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WD 2004/ 087063 PCT/ US2004/ 009443 USE OF ERYTHROPO ETI N
I N STROKE RECOVERY Technical Field The present
w0 nooangioen provi des different dosing eryt hr opoP@L/US2004/009443
(EPO dosing 5 reginmens to pronote recovery after an
I schem c event such as stroke. Background The term
stroke refers to an abrupt inpairnment of brain
function resulting from the occlusion or rupture of
an i YSB-OPERYTHROPGIE PINGN STROKE/RECOVERY €N
one or 10 nore blood vessels in or leading to the
brain ruptures or are clogged by a thronbus,
at heroscl erotic plaque or, sone other particle(s). As a
result, brain nerve cel e§h'é'fgle%'glﬂri ved of their
OXY g8 pradét liyvenfich sranidesdifferdn®dekig eithiipdielih IBP@Fdosing
Lost brain cells do_not . regenerate and are repl aced
regjineny iQiRMptE re@ Ve Rter asisgheBumevest sushas strake. | n g
stroke, sone brain cells may be lost irreversibly and
i medi ately. Other cells, for instance those 15 around
the i schem c focus, nay Bagskgemmundcut e danage and renmain
in C rom sed state. for hours. is.also known in
t e 4§ PPk e T iRt oh et e B SR i
thd & lusiofior nture 9E e Miu@- eveaditacraliaCblus®v¢asdl] 1€ BESird@hdtodne or
often get to an energency roomimedi ately after the
mage bl VEVEALN Oﬂs«@]&tﬂ#@y RIPRIrGTE atscrlegead byadhigmbpy
atlRYRBlIWIR PIduE 8F soRtbtRirTaRlctds)2As a #Qult] BIES reRlel @ME 518 deprived
the event. Summary The present invention provides
of thesr axygereyyippiyrasd ¢an Ry fdie within miswiserkast kawrpells dgnot
t : . ar | 0
el A TR AR LSBT R AUDLRBL Y, B8R N
brainedistrhaynbd Iestdrrenesdiblg ané ghmediatefly. Other beltspfor éstance thoke

rqQnpt.i recovery after an jschem ¢ event conprisin
ardiipiie SRR ot ey S shte damage e TP 2O UPT P state
folhdule 1t iy R1s@RBMM inGhe &PfBat WRART ®inthgd nfaly lcShtifR T8 Bfys FHRGP the
is delivered wthin about 8 to about 26 hours after

initipldsghspicedreat. event fol | owed by a second dose of EPO

del ils‘é‘é%;gg gé{‘ﬁe?g' %@?Eg‘%n ger‘%%cga et ergc? r{)‘ﬁ‘g ifimRhiaRly AR the

first I men present
strokeverent, oew itterapigseirdoatdédthat are asdfulgeven sbbn Bost adrhimistened at
evqnt conprising admnistering to said

tingeggjl)lzo&qgg}}%%?rhpeut ically
Summary

The present invention provides dosing regimens of EPO after an ischemic event
as well as methods of treatment for a subject who has had such an event.

One embodiment of the present invention is a dosing regimen of erythropoietin
for promoting recovery after an ischemic event comprising administering to a subject in
need a therapeutically effective amount of EPO, wherein a first dose of EPO is delivered
within about 8 to about 26 hours after the ischemic event followed by a second dose of
EPO delivered within about 8 to about 26 hours after the first dose.

Another embodiment of the present invention is a method for treating a subject

having an ischemic event comprising administering to said subject a therapeutically
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I WD 2004/ 087063 PCT/ US2004/ 009443 effective anount

of EPO, wherein a first dose of EPO is delivered
wowdoniogrosbout 8 to about 26 hours after the iBChEs1004/009443

event followed by a second dose of EPO delivered

within about 8 to about 26 hours after the first

dose. In a further enbodinent, the present invention

provi des a nethod for pronoting 5 functional recovery

effedtive afobhESHERY, tviiereia Kigst 0648 of BPCEIR [de S0 WithiA@bout 8 to about
adm ni_ster| n% to said subj ect a ther apeutl cally

