposition is a result of increasing the negative
charge on EPO by sul fation and/or phosphorylation. In
still anot her
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enbodi nent, a |long acting EPO produced by term nating
t he carbohydrate chains with nore conplex 10
nol ecul es, e.g., PEG chains, is included in the
har maceuti cal conpositions of the invent|

WO Z084%23%0n, the preggnt i nvention contenpl at eSfl{%%SbSIOZSOTS
of a mxture of long acting EPGs produced by any of
the nethods of the present invention in the
pharnaceutlcal conpositions of the invention. For
B gddéteut i cal conposition of the

As Ibﬂé’%blﬁ{bn@%okl@ %#" S€ih&onk 8@y KPR of HRGesalibvegtidPide

IS aresult o relac:lngnthe sialic acid resi S
contemplaieil tfgr use Bephiamtrictusicaleosmpoitionsn i ere empofimest adme %ngl%
produced %glé 3’1‘1%%%'300%%1%%} Al I 4“%% %@ﬁfgﬂ% %Itl'l.lé %ﬁxgzﬁ:g;tﬁgl Joﬁﬁosmon of the
invention. [h asqihiaresabodiineit, thﬁphmmm@ymmtm of iheguesstien includes at Jeast

ear || t.he Ion act| e
one long Y Ch B FPIL B BE g S o Ko ELARERSs Wil
yet anotheﬁéﬂlbddirﬁéﬂt,&ﬁe Ray hdtg EPO maa@nmm phaihmseutmi@omposnmme atesult

of the present lnventlon or%.]¥§he US
of increasing the mEgRY Ve S grPIEREL b;§ul fefign fﬁ%é% ghespRerylafip
embodnneﬁ@ﬁ ﬁdngraﬁhﬂm@gxloﬁﬁdéh 85 terihrdablinOe CarbalydtR¢ cliaRp &flithahdre Bomplex

targeted area of the body having EPO receptors.

molecules&@ 1PRG drminsoistinclyded émthe al@mmeae@é GRRReSHioaY pidhe WvERIPEt
In %d?:li%mnaﬁ'lg p{‘E@%IR %sﬁfon‘}rgﬁﬂg%ﬁgyes ﬁferlﬁ§ §f 4 ASthB bf®hg acting EPOs

ers n one e , the transport system
produced bymiyuxﬂd& mhdtierds ofifye prebénh VBRI in thephernpearisgitcompositions of the

ventl n S
invention. B A epl e R G At el Moo st one
long acting BPOIR4 3 mgxmsfrdpkmlngnhmﬂlmmlmmhb@s iafoée residyes and at

ot her, words, the Io ctin
cast on 18 H1RE BRO 8y 4P TSRS IR 6 PR DSGI R 2 PO by sulfaion
MMRthéﬁmBaﬂﬁﬁhion to act as nolecular "troj an horses" so as
to enhance brain uptake of either small or |arge
nmol ecul e di agnostics or therapeutic nolecules. In

Transport ;gggm an i nportant pr oblemin. the treatnent of human

tumors is posed by the need to 30 deliver
Astdirenspeeariiar, thg g gctmg E’&;@f fhecoreserf; iByration advpplagrously are able to

traverse bz%crlhgrts Gt l’%ﬂg‘iets?x bBIr ﬂ:a?t% T%EIQ g%lﬁﬂ& a‘éﬁb@f@f tﬁé)pljeéeﬁt #vention

es t erw se
is a transp@ift Emdrm wging the ﬂ]nggcw@ BPGend ﬂtdmesaptyn'eqntlh@;zs q;mersn’@f molecules

with poor g%]%g]g%%q?tahgh I?Iﬁ% a ? ! al gﬁ%ﬁ raf' {he b%%a)v g@ﬂﬁ%@ﬁﬁ uch transport

0O not °Cros

systerns a@ﬁﬂlﬁé&%&?)ﬁovm nb&&%ﬁﬂ)@df@ﬂ&ﬂl?)ﬂ of dmbrykrarom the lr(tBTbymeﬁ
adequat ¢ anmount s.

In ges gql:é}dymg’{t,rﬂéq g@s%(gt styﬁﬂgfﬂ 13(?13«%3 [’]1}? lg?éaect ng Eﬁbs BE%S hresen
invention Eﬁ]ﬁét 1¥RAS SndidiBleMaidoRbrdinGendititior karpide a Antel uidiafsmethod of
could be used as either d‘%a%n stic.or

delivery a@m@ﬂrth?)mﬂct lopdpraibreier. 4k HlR WoF agffg TROs of the present

dr6 bk i\eE mdRRERES R A horses"
invention ﬁﬁg 1rl&vg Iﬁﬂgﬁéacﬂl%@’ﬁhh igbcﬁ%ﬂ:ﬂp&%ﬁgﬁ g nt émPCB arat Fl1 2 orses” so as

to enhancpbreReptake o eifher oralharjarsemaleerle diogaosies orithgrapsuguolegdss-

ecul es. t
In g%gﬁﬂlugp%? gpr%i)lp uy thr Q%éﬁﬁx‘t?eﬁjt ﬂ'fug{aﬂ%aa?ggn%[‘st 15}5?&3% %hegneed to
deliver théxapdutig ageRsso qieciﬂn eegmssaé e hrm,emwmmg shegnwighin jand iapgeamg them

to bratn tq%l}dqg 8 %C | nﬁeﬁgeé %kiwé méﬁhg Egl:ergwlgerl}/n{) cgf;eglllrpé glIel 5 %‘gﬁea%ﬁ rﬁ{éaéép% either do

not cross @LE blda8-bbdi@bairibd (BBBY @ tht Brairpslifacentao thettivaod @rig natctrossghe blood—
EPGs of the present invention nay be included in
vari ous gene theraplqal_
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(viral or nonviral formulations), which are often too
| arge to cross the BTB without aid. 10 Furtheinore,
the long acting EPGCs of the present invention may be
used as carrier-nediated transporter for '
Wof:qqg%?ﬂerapeuti Cc agents. Because drug-acti%@@#ﬁy(ﬁﬁ%suﬂ
transporters, which are expressed at the BBB and the
BTB, actively efflux chenot herapeutic agents fromthe

brain b_ack to the blood, the distribution.of t
tumor barrigs ARTE) FrkdevetermaS ARSI B dor T9i e P VASK e e that are

unique to f_hF, bR ﬁdd]ytha(t%g?ﬁgg Elle $EschBRSO Wor ERAlplTRaiboafes ﬁ‘]ﬁ@could be used as

assi ca rapeuti c nol ecul es that have been
cither diagnesig or thetapedic mdlewdes de polgiess ffapdB T wlliriqnt AuanBHcrdg §o effective

because Oftﬁ%%?lg] (@%%ﬁelﬁ}ég&ftﬁg ﬁ?b}! Sf eQ&t Hv@ff\: o&%‘l’a{a’ 1% ung & dtarrier

for such mpleeslesto allowearvéredl ofithe BBBaoB 1R (t)n:er exsmph ofa molecule that may be

i BT 0SB e S Tt By Dl

typically us&tEeiftgeidtishibit biktofenid dighall citdnintage gérl’ﬂ:&ﬁtﬁ!}@?moﬂ of tm’iﬁhlhen vivo. In
enbodi nent, the long acti ng EPO g oi ned wit

addition, the lage aviiee EPOKIOF repessent @vgﬁ?qwayeber%ﬂﬁe@]ﬁﬁﬁw e pgavies

(viral or n&ﬁﬁﬁmm&%dﬁsf Wit A foPbrek REEBIBS BPBWHtHeuRgENt s

are 20 norrmlly effluxed frombrain to blood, In
Furthitinieo e lortpeaciingsBRO] ofi lhe/rasenioinvalien may be 8i8d| 25 paEer mediated

a Nohi

i e L
expressed pethe BBSr and tHOBEB.i mhteﬂmg“ﬂuxe slznpithesapebticagents e the brain back to
s oo SRS ke o B B bR e by By
these reasGiR[Uhdt h@é&/ofehiﬁiﬂishleﬂlchémothﬁspaﬁﬂc nmlcaulys thptdnge bes, usd:ﬁdn dreat

skin, and,endonetr.i al rticul ar
cancer outsige {5 fSRHAL DERIPYSSYTIFE (G et R bt iR ofbstp gy
Thus, the &Rlof & lonrg%Eh&%aEP@ ef 1!11§ prescht HROARLAE @ pirgiE: fof ELQﬁS:haﬁmiherapeunc

cones i on, pol ar, horizontal, cri.ne

agents mawb@meérl noten ¥1n qmv@s ihe aggits o the brajn, bl 35 °FR/BE H%Ed‘ﬁiﬁﬁ within
the brain fgﬁt?jlgraﬂ?k Fanothb @okinRint, MRHEng ﬁﬂnﬁg abDirddy 1RgeiRed ®ithdSmg that

junction tissue cells (atrioventricular
inhibits the active afftitmetiostenp farthsy enshiaribe wnitlief chemetheranepiigagents that are

nonnallyellﬁf%?d%&fﬁﬁrﬁmtﬁ%ﬁ' hate and Kupffer cells; kidney

angral, renal epithelial, and t ubul ar
In adtthﬁms thetprabntoﬂehson dsmddntempiae@tthm@e of miofiified @B@I agtcarriers for

esti nal and Cr n
molecmesé’ﬁ RTINS %{?F 8§h1e 6 %ﬁh eer u gésvgﬂ (Zg%l @&{ affq gﬁqﬂngng
examples HE3uCE uémﬁncsudeabﬁrﬁl nﬁﬁlﬂe,rlﬂhrt teuhy liva, lnéahdyssmaihmtmmwc adrenal

cells;. capil ary erlc st es
corter, adiegglpgil ofiSeapiliy oty e s & g (o
cells. In paMidhdr, & bﬁswe@'eﬁsf ﬁmbl@ﬂe fmﬁﬂlbhﬂhﬁtat@ﬁ’, n‘éﬁoﬂﬂ%ﬁ@ 2&111517%115

PCT/ US2003/ 028073 and .prinmordial_ folljcle %E )
photorecepighpdscaad canasy gangliuipals, hosirgurh amecng. 8 %eﬂer cells; muscle

cells; heark §éll§eﬂn#r§bardi1)&n g;fal:é Rk hoataehdd®; sinddRE n6&R), bisis node, and junction

t eopf ogeni t osteocl asts, and osteoclasts; skin
tissue cellg @M@Cn@n@ﬂ@tmdﬁ iand bunglel of hisxrlres sellstlivengells:ep@peytesngieliate, and

Kupffer c%{éd@gﬁ r°§§Le ! g%tl y8ial E@h‘leh??s y ﬁblﬁﬁ%ﬂﬂ@ﬂ%@l@hﬁﬁl in?éstme

hée above or gans ITDOSI 1 on
cells: goblat, etektingl gERA (dypik)oapd eaterhl Fadostias @ils;taémmalxﬁ@rt@y cadiscglpmerulosa,

fasc1cu1atecgwgr IRl %@g,%eg%aﬁl ﬂlg ﬂﬁg@gﬁ i cgl Iss ca?]i)?l ar%cells pericyte

cells; testes cells: Leyd1g, Sertoli, and sperm cells and their precursors; ovary cells: Graffian follicle

..‘
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may i nclude an EPO anal og having at | east one
additional N I|inked carbohydrate chain and/or at | east
one additional Oinked carbohydrate chain (that
s an extended serumhalf-life but |
TB“?)z?%%ect ive activity) in a blend with atp%ﬁ@%,(iOBBiH%
ti ssue protective cytokine. For exanple, an EPO anal og
having at |least two additional N I|inked car bohydr ate
chai ns, wherein one_of the_additional drate
and primordighfoNiclq csll; panmreng cplis: okt Qﬁ@$@f‘ﬂﬁéb“teﬂ1& 2R B el ufa F-cens;

bone cells: %9(@% t&@ Webflads, bh P SURLREGL R deli® en@diﬁe@fdl Bélls: slvmetrial
a conposition of the i nventi on. In anot her

stroma andeemb@mtnéwpus, ateclptrathoreiers gnd endothelid eplssireselin die appige listed
invention may include at | east one tissue protective
cytoki ne and at Least one EPO 15 anal og that contains
addi tional carbohydrate chal ns that are known, from

r e\ i.ensi onal space, to
Compositiqm B Gt et anot her enbodi nent

As Bnﬁ'l'ﬁﬁémlﬁﬁé& 4b6%d, a pﬁﬂimeéimbamﬂmpcﬁsﬂtdnemtdr&ﬁﬁg ta theypresent invention

i ncludes at | east one tissye ot C|vectp
may includain FRQnalo BRERES SHEATS GUREORR b o) PSSR ot least
one additidnbit§iiheRakitody@ste Bhdu® bt bx1@bitd M xtBREdiaerel hatlkte lbgt 1hdke tissue
extra carbohydrate chains to the protein. 20 An E%O

protective gtiaitign wibtend with et loash peeitisgpgRraiprtite cipkiey Hof example, an
analog havﬁl%rgt £0R lt\% gc?dxtﬁt@%] Iﬁ%ﬁké&a}ﬁbﬁ drgﬁ%frﬂﬁ& @v‘lﬂn‘eﬁﬁine of the additional

ositions resent "I nvention. Wthout being
carbohydrdntmhadls tisdloeaed i 1p met(i)’@uiea perttide.on yombipgtiongvithed tiseyaoteptiye

he nat ur CG
oo,y S OB S B0 SR LB RBn L oesiion
composmcmtdfmeci@veﬁﬁoﬂ ey ﬁemaaataaa'snmaaxsm ps@emtiza tytokiheartd a iﬂaﬁ one EPO

anlog thappiaie e oL G et S tebes KR o g O POV RY giog n

three-dimeS&iE0 §paka td &60151!11& e’ Bﬁe@’ﬂpﬂ@a deiyet 2BStherTimisdinidng a pharmaceutical
phar maceut i cal I;E)OSI tion of the.invention

compositici B eaHOEPOUGRAL 547 IPE HSSHe PIOFGESA P RAPR0 8 Fast PR PO

analog hav?g]tn% hSFJ@%t&&ﬁe 3BcAf AGIrehuitlod tRInsenIaraddne the Betra
The rel ocated glycosylation site may occur

carbohydrag¢ chaiisfothapradiein51, 57, 69, 88, 89, 136 or 138, as

| one

AnFRASRICE b Bl RbR B conllbpleP Tt e infl O
pharmaceutieal baiyakitiame of:tha present investiona [Wisrontbdingbasntd mﬂw@ﬁﬂlcu]ph@eory,

wisvto BB BERML R RELLGR P A TR O il

elsewhere ¥ &rhERPO hﬁal@g peside of the130-40 raﬁmamtnd segmmtt; the tissue protective
prefe thos t s t hat he
capabiliiof e RO AP HEY P conped @ bRy iagsl o
glycosyla’u%ﬁ Qi £ 28n0/acRCE. UBE6 AR $hA8HA3utal @ﬁh’ipo@fhoﬁ ofthg @ventin may
however any cytoki ne that. exhltkr)l ts tissue é%ﬁ’i‘%“
include sn RPRIOE 6 iagIoEHE oAV B By T BB e A Siphere on
the molecdl@ V'ﬂ‘[%trbl%hte cogﬁm Be nHYlob@R harkihs 8418s P 8,999, 88/@9, 136 or

i nes 1 nc chem cal qu§ nodi fi ed EPGs gener at ed
A,

138, as suggystglmrﬂcw Publicasion Nor W@ OHSL4W5n In eng s5ehediment, ity O Brien peptide
contains 1 %a%%%a 3%%}{1#&5{6 UWdins. 1h'h AUrdhARA %ﬂlﬂ)@}n'entoffle (ﬁﬁﬁ&?ﬁépﬁ@e includes 2

on or succinylatton), nitration, or mxtures
or more cafhvbydrate chdins. 5 addi ti on, EPO nol ecul es wi t h a

o b B B o R R B P

preferably @idas Btoldh@® tidt 3@k @B Bifedtoh fetddné Miarrons duirRaihiagsthetissue protectwe
prot ecti ve cytoki nes

-23 -
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according to this aspect of the present invention.
Mor eover, additional tissue protective cytokines for
use with the present invention nay be obtained by

i proteol ysis, renoval of am no gro
WO %z{)ﬂg%ﬁ %Srms%%%n

nal substitution of arginine, 10
tyrosi ne, tryptophan, or cysteine reS|dues by
nol ecul ar bi ol ogi cal techniques as disclosed in Satake

1 Bi h i A 1 -
ettt o xR, SOV RSB RO HIAEHE ) “RAP LS BRI BT GofeR 1 b gontomplated
for use w1tﬁ EHe' p‘i’e%EM inveRfiore %&pl@ WiitaB Rl tRsilcipsseRive Egbiaés mﬂude
ki nes include at l'east one or pore rrut t ed

chemmalmmﬁlﬁ@l EP Qi geperpt by pepnidiation gmigpaspn, sbapylation far amoylation),

Y breok20A,
s, om0 B, ey 20
addition, EROGE)]eulks AvithEmdd Retion a6 leaptye armlysmgmsmltwptophan or

e SR O b 05 0RO

according 404 dspettl B prdfiGivenfidiD61, T107A, T107L, L1CBK,

L1CBA, , 5126 F1421, . R143 46A, 7K 47A
Motpaer, MAABAl LSV ED RSP, vith G4 R i ition may be
obtained bgﬁﬁl% %}i ysis AbmoRil oBAnindIgrls, aABOMNnutktichhl sdH&&lﬁnoﬂ\ﬁﬁigmme
3A, K52A K97. A  K116A,. T132A,

lysine, tyrosingQyptapRas AT CYRtSECsidyrs pymolngulry tolgicl t% ueséf ﬁ\ osed in
Satake et a?ligéq Bio P8 05pHH @%ﬁ 10B%:890b &pni&H is m%qﬁ&@éﬂeay&fe%ne@man in

cations” are described in co-pend |gs% U S. Patent
its entirety Pt maanpleothmds tisspe OB @D oekine (ridg oBlsest enaprgnore mutaied

EPOs ha 209&”4 ST d‘)ﬁ'li{h],raﬁ@s' RP2A BOBAL RS R4 DR 148 RISATQ, Y154,

renln elrr en e nutein nom:caure
Y15F, Y141sK20 A4 &ROENE2 1t czeﬂ,e@@éfd C3B%, {33 c PN, T4dB 46 el AT Y6A,

wrn, rsf RIS, PRSI, oy scary ot i, syom sy

S100A, S1byT A0 1 AcGl GIIehEA, RID3YY SA044] 31041, RH0TAtT66A LDID6], THOTA,

1078, L GRRSPLO s St 147 Kl g0 1 e NTERC VR E PR, T s

G151A, KIQA@I@SEH&,@I‘S%?@I@S 16, @D‘MBEIA NMQMBNIH?:Z’IUNSBKsH&E(
rotectlvectome mi)i | ude one or_ nor 0]§Qf151
P42, DA RARA, K574, iAok oA, b%% TdHy e PHBASRLS A,
t
sz, KA1, Gl Sl B0 R0 ik
are describid fn6oh-pefifling 2J. S\PEMBMIIGMMS MWI@“%@ mgfﬁﬂ%gﬂlﬁm
514, 4 |
TS T e
nomeclamtzeyisakhems thewhahgel andeo wdrmdnpmﬁeé mathdlie mitive amingtagidisems letter

code first, ?‘éﬁlﬁé’ﬁ‘? E}l gggo%t}se%% % }E@%%mof_gﬁ M%@k%cement amino acid one

letter codePEdf &%@%8%&&&&5& 4 D K5 PO Bl ek Wil 18 2ino acid 100, the
KO7A, ' K152r"' 1/ K45A 97A/ Kl 52A/ K45A/ K52A,

serine has Repp APH0EES J HEBIAMIGHEIY K140A,

In dio R éﬁﬁo%%éﬂﬁﬁé KSRty ma a3y DR defc3 Bl6Es MNAB&Kabove
and N24K/ Y15A. In yet _anot her enbq

| nent e u
site mutatipnspprowidingdhal fcoite magations dnert odedere Gy I?fog’v pikibie.
K45D, K4§R 48@?‘1"49&%51{ 1@4@% b?@oﬁﬁ(@@ﬁk@ﬂm tr*ﬂﬁA, 'Iﬁi%lAe K140A, N147K,

ive cyt oKi i ncl’'ude any o
N147A, Rm ®16EH, é]lémAeHIS’«IA,éﬂﬁﬂAaGliﬁfs Gapbh. |Fr1é24t\h at the