26 bppis aften tbe tiBumic cyent fiplywedthyassesond dose et Bk delivsrectpin
ab(lt).,}%1 SdISIab(?:tﬁ%%ﬁ\‘staﬁbﬂ?glhf‘%ﬁosgs to about 26 hours after

e Ischem c event by a second dose of EPO
deI ihve ftardlemi:mbﬂdiumgmothte pesers lmouon p®videsia methfod dor prhmoting
t her t he esent . . .
furelo Bl r{ Q%18 8 VEhes A A RRRE e dolforin i ingsterpg o said
subjﬁftartndra@uﬁallyrefactsm:ﬁﬁm SENPOOVicREiR a st dake dTERO &
exposure to EPOwthin 6 ho%rs of an i schem c event

deldysirgsh vihin gbew $ith .a?,% PP hgurs alerthe isshgspie ey em doligvsdry agecond
do@P SPHMRS H@ﬁ@red%ﬁ#ﬁ aboaP8 1d Mdﬁgﬁ Ro 3P ot tﬂe’aﬁ)xgt dde kg per

dose, wherein a first dose of EPOis delivered wthin
aboln y& anethettrspect,2be presans inyeation alyeerelates to ameéwgésméucmg

mén%{ Erge mf oJulb %\glgat \fe%%ngg%l?eésog{ [%h(g Jthil S({ ﬁ(gxrs of an

1sclhénicn:vantfcumtphahg a&’ﬂﬂﬁ)stterldghe szpd eslqértt ah amnﬁtlomEPOeHm\tve@

abit 13080 Re 5o ey 40 it 4n Y Sl eriStaane of BT eifgred

withiHABYLES &F dUddt 2@hcud &kt WYl iBRial ékpob\dE APEPD ifSIRIed by a second
ef fective amount of EPO wherein a first dose of EPO

dosesofdiQ deliveredwiithin pboab te atmut 26 heysw afterghabist dosaf ¢ er
t hellll g 'éq‘ g’stpﬁé{et'ﬂg refsalt éﬂ@ﬁﬁlo Qéla"i]esigg F fbl
hours after

delivere I'h a out t o about
ap@;ﬁozﬁs orsinflalometior in (S {red subpcedftar ap dscbcrbm@wem mbmpnﬁmg

TR TSRATNULE NN S NEWYE AN B

doSESIERMisficRYcred @ithiarbogt 8 1enabsut 26fhohh,l aﬁet ¢ esr¢h¢rﬁr¢,ev&rhe
second dose is delivered at about 24 hours after

foljqwedibygirseond dopepERY |d9hvem¢eww*hlfl§?ma§§@ apgut ehhoyis after the

firflelbiyered about 24 hours after the ischemc event, and
5 the sgecond dose is deIiver.ed at about 48 hours .
af t & caragn prefehredimbediments ofthis insentioa, thhifird dostofdERST is

cefsth Capt 2 A R ik o BRE Moo R B Pyt s
of dﬁ§'ﬁhvélft105ﬂ®e s&cotlé Hoseds aelivetedhat abcp 0dihodts hﬂer&ﬂe fisudsse.
Pr&grtag{y, tthg %rst dose of EPO is delivered about 24 hours after the ischemic event, and
the second dose is delivered at about 48 hours after the ischemic event. Further, a third
dose of EPO can be delivered within about 20 hours to about 60 hours after the ischemic
event. Preferably, the third dose of EPO is delivered within about 8 to 24 hours after the
second dose.

Preferred embodiments of this invention include dosing regimens and methods of

treatment wherein each dose of EPO comprises a subcutaneous, intramuscular,

intravenous, or intra-peritoneal injection of EPO.
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second dose. Preferred enbodi ments of this invention
i ncl ude dosi ng regi nens and net hods of 30 treatnent
wobk@resteeach dose of EPO conprises a subcut anBOLIES2004/009443
i ntranmuscul ar, intravenous, or intra-peritoneal
injection of EPO 2 WD 2004/ 087063 PCT/ US2004/ 009443
Preferred enbodi nents of this invention also include
dosi ng regi nens and net hods of treatnent wherein each