In s?ﬁllt ano{l‘glt-illt gntl Io%nnenq hd Qgsue protective cytokines may include combinations of site
rutations, such as K45D/S100E, A30N/H32T, K45D/R150E, R103E/L108S, K140A/K52A,
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i nclude any of the follow ng conbi nati ons of
substitutions: N24K/ N38KIJN83K and/ or A3QON H32T.
Certain nodifications or conbinations of nodifications
affect the flexibility of the rnatein
Wo;f?f"fv{f&z%th its receptor, such as an EPO rec@gﬁ% 405}0%0;3
secondary receptor. Exanples of such nodificati ons or
conbi nations of nodifications include, but are not

KLIOAKP A5 A KSRAIE 305K TR A A KSR TR X B3 s 50
K97A/K15§A%44%A/1@§é@ﬁ14§% Gy /RNSh AREG2AYK SERIK LHABNIAAY

mut ations are known to those of _ ordinary skill_in the
N24K/N38/N8 ke ahd Naek % idn tlaetianotherpmbogimsih therisiupgwetectiyh okines do

h
i S " S BpROELECH 5o pk e
may include@npoftaé atavs-refbrencaddité mumtml@rp‘:o‘tnﬂmg thatithe alﬁ rguiatiqrs do not

. flexipility of the mutein.s.abil. ] |

ineude any gl RYpPwInEGPERBACYS W USaur B AR R blgP Asbivemar
Ceﬂgru?fr@taiﬁzmpgw iﬂﬁbﬁﬁﬁgﬁ&ﬂnﬁbﬂﬁﬂbﬁ&dﬁslﬂéﬂy&ifeﬁ&hﬂﬂm@iﬁty§£me

mutein’s alj{xgygg bggg\g@b%%eéeg*&é&ug{ﬁsw%tP%gsg%tor gﬁfq%?q(%%-receptor Examples

of such modfffcﬁﬁ’dm 'o{:‘é’tﬂﬁbﬂdtﬁﬁy@frﬁ’&ﬁﬁ&ﬁbhé&ﬁclu&%{ bekires liafdd )RSt Wy
Nucl ei ¢ Aci ds Thereof for Protection, Restorat|on and

R14A/Y 1580 Kot €8 3 51 PR S4BT A9, GAPIA 11k T84, Mg P1ash,

a I S th £
roson, o881 sin A PR INS Rephlh dp po  pos
ordmary sitifh én the: e tof rdetrimenyal akhuves growth besengnsi Thes, énseps embodiment, the

r.ote t|ve ca bi
s % SOSN8 o R ot oo
modificati@s)dd frap @ffedt I:Iib fhsﬁcibel@ty of the musen’s abiligl tb bindfvath 1E>can=ploe sFurther

assioni i g s G C R Stk 6 B o
attoxiﬂlé’ﬂr Qit¥etTbl IUJBEUOQD-QQSf Eduly( G200 kI tled “Recombinant Tissue Protective
ment - epi t hel i um derlvgﬁg f act . or

Cytoines GofLRT e SiHElStrA i ool B RFSRC bR pERe], ang i thgpooment of

Responsw@@gltlg‘ Sssi2s 288 Or@inst iR REIRSEHos1iR\WEMhicBRs inBorporated by reference
har fraceut’i cal  conposition according to the present

herein | nventi on may i nclude an EPO anal og having at | east

rol 9 S A STt
used as wetbsh ldvigtes ﬂmyf de xbeinttefdresathuhe long lagting BRO’ b gythrepsiesio e fg@w
serum halfg.}fgt Gl I % 61&? léde hl(;itya}e nqrfnl I1’!8!1 %n %téﬁemn%t@lf g??ﬁter?éﬁﬁm 5 (IL-5),

ts Issue ecétive
granulocyt%iﬂmfdpﬁdigel cbloyiy—sﬁinulaahg factenGMCRB), prgmea’sep itheliung derivied factor
30 | azaroi ds and

entI| ter (e.g.,
(PEDE), a‘é‘“f’é *HF'F %“&E Ft85< %‘E)s (e.g., coenzynme Q o,
In ﬁ{oﬂféﬁaépb&%f ﬁle%sgnt 1ﬂféﬁué‘%@kﬂ1armamhbﬂ&bﬁb®mcm ROYing o the
(e gl ut at hi one peroxi dase super PNQ@'&%@ tbohudrat
presont s HaEincls gD b o A o o3 el Nk Frbolyarate

16Red Yabdhyastd Ball-(that HAViG ah BHERR seram
chain and/!}h[fgéabt%ﬁéaddﬂ&ﬁl gar bol i nes“ngﬁt 064/30225;7

half-life biR@icks HSROPRIOTBORGVityiie ab@né mta\abheﬁt @19 smallupgiggule that exhibits
tissue protg&t o fﬁ}%ﬂ&{aﬁwy t@uﬂ%ol@ 9%51& thole Qﬁ'ﬁahﬁ@ bt ﬁgﬁcﬂ‘?ﬁhﬁ(ﬁgto steroids {e.g.,

tam ns A
lazaroids Eﬂﬁlgﬂﬁ&&mﬁﬂoﬂis) lanunonadmtsme ar, comﬁma@tosalplgﬂ ligedr asid, ebNARED),
.urinem

ibitors.(e n .
antioatabol PG Gt ABOPRRRETC P ey e ey apasd BRBRD Gphero caalyt
scavengers, afGell addinigfemdol)erivatives (e.g., indoleamines, carbazoles, and carbolines),
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NSAI DS (e.g., aspirin, naproxen, and ibuprofen), and
conbi nations thereof Il addition., a 5 pharmaceutica
conmposition of the invention may include an EPO Ml og,
e proctetive cytollue, and a snall k
WO&"){/{)ﬁ%Hssue protective activity. no ti ssue pr oﬁs&ﬁ 0?!%%3
cytokines and/or small nolecules are preferably
present in the pharnmaceutical conpositions of the

v scic BHERg n B BBt o B oo, s
extracts (g[n%é BAS M€ nirflktit), HanSUS HaERIR R, B ke C)pexibise SREPGLAROtor
O In one 10 enbodi ment the tlssue protective

inhibitors @5& Fritheneapifiagy clestign nbikdiosdapiacils (pg e SARET FIRC.ARd BIRETRSTM),
f he. i h

s Y SR APBSRAEH Dot

pharmaceutial compasitidni dfyheﬂntbntlmmmay oweludé aeFPORTAp, @ tissicgroetctive

. I mnth i vidual . For exanple,
cyt"l“ne’finﬁ Smﬁﬁ ﬁeﬁ}}g ctgfueé%%%hglg f ontyof this aspect of the
ThPfi®eepiotecMuaiitdkiies pididranalinolécalt mb@sefatrab]gfphsexttllwm,e
non-t oxi ¢ . annunt of the tissue p tective t oki n é
pharmsceylicy] compesAmS pf g IENATGR R FMO%H SERGISEHP RAHIRE: Sxpeed thesame

activity in hbRSIUR oBELle§ichbive cdinla® kshfnsi 28 eRdiRE8 8§ enddgeidie EPO. In one
pharmaccuti al conpaosition in_an_anmpynt of about ni

embodimest, thedisgie projeciive eYieEnemsidismelh molepls it presbingp afn@%ﬁ cient
to enhancefttr{]é f?é%{lggrror%gtﬁc?f dl'vf(‘luﬁll'bgr pPoBdHR Clﬁétihtaﬁﬁllg, oP&Mﬁgt th@n

of about 500°ng to . Instil
viability arthfondiion of stythaenegatic respprsivstealls widlsn @hq m@mdu@lo ﬁpb@ﬁamplﬁnthe

N

non-toxic ahdwuek ofthe tmnb pibictve qytca:uleae ge aboatrb ogor gfeattnh én phseutodiment,
T IO THN Y M —-————
or less. In@ABGHér enblobigheht) tHe t¥Bue phetedtive witokioe Id’pﬂ@mﬁﬁ ﬂlemhdnmmequcal

skill in the art, the anmount Q tica
compositiqoiifg &Py A AR H0iEdP adng gma?ﬂﬁ aﬁ@%@rﬂgg Biihs thegharpaceutical
composmcﬁﬂﬁaﬁdies Qborkt 2G9% § mg dFhsbsitOprotestiveRlokine BreRehblyuboti ¥OO pg to
condition of the patient and the dosing, frequency

Smg. In ampifesnafy $rabadiment.sdarssranqunt oftherisspe protestiye %}W lmeﬁﬁn‘f in the
SO M invention. AR A g Al &sm@ﬁt&ﬂ £
phmnmsmk@?Q£g£B e aforeﬁen?ﬁéﬁg | ong gctln%]EPCB an %0
ordinary skifidm theaughe ameunt obphpovaceiiinal corposition ﬁgtmmséerﬁ%ﬁqgl patient depends
act EP

on a s ork e e AL EREREL e bRl e BR TR sl e dpane
frequency.Thil @l bmch@dusmdam gieatendatail m with regaridbtdoging, or

di seases or nethods of treatnment that result in

anernia. In general, the long acting EPGCs of the
Treatmeni)ﬁﬁiﬁﬂimmm‘@ﬂiﬁﬂ Wiethipdi Mt | ess frequent dosing or the

use of 30 snmller. doses of .crythropoietin.to.tre
Tha Bovencal euadens FRIRN FUGHERER G CREopUPPdtSane e fong

acting EP@Pdrk tridhdb®ror HRAMSSeutic HPrO Rt trSetientiof pbindi® Tmmhh iseases that
present invention contenplates the use of the |ong

either invodyst aneiyiap@sepis congljians raxidissasss orRpthorsot Ipgimpys that result in anemia.
s efenPlo 11%“0‘1”&?@ f
In gemera B s e P s PP s R e o
smaller dosestud divtieooietintie trep iz abavedisdases| withontieepardising thsfpati¢is ability to
[ tion are adn1n|stered chronically to protect or

recover ﬁclgp] ﬂ%{: isSye fyurt

The present invention contemplates the use of the long acting EPOs for systematic or chronic
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target cells, tissue or organ. |In another enbodi nent,
t he pharnmaceutical conpositions of the invention nay
be adm ni stered acutely, i.e., for a single treatnent
Wwo HMZQ% injury. In yet another 5 enbodi mm%r/[}sgtﬁlsmsms
armaceutical conpositions of the invention
adm nistered in a cyclic nature. The adm ni stratlon
of the conposition may be parenteral, e g., via

i,ntravenous injectjon, |ntra riton i nje n
aieinistefhy PN Psh AR M BRRSb o g g SG A me
pharmacen§itHD 6ot FRRRYES oA Erfoh Afd a@ﬁumstvrlea chrohiahlt tb futect or enhance the

transmucosal , e.g., oral, Otﬁsa}p rectal, int ravagfltﬂal
target cellss{isng orguamn. L enoties ershedimegithe Phagracrififah pompgsitions

invention I&B}mhe p s%}éd Mﬁ?ﬂﬁf?fe £ %%fn%fe@ﬁhﬂneni ﬁlﬁ’lr% g G 3h Yétlah@fer

ar maceut COfT'pOSI tion I nvent i on
embodimertsthp ahaemmm:al c@ummtmmﬁthq inyention ayreagitieistersdl ftor ¢isHe naure.
QS
Thepardg*ué\ g%lg ?mli(%ﬁpoﬁtmagéb%% ﬂtgfa? ea,gb 0\«% mﬁa\‘f&ous injection,
mtrapentm&ﬂhﬁféctﬁmn Intratahenﬂmﬁammniw intnaéeraiab ot s@@ﬁimpagus glmifystrtion;

via mhalatlfn Ifqbcog g%gte (Ergleﬂn%gld feggy él}trag%%?ﬁ sungl osa? %ﬁg
transderma®;| 0P SQnFHRISNE tﬂeﬁaoﬂtlﬁt@feraﬁﬁ@théla@nﬁlﬁ)st@ﬁaﬂbf the ph’agnademu&t il
anot her enbodi ment , the dose anpunt i,s ahout

compositiogted the inyeption ixprremigahp ush ARBSRICR MARHG R T@eﬂﬁygg"se amount
of about 0. ng o 280N SHn%’g?efaQﬂgtab&t g td %o@ﬂ?iﬂ@e M &fé&iﬂoﬂﬁi&n’c tHelt®se

anount out ng about ny.
amount is sbloatr SPRME G dhoat mmmwheé As stm@methp ﬁwmoaﬁt inghopt bagto

about 5 m% BaLEALSHA] ! %escfors@&h@ﬂlt is%hﬁt%o 28 8RS ARIn still

ohYadueous sterif e injectabl e solutions or
another embodipentsthe dsse anviuatis nmut ¢ gataiheubhmgo Kporiexamsle, th dpgeamount

ey o GRSATHY BRhRS LG it S KOG GO SoMPT

aboutSmg.ntended recipient- In this aspect of the invention,

t he pharnaceutj cal _co iti a Jnel.ud .
Phewg UC%FW}UQHS b@g? &Bgm%oa Iagagzqd]@%parvgaglt ad pitis l‘lf{:ra.%Pn melude
aqueous aﬁgﬂnﬁhﬁ@oﬁ f&rilk hEtdlo soRfion@easehdals, whﬁmim@ chntﬁm snttomda;nts

adapt éd for parenteral_ adm nistrat
buffers, baptarigRie ﬂnééglél?eé fhafpngsr theRogpositonst *’%ﬁ@rﬁgﬁy?ﬂ ﬁlﬁﬂ%"e““’d of
amntende? g%ﬁ:ﬁ | Zed e&%@th\é'lﬁ’\}eﬁmo@% PRBYRRertcal Rehpbéltiéhs may also

reeze dri ed condi tion reqU|r|n g only.
include watmeﬂ@adls,tpom s tlyaerinesyagttably pilt aad wtwmen hercal. FPharmaceitical

composmo%g g&a ke férﬂJa}leeg(l Qi @i Par? Be ?r@éeﬁféﬁ'ﬂﬂﬁt-dés@%?ﬁﬁhﬁit@dsé(

t enpor aneous’ I nj ection sol uti ons and
contmners,sfmsqammslecmsedmypm@ ang) mbaa@dnﬁymtm@m 3 lgopholiage (fsceze-dried)

condition rgr an U| e 8 rad((% 6?rnpo€ a stenle Ii &‘ cﬁ'Hpro? g%?t@ﬁte 8 solutlcn% for

si ng |njeé € SO ion
injections, hrﬁﬂ@dlﬁelyl phigr fofR{sk. oExtEﬂnﬁoramemhje@noantMS m&)&uspjaasjmﬁmay be

RERRET e TR TS W N e——

an mjectabﬁé"s%hﬂﬁﬁ 8F4 jomg |ac!ﬁ%‘BN§bﬂth@iﬂvéﬁnoh eIt pesvided for @nergency use by
formulated in accaordance with routine procedures

ambmance&s‘ﬁn&r%@f TepEe Ao PattleBeldbetionson adapt ed for
T defbleh® the Hi'lﬁlic&hfcﬁtdo odiBor SHTREiND&tIAE $5 foﬁﬁdlated in

exan‘p ar maceut i ca conposition may be in tyre
accordancd whncmﬁnapmcﬁdmm ena pharepespiitad compasiionedaielebuntmyseesy |

i LSS SR0L e LS SHIRER 7 o

a solution Bkl dkotznio gqegenbultendibereaetasay, thﬁndmtmmeu@aktmﬁpoa@‘m may
| i docaine to ease pain at the site of
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the injection. The ingredients may be supplied either
separately or mxed together in unit dosage form for
exanple, as a dry |yophilized powder or water-free

wofo%zuﬁzez%r ate in a hernetically-seal ed Contﬁéﬁzo&%?ﬁbm

an~anmpul e or sachette indicating the quan
act ive agent. When the 5 pharmaceutical conpositions
of the invention are to be admi nistered by infusion,

. an i sj on bott ar naceut i cal
otk B et S POTTERE gl o
the injectid® nﬂ?l@%i ddidhis i¥MFbe suphled clthe s@mﬁﬁﬁﬁmﬂed & gemefﬁpmmtﬂosage

are to be adm ni stered by inj gctlon an a

form, for exaraplp, a8 aglay h’ﬁEblhfF?&)POWée%’F Foicrage PchRtals Re eﬁ@?t]@alﬂyewlfd
container JEBH 233 AfpiRbrREN e i gﬁ’ic?ﬂ@tﬁl&' @Y 100 Botive |§. AL th@a|

conpositions adapted for “ora admnlstralonrm
pharmaceypical\couipobitisis @ﬁfjns ikvestiayyare tp@)etag]mr@qtgred bbwg@pcgl, &t mfuswn bottle

r.anul es; tians
with st e ol Bt Ao gl ) ylp SHE BRI i SRS o
when the pheRhzee1Rioal, coﬁipoﬁﬁd&i’mrel a:themdmmlttaleébfr m}'@om,raalampule of sterile saline
for I atl i ncl udlv Jf Bgrc:ﬁ_nt t o about 95
may be Pf%ﬂi R AP

Phﬁﬁh@éﬁh&@ rabmp&mna addpwed fhmgiledingidiratibs mian bk pﬂb&ﬂﬂed as dahmules or
oral formulation in an anmnount _of bout 20 percent t.0

tablets; poyHers oY Fenyies; sRRIoNE YRS GHUSPEPFon, (1} FaUSQHS5 o Bpn-aqueous liids);

edible foa‘ﬁypﬂgﬁl > Bfls &Jﬁ? R eathbih 2o HRtdof NTHI WA IUBRS &Ra W ay3hiclude about
to about 75 percent by 15 weight of the

10 Percentac e EhouES3 ngc@@ bEpEighTsEremgrediohtn dp anf‘g@nmlﬂ%ntd%%‘m"% ingredient
is included Bhd JH5 le for g{?ﬁr?mn% BbEboRY ZOﬂﬁHeﬁ% 'aB&ft 8@ 8lc8R by weight.

magnesi um s um sacchari ne ose,
In still andﬂ’aag aebédimentathb orsbfoemulstierintlndes gbotgs PQ@BIMO ﬂlm# &ppercent by
elat ne capsul es may include vegetable oils,
Welght"f%ﬁ ! ”?gi‘f(é %sem solid, liquid polyols, or mxtures