EPOPchfae@laendﬁ)ldimaitsa@f thfs 16\%hﬁ§ﬁ g fcide a6kt repibns lahu kg
gut 10000 IU/k? ne enbodi nent, particul ar 3
mepipep HerRTRY Wherdr € bk d5se€ delSgeflac <lenist ragn about 500

TUKRGE bb&A 10000 I'UJ/E% #h omﬁrﬁeﬁtopaﬁp ché’M)I 1B} H‘:d@cxh% ttreize in

an i schem c even each EPC dosage “del | vere
a syl heeing recsived Bo mltla! smosm/tn@%wabo@thmmﬁ ah U/Chgnlc event,

cadf 188 @Hq%g%d?lgﬁﬁé& iEERASRAAS Sl 156 {j%hg R ARUPE R U™

Praferablgy exloh gapmmgeeeovdes ageledel iftort sibut S309AUAGE t8dibbutaII00

boyt 200 t apout 00 | U kg. st
Ufkee ?{i‘?fgsregeraga EBRO §%€§@3 Besred erseliered amamhous2n9g 1Uke to
abdud3BG0 1U/Rg. MBApREFErabIyhQdh FPO) dosBRCl i FREY @%@&92500 IU/kg. In

delivered is selected from about™ 2500 | U k %
anefhey pmbodmeent, .Gy EP @desage dpliveredsis s¢lecied froma W@SQM%G to

ab%glébg(ggz/g% Pg' 1?&\‘!}(];{, eﬁl@%@ohi‘%k@ dgg%rd?h%zﬂ sk 9&1&50&&9&

Mgre pfeéeraldyl @nlnEHOrttesat$ deflvd;rbd 5 abowme30d ﬂnvkgt he i sc hem C

eve t 1S a Par t i the i schem c event
R TRRFS SThetimas Ly Siioholfe SSEAGR Svest FAitrobe.
Paﬁﬁﬁfaﬂm the BERHE evehd isEONEiinfaRt sucPhs foBhlSsdhBMR tloR&or acute
further include dosing regi nens and net hods of

ischeraigistiakf- wherein the erythropoietin is a | ong-acti ng
EPOE mBbbifentestehis RiveMbnirth é}%ﬁh&%@@ Tg% scaemﬁ%dg%f

figures Illustrate severa aspects o I nvent1 on
tregrrieaf whaeindlessery thpapomtings a tomg-aciigglERS. i s as f ol | ows:

Figure 1 shows that single day dosing has no effect on

infarct size or functional outcone. Box-whisker

graphs (A) and (B)rldmmpﬁatermh&ﬁg@eytrorphan and
EPO i neffective at reducing the 7-day (A)
i nf 2P¢ ?CCQ{“fé%Pg BUIEHiN At VEs) apatte of B arveamrb ofivrief

deé@ﬁﬁﬁor%ﬁ’tﬁ@ﬁ?ﬁrei Rastéi@sof occlusion and again at 1
hour (hr) after occlusion conpared to
Figure 1 shows that single day dosing has no effect on infarct size or functional

outcome. Box-whisker graphs (A) and (B) demonstrate that Dextrorphan and EPO were
ineffective at reducing the 7-day (A) infarct size or at improving (B) functional outcome,
when given at the time of occlusion and again at 1 hour (hr) after occlusion compared to
vehicle treated animals;

Figure 2 shows that multiple-day dosing of erythropoietin decreases infarct size
and improves functional outcome. Rats subjected to middle cerebral artery occlusion
(MCAO) and treated with EPO at 0 hr, 24 hr and 48 hr after occlusion showed in graph
(A) a statistically significant reduction in infarct volume at 2500 1U/kg, and in graph (B)
a significant improvement in functional outcome at 2500 and 5000 1U/kg, compared to

vehicle treated animals (* p< 0.05; ** p < 0.01; *** p <0.001);
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25 vehicle treated aninmals; Figure 2 shows that
mul ti pl e-day dosing of erythropoietin decreases
wo pdoangt06xi ze and i nproves functional outcoOnMePCRESR04/009443
subjected to mddle cerebral artery occlusion (MCAO
and treated wwth EPO at 0 hr, 24 hr and 48 hr after
occl usion showed in graph (A) a statistically
significant reduction in infarct volume at 2500 | U kg,
and Figur@3 sidvs(tht dBfiyad fiut 1é-u ihIFRAAITERPO intproves
functional qutcone at_ 250 5000 I U kg, conpared to
fuRctignaljoutcome dndegendented] (gecKeas%&n@'argtglzek Adgm:gstgm@{[ of EP® %6 hr,