TablB oEBdrd g&latint dapsisesaiy m;lwdfnpmtana,ystérdc bubeivatives thereof,

pol yol s, _sugar .0r tures thereo
magrnesiul e, gt SFRieE GBI DI FRPRET AL DALy B hereof
Soft gelahﬁ@@ép@ﬂeé%i}hm@lﬁld@ %Blé oil¥iviaRes) {1 k@hi-@lidf lkmid piﬁj(cfly o1 mixtures
di si nt egratl on and/ or absorption of the actlve dent

thereof. Sphytipfeng SUPHIAY BElR¥pter, PPIYEYS. SUERE, OF HUKHTGS they
MAESVeY Gn BORR Lo IR Ynt R X Grad hdrhia ek 8onnhbedon e tiih or admixed

nonost earate, glyceryl distearate, or a conbination
with 2 matetialited flelaserlisintegiatonsandfos breeptios & ths ective agantdw the\gastrointestinal

BYw it Nond f te lyceryl
e, v B 3 B A o SR e e,
distearate, 0@ ammhhagmmdhdewﬁ ﬂhusn thersast@Bedstelsasec an ppf.memggré ma{y&og achieved
osi,t..ons for ih
over maen{ R iy £ B oA el ol Bbledfa H ptebfided wicin the
stomach. ahmﬁaa&anbal Qo pdsitias fcrmrah tdvainishration majamlscdma Bereulated to facilitate

et o355 G Bl b i APERS L

conditiondT®Y be provided as di screte patches i ntended to
renmain in intimte contact with {h epiderms of t (?d
Phergesiopitiepltcomppsifions3dagipbiop figsderpie FanSieatin fpaYy e provided as

discrete pﬁgﬂ% idt?faed RIBRHRGE i cof@bRAR fhb gﬁaerﬁﬂﬁ@ﬂtﬁé’ref:@[ent for a
adm ni strati on

maybe provided as oj ntnents
prolongedqmsadmf tirge S@@ﬂ@h@ﬁl&’haﬂl‘@?@@nﬁ comm‘@qrg adapded for tomigal

EB %S IsPspeflidr}; 106Y lutions,
administrdtio may be %mvgdefl %? F’ﬁgﬁeﬂtsad{ e%%t ?1 Rdﬁ es’ an cggr?g& NAt] ONS
pastes, gel3, éﬂﬁy&%ﬁsﬁlﬁzﬁﬁ Teye drops, lozenges, pastilles, and mouthwashes and combinations
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PCT/ JS20031028073 thereof. Wen the topica
adm nistraion.on is intended for the skin, nouth, eye,
or other external tissues, a topical ointnent or
s preferably used. And, when fornu '
WO%{'"Z@%JAL the active ingredient, i.e., tk@@%"é’gﬁ%
acting EPO, may be enployed with either a paraffinic
or a water- mscible ointnent base. Alternatively, the

active | ngredi ent. maybe r ated in.,a creamwth a
tereot. Whshe pieab o EAGE P SEOPERE P B 65 6 DU AL
tissues, ato{pﬁﬁi GitmeBASH afi i Blef@ibly SsellN AbhSwileaommilat@ig afl bbsent, the

e

_ he pharmaceutical conpositions of the invention

active ingragkent, é.afieyongrrstingiBP@4raayhersipdoNed ¥ &}ﬂé%a,P_ﬁ%ﬁ‘%JE‘h"fi agwater-

wiscible oiftnRRN4E I RLm l&eﬂg Eﬂ.w% ;llag?etﬁéﬂt B‘QP b€ iR fatelkn a Srefin withn
an aqueous sol vent. armaceut 1 cal conpositions

oil-in-wateslohap bieaiwiter-inrektzise. aWterpthe topival administration iy inthefarmaaleye drops,

inclyde solid carcjiers s . - 1

the pharmat G oS of B b FiorH ) B SctRE FRUER, boicn s
dissolved o?@%pcl:nll@c_liﬁﬁu%ﬂlaé cahrﬁa\r/]\dg.t;ﬁm?uhnas salvenhi st er ed ?y r\z:gi d
I nhal at] on through, t nose, froma contai.ner .o 0 r

Phafgafoguiqeb OGO ROAARIE fo PASLT R HEY iR Ry Tctide

solid carrieR SREHRGRWde&EprefePIFROSvingQpartich sadgdbort 00 mids@lto about 500
adm ni stration according to the present invention rm%l/_of

microns). Pevedetrcreay hepdiminisiaro by Fapid ighyfation{brough the posgyfomyp ©
powder helfl cRBSto 1R £dsE ﬁMnyaltclgﬁﬁ cRIBBGIIRAE Phdrdd eu QB JsitBASIn®hded
the rnvention are admnistered into the naval cavity
for nasal adiinisigatiop acddgding teethe pﬂem@m\rgﬂ@pmq}@ﬁpmﬁﬁ}h%@ carriers, e.g., nasal
ac | i.sh en i ' : ' . d
sy S0P OG0 SR K bbb B i
into the nahvavitgdire¢tl udi ng, but not limted to, pressurized
.aerosols, .. nebulizers or insuyffl.at [ :
Dirg 0 ftaint 8 s Sccarpiigt B Und e lopn AU AR Ao fe o e
oropharymd 448 o€ ke¢Rily adHpediderites iltitading detiidt talited mrpesittizaesrosols,
) i ntended for. lung inhal ation ma% |ndc§I udae %&‘ﬁe‘?‘is OF of the
nebulizers ey ipsufaiors; Wieh e Berransiueied &0 A IGPERTASATeCeisRrE} S5Ps°

active ingrddit. PPIBIRBGEHLH E3hpRRIGROBth i BT Rihg irfhglaticivRY inolde Squeous or
are adm nistered via deep inhalation directly into the

oil solutions o6k aetjveinerplientmitéutilnahe RrperSTIGbREneaEpRs tpvention
are adminidt&Ed Ha d ﬁﬁoﬁ%ﬁe&%ﬂﬁﬁh@&oﬂ{a@ﬂx@ed. as
suppositdries or eneras. In one ‘embodi ment, the

Phasmpqeotiéal crmpsitions edapteil fraentdl odminidietiornan boprevidedas

. percent t C ' : i i i
samosto5 S - B Bl G
percent to 10 preceney weightalfadivedngrediemnin dnptheetrgbrdimernt, thesuppository
) ingredient. In still another embod nent, '
R e R B

the active iRfre@iBRUS présedCinaRNEuphEsitaBit tan GmpeteE atiout Bycrasit ghdboud Gipercent
i s aspect _of the iInvention,

ot ) . t he phar.praceut.i cal ..
by weight. g e aspest R dhegrvepHen, ifhﬁwaﬁﬁ“ﬂ%gkﬁ&?ﬁ%g%&ﬁ%‘}%‘aWPP%‘h‘é‘ﬁy
include tra@kiBER bRid8R dnd &rfidrSHuch 84EH1RSHdek] gl ycerides.
Phar maceuti cal _conposi tions adapted for vaginal
Phagniadeniie] compesitionpgdapted §ropeinalpdaunistition may bs provided 8hs |

. e QR forSBla8¥nsf Or nul ations. 30
possaties, %g&{ggﬁﬁﬁ;%gﬁltsﬁ%g%ﬁg%mn%os??lagnos of t]fﬁse i nvention may
Thaplsemirentaitonmsitioatofihe nzention mey ajsebe pdpgiistered by use of a
injection into an or . cal 1404 oal
pctste, kLB R 0P POl b SRS 8 i
compositidpRéfemBl s kst @DDHM 10 aBdut pVPM pretfiaraily 8@up hf pM to about 30 nM,
preferably about 15 pMto about 30 nM
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WD 2004/ 022577 PClI 7US2003/ 1128073 of the long acting
EPO of the present invention. In one enbodi nent, the
perfusion solution is the University of Wsconsin
lution (wwth a pl [. of about 7.4 t
WO%W%?ﬁ%osrrm ality of about 320 mosml), @Qﬁwmzs"%
contains about 1 Umnm to about 25 Unni EPQ 5 percent
hydroxyethyl starch (preferably having a nol ecul ar
ght_from about . 200, 000 to aho 300, 000_ and
of the longsqsw%?ﬁpsﬂlpyresem iyention. ‘E‘ﬁJé’gE;‘F & &ipe Pepfipign sgiyfion is the

Umvemlty%lf wl%ﬁax @kﬁw) sSI0GbA iRl s éﬂﬁoutmo%b&ﬁtw an%ﬁnél&lﬁﬂy of

M gl utat hi one; 5 m M adenosi ne; 10 nV
about 320 M@dbewmgmcmmﬂ@@s 1gdfeest & abogt 2Nl gAY Supsicent hydroxyethyl
I
starch (pre%é%?)g%%ﬁn%q %%lg%%‘?ﬁoﬂlgg%&?% B0 o B o346, @6@m§§bstmauy
free of ethy,lme@ﬁioh athytene cinebhi®inepdplme cdbridepand iﬁh‘en‘t).]w bl KRy, 3

M ghtedipe 0 S RSl Ly s £ B R ER ol o ol Pt

gluconate; N SN ru:aclzglmmmaﬂ@mﬁfemon é)oh emisgaoeﬁmlilliﬁltkﬂmmtﬁylsulm 16
cont al n about Xn 0 .,about
mg dexambaspes; 464 §2 MU0l 60, aﬁﬁb"? SRR dlé%%% Al ing.S. Petent No.

4,798,824, fﬁﬁ&f‘f@ k38 ordiddSA UE eftlray 8§ kdf¥i@nde eV N8 anbther BRIBOEGIment, the UW
desirable’to adm ni ster the pharmaceuti cal

solution mepenyinin shavhe 0b P/ to dbevicti0ingml ereferably abeut 40ng/ml e gbew 300
mymlof%¥§ﬁhﬁglﬁé ?@gﬁg&, §%&E adm ni stration may be achieved

sl on urlng surgery;, topica
It rmyﬂieldcatabtﬂ”tp aénmster[t}m phampagertickloemppsitions afgherigvention locally to

e ) kMG AL TSR0 el

topical applidEtioRé.g., ﬁﬁdodjuncnﬂnamth Dedoung dodssiag pﬁnr(smgpry, by qggom by means

or_ gel ati nous ma rla i ncl udi n
of a cathetgr; P)g SERPRS :bj( ey Lsf Fﬁplgﬁtﬁaﬂa ?dnt g’m.%g : tgaflforous
non-porouéli :§>§ Eél&tﬁﬁﬂs FARYEL, iMcIuHmrg feRdeined, Qudll ARE ML mhabranes or ﬁbers

admnistration, a long acting EPO %% 5 dgggse 1
In 3dqifioR: asdieu fisensard aboEs Wi ferpest o SRpsdsPPa ddmuisigugn, a long
acting EPCP gﬁt}:@ Besdri® fnyEtRIRh S be &h@réﬁh!&@ﬂi‘dlﬂ&rﬁ%e bﬁtem For example,

nistered using’intravenous i nfusion
the polypeptigs raat etsideniwistrsé Heng m&pvenau@@ﬁ@wan@déwkﬁrabké{s@ﬁm pump, 2

transdermal H@Q%@ﬁgsc‘omeg r or%tﬂ{l:? {noﬁpsqgﬁ B Iﬁ%ﬁ@&ﬁaﬁ&&m&ﬂ @ﬁlﬁnp may be

~such as di scussed
used, suchS&dﬂﬁtsseﬂthhudekkgﬂg 193\9 NEHggl I Medvdgl:532 1inzmathen qmbodlment

t.he 0 in
o compe 5 SR e SRR 00 10 vt 1
InternatiodaDPubliht&inried. Vo0 il /0R0 dnd &1.5. dhteNDNo \PU(DIESGA@& 4ntga distdoSires of
Pat ent 4, 704, 355 he entire dIS es_0
which are g BTG BT ateBEE g g e B e Er s PR e phr el T/be
used to prIIBOLETRO led-RMaYI S, §RE eg ma&,esma;yalmsaﬁsedsleﬁowoxd et al., 1989,
roduce a controll ed-rel ease system such as those

P
thm@ﬂﬁ&ﬂé#péls di scussed in Howard et al., 1989, J.
Su%? leZslz sHans mifbe ﬁl%ﬁ W%%ﬁﬁ‘nﬁﬁif@l@eﬁﬁeﬁﬁ&b@ MBedlB ., the

ace In proximty of her apeuti c target
target celld, i @wp or ¢rgan, thus gequing duly a &?0;*,1% ef e Slﬁff@ﬂﬁ dogep, e, e.g-, Goodson,

Medical Agg’lgc%{lr | N g%ﬂ&glle%’\%egﬁgé VN2 ;ﬁp Iﬁelﬁﬁﬁlm&hg%ﬁﬁl}gg felcase

i cations of Contro
systems cdﬁ&h@%ﬁi fov ade. wigh thp presént ﬁ}vmﬂm ated@acus@i rethe comew by Langer,

stens contenplated for use with the
Smeﬂ""”{?ﬂéé@"ﬁv%iﬁ%@%ti on are discussed in the review by
Langer, Science 249:1527-1533, 1990. -30
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WD 2004/ 022-577 PCT/ E182003/ 025073 Dosi n Sel ecti on of
the preferred effective and non-toxic dose for the

adm ni stration methods above wll be determ ned by a
arti san based upon factors known R
WO%MO’I'%”%%?y skill in the art. Exanples of theg@%ﬁ(gg{%ﬁms

i nclude the particular formof |long acting EPQ the
phar macoki netic 5 paraneters of the EPO, such as
. bi oavail ability, metabolism half-life, etc. (provided
Dosing o the skilled artisan); the condition or disease to
Sel@&mh bERE Prbfertdd@feanelahd nertohi% dashfoethe ddinthisratied methods above

i vidual ; the body rras e patient; .the
will be detmm%éﬁwms&lkémw baﬁ?ﬁélpf’? ’teqp‘*eﬂrto SBAPHArSRaTY S ﬁ“&

Examples 6f ese fa‘éﬁﬁ?ﬁhﬁde @@ga&h@m B Bf'lohé gaing PP ﬁﬁ?ghﬁﬂéohneuc

I catl ons; factors known fect

paramcterstdf thediHO, sudlyes shoavailshiliy, getabelisop lila’ffﬁﬁft; elgt (peaided frethe gkilled
artisan); th? Eé"n%it{?@l%r glgsga%le oebefq?eﬁﬁg Shé ﬂ&}léhgto%% aglﬁg\}eg%?ﬁﬁ&ﬁﬁf ﬂhﬂgiugﬁ the

e’ prac i‘loner an
body mass ©f the qbamdnazrtheemdhﬁd vimpasttationy the frpaenenif adimistreiteypé. e¢hronic,

. the Physici.ans sk Refe DR hows, t hat.,
st e RSO, R IPP G A BT IPAPT O BTG o ek sy of
amnimstermmc%ﬁtﬁfaﬁagem@ CTHRBE redisd dsageshaule bt asojfiztl eebonﬁng to the
Physi cans Desk Reference, 54"' Ed.

avoi d toxici
judgment of {ip paotitigney aE%Q‘S ‘32&“3’15 tanogsns e Haﬁt“i“&EPa el pat i ent s
For\%c 1€, thd PryRIdRnS BeGRERLSAPDRY ShdwR@hd Qlep&lirg o the patient

_non- oxmtaﬁg}et hemat ocrits ranln%fromSO per cent
pOPuIatmntbemg tsatgbwith EROndifferent hematcait levels aie taagiedto apeie t@HHY- on

Physicans ﬁ&%@#&@ﬁ&pﬁ e}%; 1 (5:’ E%Bg Elﬁiif 18 %15? gﬁ)@by% 1 6 AARAY HiBICRE,

er ent hé hemat ocri t
the PDR recemumkndsxiosieg EPQ00 p@mye mbmtdﬁhetamwmtﬂrmng from 30 percent to

p er s . onit o i 1s: '
2 st S BRI BAL AR TR oy ol e
a different ﬁ&ﬁﬂoﬁﬂd&v@f i, ifltﬂ‘ed:ledlatobﬂ’ﬂbm ekceeds 40ergeat iThn{PDR shows that
hematocrit a aches. r ex eeds t pper, Limts..of ..
pratitones; A GEqe PAHICS PR PnE EREP LRI FH Bdeet O i, adiust
the dose ar@oYRGHhIbIH BrehtiRnt 1!3&1%%&@15’3 aémﬁthmtmp@smes &(bxbd%:ﬂﬂm& upper limits
shoul d be able to adm ni ster dgses of EPO gﬁ%l ci ent

of a target ragem cHicsR/ereathe Hefafiartitioners qraed wihithefeach R

invention, S%1dWel2¥150 gﬂ}hims?ér 1088 of EPO Si¥EicRANS dbHiBR e thdrRuli®88kct while
acting EPO of the present invention is adm nistered

aVOldmgamhtp@mt}bmmgllcamnssystem cally at a dosage of about 0.1

mlﬁgc(ij)% gy \@,’% QHfne #ppe%gerﬂ ihehtidh i Q(?%Lﬂ}@ﬁk&l%romcally

nr stra or exa about
or systemmaﬁy ghd ddsageaﬁ'@hbuw 1| ﬂ,@ kg kgimdght\ﬂe ﬂ@:hlt WOSME‘Z/KE ody Welght per

saminisrafih 150 BieBiei ab 1 I WS gghqgséb% tkg%o{h; O her

contemplated b dheeenteklst dusing oS thg eremtinehiel chm’egpmms nepefR@ chematbempy. In

st ol O 8 o OS5 DR Pl 50

fkg-body ﬂe%}lﬂp&%ﬂhﬁlﬂstﬁﬁal | B sﬁﬂ héth&leaibodintent, a 1afgna¢aﬁg BPO&?daout
body wei ght tqo about SOP‘%% glfbody wei

administeregrbip anaawwﬁ of bt 1O HE Mrbogreteighblornd gy wef

admm1stra%1c%'fI %n ﬁ&t %efepn%ddﬁné@ MdtoRf 8689 BPO 18 ﬁdrﬁﬂﬁ?s%éd 1ﬁfan %Qﬁount of
out body wel ?ht or [ess. For exan? about

about 1 ugﬂ&gﬂﬁ)dpgvelghg obsssy Rt gple; ebailb 06 g/ kesbody Wetght tocdigut 0.75 g/ ke
{
oty w5 P PSS BT Y DL 5ol oo

anemia in CRF pfiidntsent s.
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-31 WO 2004/ 022577 PCT/ US2003/ 028073 The effective
dose is preferably sufficient to achieve serumlevels
of the long acting EPO of greater than about 10, 000
(80 ng/m)_ In one enbodi nent, the '
Wog’g‘y@%chl eves a serumlevel of the |ong a{i{ﬁ“ﬁ%ﬁdéé%‘%%
about 15,000 raUm (120 ng/rnl) or greater.
anot her enbodi nment, the effective dose achieves a

o L LR 0Pl B0y e o o

greater thaﬁﬁ&ﬁifﬂ N doRRtAAC(RD ayed). ah oadatbodment, thdeffetive/dose aclﬂ:vesw
hours, or conbi nati ons thereof s%ﬂggglnlstra
AU

sorum levabpiig oseaoaq aibavda-46 mig ForoIh S
embodimef, fHeRAEMRive kible achiBves t&%ex@fnt level 6Pfhe %%'Eﬁ’ﬂu% EPO of about 20,000

allm ni'stration may be repeated da
mU/ml (1694 nighnld-aThe/serec lexela anp praferally mepsvagd @é@plup‘fedat @Outl 2,3,4,5,6,