24?1'% Qrd0khe f(ﬁ{f\&@léf}gﬁﬂ(@ ?sltZ? g?q’ etﬁ%-[ A ol'eR PR OQA Iherf %%H & efther

ows t hat adm ni stration
25D9rpr ﬁ.ﬁﬂ@éUf/kga boweveal (Bo bothalvee lemele pignidisantl yofnpdexed éemtlngal
o gnfar <§f e**A<ﬁ% )stratlon of EPO at 6 hr, 24 hr,
U(WHR4 O||BMA g MCAO had no effect on (A) i nf ar ct
ﬁl z EF,lguMw (th)gws\tf)tﬁﬁthﬁgo mlﬁa}tﬁf as 1&5 @924 h; ﬁﬂl@@/lt}gl.ﬂck@lsmn improves

owever B) bot ose signifjicantly rove
fungtiopalioytramesAdigsing fegimen dgh&mglaﬁdee@iﬁ%ﬁpgﬁﬁ@ 24 hr
aftr é&mféﬁmtfbmw@@ d wcsﬁ@a&s@ a@@s hrlaS vas ngﬂeﬂmwatldewe&%g

occlusion inproves functional outcone. A dosing

infagg sige butt(Ba sigaiicantbdmpreyved functighal gutsemei(* BFT.¢ Or
full 24 hr after occlusion followed by a second dose
at 48 hr (A) was not effective at decreasing infarct
size but (B) signifidﬂahﬂyib&nrqmed functional outcone

ed. Descr enbodi. ne
of - 1ihe cpbedisntso BEtFH HESUET RRETIOEd BIP Y AE TRbmented to be

exhAllsB 880 lithiD@Be iRRRMShItNEpRticllA ehnibdtimdnedisdlosedtd @e
to the particul ar enbodi nents disclosed in_the

foh@ymg@@tﬁgecb@qsglpt@@ &gg'@f,,t]pﬁ grahppdimenthate desggibed so that others
skﬁﬁg TG RL SN ﬁﬁ%rr grtﬁigﬁé Bﬁﬁclﬁgs 51{32]% Rgse&st gre§éﬂt !irlv@f?tld

art can unde e prin es an ractices o
not kyecificelyementiomeé btloentheldisclosaies ebmh pateat, pl}blm’eed pataméd

bel aw, the .di scl osures of ea at ent ubl i
aopfcifth ahd R eiaReinbe Rl R PR RSi 1 he
inéoPpdranedl BY refeshdd iptthedentifety RelagPynd dlnpeppRsat ed by
reference in their entirety for any and all purposes. |
The THe®sesart inYFRERR PEoNids? 699%@6&1%)59%@4 gPigan fqgpromoting

re&fv¥ﬁh§ HRPH REheMil BlenP E&ﬂmslﬂggadnaglsfeﬁﬁg‘{(ﬁi Yutfdct B nedfa

I schem c event conprising adm ni stering to a SUbj ect
the¢rapautieallyzeffective amount of EPO, wherein a first dose of EPO is delivered within
about 8 to about 26 hours after the ischemic event followed by a second dose of EPO
delivered within about 8 to about 26 hours after the first dose.