7,8,9,10 glirse %\é%{)’% %t%%%g%g% st—!l(?%lién%‘:r%iﬁ)gk ?gf%?{n&%@%{%?ate@a\é%%é’med

necessary W epafordinye siill anthaar. ch&mxhrnpie,@smdstsaaom map it fepkatédedaily, as
r effectiyeness in.the body is al ase
tong 85 SHBEHIYIESAFI o A AP TRRHAY Fr A B S0 AP G bt

every 1 to $YWebigyni ¢ chenot herapy for cancer treatnent |nclud|ng

radi ation thera t he adm.ni stration of t
Begpusq thy lompertyndy 1{%@@ the; pégpnté%‘fﬁ)\ggq havgAa %feafeﬁéerumr}%lf life, their

effecnvenésp &R baYy il 5'156 ﬂlgreﬁééﬁ I BEYexBRYle MRdnOAR S igin pAR@ATundergoing

oncerns wth Iess frequent and smal | er doses_than
systemic Ch@mthfrrw foncankes theplaie Hslpdmedadistnmiberey, thegdpimaien of the
long achn%ﬁﬁ@ HF ngﬁ ol R)‘BF b 08 frvestiondRiflk Beth E? Ry aBQ¥Re the
arnace conpositions of the |nvent|on
anemic concais urdﬁl lass Ifmqgenamtd mllm@sfﬂlmm@démﬁw ifiequaney &l aspount of
|n a blend with a tissue protective

presentrecgw&a%% g lcizlgﬁpo& tons nay be used to treat anenia
And)ud dEsehﬁécEadaode seRA ﬁﬁ phmmaéumﬂtmnmhanomméﬂmlmn’am include a

risk for tissue inj r ati.ent Wt
long actinggfsBes o b e RiREST Svapitls b W BB rriog o pptenCufs ik plicellvs
cytokine, tﬂ@cc@ﬁao&i’t&ﬂ&x@ balubdd th ReatRhahiiRee tlitePdis sy pitichis st &fe also at
he invention instead of the EPO anal ogs

sisk for isgp g FEF SRS ¢ gatpspbyEh e that ig lop g Hahieb %fzf'&aft discase may
be treated @F}Zgg&gahgﬁﬂ&ﬁtfcﬁl%ﬂﬁﬂémoﬂg%? HeTBRhL i fnStead T thd WED brhalks

rovides a pharmaceutical pack or kit that
currently avaiteblecke as Feprovenirihe sisk ofrinereased damaps from Treagmeiits h one or
nore of the ingredients of the pharnmaceutica
conpositions of the invention. In one enbodi nent, the
Treatmentdlikect i ve anount of the |long acting EPO and a

h l .
W%él%ﬁ.gspé%%%i% a @ﬁarﬂ%er%gcﬁ Rg(}i(a(%géﬁt?fgﬁt @ud@ %g ﬁﬁ?ﬁ\g %gntamers »
filled w1ﬂ1l@habfmsﬁl¢fﬂfeahgredimm®ﬂ thé pharmicettiel comositionnofithe mdepioadn

t | ' t t
one cabodoe ERENIY gL oL e <08 SPHPERG) Bk rBtr SR prespiabl
carrier may D&'Sackhdd@ ik kingl3Aod¥BNallon 6ﬂhbk%nfahﬁr | yophi |'i zed

conposition, a, sterile liquid carrier, and a syringe
Whegthg WW@F@I compogifien ekihe BIVARIeE is 3damted fqr ParfEietides an

administraBOR lf&leﬁxgﬁ B 2P b&ﬂ;{)&ﬁﬂﬂ %ylb‘é Qﬁi’éd th A@GbpABL-6d bddlditfoR! Thus, the kit
severa

reat s such”that the adm nistrator would
may includesheylyophitizes coppedifions a aml;dlqum‘rrcarm,@nﬂ alsyrineg ferdajegtions. 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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-32 WD 20041022577 PCTI LUS20031028073 speci fi c anmount
of career for each treatnent session. In another
enbodi ment the kit may contain a plurality of ampules
each ntai ni ng specific amunts of the | i)

wo 1"8??7% and a plurality of containers eérgﬁj?dézbo%?sms
containing specific anounts of carrier, such that the
adm nistrator need only mx the contents of one

. anpul e and_one_carrier container, for,each treatnen .
specifio amGAA! GG PR EEE RSP or® BRST GRPHGOR (LG ey Contaia a
plurality oBRRHuRS badhiBRGiniRAbecifid Windtints cFaR19bphslizad matetial anf aphality of

including an injectable solution of a |ong acting, EPO
containers eth ohRtziNINg SpACHES AR OF AT TSP NGH The HOIBN F?EFeﬁdt?glym the

contents of Gk Ew?@%ﬁd 08 @kriel Efgdiner ¥R Rentidstioh Whout measuring or
I"yop I'zed conposition, at |east one container of
weighing. Gayat anotharelibbdioment, tie kiteonsaing Arauteivieetar ivelnding ek ingectablea|
. est het i a at | east ' 4 t i .
sohuion oGt 20 S oy i dp Pt By P i atlas
one ampuléW@ItiEieilgiphilized eatypeition, Gt letene tintnimh af cramcesoiunton, at least one
i conmposi tions . of the invention ar .p.be, adm ni st er .
container Y 4 1y PR b s G QRSP F HED L gag oo O siper
are prefem@lmeﬁﬁe@emszemg phar maceuti cal conposition and at
; :

east one” infusion bottle with sterile a@_har.rmc$ﬁ‘té{i§ﬁal.
When He@hermaseutispl campesiions af e fuveplios 44 eagoyier sion,

it prefl ' | i ithopiaaE 8t 1eks
the kit prefg%gl‘gﬁféﬁlﬁés gﬁ)éas%%gardgfeﬂfve: WBEthE bharRASdutiOd Sopasionl t one

adapt ed ces for direct lung inhalation
infusion bastlecwitiastenple pbaymeientich! geade weles or 98w i zers, or
Lnsuf £l at o i i Xaa?s% MBS RapRBe orlPEeiall
Akﬁtlatccorlf%]i}g?on%?gﬁég? Hégn e‘z)\;/lin?c:}al o?ﬁ%?%agéaﬁgh o nhgl‘at?osg, Yy
adapted dewloéscior ditset g nhilagorpdual aepressuiized|2exoertp aghulizen, ordpsuffiators. In

this aspect gg%lﬁ gl?evgﬂ noqao g)te. létgﬂgasylt 1 cﬁ%ﬁa &@%?e%c%é%i%ﬁ“ﬁ%ﬁ%@éﬁsog}% %vhich contains

the pharmacBMRAL dofiposiMéig br the deticridact leastgnERapyibaf aypeewu o o kolutions of
c_on‘Eositi on of the invention is adapted for oral,
the long actipg KEQOf HgPrespREAR%RON agi nal , or nasal, the Kit

Wieh &leabcting RBO %_ﬁﬁﬁmeéuﬁbﬁ%sﬁlp@@@mmw ivencioh Riadipre fob eral,
20 active ingredient and at | east one adm ni %} ration

transdermadjreictalEegingl 5 ngspl, the kit areferablyinpiudss gideashene rpulasgpiaiging the

active ingrgtgént LhdhtiGg: 5&%’adﬁ%ﬁ§t&fif)ﬁ‘ gidS PRARSled dKm@idtation aids include, but are

mnistration), sterile cleaning pads (for
pot limitedt to,ansasenngspoorsdfvr nesl adminishatiomctendesdeaningpadsifen trnpdegpal

. nasal, adm ni. ' ! I: Is [
i 5 BT A A o BI040, S L s o
the long adfihg EEDi (hqut&)tfrebadm)sc;r(aqﬂmdityof ﬁmssa(chmmtc)treamqmt)addi tion,
t he. Ki outfift W t n .
i &gt b ey o GG R oL @R g o IR fioha BB impte, e
long actingJEIZ(D Bﬁa&ﬁﬁbduﬁladg cﬁl_ﬁﬂm&:nfs bbihs irﬁzfen%dmenayi?ﬂamdegm amalipipein solution
made in an al bumn utio a.pol ysor & . »
and a polyEeghaie Fapion) i BR* RichOrap Bl o ie DB BF Btds - Albumin froe
preferably%ﬁééd} bPfe cbitBin¥QkLE a5y the kit afin papeief er abl y appear
oh the container |abels as_ wells as the kit main

Maquenvet, she Litspaionesrinclidrea natice ippihe raipresiapeddy 2soqgRmenta] sgency
i ' EfDEI184icA GRIAGMs, which noti
epintog S GHELBLGEEE ) Dl R BNELLTN B4 8, v e
reflects apploaal iy disrdgene of nomufactofepgiecalsalp faydumes adwmisgriigiet | ce
30 reflects approval by the agency of nanufacture, use
or sale for human adm ni stration. -33
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WD 2004/ 022577 PC' |'1US2003/ 028073 EPO Assays The
present invention also relates to assays to determ ne
the crythropoietic and tissue protective capabilities
f | ong acting EPGCs of the present iny '
wo\f/%)?/ftﬂ%g the EPO anal ogs used in several oﬁ{]‘ﬁ%%‘wﬁn
. pharmaceuti cal conpositions of the present invention.
For exanple, the 5 erythropoietic affect of a | ong
acting EPO may be verified through the use of a TF--1
EPO Assa¥§say - which will be discussed in greater detail in
ThEPRERE Bivéntioh AR LIRSS 2RHHS B CeickRinD tHRREY hopSictitf antfickue
conpounds nmaybe exami ned using in vitro assaysf‘aﬁ(tjl ||i1
A analogs

protective papabiliissefithe loiwacting EPQs af the presed mvantymeay el a5l

used in sevifdl O¥4he :pﬁarﬂlqgéuhbﬁ @OIP%&%ZOBE §PRBhrebddY 8REARR. *bS&ample, the
contenpltates tests r determ ning not onlty whet her a
Y

erythropoigiér &ffect farloEROuDRRG wry bhasrifiedsbiougipihe neafiaid-1 assay, which
. .actiwit byt, .al whet E :
i o S e P R R S ST B

may be ex@fmay ssind intvreo dssaye aid Arviarassays, efiiehednt fischesid gm geatpioddral

stow. 1o SRR S e BB RS 5 o BBl oy st
particular BB ¥ Spfind has@dud BoRbtiveatvityl, Bitemdeshetter e EPO compound acts as
non-limting, as one of ordinary skill in the art
an antagoni Wik reped inradesoneb @ssays useful for deternining
[V iRRALST 46 pRIGHI) 865iBeR IS Lo hIpYLedARAR b ko Rfiod of
Thgggaéggfconpoun S RS E?y*hr opgi etic %\igtivi ty Assayswﬁ1

time using Pyaininy et oif Gl Curonsionnd: ddorepves, the pssaysapqvidedyhefeg are
; Ol L& orbifNS i) i id Ul Rlze BRl: fal fi
entod S RRSOmRSE RS L r A5 LBy 6L RehAd Al SR, g st o
determinimgrike enthogpoiebintnd tasiiirocetive chpabditiea pf BRO geoppunds
determ ne whet her a particul ar EPO conpound has
erythropoietic activity. The cells may be 20 pelleted,
Ervthropoiddic Remityashys esuspended at a concentration of 10
cells in ] m_of medium..with reconmbi nant EPQ and. a
ThepEthEepaiis FHIBHOS, h e alility i soptzel ﬁ%n;g%ﬁr? fayets, SaPittoftr ePO
compoundGBRCERS Hefcdhined Ssing iRioh i sksiyjsd Bidbne @Aollinieds alTaY cbit line may be used
mai'ntai ned for 24 hours, at which tine the cell nunb%g

to determipeswhethesapariisalayBP Q gorgpond ianerapeicte AUH I Shpealls may
pelleted, w&%d', il dBnspdnt AR 9 ond¥BEURDARE 1 0Wdells in A1 eh&MGY, with t he

conpound of interest may first be assessed in vivo
recombinalptyERYD gnd a1 BRO cengpound ofintesest adsied ehapesiBerepicerations. The individual

ot R AP AYIR, L PIPRD o  has

O conpound o
formazan feadtnesdducio(CelifitezRramegay MadsonfWil)ehi cl e subcut aneousl y

three ti week for. a t | [ ' .
o B T R § Bl ol DR ek
effect on th€RRAMREDIN cofBerRdrowsimpdtimdle BA LG aicd Nedmbls atverdministered 500
erythropoietic. if.it raises the.seru e obi n
Ul HGH CRrPR R OF st D6 8% Sy L ine Pt B E oS e megyely threo
times a wdeR F& ARYta 1N AHBI(NRAe ilervhllshfficitst RMbIdrie an erythropoietic
eryt hrol eukem a cells. The EPO conpound of i nterest

response).i 41 EPPramppEIdds flelennringdiie be eyARPRACTPRAI Fstes g RpyRYhemoglobin

tr 'd;lcc[ .be_yond tha_t of_ the control. In addit! on,
concet atﬁ nose o? or di nary skill in the art would recognize

Futthertassstdnent efqwtopsy ey 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

T

the control. In addition, those of ordinary skill in the art would recognize that other assays for
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WD 2004/ 022577 PC. t/US2003/1128073 determ ni ng
erythropoietic activity are avail able. For exanpl e,
Eur opean Phar nocopei a di scusses at |east two assays
in determning the etythropoietic IV
Woéﬁg%%onpound, whi ch include exhypoxi cal;rir;oﬂlﬁlgéez@aé/sog%%
and reticul ocyte assays. 5 -('issue Protective
Capahility Assays Based on EPO Receptor In one

. .enmbodi ment, the tissue protective .capability assay
determining ) IFPRR SIt i HOEHE POR TP o HISBIbIeJTIRE praripB e scioes a
least two 2298 &Gl HEdLEmBROhe EQthrédRtic GBiatylofién BRQuempeunkipwhithiclude

tiSsue protective receptor is isolated, a variety of
exhypoxicaenyas/assais wadreticdec ieassieer ni ned a particul ar EPO conpo
raid's tissue protective capability. As known to
those of ordinary skill in the art, the type of assay
Tissue Protaapveolaa by Aangdayed] (Afeegniorhe wei ght of the EPO
co und. r .examl.e.. th : RY

tn G ient Bic i Pty S PET S TBY R BroEATRRA e based

on the tiss@Sgraitctivecenaptet foi EPO. @asaii seqieycedir thédssabpioidelivearfeceptor 1s

) tracer _anal ogue to conpete with th t sanpl.e ..
solatod, a ) DEASTF T b HiFE SR HTTOR GRS HE PR CEP P grigue
protective SAJABTIR. Als RAbwItoRBEsE L brdirfBy IR thedrt i, type st abal Rinployed
“analyte" refers to the E PO conpound of interest to
largely degisads exsthe grefeb ofithesBRI coyppA@Et i ve activity. The term 15
- Qi / EStifeQs@RY ohdvabiadsiator BieAd fabitition
Fo{%g&g#é%tg%a %{%%‘ﬁ@ t he ISéP ?ecept or%)%aA; used
assays. Cdvapetiting assays agle ptl theabdiwof afracetraplogue te sompete With fagfegf sample
| abel a : . Waseyole] R WTE | in. the t
antyto for AR AL A B BOUE s chTIBRURARE R X5 foga porein, e term
“analyte” ofdid fodhe BINO cahgruad obinjangghtods. testideor isqerprotegisediciidte | The term

- 4. TR e .any detectahl e .functi onal it

vinding pATAE) TR IARTY RETi0 Tl Pt S i Qiplcdl nf 2D Rotpiors. As

used hereiR,AthORT refdNOR! 1iH ddirsugasts angl adabed anslgtermilegieednihblzlized analyte
may be detected directly,. such as 0. fiuor.ochro

analogue, A PiasiiR BeEehErman-r AP ORE b pirs SRSl | Thi racer

used hereilfRia§bb ﬁ%r ddi@tabBsskctdalite Bkt @sbs @bt inteEre wathi tRebindiag banalyte
det écted, such as enzynes. Suitable tracers ma e the

and its bindingipaitrest Hp@@xﬁﬁgg ex es qqludq.tgc’)leqeﬁ gha’t may ge a?tﬁ“tt%/pr (ggec y, such as

fluorochro e&lfeﬁ:[ilinnﬁﬁesééﬁf, ORPQERSetiveibRlsass well & nfAdted iahRhatbe Feacted or

uorescel n, uorescei n derivatives, rhodamne, ., .. .
derivatized foduaiviented et asaenryress; Sutighls/tracermirg beithesediqisotopes P, C, I,

0,1, a0 DS G e g, o

derivatives rBoddinimegihofdniibdddrivaiives glannd symiRfiftrons Wiciderasst(firefly luciferase

oxj das I Qe t .
i SSRHHGE0 e STl PRSP Al
horseradisﬁ?Eﬂﬁﬁlﬁ&éﬁﬂﬁ%@ﬂ%ﬁ?ﬂpﬁg@%&?e,%gmm@ﬁeseﬁgl?das@,las%dpbozyme,
.. glucose- 6- phosphat e _de r qgenase rocycli,c
saccharida QPRSI pOIR RSB ESIR PRI DS iEeeas SR IARIAG Coipeip g
heterocycli G dReL (1ALasE MR QiR YA RS RoulET WXl £LerzmeKiattfiglos hydrogen
dye precursor such as _ERR, | actoper oxi dase,

peroxide taogidie @y Peeuseor Saicps FRE, dctaperoxidasee BECTORST B a5s. 401 giipfures
- bisRlAvikaP&hsi ! ; - hdE®mbinations
threof; bR BAROGIE a8 BB ARIBOG0CE UL ek KAl Albmbin
thereof. Leotroshibodivhent, tthreracetis et ledst og of horssradigh perotidpssros alkakines h
eroxi dase or al kaline phosphatase. A skilled artisan
phos?hatages aware of nethods of coval ently binding the tracers
A 561I4¥ Rtieh RSav@ke of methods of covalently binding the tracers to proteins or

0 &
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-35 WD 2064/ 022577 PCT/ US2003/ 028073 pol ypepti des. For
exanpl e, coupling agents such as di al dehydes,
carhodi i m des, dimal eim des, bis- innidates,
zotrzed benzi di ne, and the |i ke may
wo%bofroz%??h t he above-descri bed fluorescent, ngﬁ&%zg{’%
chenrlunrrnescent and enzyne | abels, sone of which
are described in U S Patent Nos. 3,940, 475 and

. 3,645,090, the entire discl r.e
potypeptideh d5t SEPHIE AOBYE BF A RO oS T ARBET 1 pelsiges.bi-
imidates, B &GRS bdnzi@ine, H8 AR 1A inly Heﬁ@erﬁbl‘ﬂﬂg\ﬂﬂl marlbmrdeédrxbnd

any anal yte that remains free

fuorescent, iR GRS, And GHETE Aol S O O @ e B s Pefios
3,040,475 Qﬁ/d f&&é@o ﬂﬁggxgédg Hrgclbélﬁeszcrf%@ucht&@m%rﬁalaﬁa bp @éf&:@@de Iefein.