As used herein, an “ischemic event” occurs when a subject experiences a
temporary or permanent reduction in blood flow and/or oxygen delivery in the central
nervous system (CNS), potentially resulting in a damage such as necrosis or infarct of the
non-perfused region. Ischemic events include, but are not limited to, acute CNS injury
such as stroke, trauma such as a traumatic brain or spinal cord injury, transient ischemic
attacks, infarct, ischemia-reperfusion injury, retinal damage, ischemia due to organ, tissue

or cell transplantation or other surgical procedures. Particularly, for purposes of this

invention, an ischemic event is a cerebral ischemic event , especially an interruption of
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therapeutically effective anount of EPO, wherein a

first dose of EPOis delivered within about 8 to
WwW@bwunsd63 hours after the ischem c event foll oreruR2004€009443

second dose of EPO delivered within about 8 to about

26 hours after the first dose. As used herein, an

"ischem c event" occurs when a subject experiences a

25 tenporary or permanent reduction in blood flow

craaml blbbd BN RIbrél lec MRANYy, lah idchémic@Réntadd a stiskeViRbRidmg HPuthot
potentially resulting in a danage such as

lmn@értfbiqcel igrhemif HFoKe opReutischebin stikef used regi on.
| schenk&d IRY&RL enﬁA &g%@m 1s§rl§capﬂﬁerl'l.1§)ﬁbﬁ 68bibOd f18%1S &n
CNS S

injury such trauma such as a traumatic
organasuch as the oraam|and @uldsequqnwreytoraltnoamsudm abirgmhefitilaod flow.

at :Tgﬁ%aéq‘l!%%ft z?,%]crt sug& r%hgar(r:l f d%{:ﬁ'ngm{c sgrghg psg{yn%ﬁlxjurcy yn% 1en'jl|1r9a

evdilﬁz@d“t&réf et dOR followihf te ifitialingd. MulGsie gieckshisms contrlbute to
Particularly, for purposes of  this_ inventjon
an pxpAiRB e euP R el B pipRpTtive el death bglding the foss of ionic

hoRe RSt brkd/ radltal Mk U&Eit@tex@fty, aﬁoM&@Q&f‘{nﬁ%%ﬁon (1.
PCT/ US2004/ 009443 “crani al blood t

Mespaisths efae¢agnstragtionsind eqqueb%me actsveaitsmg @kaeweaknm mdithey
- t roKe
otk inkpTnh 8 AR ol DEREE B el SeBles B6H B capees

that hassoccoead (2).rBah theRiveas resporisibdofbr ﬂhrﬁuget amdalﬂbse liag adhtribute to
such as.the brain, and subsecj:dent restor '{’]Ffusua”

recQKTHpFOvi a“o‘?%’SH“‘P'W r thgrappul 8??5"58“?’?1 qsgg gatepijs one

tha 6M Kot BB HEicRaridni kst ihduce ¥E1RB8fh orldMBahddithd decoR¥PhBSses
over several days following the initial insult.

or idgnlly, hpt. r?@ﬁﬁaﬁll tesgtmen gandidsgrs@re moleawlesewiih prtithigpaistisactivity
aloi?lﬁéﬂl-]em{egg e SGtive to}émgrgo\éﬁle%hrog 6@tk i ncluding

0Ss of ionic ost a |caI damage,
exc Recdntlyj Enythropaagiopitas sommandbdi cohsidernbit ntention)for its effects in

sns_ of reconst.ruction.and enDdelln ar ctive
nolyBFAGPRES steRs o b bReug P e BTty seReriChy B G hra

netvajidigy¥te (CGNB ) Briripbictia i HoneRd ah®reldafeSIOBR YA HsaEcytes in

for the damage that has occurred (2). Both the events

respss éhBYRSXE Pof) Whiledhe Enrbropeistirresenier has heqn Ioealized i
sutlstﬁitseg\b? h¥urPROY4 \93/@11 anas%gsﬁést BTAL ntnxrof 95 (1, RE"BRSMHdtGn of

rventlon desira e treat 1S Oonhe t hat can
Eryghwpkietin tﬂne@haﬂ itypes renhgains mmtbacbutotalhals bd@aiﬂowrto blkknce

pr({gl,? :ar & Ceff 56¥1ﬂl§|§13?te03 ‘T’r?déf ao%l QG e|r¥)f di f’ erent, Fgl?l’?l%]e Fr%iu%g{% c

nent can a ecures w

glmﬁmaw JiHypoxis (B ﬂfdlgief(l,ﬁhevdlthdkﬁﬁ/ﬁm 0} figgenting Vlfat 1t may function to
emato oietic C i ne Erythropoietin
Pramae RElbBYIMeliby 4%931%%% gl lgolﬁglﬁelépam g %ﬁ%ﬁ?tﬁawe

efft @S, HrithrdpbleBfthis bddn reported to modulate inflammation (12), another
potential target of stroke therapy (13). Furthermore, Erythropoietin has been shown to
reduce the damage observed in animal models of CNS injury including models of, stroke
(14), spinal cord injury (15), traumatic brain injury (14) and retinal damage (16) and has
recently been implicated in the protective effects of ischemic preconditioning (6).

The function of Erythropoietin within the CNS has attracted considerable

attention particularly due to its reported neuroprotective activity. The ability of
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non- hemat opoi eti ¢ systens including its function in

the nervous system (4). In the central nervous system
w@ aNgpstasy/t hr opoi etin is produced and rel easedP¢DUSI00Y009443

by astrocytes in response to hypoxia (5, 6) while the

Eryt hropoi etin receptor has been |ocalized to 20

subtypes of neurons, as well as astrocytes and

mcroglia (7, 8). The function of Erythropoietin in
Erythfspictialtd lilnytRRfmak® MRleRSad itddeRlof BWS infurf asmbiganwih axa

to bl ock rogramed cell death in vitro, induced by a
SUggeRRE it §ps 'SF PotEntia fo agt pRseveral mechamisies in tha diseapppracess makes

' Lave! t

Er/RAEIRplaTbir:B0% GRINICR I aBP skl SR Bt
incapdjpg stsoks. Whi.l? thel exactdaicharosm by which E!e'thrmmejm@&ltmsr@eﬂﬁ

t Er t h b
PRt FRRE Y S, eiE l FERTroRGERR Praresrcipg B Spfuiker
strbk@(‘l@)})ﬁpﬁ‘llﬁ‘)ord foijuiry B3 Naderetidall 11ty @ P6)i saggastshin ito @Bility to
shown tq . reduce the danmge observed in aninmal nodels

blogk apRptosis, }SL?r"WtﬁcﬁlcfPﬂ‘alol'?gGﬁﬁﬂ dhag alagptosgstqag jogeur (fqrzgays following
ansin‘i’i'tlglailsch%ﬁ’l'icdedeﬂi H{)Mm(lg@alomﬂg' »@HWEM&OP&%I{‘H:‘ tHJ: H'z[)bé f6HsWing the

and retinal danage ( and has ~ recently bee
lnsuitpmgbmea@cmaryh@omrmzedtelth@amlecﬁsctowhllsmmm oo pre-clinical

sttfghets \r/]éj %c{%ires%gﬁa sLe c%gtlmillﬁ édﬁln'i]n%tra?gn %E)F tl¥r5 ooveetr sdleral

s attra consi der a
dapsalﬂdslbeui fepbiyediuizh bﬁslm\teSreﬂthB(iﬂ 4 gdotmauchHthyee hssm
activity. The abilit WO 2004/ 087063
E%%@@MFB@@&A%“‘EMWF% Metin to linit damage in

r el avalthl SFERVSESthrépbretinih U BY-KEREN dbPebtéh tiat @'&Itﬁbls

uggesting it has the potential to act on several

erﬁb@l:awslg h¥ rqgylating thei ditfersetiation.cugkiferatin gnd survival of erythroid

' t
PRI AN AP ARSI NP s
indMidd thodetp®lyprpiides Bd pardissthimhawhihelcagacity by inoilat ierythropoiesis

eI|C| t he rotective effects ncl t
afets t{w&@ﬁam&? PoE SO ieEa: g 1 E0rifi@hds naturay
or%ﬁtﬁ\‘iél‘é? bietifi B Ball a§ AcEmbithathun{ah2}yth@dpéieti€triM@EPO). Also
y (16) suggests that its ahility to bl ock

t"b‘§?l§ thegeepecafithe temm EPQriee erymrorgisiyinglogs. cayibiopeistin
15(9’6]1% E&H{ro détin qglyﬁetlfc? l gﬁm’opﬂietlﬁﬁa rﬂéﬁté gbhéem{ifb ietin