té an efore the assay procedure, gh
hnmd@hzmonoﬁreagsna, iatseparatingdbe bibfliag petyer fZowrany ar#lﬁe at remains

free in sol oghls 1eq %?c{] {or ) g&hcﬁégsa} 60k mé% %’oﬁr&gﬁ@ltéerd‘i%%éﬂ&olubmzmg

ar a tross-lin
the binding P letui dnnlptemgalbm braﬁm the lmssey peceduog aebyidserpiion th a water-

it e LY ERRER ) S e g bt
cross-HnkiG £ 8Y idsbRbiliaig tHepRrthérae efalogup dfiteatdy b.g., by imthudaprdciptation.
blndlng part ner are se ratgﬂ ronr he unboung i
Thysa Ehedirlige RE A bedugROHZE AR e %@%ﬁge acer
and analytg SRRt B b(ﬁ@tfér ;ﬁrtﬁé}%r@eﬁﬁht@@ feaf the'@iboWwaStracer and analyte This
rci nsol ubi I'i zed) by centrifuging (where

separatmnmydne mgcopmamhﬁéﬂwm@nme@m@m the biadite paTIeF Has E’@Wﬁ%’ﬂ”%‘??ﬁé or by
Cenhiﬁlg]ﬂ’%i%?lglje bin pr&flopl{afeﬁtaﬂ%ﬂﬂp L:@m?é’ﬂﬁlvé’ }eictich). The amount

ersely pro %rtr onal the anmount of bound tracer
of test sam@le mlalms eteissly proponisnalrio thetemytmtadibrend tsgprsasapragired by the

e ons curves
amount of g@rslbe'r gb g c?r% A té{r}e %ﬂ?}h\/ﬂ[ ﬁrﬁ%ﬁgéjtﬁs ?é %r%ﬁﬁ’ésﬁﬁ%%b@&ared
and compﬂétﬁﬂiﬂh ﬂﬁtttsvrbbwltsd@ qlmnmanedy Heteainethe ambugod byalye presené i the

tes Wien used w t
test sample. r%{i@r used wiith € §S trpesTsy (iesmt ° P@f“@ﬁ}y( géggrtfeo 985 EH188n
systems. Systems. In sequential sandw ch assays, for exanple,

an i nmobi | i zed bi ndi ng partner I s..used t.o adsor
In seggentighyfpiwch ARy ©OF c¥ameple a8 imughyipel b (5%%9’881%82"6&} adsorb

test sampl%@rﬁ?}h@ e =0 SaiNH R eRBRIAE By kshiBE thd Bbuﬁ&j ﬁihilﬁe islvakEto @dsorb

I ng partner, and hound mater] al hen separ at ed

tabeled bifdingpariest, shékhound meisrial i fhen sepstatnd fmm rqg@aﬁdraprra dép ajogunt of
bound traq%{'s {s?ﬁrﬁ% ﬂ)% 0L ¥k tggr%k sa%&blé ﬁﬁi & Whﬁuﬂgﬁoﬂé"%mdvﬂch assays, the

san assa s the test sanple is
test samplestnos epantat delfolreiiding ﬂmidbakgi hlhd;nﬁ pdyterd bi ndi ng

ner. itive ogdl
C‘%ﬁ?ﬁé ﬂiﬁ'@ﬂ% meheds %mg’ 1o %Fﬁ%ar% a%fr‘rlﬁ t ‘ﬁgg@f grt of the

method, m&%mﬂc\m}ﬁbmaﬁ assﬁserare:cdndhntéﬂ mrammgmsaymn aum rfduﬂieespemes

in a si ngﬁ% action mj, xtur Anot pec £3 hases aration.
of compely A AERYCAURS % ECRYETEP B12% TOHBHDYTBT TSR e oop
In such an@@éﬁ?vﬁéon_]l%@@%f ARénzi e With@h@aralasie pipprd ahd ased sildh tBMMhen anti-

an assay, conj ugate of an enzyne %\n ttg t he ana[b ,5[{1 "
analyte bnpﬂsécpﬁre@aalanahwaen%ewé the mbiranglyisimofdibss the,epeyne ac e tissue

protectwetr&g{:t]faﬁs LA h%ét&l WitEa HRERBOEE o%famt: REdgdHbian 3RAIE sich as peroxidase.

les t enzyrre acti1 vi t% he tissue pr otecti Ve
Conjugates acepleded fog ummthr@laﬁé’ & swithds bindisierad e BREH Ehu bete Q&Pﬁt@mates the

nj ugat es
enzyme ooy SE e S8 FRUEer B i pRALRA R sl LEe S
StériteofgiGhtesdre ’meﬂm ﬂenqiniuknﬂmeaﬁ@lmds i ho&mgmusaassaw"rthse

of the |abel. This type of assay is typically referred
to as EMT. _36 -
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Steric conjugates are used in steric hindrance nethods
for honbgeneous assay. These -36 WD 21104/ 022577
PCT/ US2003/ 028073 conj ugates are synt hesi zed by
lepntly linking a | ow nol ecul ar - wei ght
Woioﬁ%ﬁzggnal yte such that antibody to hapter#a%sgﬁh%&['%
substantially is unable to bind the conjugate at tile
same tinme as antl- analyte. The anal yte present in the

test sanple will bind, anti-analyte, ther,eb ow
confugatesgFy P RAPESEPoBVA BIHQICHE S LORTGURE Bt VPBUIDIen g Al Halve

such that aﬁﬂﬂﬁﬂg%o hdﬁténf&ﬁbs@ﬁﬁﬁlﬂ% @hatid tolR tBOEInfiGateat ﬂha I@ﬁ:ﬁ:ﬂtlme as anti-

, 0., a change in" 5 fluorescence mhen he_hapt en,. 5
analyte The frjalate erptvot e theves cample ilihiod awi-malas & Ytﬂnﬂgwlé anti-hapten to
ol te, hange
i e TR PR P EGE LSRRI, o e
ﬂuorescenéei dvlmh tﬂeﬂhaptea is é’.ﬂﬁl&opiwde in Application Seri al | No.

Molre] q?‘%&&(g} fgga:%w I %%sPA?ro echv%capa%o(%f%t% ?%15 d{r%r:ues\ré:%ﬁ i IEo ?El‘fthng U.S.
Patent Applﬁatﬁimrm i1 0N 8s 0055 Sk Julyis, 2002 mﬂseﬁmﬂwaﬁont&mal No. 60/456 891, filed

dentification of the a 9 ence for t.he tis
April 25, 2903 Petyqf PN P BEBPOTa I BY F{TERRS hefsinh B RteTes.
capabilities of an EPO may be detern1ned usi ng
functional assays, both in vivo and in vitro.
Functionabssgysr abl y, one of ordinary skill in the art would
In @8 %ﬁs@ﬁé@ & 1 18 hificdtldn e e Re QlendeToMhY ﬁssﬁ§ PYectiPe receptor, the tissue
ermne the tissue protective capabilities of an EPO
protective capapiditiesch{ ab EPOimaycter dethrmined 9!%@@%’“‘1“@1 ayeays.hetig vivo and in
ssar
viro. ProfGERE SR o ob B AR nD A Wl BB £ bRl i of BIARL Gy 1o
determine thettismeanstedtive vipabilititsofandPO @mpomnie bejfin osrthimiastgnosk it may be

sy 5 S B 1RO LR BB

in vitro an@ 8y BR)ydrat e chain and/or at |east one additional

O-1inked _carbohydrat chal u3|n conbi |
In pragicg 01§18 eqdaeea&% 0 b OIF RARKERER W'}Eh‘reéi’n ﬂ‘% analog

having at [¥hst 6 Adficha N-Bnl&d hbd %}V&:ﬁ@ ciRinléhde bl le@nEnd Aliditional O-linked
not oneur on assays, coul d be used to determ ned, whet

her .
carbohydrath chalR@sing 8 ﬁ?mb,m@l:wélfof inpreey disolosed by Whe Prsient InysRfipn. B b vivro
tests such F{]tﬁé Ffé seYi8in ng? Rter drlehdof Sissayd\@id Herhsé/d 4 el %etﬁkaHe BBO

foc em a, bicucullme seizure,
compoundsqfnnta‘ﬁst emiribitadrtissireeprofoctiie sansbilitis. HEhenia ivp togiss rﬂfc;a ag fedat

focal 1sche5:x§§ﬂ é%llﬂg{le S&E%F ?ﬂs&:‘fﬂaﬁ ESabhGihh Bddeld Sou¥d bd Red gbfysthe results

résent I'nvention I nclude, but are
of the in vittiedtingd t ed, to those 25 used to deternmine the | ack

of tiss rotec ca abi.l | :
Hypage copmeEen DY Py aRamsr A ngiat BBt g aottinjipd o dose
used to deREARY thellalk oTEERS protextiat capabilitiasde, hy{iélﬁlyt@labed&rﬁh:opﬁeﬁn
m cToarray, when are dlscussed N g ater detai,l below

above: thedlf opllpsste Fatmofenstiontlall el R M B NA FRETE N b T

discussed ﬁ{(ﬁedté}td%ﬁﬁ ®Blotend BERE Nubidled in P 2@ ble QNEhe Exaifléstag iy‘ltended to
intile art would recogni ze that there re ot

be non-ling g asisine of erdippry skill indhearswowld reqegizethatithege fRe F gty  in vitro

assays for Qrﬁtgﬁlﬁ.ﬁ%gglge ng%bﬂeégw\?gg?agﬁgﬁfg ERTRARSds. TR oBRAEAI #8E EPO

un e consi dered tissue
compoundowatlébe ¢onsidered tissne pongeéve Hon comparisen et a esintrol, it maintained or

enhanced e wa%eh 3? gfjthe cell. The erythropoietin would be considered antagonistic if, m
comparison to the control, it detrimentally affected the viability of the cells within the assay.
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enhanced the viability of the cell. The,
erytilropoictin would be considered antagonistic if,
conmparison to the control, it detrinmentally affected

iability of the cell-, within the as
Wo%g%ﬁ%gzsw PCT/ US2003/ 028073 A. In Vitro %sayghéase
on-PI 9 Cell Line In one enbodinment, the in vitro
ti ssue protective capability assay is based on a P19

cell line. For exanple, P 19 cells may be maintai ned
undi fferentiated in DM EE.M supplenented with 2 mM L-

A. Py Bt B Eased 80p1d cdn ygpi ci I 1in G 100 g/ nn
streptonmycin sulfate (G bco) and 10 percent feta

In prepanphedisrent; the(inyitodisaitepapertive 6@gag1§1jy assay; 1s Based AR glﬂ..%cell line.
For exa:mp:l'e %19&11# Maﬁgaxﬂw PRARSeREA ﬁ{DMﬁﬂ Eﬂﬁple‘iﬂeﬁ@d W'ZW L-

sane conponents as ab ove,
glutaxmne,eboo &fitni mmcmlﬂm %5, g00rhg/ofl stirepsamhycin sulfale @prgp}ﬁnd de percent fetal

bovine sergtﬂzﬁ%f erq\;ra.%g% %%@%% 8'&;%% ?]{E gﬁac 4 C%g qOﬁﬁth@égs ’bﬁﬁrgﬂ RErum-

free medivROMbY Corfidl thdsardOcdrigddnentt Bedbove adth thd xoerBdnpéE S qeftl of msulm,

confl yenc are treated overnight with
100 gl mestorigs 280 ittt BP A oaretpe dy] SEAERED. e o
place of thk FtA%YoPine ¥@aHed in serumfree nedlun1and plated in 25
cn? tissue culture flasks at a final Fﬁlty

Celsbpirepebimitt 59 paeqn pTEREy e ] SVEHES tB’ HicPRop ﬁ%t%o and/or
an EPO ¢ é)%hﬂc? lﬂigf%%t @gs%bfa{eﬁ h kb, N&sﬁgﬂ i steﬂ(mﬂﬂé’e 186dium and plated in

ypan ue exc uglon known to
25 cm? tisgleichiad flasks maﬁrgd d@ﬂsﬁy efidl’ cellsfems fin aeé@@m meediunppenes giwith the

proccatmnf G Cotl S B e R b R AR e,
As kheentskiilad brtiERe) thesridmmn afpecombingt FRO carrevsht qelidoss after serum
withdrawai &%@.}J?l - k ﬂ%&(l)l'%l Ej(?_gﬁﬁeﬁfat F%(%anﬁg drct':o'ﬂui‘tﬁnmt E]t’O r%fscues up to

50 percentCT s né:afoﬁﬁi lﬂde%smbei:rcﬂﬁ déaticifuves], in b endemOitioa wp 0.0 AHmbfo 100 U/mi.

Thus, o o s b Eh g SIS eersh e S SRS nb Ao ca
from deatlpﬁﬁffﬁl@ feottR], PRErab 19 Gt et ebile BbuttBYercet tb bouiBS hercent of the
preferably about 40 percent to about 50 percent of the

cells, mOStIEbfG@bl}’Z(bOIB 40 pgrogatte éb%ﬁo rutohelthefclAssay 1 n anot her
enbodi nent, a rat notoncuron assay is used to
determ ne the tissue protective capability of an EPO

B. IciGirp RahMotonciroe dssayt in vitro. For exanple, primary
t one e
In af G RENG et R Eon AR B8 e Sk NGBl wE AEGS plot Oy
capability bﬂiimm annpound oﬂ'imEr@se i Btrarﬁ)rmxaﬁldﬁ,amn;m’ﬁ E@dEdUI ans thaybe
ensi.t 0 crm I n
obtained 58 el iR Tgey e B PR R RS s B P
}mmunopzﬁiﬂl\glgI ﬂ‘gb EHI]F aﬁéﬁ%l%ﬁﬁglyabéﬁeﬂl gt 10@01&1?&51’@’((20(El)lcb111m@1t12r)9nib \ghass ,
ur obasa ercen rri ut anni ne
covershpsye%@m\%ﬂé@s P%?ﬁﬁﬁip bbﬂz" '\AJ %‘éfh % CoZAmERE
complete &hﬂdfea}ﬂ@ﬁ iﬂﬁ:fa&ﬁ rEZm@icﬁb'eﬁtb [y m%hﬂﬁﬂhe I’W;ﬁbtdént horse serum,

I ng/ nil After perlod of tine, preferably

25 UM Z-m@w@oe@laa@ly IRyt atey lmqrgenhwalcelha bRy NP Lnglpl BDNE).
Aftera peh@& & tﬁﬁé, pﬁe}é}ably about 6 days, EPO (10U/ml) and the EPO compound 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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30 Um) or vehicle may be added to the cultures
(preferably about 5 days before determ nation of
surviving neuronal density). The medium may then be
di scarded and the cells may be fixed with
woi?ﬁf’?ffzﬁﬂrral dehyde in PBS for 40 m nutes, epﬁ%'gs‘g qgﬁ’%m
wth 0.2 percent Triton X--100, NVO 2004I 022577
PCT/1JS2003/ 028073 bl ocked with 10 percent fetal calf
serumin PBS, incubated with antkﬁodl ealea ai, nst non-

blocked Wﬁhé%ﬁ@"rﬂﬂeﬁﬂéﬂf FRER &t TP ariarbeeq 3 9 jon-
phosphory@a\f&{]ﬂég&manheﬁgl SMiLSY2 9(7(%510\%%&1@9. %ﬁ@lﬁﬂl&ﬂﬁ RisiBb Helafidin-biotin

am nobenzi di ne. The viability of
method withodiemizebesaitinga Thp siabidibeefsetionsarophBiy §¢ awrys¢d myrphologically by
32 positive cells. 5 Mxed primary
comnngs@w&og%vg 11r‘ofot oneurons characteristically undergo
Mixeiljidaos tudtueks of n:gtonatnom chamriensticallyt wndergo capopwsmtmng

Addi ti on reconhi na I .
maintenangechitirs CQH&H%VS Beg g’@?&%’é ?FtPB (ﬂ) yéﬁnﬁ 'Y r?b e r Emm )
days befor@ @Q@BssHRAWT clPmEhIH hﬁd 3t EHoymit6 §1§@ﬁ8mﬂtyh@créusaﬂxe mumber of

primary notoneurons gbserved at, 5 %p%s Thus, #%
primary mefoR@roRéOBEPTY Bdays Jies 9 beconsideredpsne RiotRsBYf Hle
compound d?'i:ﬁér@ﬁ %:re%r%l? EAPlo¥s FALNAHE San nubRB &L thStEnshdHR (i MRSontrol.

not oneurons than the control. 10 In one enhodi nent,
In one mhddm&ﬂ@%@?@ ompousfl of intasesé istconsideseskiisperaraigctiyed g groater number
ot motonefiofi §E L8 bl Fu AL R BUTREE e BRLRREN AOQTmAI B o tie
conirol. as corrpared to the control. C In _Vitro Assay Based
on cDNA M croarray 15 Another in vitro assay to
determ ne tissue protective capability of an EPO
C. ICrirp Yudieyy Baked ot (DMEA Mictosrrady cDNA m croarray. This assay
may. be used t8 det.er m ned .reco inagéb}ﬁyé) andoutnggfinterest
Anot#zﬁf@l VI ASN R G TIYins %SF%%HIO egPRyBHE O SR
is a cDNAGhitfofr &N LTS dsBayRndPookd & detoBhinéd ifedoatbathn EBOnd the EPO
undi fferentiated P19 cells can show a diff

compound i intese TeoKlify GFRE GHBEFSTER FIERCBRY I PAD SEL TERA fliedfom

F dF ffle WRAGItACEHRRY Yot 4 B
m&ﬁwenﬁ%@@PW@‘cﬁﬂos‘E‘qu% a%pﬁ%gnt(?)tgﬁcgﬂ ex?gssn or:l of e 20 1, 200 onse

1200 cDN@ememarrw, ﬁeﬂegdms lupen fra gxiiosuTritha FB@s plor grampleeths pxpression of

20 sl 0 BB A A0 0 s g

mouse 1 2;; atella¢107isanpﬂﬂhmmﬁh¢ tréalo, ovamlmth erdmpmgcmnhmant POy esEPO
compoundi %; g}ég/areq.t (ﬂ-m% é’i F(F”%es gﬁ egf Of]%eu I %%%:Llsl%s%ﬁ ?ortﬂ}@ﬁ extraction or

subjected @&pfutVdsptieaioh dor ﬁhdm@a{m}awva@aiwmwresanc& b&the smy&ﬂmmfadﬂfmeiunng

g B S0y G Aot L oot

DNase treft eﬁ'c[‘?él?ﬂ Ly maWHe'@uﬁﬂed? Olrblhea s thhakohdt@aietiihe presence of
RNA maﬁ purified. Probes may then be
FVHES

[P} ATP, e tabﬁle@ Bigbesy Rfﬁ%?éiyc?@ g¥lionqenptp opkigheryay belpbridiged to
the cDNA%gBB%rﬁE%\é’S R%sPCe ek Mre%@s 5¥e hJak1Q 268 Hﬂfo%ed)ﬁ) @ R8A ., The

ridized to eDNA nyl on nenbranes at 68
intensity o@radfﬁaalmrsmlam bameeamgc}f@ﬂh aRbospherdmegertagd goalygpd withthe Atlas

|nten adi oactive signals my be neasured
Image 2. Oﬁ??ﬂut%r PSS kéﬁlogfeﬁ@ger and anal yzed with the Atlas
In vibormgsys 2oferaplated be theprogutanvepGbomtied but 86 nbirlinyiteddo, the tissue

protective g%fsl?sé}ss %g%vaﬁ%ﬁf’@am{%)ou?cﬁ é&{lﬁ%&]ﬂﬁ focarl\{s%ﬂteﬁu%rﬁlé)c{éﬂn%qfﬂa-

hippocampal biculline model. In addition, an iz vivo model for evaluating tissue protection includes
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protective assays used to eval uate EPO conpounds such
as the focal isclhem a nodel and intra- hippocanpal
bi culline nodel. In addition, an in vivo nodel for
eval uating tissue protection includes
WO BBHRAI2 2577 POl | US2003/ 028073 spi nal cor EW‘)WSZ‘"B 028073
assays. Furthernore, the various assays dlsclosed
within International Publication No. VK702053580 and
U S. Patent Publication, Nos. 2002/ 0086: . ..
spinal cordsAI ISR O BthETmons; the VATISNE BAISAISS S?do‘?“ EﬂtW%t}?nﬁltPélbh*‘a‘mn
No. WO/0RU533 §0\nd (Y ?ﬁ%&n??ubléat%n Ndsl 2002200868 8aMs BaBrsh7oTE7Res al
en1a I n one enbodi nent, the in vivo assay
confemp}at@ééﬁﬂﬁ@wnbﬂ@msn@ imvegere protective capabilities of a
particul ar EPO conmpound is based on a focal ischem a
nodel . For exanple, male Sprague-Daw ey rats (- 250
D. Indityo Amsyy Based e ol [dohanin Melel vessel focal ischeni

I onRpRmPR: Pa I (8081 W0 SNSRI hva et
particular EROB&HFiudd & Hakedoh dobifl isdBentia Mbdelatrer exalnpley aiale S]Si’@ue—Dawley

ht carotid nay be occlu ed b S e
rats (~ 250tan3maeé1aed Wity ﬁve%‘@ﬁ% 1 fogaljt E@%&mﬁb ﬁ%é{yr §1° f%‘%mflﬁ be
anesthetizdd vﬁﬁipeﬁfog%ltﬁl(b@ﬁ’@ﬂ(ﬁlb%}) ahdt ﬁﬁin'ta%bd%f a £d16 tefipdfbhee of 37° C using a

cerebral artery cauterized distal to the

water blankdti Hh¢ right carptid rrram bp p@éﬂﬂ@é ﬁﬁt‘ﬂéﬂ@ﬁﬁ*ﬁl %@%@ﬁdﬁ&gﬂthﬁ’%
adjacent ald léﬁ%l 1 C#%ge % W% Vh HANLGR; dRhERldlCREBlal Qnéi‘fr tvﬂﬁ&h may be

our using traction prOV| by
cauterized ﬁistaétcn‘thaf hixpd artﬁml Tm produeaqebimbr suRPOINE OGS ﬁK%’gMgm legien, the

contra‘lateéa& Wg?f?rgef% cflm%g gogtrl% %I é‘%% Fav erl(% ﬁ}% W%*’?ﬁgé’ Ko

Saline, recQﬁBﬂnM&BPm (SB(D(IIHkg-B‘dr) biahie EPOtchmptundiof sntaest (70800 Vegibwnmay be
i al thic sect are cut through the entire
adImmSterEff%fltIi‘P Qpisst 31 the rEyery! #’?S%GCH’@WC e (Harvard Apparat us).
Aﬁer@llqﬁuﬁeﬁk b?ﬂh;'ﬁ?é’rehﬂ%d %61 3| sSxﬁdlS&ﬂMQBﬁElt sec?mn%mha]lt; lﬂﬂougg tlee entire
solution o percent triphenyltetrazoliunme chloride
brain using gprgin MarL devios (RiRGETS ApRsFatisy Foghscitis gy thop b Rty
incubated iﬁOcJ SRR bt 3 ﬁérb’ern?t’ ﬁiﬁé‘nﬁl@tr%hﬁﬂh hidgde ¢et 118 184 mM NaCl for 30
onputerized i mage anal ysis 20 system (MCI D, | mag |n%
minutes at Ré%@airhmvol@ne oﬁ:amamahbesdetwrwﬂuu@ng @&waﬁlaynzeﬂ AmAge agalysis
0 b
system (Mee ke gi}l? %Pm@h SOPRAMRRs Vnthdl %‘Eﬁﬁlj ). ' rﬁl??ﬁb%é ﬁfef}ﬁ’o

rve'lf it arrellorat’es t ar ct VO une
compounddi intdrest isvensiddred MBopbdeaive ifStimehiosatesche infarg aypiuragrdue to the rat

Vi
MCA foca?i\@% tseag:lt"? q%%ﬁetla e?#t?c“r%gggﬁ%gfnbgf III%? nIenSel \zlgr e

Model 25 Zn anot her enbodinent, the tissue protective
ablllt of a tert q in vivo
P Bt s Ternts. For

In ﬁféﬁ{épbrﬁbocﬁfﬁbrﬁ tﬁ@ﬁs’%ﬁé’ﬁm@@w{r&ﬁc}ép ﬁkﬂﬁ‘@ o(f Q@Epoz&ap@)ndas determined in
housed at a const ant tenperature é%§% and rel ative

vivo with Biserhippesampabb: E‘BP%%?*PS’HW% Kor ééampées Spragied Rl Ignes (250-
280 g) are ﬂ@ﬁs@{l alai&nﬁaﬂt'téﬁﬁgré]t%e t@%ﬂ I0) ah@PhidrE8 hﬁmﬁﬂt? (60 pelhrt) vaStree

e surgically i'nplanted with cannula and el ectrodes
access to fmmd vl apde §X¢d:129hﬂud Heltiladeyeles The pispre Argisglbypplanted with

caumnula an@ elegﬁ?deg Lndetr ‘gt‘ere'\l%f{) %%fdn f Se]a% ’degégb%p 4]692%11 %ﬁ? 9 ht. J Netzroscz 19,

rats may etl zed using Equithesi
5054-65 (1[999): @ﬂeﬂﬁ’lmtsmh}iyrﬂ&l ahedthetizetl uspryEpithesth(l pemknttRhdnabaital / 4

percent chérarl gy%flfgi frg])/lwézrv\f t’JﬁEor %\é\éfv? (Lé.?cj-%ordgsda%g pl%ce% ﬁa%rﬁgg over the parietal

cortex, along with a ground lead positioned over the nasal sinus. Bipolar nichrome wire insulated
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cortex, along with a ground | ead positioned over the
nasal sinus. Bipolar nichrone wire insulated -40 WD
2004/ 022577 PC1/ US2003/ 028073 el ectrodes (60 pn) may
impl anted bilaterally into the de
Woioﬂg&&%ﬁs hi ppocanpus (septa] pole) and %ﬁ@%ﬁ%
(22- gauge) maybe unilaterally positioned on top of the
dura for the i ntrahi ppocanpal or
|nfUS|on

clctrodes (BT Rt e br SRS ST 1 {5 GG PR oo fise bippocampus
(septal poféj ﬁﬂtafdaﬂﬁﬁ @b.%dh%e Ry bk Mat@ﬂ!ﬂd@.ﬂi@ﬁ&i 8 o bf the Jira for the

| ateral 2.4 ow Jura wWith t he nose bar set
mtramppoaftmpakognﬁwmbmsnmalﬂmpg ghdrugs. Ttheorﬂa@telframrbwwa for
r P , d
implantatify bE35E LGS e%td?%{]@ﬁiﬂ.@ymﬁgmcon&nééf Lot 2. M AUy dura with
the nose baekat 2.5 MBwdiws, Gl &dWatsam| Cs TANRY! Byai, in tS'wgmmcar Cavréinatehe

. i ecti d fo.the skull b
Academie s gieo RaTReHe e St bl i Rl BBt ogon
BlectronicO,IN'Y ) dhd S0 gdtler Sehahe ﬁ_&yﬁorﬂfahlﬁﬂa,f?‘abb’uww tivdekall b ecrgli doatad

10 have fully recovered. Animals are then adm ni stered
cement. reconbl nant EPO or the EPO conpound of interest (both

ribdekd 2uRre RFabN/RRIRH Sui thiek BPRVET @36 ahdnburkdry\Pndhe animals

again at 30 mnutes before the induction of

have ﬁzllymceweﬂ | Mrignalseroipradmiriered reroetineasER @ or the ESPFomgotot
interest (b&HES0G0YC, /Sl,éfg ¥ GEHAE g}tr Vbé}it&ﬁ‘é]l)pﬁh hd?lfrs Q{d%%%n Q@?f@mﬁﬁ%@ before the

previ ou ESCTI ezzani,” A . har nacol
induction Fﬁ&pcu'chléne s@z;@es LT pﬁ@edu(e_sg"@a)ecor@pg é:fq ]@EG @miem‘gmerphraé injection

ot S ELUBIBY R BLLES, 8 PRl E0p8 00 0 s

(1986). Biiefly, itetaningpld dre alidvesdrie ealidiatize i64- Idehagimlca@E{®mbt§@crapﬁr a

minimum ] fpingles e oty G 0T e O e m ollyfilet s,

Battaglia %gom[MSgIQQRﬂy)’l LR laboutt 0F mimesto AbdR 30 ﬁ'ﬁlﬁxﬂtﬁs EEG recorchngs are
bi cucul |l i ne net hi odi.de lnfu3|on

made contmpvéséx for 20 TtlES e § BPGHoG Beifreel B alqﬂa‘efkdwﬁﬁ@n All the

injections WeRGhRle (e Brad B iked R kM E b REedf QB LR gi’Mtﬁlhﬁ g 3 mm below the
cannul a.. 20 Seizures nmay be neasured by EEG analysis,

cannula. whi ch has previ ously been shown to provide a

bl K@m@%@?‘édrbi jiicle, ztirﬂg'sfs‘ Ny icR Hz% Q:Iréﬁéﬁs?%%h ¥1’Lotv\¥1 Bhrovide a

rugs.  Vezzan r maco
sensitive i2@8yre @biBe 6@@)&@8@)11; acHpity Qﬂ'ﬁeuyu ryerge, Hf etdhi é Pitggagﬂol Exp Ther,

239, 256- qs:igg% eﬁoﬁﬁ?&n{:ﬁ&se? I)ﬁ tbxg\%?sﬁ @B‘lﬁxg %Iléi%‘h é}{:ﬂﬁ% %%P&%ous JcmﬁIrence

of at least tvaadfthofollowmgnttemets il alffouf leedpudmenprdingt/ high frwtlldncssqmdkm

. ... CO exes .and/or high volta nchroni zed, s
i B S Y P R ST PR DD TE Shgpiogs pikins
may be obketveifflertgitledvvith seifirds RS par?n]ﬂeteﬂa:lhamﬁtt@ lqﬁanﬁ['}%&nrd's @re preferably

the | aten

uantify seizures are ef er abl
the latency o ey HgtSe 7B doqi8F SR T G Jmetpt HLRHFPYS V%@ﬁfﬁmﬁed by
adding to g%ﬁbll he Hﬁrﬁh&f&ﬂ 1b‘t'alt piso8a! fIAt\BatRY), 2848 Qie%ﬁllldg%ga@ﬁﬁﬁf duhflg the

duration of ictal episodes; sei zure dur at
EEGrewrdmglpﬁﬂ‘gi (seiEwgiae¥ilir i ng the EEG recording peri od

ﬁl%]aw ﬁ‘%&%l ﬁicﬁé@rl]me %éieu? e Dhd Btk Bﬁﬁﬁﬁmg}gasbd &btﬁgigtihgﬁeen

se 2ure activity"as a re :
shown to HeexesansiiB@ aahl epmﬁoqara’ecter fenii-istizwe potascysfalnigsi &ezzani, A., etal., J.

Pharmacogﬁ'xpd@te; %;39 ojSﬁaé}t(llQSS(SI FhsS us, toh %tcglgscl: erec{ t1s%1rleu19r%tect¥%ztﬁg Ei’@

compound of interest should reduce the frequency and severity of the seizures to the same or greater
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Phar macol Exp Ther, 239, 256-63 (1986). Thus, to be
consi dered tissue protective the EPO conpound of
i nterest should reduce the frequency and severity of
the seizures to the sane or greater -41 V
WO?Q%%F&Yzzsw PCT/ 1152003/ 028073 ext ent asj"FﬁéUSZ“”’“zs‘m
reconbi nant EPO. F In Vivo Assay Based on Acute
Reversi bl e @ aucona Rat Moddel In yet another in vivo
assay according to the present invention, an acute
extent as theggeopdinsnbERPaucona 5 rat nodel maybe used to
determ ne the tissue protective capability of
partlcular EPO conpounds of |nterest- For exanpl e,
nse ; : AUEORA fh 2 to ischem a,

Inye )F? %%otﬁ) u} ﬁ@é gs%ﬂc dﬂfé tt#]the ?keg%rﬁ%&%% ﬁrmc[&‘rétr%?erﬁlgle glancoma

emc stres
rat model gy benised @l deyenatheite tEserpedeEROcambiiipocimigicolar ERDepmpounds of

xhi bif tissue pr ctive activi sufficie to .
intrest. T ol g FBACTFTY VB VE3 SoreLbes et gy G foode Bl wil
die after 301%%% bblsEheaifbieRBAY aibh, 1O tkel wimﬂ)er beriphsatly-admihéssaed HRO

Rosenbaum et at., 10 V's ? 37: 3443-

, 1997,
compoundf ﬁf 1Btgqu’§ @Q}}b&’rftlss%rq)tﬁglvp[ﬁgpvg@s S pidg prortﬁc&cq?]ﬁ gensitive to
ischemia, N HBE] BherGPRERBECHS rat R8BS Yy 1O hiscRN ibscHBd by RIsEntiama! al.,

ressure above systemc arterial pressure and
Vis. Res. SadAd 10071 mpmum,wah@gmywmﬁ@tp@mm @e gnf@pr chamber of the eye

OSSO0 0 e
Animals anettlndneldma:usta’ﬁdi sa}mn b1 5106V BRO dcg;lmdbr Wemhsgﬁﬁmltqmﬁlb@‘l hOUIS

ItIO

d t
vt e B B BB 1 B9 Y gBall e
Eled@éretﬁﬂagf@hybﬁy b&‘perfdifﬁe(EEiOiaIb-l’c[ﬁrqﬂﬁMa’ls fone week afigt treatment to

ess i ssue C e activity. .

determine FRGBGAGIERD s of hbret KRR HSReite b BT Al BEpo s
tissue protéhivel Ghedry sHoM1dR dob@ pebefdtio beAdtRRY bR the eleBtr@ieitdgasd, il ﬂ)ntrast to

animal s treated with saline alone. G Myocar di a
animals trepfed Sakspline %l@?ays 20 Myocardi al infarction assays are

al so contenplated for use with the present invention

to detern1ne whet her an EPO conpound exhi bits tissue

' s IASE3YY I n general or within the heart

SRR TRl by T 0

determine tyhéther saBPE ctuatpomﬂe:dmﬂts pissap groadebtive acherdy myrahmeﬂgn the heart

spesifically 6or S agite, s e shis B e BB P (500 TRE poffin P4 B

before belﬂmestb:@ilzwﬂfdépr@a;ﬁr fyr doﬁoﬂgg(:drhtcbe@hcﬁ%mn.?@n é’(ﬁhtlringlﬂoles of]z;aERD may
en rel ease The, sane.do EPO i s gi ven da r
be given at&H%s%g{( gp{O@qur?, é\’ca %Pme e le a.Ehcom etrfﬁ:g/ iy ﬂgﬂ%c}eg ?or 30

minutes anarﬂ@en%lu@ble& OThNane oSt FEPOS givied Aaily’ ot 6 Weck @G twatigend at
sham injectign sallne)am wi |l denmonstrate

which timeq the priggls arstadied 10p fardias Hneliofs tAgyals W%@éﬁm inj otion (salive)
will demoﬂs&gt'e %?ﬁd ¥ fncRbhseAn i 184 &th disddifclprRERE lindisRRe Bﬂﬁﬁﬂat&io stlﬂ' heart

i nfarcti on, whereas ani mal s rece|V|n?
secondary Mmm afarctién, iwherspeanimalp seriyingdhe R comapruad @ @ﬁﬁéwt should

T e L e

at the p < 0.@Mieldl) iffthetRIé) ERicprdtectisele protective. 4
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WO 21) 04/ 022577 PCT/ LJS2003I 028073 T-T. Spinal Cord
I njury Assays Spinal cord injury assays may al so be
used with the present invention to evaluate the tissue
ive abilities of particular EPO co
Wo%)orq?éz?é?tg In particular, rat spinal cord W@g&gsgﬁs
IS conterrpl ated for use with the present invention.
Wstar rats (fenmale) weighing about 5 180 g to about

300 are preferably used in this study. The aninmals
—éﬁ@—gg@ﬁé%%iﬁéist ed for 12 hours before surgery,
Spiafcdra Hﬁcﬂ? la¥ayEaty AlRGs@NWitR IR AR IFRAIM th RvaAthte the tissue

eri

intrap oneal i'njection of thiopental sodium (40
protechvemgvhmgs ofipprticnka EPOwﬁmptpwl%wﬁ igisrest [ Rertisnpi 14 BRipAl geai ne
) | ighing ab
o o S REES Ao o BRI L5400 15k AT b i s
180 g to abait BOQ percaireferably aseddn $8esdedyn @hﬁmmpyefemb@uﬁﬁpd for 12 hours

before surg%& a[ng gxﬁ%r del%?éstgm{%il at%g Iﬁtge%?ngg gedgﬁlghuarny%lm ep%%ga{l %:lé?{.‘tholﬁ of
thlopental(ﬁoﬁuﬂﬂé{m ﬁjg/ldgﬁﬁv)g Meﬂﬁﬁltﬁh&‘ﬁbftﬂe £loni Gmpﬁrlacahﬁbeﬂ mquht),

far mnute. After r val the.cli he
complete GRFIA1ovEH{E R ABHIRLOTSY 5 SERTEIT AR HiEh A SRS e g ofa
dissectingmB6OYRpe.l Blalnhatid R ARERNES iFindited b tHéleRREHutD a%}ﬂ]ﬁhﬁon ofa
cages. The rats are nonitored contjnuously

temporaTyHnENTHuR chxp@@eﬁaxgu A e ipie3eranyg) closing forge g ppimal cord for 1
minute, ATRPRLANEV e/ h ng {é[ﬁﬁqs 1N TR fhelaBinhi CARYERLo recover fully
group receive nhorm Ine (via intravenous
from anethesjacod remn)led ucmm capest yrhatactwe mpBitere coriippeyshiwitisbladder
I L ve the EPO conpound
palpation & 193%{9 ef e y a &a%igal%tr%g@ﬁggrfgﬁ%ﬁér ogr ams/ kg-bw i v.
AnTﬂnels mntmbgmqi mgemealhormﬁkaahma (@1n infraviehais rila‘e@ioh)sinnmiiately after

e nciscG SR B R P FREE 0 B b BT or P B pmppn o
16 mlcrogemgﬂfng ke THeinfbrinetrorapicaliinttioh of theddts @memalugad ting a

ottt i b St LSSl Sl L i oMt

hindlimb ﬁfﬁre%ent ?idﬁ]y(nbfﬁlatl Eﬁt)s TNBrafe@diched foMhghctisndd HeMats kol Kdue, 12
treatment each ani mal receives. |f the F. PO

hours, 24 b@maé& heursf72; hongsy anglt] wesk efteinirybisthe s4me examingg wing ishlind to the
treatment J&ﬁ%nﬂa?rec&{v?&e T b ﬁPép%n?o b t(ﬁ Rk ﬁssﬁe ﬁ‘dte@ﬂﬁ?er th@?ﬂs that are

eter overall recovery Injury than the rats
given the EP@tshovdd edmtﬁemmlhearsid:letm eveéral] recovennirom theRaiyey thasibie mafs that
mgwemggsgl a Testin 25 In another enbodinent, rabbit
Phar ischem a testing aIIovvstestlngfor tissue
protecti ve capability. For exanple, New Zeal and Wite
. nths old, male) weighing 1.5 kg to
& EERTS st udy The animals are fasted
In Eﬁlﬁhel %nﬂ&@ﬁhfbn@%biﬁ bRl e idohsihiaaéstiag allovAnesing ésitBsue protective

capabilty o R o4 BIRN RSB R H U6, L Poeht StV aR Bl A ke o

2.5 kg arch@dCh AAOSuly) Prelnithdl B Bkted GorPOHoERENG hﬁlﬁ@fbl}&@ﬁraﬁ@d
percent air. An 30 intravenous catheter gi )

Anesthesipinducsipniinvig Apercenthalothang i 100 pricreeryeAe
percent to 1@:#@%91: ﬁzﬁo e% & Irﬁ’JEtur% 0 F OC%]% 95?3)’ eﬂ%{g% e(rgéﬂ} aJPeAn

uring the surgl ca are . pr eoper atively,
intravenowsehthziot (2Bealdgr) 131galdeg ingthe 1e§£ cadvdimi Ringere dhctatt is infensd aisd spte of 4

ml/kg bodfyf;}?ef ﬁ"é &?\%%Je%our duri tfa gu(i‘rgcﬁ%mcg%e.aﬂe%ﬁn&{f c&gz%ﬁﬁéjlo

mg/kg-bw is administered intravenously for prophylaxis of infection. The animals are placed in the

05
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NVO 2004/ 022577 PCT/ 1JS2003/ 023073 right | ateral
decubi tus position, the slain prepared with povidone
iodine, infiltrated with bupi.vacaine (0.25 percent)
and a flank skin incision is made parall el
WO%“B?’P@”%t the 12th costal level. Alter in ‘TL@P%H%&;SMS
t he skin and subcut aneous thoracol unbar fascia, the

I ongl ssi.mus | unbor um and iliocostal i s hunborum

cles are retracted, The. abdqm nal [ is e
right Iaters) lgpucopitiop Tk PIEAHELIY L BOTRse dotine. b D acaine

(025 percbd%)sind'arﬁaﬁg Ligh nic%l(% §rﬂa§é parfIRNR thé‘Eﬂlﬁé o theP 2Bt &R Rbel. After

ooped " around t aorta i nmedi at el y
incision ofths skii and smbmtﬁreleb@fthommhanb?é f&selﬂgﬁhamglgﬁmns bimthomppn ale
thr 2y r.qer b
socosei {0 RS0 i L0 R o
approach mdmdhﬁ&ed jlﬁpﬂfdrmr {04b0]efthnal srteayl nd picst Dﬁﬂéﬂo aditgns looped

|ntraven b ef ortic on. Afte
sround he s FEGoGHE GGt B Y RBAEUBY "af Bt dtararered grilen s tager
rubber tubE. eB? p&lling bh &elmhﬁhg thd forta |1ﬂ$ﬁ1d1’éﬁlﬁﬁt1§éﬂ§ cecludel for 20 @inutes.
10 nonitored until ul | recover

h.time, th
Hepgrin (460 118 i pdrpnsirated @8 $opiriienots BJIS @a& WS 4>fgﬁ15102\ Ktfer 20

winutes ofRBuLioh, 18 RHP xRl cafBlel B Serh &) M@&cﬁ%@élo&ﬂ'ah@ fhe animals are
intravenously | medi ately after release of aortic

monitoredowt] ulirenoversas thich tiyrep they ate saiillyeassesyed dey nprplagiogl function. A
control grél{lq%f lﬁ&n’ I'Q{GIJBE fio C?Paa?@m?gl 9;13r; b6 Qélty after release of faortlc

travenous I e eper USI on n
occlusion. daotheggrouppf ammls recéxum& 5 ggfkg-bwas’ SleesERY ctamwndi pﬁrgtemst

intesvenods R TR PRULT Ehed [ SAEHBRIAL 1 hour. 24

Mch&lmﬁctloﬁ rilsiaséa%sd’almacc&dmg tceﬂhe meqaﬁa b iBiuammond aﬂd Mc@redfy Mto
ned to

eSS B2 SRSt M o SO e A e o0

4 is assignb @ RCdabIPRimb] 45 fRIQAFs: b &\ﬁﬁfaplﬁéic fvﬁfﬂ ﬁoyevmhﬂbwfaﬁ erm’emtty motor
weak antigravity novenent only = noderate Jo

function; % pREAPWST eKEFALY BRIORISHYL af&alaﬁ%tﬁg&rvgv moyement 9k ﬁe (ipderate
lower extrblﬂﬂp Fﬁéﬁ Wit Eécﬁvﬂnhgtgﬁt)}-’éﬁ‘éﬁgﬂa BetMabiByTo dﬁ%@és' BBér body; 3=

unction wth the abiTity to dfaw | egs under
excellent mqtdyﬁmummﬁa thp alpilityde dravrlagd ynyler bpdy apdhep, ot RRTEHY; 4=

ot N, TR} DR B R SR PR i o

If thé EPOtcempstnd of 1mtm$stusat1qau@pret§t:iu\wethetahmlaimhataitﬁsgltfﬂﬁhe BPQ

st S o e DR S AU v e

saline injeé@@ei vi ng the saline inj ectl on As briefly discussed

ar Li sever.al of ssues po s EPO
AsERiehy el R ey ops of BESHED S T ot and. frepsfare
may be re@oﬁﬁ#@to AROHRES proReidfel8RES oPEPEPChus] Bependigg BsuicthérBrop@sed
proposed clinical applicatjon for the EPO

clinical apebmem iy thst ER Q) parppannd ofinigesst, ;palpllad prtisan Wil pegognize that similar
in vitro asgaﬁg RSB tﬁ&@tad(ﬁh&lah fkporkide \ééﬁs&@ay%%%ﬁbfﬁmhéﬂlv@ﬂ AP assays
ese addi ti onal resgon3|ve cell s may be perforned or
involving thq: awwmtedms may Algo vpm@mné s shanple.cd visroasays hregd on serum
e
vl G RSy EOR XA S | A8 B3 R
that outlined stede dorahe Pr9edssayal , and Leydig cells and a protocol

simlar to,3Q.th outl..ned above for.the
n P sty SR8 Lot o BT AL Brer ol ot PERpRTe, 6 Safde 2
EPO’s aff¥ét ipon fefthal @B TBhLf ckdin@y sitillat fe aft mayelformafikeeinalipdiomia assay

retinal cells, one of ordinary skill in the art may
performthe retinal _Lﬁhem a assay
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-44 \WD 2004/ 022577 PCTYCJS2003/ 028073 descri bed above.
In addition, to evaluate an EPO anal og's effect upon
myocardi al cells, a skilled artisan could readily
nodi fy the nyocardial infarction nodel di

WO%{‘B‘BQ/Zénghose of ordinary skill in the arw&ggzson
sufficiently skilled to sel ect the appropriate assay
or nodel to evaluate whether a particular EPO

. .bossesses tissue protective activities withr rd
described gbpver Y 110 torer U YRS pRAbOE B plfcct uﬂqnééﬁt?éaré}a?%ﬁ’l&érﬁﬁﬂq*ed

artisan coﬁgﬁgﬁhﬁoﬂ%e%lﬁgmﬂafa%eﬁ RRIEIREAEPhRTe. AT BOsHBE Glidary

strative of ‘the preferred enbodi nents of the
skill in theparbwidiise sufficéantly gilledein delegt therpppropratp assey, pispedsbte eyluate whether

L ' Mol fro WL GHhrdpRicHE fes s
spco P B BB e OB SRR o WP e
tissue orobdli f i ed. EPO A, Oxi dati on of Sugar Chains The sugar

units of EPO may be converted into acids by the

foll owi ng procedure- EPO and an 15 anmount of sodi um
EXAMPIEX | odate sufficient to provide the anmount of

oxi dation desired (the greater the anoun g% sodi um
The doliaming Rrophrbic Grasmplesarg FereRy{lesiiptiyt ofy BT ents ofthe
e 2Bl 35t Witk RbibuRed AQintiHAg the PelicHibn2 iR sedpe oPwhicR ks defined
present in |1§Esql ution may then be iﬁ%bat eg on ice fpgp about
by the appeodediclaimes and di al yzed thoroughly using distilled

wat er. The product nmay then be renoved fromthe
di al ysis tubing and collected into a fresh tube

Example 1: Pheohiratly Miodifz@ FRCQuant i t ati ve Benedict Solution (I S

A gg%gg er sulfate., | OOg sodi um carbonate (anhydrous),
200 trate, 125 g potassi umthi ocyanante,
The Sugr poitsad BPOmiCha oayaed ite heidelyy the folldvigrprowdurenEBO and an
o ot A e DSy SO Sckiblde g G iFA o
amount ofg0@ith fedibliatethBeRatt it etehtifil bxidAtogusdy be playd witkin 2160 mM

) added to the Quantitative Benedict. Sqlution until the.
sodium acgigiegtisr. THesoREio8S1 e pe HEBREL L IcE e TPIRIE SOy bl ialyzed

thoroughl% gé-é th itﬁg@wd%v&éﬂ Ire Proineth 2B thehBE ravel iHOR tHBWiatyRie Bib and

1a and concentrated using an U trafree
collected i@tore fréshimgfei (PRdRetd: Unit. The sanple (Product 11) may

B A PSSR A g o,

at1on orm . act ose
200 g potdSyiintiastent 1250 poiessiODthpgyasni@| 25 § potassoim fporyanige) maydepi

o ) RESE 6L R0 el SR e RO
be added foulkeQablifhtive Bodedict Saltitiontie) . This  nixture may then be
NI TC R TER ot I S e
solution bESeTdey/oRAVRELARE R solution is fully oxidized. The solution may then be desalted
and concentrated using an Ultrafree Centrifugal Filter Unit. The sample (Product II) may then be

further dialyzed thoroughly using distilled water.

B. Oxidation of Asialo Form EPO with Galactose Oxidase

50 to 500 pg asialo form of EPO , 10 pl 1U/pl galactose oxidase, and 100 p1 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 diatyzed
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t horoughly using distilled water. The product may be
renoved fromthe dialysis tubing and collected into a
fresh tube (Product 111). A Quantitative Benedi ct

n (as described above) may be diss d’l’ﬁ%

Woéﬁ‘k@ Iqed water to a final volune of 1 Ilci{er @g}\l}gehrog
drops of nethylene blue may then be added to the
Quantitative Benedict Solution. Product |1l may be

added_to the Quantitative Benedict. Sol.u d# nun ({111“1
thoroughlsppsyng digillet pates of i et Pay Brreoxsdiem iy @‘ﬂ% fag collecte

mtoaﬁesﬁ%gprg&ctﬁgf ull'y oxidized. The solution rmy then be
desalted an concentrated using an Utrafr

A Quantitative Besedict Selution a5 gescrihed agta méy Ppﬂ]é%‘{ﬁi mtq/}hsﬁléiﬂ water to

o ol P 0 gy A BB o sl

Benedict S¥hutiodi et hy| forrnanrl de (DI\/IlF SA) at 4 C

e L SR S AL N

becomes cwar thdicling@hasdhalbniicfillpayidired atitkesdimion niak ¢hep Me ﬂmﬁ.lterband

B T L T N M A T

dlajyzedt&%(';\ﬁrﬁhgfﬂg %Juggdg,gtgp x g for 15 minutes in a type
centrifuge (. DAMONI EC, NeedhamIlts.

Massachusettes). The supernatant may then be

ext al yzed. More information regarding
%m“&g%t%ﬁ% EF'OI scussed in S. Pongor et al
EPPriepayeatissolyedin Mﬁbﬂhﬂﬁ@wﬁ"ﬁ@;ﬂmmﬂg‘@é g iCh NN digyglphgxyl

i RGN B 8801 BHETH Bt

C. Crackddmmﬁgobeeaddeﬂ doedrthd pil npy beﬁ@nﬂﬂb‘@ 7 mﬂmo Wi h nBiet vobifme of

PEG a| ns O EP [ ou
the soutiog ey o8 ARE o SR B b BT s R S i 2 pe
FIN-S2 ce@ﬁﬁige (]BA?/IGI(D%E]C ot dhiandlts. abl@s&achuﬁett%s)( ll’-]}he gmpemata)n i then be
gree_aof nmqal icatio controlle var
extenswely H’éh‘ﬁ%‘-? MR BORPAHOB AP %w?ﬁw lﬁSJSB‘}FF‘%EIdPu SRovERLet
he d NoyelfSul sk rDPﬁ'bdddZtt iabetes,
Prepmhogg %&éﬁy m&%ﬁgﬁ‘yﬂm&ﬁ Séd(l)&dl E%hgac e?gt e) f%r 30 eppla e

Vol. 32, Nm h’au geraher g%&?mfle@nwé?ya%f ey ingorporgigd therely IFL6R um
met a- peri odate (Sigma). The phosphate buffer may then
be rem)ved by buffer exchange in 100 nr112 sodi um

; abis e BPYOPEG hydr azi de of vari ous

AL o418 L e R o8t
as those olﬁtﬁmédsa‘m:)/e inTA @rodice HmAtE degredofonaitiication inak bejeont@lechizyyvarying

@ q hen be further recgﬁ%ced by the addition. of 15 mm
e perio %tBG?Il‘fﬁ? AGBSEHHE PHe (Sigme) and al | owed to react

PEGVEPO bsﬁjﬁga&ts . be’ﬁb@afeeswlﬂm okidiziny ER{A {264 mgam m 5@ mMsodium
fractionated / purified, bi/ml\;lec |n%[es knownc ‘ﬂ
acetate) fop 3¢ minNgsssab epenismpstatire with 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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PC i'1US20031028073 Attachnent of PEG chains to Asialo
EPO An asiato formof EPO nmay be nodified through the
attachment of PEG chains to newly created termn nal

al actose residues after oxidiation with
WO @%/q}gg gclrg&%@%%;ms

such as those obtained 5 above i uct
n-dg. Reconblnant human EPO (ruEPO nay be desialized
using Sialidase A (Prozyne, Inc.) according to the
manuf acturer protcol. The chemi cal nodification is
preferably confirmed by running the reaction product

g, On g%5é?{?m&%'f?%%lﬁm°%lﬂgm’08t ai ning the resul tant
F'a Show

hat the nodi fied EPO has an
Anagiplarfemt of FRGeway be modifigh threyvich siteoitectaaent (REG dhinsdo perdy

created terﬁl&?l}) gq%o!g)%g resi qu%slagter %ﬁdﬁu&}’\kﬁl‘? gzhgc&os}é%kﬁme Qb %pﬁ §Ff)> obhined

resi dues®renal ni ng on O are
above in B(PAJda¢idlr).y | ess than 0.1 nol e/ mole of EPO_ After t he

68331# e f or CH&I@&P&?] n%g; %kﬂ%&%izeﬁﬁ?]ﬂ? §1\Q4ﬁgafgﬁmo%g%e Inc)

according fbﬂﬁ@ﬁaﬁﬁ&mﬁb&f Fr8kol. MaY clkenient krd:ldﬁﬁﬂtum 11; Prelébly codfismed by

gal act ose oxi'dase in PBS (Sigm
running thesheinaRoduTtan 4 AL RThAGTYIRIE 6. fﬁsft%Eg%“&éF’%%ﬂd show

that the mngféﬁezr'ﬁé%b(i Bls a.é ﬂ@réfa%%culmelgm%em& 81 ED&f\ﬁﬁleﬂW]ﬂﬁtﬂ[ﬁed EPO

ter exchange in 100 m M sodi um
has a molcaniett weight of m&%quweThw@w reidrepjdenematning on ik FBYgre

t ktar Therapeutics) may then be
pﬁﬁﬂmﬂyg%ﬁgl gﬁ W%ﬁ%ﬂl E?gploo fold mol ar excess (poly
Afipr ik asinlp forﬁh:ff HPAtie bhtexdtstatﬂ@ trepdy exzriosgs] gaiqqtoatg@smges opﬁg’ﬁ) (2-4
h duc
S R T T R
PBS (Slgn{aﬁ BELMIEEP O @Hﬂhoﬂt THEGeactian niigtatd rhanherclonipodated st 3§ for 2
t

en be f actionated / purified by techniques known
hours. i the art. F. Attachment of PEG chains to Asialo EPO

Thé?h@ﬁhsﬁé ﬁlffeia Hen BPRuYA be bumgickimdsd ianooigh Echﬁ'&.lrn acetate,
tachnent of EG chains to newly 25 created.t

ph 5.4. Mgaonacrlé@éyﬁre@ﬂ@%@naw&r@?lewarmea&hfwewf’%i‘% Haneytss ey a Bnbe
added at ag)ﬂ)]?qg‘ E%O %g%ﬂ?l%sextcgbg dr2hraRsh), aROMEernBdikte hbi@etHe finkage is

e deS|aI|zed usi ng
then prefesslblyrfarthen rafass bySed addgmspf o sertivo gyaspborahide (Sigoe)snd

allowed tol{éﬁ?ﬁl b é‘%éﬂi %’%}mﬁf} résﬁltgftt §§rﬂ%§’ ?ﬁq rﬁa‘}é‘é&%e -t 6&%%3&3 r}:fﬂtﬂsied by

knmnmmimﬁhmm@mﬂmﬁldase (5 p.L).Five units (5 jtL) of
gal act ose oxi dase (450 JAL dissolved in 75 30 nmM
NaPO4 (pH 6.5) (Sigma)) may then be added to the

F. M Xh&ﬁ&mzﬁhﬁ‘ﬂ@@cﬂﬁ@nﬂm%fm may then be renoved by

P SERED Rty SRS SRyl
created ter@fhl TGS QMRS oxidiMoR QPR ggﬁ%ge%xﬂﬁﬂ S0 B2 BB dided
above in B (Product IIT).

RhuEPO (1 mg) may be desialized using Neuraminidase (Seikagaku Corporation of Japan, 1
U of lyophilized powder is dissolved in 100 uL of 75 mM NaPO, (pH 6.5)) at a ratio of lmg EPO to
0.05 units of Neuraminidase (5 uL). Five units (5 pL) of galactose oxidase (450 pL dissolved in 75
mM NaPQy (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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cyanobor ohydri de (Sigm) nmay then be added to the
m xture and allowed to react overnight at 4C. The
PEG NH2 is preferably added at a 250 fold nolar excess

protein) (80 ng of PEG N =l2)
WO«‘{SﬂEAgQ#.‘t?gm conj ugates may then be fracti ongEgrgjs/zoosmzsms

purified by techniques known in the art. 5 Exanple 2:
Functional Assays A Erythropoi etic Assay The

epnobors R e s o A e i S b gt
The PEGqSIiggEi‘})gé}gra h§dedet £5.40 ﬂﬁﬁmHﬁ} Aleds (Ig;l?olﬁxﬂérl Fotee) (@(ﬁﬁag)éf PEG-

man erythrol eukem c ¢ line with conplete
NH,). Thelepdnutooigaes maoihembd Sieationated / praifipdy tsalimigpesimwn in the art.
Kitanmura, at al., Blood 73, 375-80. TF1 cells were
-obtai ned from ATCC and mnaintained in , RPM 1640 with
Example % Pendiiohd]l dsbayg: 2nM T gl utannine, 10 ruM |-l epes, 1 nM

sodjum ruvatc, 4.5 g/L glucose, 1.5 g/L sodium
AAM—GEBQBQ&/M%/ nxI GV CSF, and 10 percent fetal
Thb RG0St UiRibids] 1 e SXOSHlitFRA taditioDiemaldcit Retlh,f apaicniadEPO
during active grovvth were pell eted, washed three

compoundyWergdetoinedsiae th 1a11BS 2%AY resuspended at a
TF'i gﬂﬁﬁ aﬁ%rﬁﬂt’&lcﬁl@eﬁg éelpﬁﬁé \§1tH Edripldlt dlendBREd SHTprowtl fActers,

O or ‘an EPO anal og havi ng at

including EE@sKltmneraazddl ,tBlmth?’ é’Ni B(P n?@dceﬁamwwfw@éf@héwﬁ Cand

T
pyruvate, 4.6 gilvglodeoat, 16Ul/T sodism bisabonate, ft re/medVE GSF,zmd ko pergend fagal bovine

serum un’nﬁ g}%&gq%g%t ‘g%%t V\?sc%bqﬁﬁ.e%{ d@nﬂg grftlgr mgﬂgvtﬁl (igeggt%&{}w hed three

times witha6&R kloge, ad teSespemiad bercdontttaion qnm@% calslin 1 20 oiﬁmedmm with or

without Gﬁ@&%@%ﬁ%ﬁé&e@ g 7 gq'%ﬁmg AL eas%l ) Saéifig]ap?eﬁ\? %gked car\ﬁoﬁydrate

chain and/6CA GQ5 dnd il@flodab Otk E Bt shyBAtehain Mgl at Aftcifitl conommtrations.
adm ni stered 500 U/;g bw EPO. the_ EPO compound of

The indivifival evlises wes maintaigd dpr 2choyrrend fbeel prmbersvas deieamiagl e 2
formazan feﬁ%t{?rﬁ (}tﬁﬁs(F?I TR K ofnBEa, RaliRbR WD hodohlifEtoRSEnfactiree

cient to observe an eryt hropoietic
protocol. response). An EPO conpound is determ ned to be
LOLR | ' SR APieffect on th
oA R gk 0 508 9 RAT SRRyt o
hemo globmabﬁmyammg EmaieBAlB/amtcaoAugmai@waiE ldministered 500 U/kg-bw

E0, o Bl oictul BFssf Bt ifequtl ol VR SRR BT AR (s«

week for d tﬁﬁl CRAbERS Wk R tme hﬁérval@ﬁfﬂci‘mt ‘(Dmbkamé an eFpibspoisfic response). An

200 com it f et el hem AR SRR RS R Blnatono
the mice. Fﬁﬂh& iRt GTPORMCK Mm«m thza»rom@ﬁg Tl ai};thrare&ke’iﬂns gells. The
sultable for use with the lflE)resent inventjon t

studies copfisse o an BPQ e proBaelie e reltvs T oellsminbes pigees beyond tht
of the confesiS @y - 48 WO 2004/ 022577 PCT1l1 JS2003/ 028073 The tissue
protective attributes of an EPO anal og having at | east
Thoseeofaddiary sriblin the att iwoklsdecognize 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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car bohydrate chain and/or at |east one additional
O-1i nked carbohydrate chain were determ ned using the
foll ow ng assay. Neuronal cultures were established
fr e hi ppocanpus of 18-day rat fetuse

wom%gzzgg renoved and freed from neni nges aﬁpacﬁﬁhd}ﬁ)zsms
hi ppocarnpus was isolated. Cells were then dispersed
by incubation for 5 mnutes at 37 Cin a 2.5 percent
trypsin solutlonfo | owed titration, The cell

The fissve REotesHvewiEibates @OER% Vg dblefgh oRHdEonal Nlipked

carbohydr&t@ hah MdAG allcRE baEMditBnd /O-SHER 2R RYdrate Chd€ Fere determined using
Rockville, IVID, USA) and plated onto

the followpglagsani t hi ne- coat ed coversl ips at a density of 80,000
NefifnhSoulties %%%%Et%&isﬂ% 8@arﬁ}?ﬁ%f P& ﬁa} ?Eﬁ%gs "Br‘éﬁs were
E en expo

over ni ght or W t
removed aafPGee@ora meEREesand lthechipmeamppsaras isotesed. Giels afdm themahmersed by

L T N e
suspensm@ﬁrh@dlﬁltefd(iﬁ garah-fEENeiobhsa} thbdid Mintdiging 24)61@6]111[‘]5-27 supplement
tures wer en 10 and 14 s i n

(Gibeo, Regp PRty P AEoRE PP SO e O3 3osth & ety of 80,000
cells per c§ve(r§hp5 (RN EE Meh phdtiraA &l with E]!’O Dgerﬁrght and then exposed wﬂ;h or without

henyl t et razol i um brom de ay. Denzjo

1) EPO, ZhamEEL(am,alothamlg 8@6% %ﬂid@?ll@)‘r%ﬁlﬁqd&afbﬂyd@§ 5193111* 6‘%‘1/ or at least

t 24 h
e i 5 G ORARBIE L) o LR G r08D 48 ST o o

Cultures Wbrmltﬁedlbﬂwbem@tdnddé dag: 1?1217?1? 277. Briefl y MI'T

i e B DR b P e e GO SRR SR o

diphenyltdtdagolinel bromile (M) assaly. dDertzivg, F. tamémlﬁtt 1$8ﬁr Rapitl Glotgmetric

ssay or Gt o S and kv, Wi ot PO Rt L mds e bR b

improved dliaBife. UTmaRs M&ardslls 89: 27170791 Bk, T T atiezoliudlsaRsvas dissolved

s ST e oS 1SRG bR e e e

treatment ﬁ)? d/nBtrs At 37 €2 Sthe ARRAIAI LS theRinoPed dndkiBsifosaiAan ke eatLted with
chain did not exhibit a tissue otectlve functi on.

IN HCLisgprepanal/ €24 o pﬁbembmcp Bef0mvay iphera misrenlae reedefot t o
Asﬁﬁrc!ohéﬂa (fﬁ ﬂl% O ;HHE) 28 e%% 1€ast SRR NG linked

erern ose si nce odi ments are intended
carbohydrats chdih ansi/cvrat Jeast snoddditinnek Qlinkgbcaghobpdreis chiin disknot exhibit a tissue
:rotectwe' nventi on. Any equival ent enbodi nents are intended to
P g‘gl Thin the scope of this invention. |Indeed, various
Thehoiehticnalebopibsd mfd ddimed hereintis wot to be laidéd mcscnne@yttlhmeciﬁc

ebodinn SR Tah e Hee GRIOCTPOI EhEVEOr oG g con of el

aspects offé&liﬁwnﬂbxh ORny SubAlent@aibddirtéd £8 htaied »lteovitii ﬂ\ﬁdaﬁ)ebﬁﬂns

within the scope_ of the, ap ed cl ai

invention., lapiesde AOUS MPHIGERHIOREE R IEYFRIOATR ef% S%r?}mfé’f 3ufl dfregbed
herein will'6c6inB a Z]Bﬁ:ﬁrént‘f‘o' those BkillE®n! iBSart 86mahd foﬂs% %ﬁ@&npm Such

20041022577 PCFI US20031028073 THE CL What is )
modificatiohsdrerslgo intended to falkrwithigdhe ssppa efdfia @pmﬂgd el eMhredargees cited

[ rovi di ng an

herein are “?“\6 ofdé%o%@%%gé: Bt L‘E%‘g% F‘tﬁtgg“étf%% eﬂps?é?sgm hal f-Tife

t han r huEPO and
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conprising tissue protective functionality; and
adm nistering a therapeutically effective anotnt of
the erythropoietin product. 2. The nethod of claim1,
.p the step of providing an erythropgjeti
wo %F“Z@g%g? further 10 conprises the step of qurcgz}?S??}’?’%‘m
rhuEPO with at | east one chem cal nodification to at
| east one of the N-linked oligosaccharide chains or
the O-1inked oligosacg r égain, wherein the
chem cal nndificatiaﬁﬂggiéiw S oxidation, sulfation
phosphoryl ati on, PEGyl ation, or a conbination thereof.
15 3. The nethod of claim1, wherein the step of
What is claigted 18l St ering a therapeutically effective anount of
¢ . . g iag the
L AdglfedoloBaRR B AR RIG R s R LSt o o
iRy droerpihtopoietimpodmgs Arvibg & longergeumtabiife tranrhuERS and
The nmethod.of claiml ergin tthe serumhalf-life is
at %@E@PngﬂﬁﬂFmﬁ?ﬁﬁﬁ%%ﬁ%mﬁgﬁﬁ%% than the serum
hdhimididrfng aherigtuinty effectiVh emomit b6the efytinbpoiendproduser ei n
the serumhalf-life is at | east about 40 percent
| onger than the serum half-life of rhuEPO 25 30 6.
2. ThémBRBd FRISmEl, WAKERRRE 8bp &F REVEHE in 69MRSHoRHA Prodatt Akt
~one erythropoietin derivative, wherein at |east one
comprises fpefsteploEd ol | gosaccharide chain or at |east one

%Agﬁgﬁh%gggﬁ@&ﬁsﬁf oredBerhiia rﬂodh?éagf@ﬁ td a_%geigt_ ABSF the N-linked

Ification as a resul oxl aat1 on

sul dligosasehariph duptsor (Hedd-livked oiEearehetidmchany wheren fhechemical
there . ; i e i atd.r .
| orgeigsiof P Prfltofn S BARRh R PREN Ll 8P

pr ogbudiinatibn tegiofn 6, wherein the erythropoietin product
has tissue WD 2004/ 022577 PCTIi 1S2003/ 028073
protective functionality. The erythropoietin product

3, Th&heBb@bflfim MWaaERimthé ftep af adivéisterimgethedapeniticaly effective amount
nmodi fication conprises .oxi.dation of at.|east, on

ofthe cryINOPYIFRIGHORIT EHEAEE AR B T S reROL B gE gt 4 Tower molar

amount thBr IS oblih HOSASEANN aflRt Khdidtit.0 provi de at | east
one additional acid residue. 9. The erythropoietin
product of claim®6, wherein the at | east one cheni ca

e - _ ey o
4, 'I'h{?z?\}h&i gigéléd.ﬁllnlg gfgg%g{]ﬂggl u gﬁ fikd 29t dst Mouk ERPrcR Bnger than the

ain or at |east one
serum halftlife pfwbhedPOo| i gosaccharide chain to provide an
i ncreased negative charge on the EPO product. 10

5. "The method of claim 4, wherein the serum half-life is at least about 40 percent longer than the

serum 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 teast 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 thuEPO.

7. The erythropoietin product of claim 6, wherein the erythropoietin product has tissue
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10. The erythropoietin product of claim®6, wherein the
at | east one chem cal nodification conprises
phosphoryl ation of at |east one N-1linked
ol | ccharide chain or at |east one O-1

WO%’P‘V‘%E% ccharide chain to provide an incr egs%gﬁgﬁ%)gfg 8073
charge on the EPO product. 15 11. The erythrop0|et|n
product of claim®6, wherein the at | east one chenica
nodi fication conprises addition of at |east one

protective §@Elianeliyt ene gl ycol chain to at |east one N-1inked

ollgosaccharide chain or at |east one O-1inked

osaccharide chain. 12. A nethod for @Earl ng an

8. Th@c s6h eradnctsf elgine 6. Werveih fredhlegst ophehsaricgs parification
comprises g Bz@ldgtldn'cxtf Gt lgélgoﬁe' ﬁ%ﬂﬁed cg%o&% 8¢ Enhth GGE 1e¥dtb¥e O-linked
provi ding at |east one
ohgosacchemj/d dhampmpmmdn ablea& Dgﬂ ddopodlecidnesddie vat i ve; and
nodi fying at | east one N-linked oligosaccharide chain
or at least one O-linked oligosaccharide chain on the
9. Tha&ymﬁﬁﬁkh@ fodestddgRie 6 swikiein deanizhsiant ciemji¢dh mogidicatani n

comprises o éﬁ%‘ﬁ%%‘%% lnkep eBponalshaa ik of el RO O Lk
ohgosacchlgde BB Ehrdvide &n St s neBRBk elirpdor e ERSprédun! i ses

he step of replacing at |east one vicinal hydroxyl
on at | east one N-linked oligosaccharide chain or at

10. Th{a gxgﬁi%opgféﬁn dgétryfgg ki xgﬁb%é}ﬁ %@ﬂ legﬁ ofd éﬁeﬁné’&l tdafcation

one reS| . The met hod of claim 13,
comprises wmpmrwanmm @pst@ne Nelpika@ ph@smchmghw@ aeat\lash gng|O-linked
pevd par i de
Ohgosacchgﬁ‘ge cgl % © g,{g, vﬁe 48¢ o ne ?t{r?ﬁegérg%ﬁg%lg ?g c e chain
mnth at ]east one aC|d resi due further conprlses

Laci n t of, vi.ci.nal dr X, I .
S e P R s S Bbdp Aodhchaion
comprises Bﬁﬁﬁ&ﬁ&@&é@ 38OFdyahylgesapohdiaime acleait onoN-laked alipgotaccharide
one O |inked ollgosaq%vzrjde chain with a plurality of
chain or atdegstpned|ipfrd oligasgechar The nethod of claim 12,

wherein the step of nodifying farther conprises the
steps of. providing an organic solvent; dissolvjng

12. A methy r@rynanna mﬁ@tﬁ@@ﬂﬁ%&@&@ﬁéﬁﬁﬁﬁ%ﬁ@%ﬂ%hfﬁa%‘égsue
H}g}qgg%ﬂ{&t QLM a solution; providing at
on

east nsi ng agent; prOV|d|ng at | east one
qubtiding atdmbmne eqytbiroppigiimer aryfbrogeietie dertvabyr aebndensi n g

SI% ng r?g leasq oné fl-lnﬁ{%& Blzé”o@%cﬁﬂd‘e%hﬁn gP Qc%a.s{ SHe® ilﬂlged

oligosaccharide chain on the at least one endogenous or recombinant erythropoietin by

protec

oxidation, sulfation, phosphorylation, PEGylation, or a combination thereof.

13.  The method of claim 12, wherein the step 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
Jeast 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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16. The nmethod of claim 12, wherein the step of
nodi fyi ng further conprises the steps of providing an
organi ¢ solvent; dissolving the erythropoietin or er

wo@%ﬂézg 78i etin derivative in the organic So'ﬁ’(ﬁ%szﬁ&oﬁ@ﬁ@

tion; providing at | east one condensing agen
provi di ng phosphoric acid; and m xing the at | east one
condensi ng agent and the at |east one phosphoric acid

into the solution..|T The nmet hqd .of claim12, erein
oligosaccherigs e of R 1 O ECd AHECHEFTER I B BT e iR s,

15.

16.

17.

18.

The mgthail of elaimy B whewginf

provi di ng an organi ¢ solvent; dissolving the

erythropoietin or erythropoietin derivative in the

the #emot modinegTihericamprises the steps of:
Rrovi.di n : .one oxi di zi ng agent; adding the at
Ipé?a‘g{hg%%m Ellulélls@?%n& agent to the first solution to
f digsoivingsheapitirapoietit boerythrqpoistin deningting inl thasigaga eolvent to form a
pol yet hyl ene gl ycol chain; and m xing the at |east one
poIéﬁWﬁ%fene gl ycol chain into the second solution. 30

I8eviding afYedshork dohdekia apeh?, wherein the step of
provi ding at | east aqne |ool yet hyl ene gl ycol chain

dueiding alleast ors yitelg dagori @dst one pol yet hyl ene gl ycol
GRAkAR (44 4tfead onk @8RdenfREadRhi dMAFNe AMaBiOnBRUIBHY deor inédlthe
end of the chain. -52 WO 2004/ 022577

PCTalt®2003/ 028073 19. A nethod for treating anemi a in
patients at risk for tissue damage conprising the
steps of: providing an erythropoietin product with at

The esiitod ofielaioh Elyiwhateimtbel step etmpdifyingfugther| comprises e ps ofe

N-li.nked ol i gos clg_ari de chains or the O1linked

Py %g%ﬁgﬁﬁ'éogﬁ%ﬁn, wherein 5 the chenica
ndishbfvirgahe apthespoiptin e arythxipdixtin dagivatiut frethe organic solvent to form a
phosphoryl ation, PEGylation, or a conbination

t hePEHHOD adni ni stering a therapeutically effective
qggﬁa&@gfmgﬁgn@mmﬂaﬁﬁgag@ﬁjn product, wherein the
erythropoietin product is adm nistered at a | ower
rsPfing phesmhonaasil AMUEPO to  obtain a conparabl e

t AL D TBKOG cbndehGn¥Beh 4 thd'S 1684V SR BBYhEtid fid into the
product has tissue protective functionality. 20. The
met bdebiagf cl ai m 19, wherein the erythropoi.etin

product has a longer serumhalf-life than rhuEPO. 15
21. The nethod of claim 20, wherein the serum hal f

Thk infethod ©f elpint &3 stherdioibe st2p ofmpdiiring fugthereronphiags 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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the serumhalf-life of rhuEPO 22. The nethod of claim
21, wherein the serumhalf-life is at |east about 40
percent |onger than. the serumhalf |ife of rhuEPO 20
ceutical conposition conprising

woﬁg@@g%gatl cally effective anmount of at Ieﬁ:{rﬁlszuosmzsms
crythropoietin derivative, wherein at |east one
N-1inked oligosaccharide chain or at |east one
O-linked oligosaccharide chain has at |east one
chem cal nodification as a result of oxidation,

19. A fsthb@fot 8Batinp Eﬂéiﬂla@rl%( tiahtk A Yisk RE@skad dagfage afmﬂﬂsxigummeps of:
t hereof, 25wherein the at | east one erythropoie

dEeviding mgyﬁwogﬁp@f@gﬁt vty al fgepiome chempigal gl}apgl}ﬁcatlon to at least one
r eCOMfhl {g kae@ SH%ﬁc%id@ LhdnP? thd 83inkd S sRERLHEE &Haﬁf" wherein

functiona phar maceuti cal conposition of
cl aﬂnﬂplzm;almdtﬁvehon:@mpmsw opriflation, [selfationqresphorylation,

pha eutlcall le carrier. 25. The
phaﬁggl AU &5t %%n’p%&ﬁ?{%%)eﬁgof claim 24, wherein the at
| s miriistexirgy shaapanciedlly efiadtivy aﬁﬁlﬂﬁﬂ'ﬂie&i)’&ﬁr?)ﬂmehn product, wherein

PCT| US2Q03, 102807 accept abl e carrier
| eap e‘é’%b"’llﬂl? luctyy erede%%&,l?,w%ﬁ%o ar\r;igrf?u{}ﬁ anrprPO to

M X§H4iR S cbﬁgmgmg&heﬂa&mhar maceutl cal conposition
of cl a| m 23, further _conprising at Sﬁ'ﬁt one wet ti ng

EriiepagiinRyodusbhas tsye PEIFGUNF FHGHARER . or a
conbi nation thereof. 27. The phar maceuti cal

conposition of claim23, further conprising at | east
20.  Themethpd gEelainptS whereinthe erdgnrqﬂow@n product has a longer serum half-life than

rhuEPO.

21.  The method of claim 20, wherein the serum half-life is at least about 20 percent longer than

the serum half-life of rhuEPO.

22.  Themethod of claim 21, wherein the serum half-life is at least about 40 percent longer than
the serum half-life of rhuEPO.

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
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acceptable carrier comprises at least one diluent, adjuvant, excipient, vehicle, or mixtures thereof.

26.  The pharmacentical 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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