evenf i nued dosin Erythropoi étin in
praleiys, ﬂmbh pwtenng ohgneners am;imultlmegemf tb@ahwc,dmmlqgws)of the above,

nlze r.a ef ec
o PR el e S B wBn, b i B pf e bove
an@ @iirtHen t@drd&iﬁbﬂﬁhﬁ frrieﬂtddQﬂ spithdsisydrimanéicaire theioe rncludmg, but
sever days. has n re ort d with positive resu
not hmge%‘rqa EﬁCOE‘Pl“ﬁF‘déi‘i leca %’%@%NAE)F;%FW% ENA) ﬁyr}ﬂﬁeﬂc

tran§@ald B dede Q&Wa@edﬁﬁ&%‘cﬁ, 4n4%rther those Erythropoietin molecules
containing the minor modifications enumerated above. Methods of designing and
synthesizing, e.g., peptide mimetics are well known to those of ordinary skill in the art
and are described, e.g., in US Patent Nos. 4,833,092, 4,859,765; 4,853,871 and 4,863,857
the disclosures of each of which are hereby incorporated by reference herein in their
entirety and for all purposes. In addition to polypeptides and proteins having

erythropoietic activity, small molecules capable of promoting erythropoiesis are also
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Natural or native Erythropoietin is a 30-kDa
gl ycoprotein that controls erythropoiesis by

wo eubstosng the differentiation, proliferati onp@nts2004/009443
survival of erythroid 15 precursor cells (3). As used
herein and as defined wthin the clains, the term EPO
shall include those pol ypepti des and proteins that
have the capacity to stinulate erythropoiesis as

withig thezscept thmgh EPQeanddnglude, Eynexpmplsofastponndsevishht or .

eryt-}é};qcs%P%?m actlv suc'h%g g%ﬁleg %&‘Etﬂh lat%r nﬂﬁxﬁb&gtm production

PN as reco
throexgbitxbdtﬁamlaetlvanoﬁrevéﬂuEPO) Al so | ncI uded within the

VRSB FTOET QRIS B PP Bpat e AP e plting
erytﬁfc}f)()l'é"s@ Rk flahiindlr Sﬂm éiﬁanﬁ)}’eté rof @ry@r[rMﬁJlétﬂpmbl%Hé rEpoetm alfa

rotelns f usi on 8te|n ol'i goners and nul tiners of
(EPRlEé( ER\YQO% BROIGE]Tiek novel enehrapeioss stingllgiingsyrpigin GHESP™,
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4,859, 765 , 35 nd 63, 85 the sclo
in R St Se oL hE Ly Y PRar agcorted n
the h}ﬁéﬁh{bdan dthf IanﬁQn&DWG 90N m"lctmﬁcﬂplamsp UPIPO $68jugdied
|t|on 0 pol ypeptides and rote i ns

eryémwomtmwm@m éesaequvnwo 9§49éﬁ P& (ﬂ6éé0a&agla'!}?% Stgfes Patent
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huraardery thed potéin afamlesex@dph ayterogtinpelpatient applisations WO 99/05268 and

etin t| FSuc mol ecul es
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in a dosing segment. As used herein, a “long-acting EPO” includes sustained-release
compositions and formulations of EPO with increased circulating half-life, typically
achieved through modification such as reducing immunogenicity and clearance rate, and
EPO encapsulated in polymer microspheres. Examples of “long-acting EPO” include,
but are not limited to, conjugates of erythropoietin with polyethylene glycol (PEG)
disclosed in PCT publication WO 2002049673 (Burg et al.), PEG-modified EPO
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O her EPO nol ecul es contenplated within the scope of
the invention include human 10 erythropoi etin anal ogs
w@ salosme3 t he hunman serum al bum n fusi on pr ot ePEIBUS2004/009443
described in the international patent application WO
99/ 66054), erythropoietin nmutants described in the
i nternational patent application WO 99/ 38890,
eryt hropoi eti n onega, which may be produced from an
diggpased inr RGST puldication MO2/82057qNakdreurh etraln), @njiidateopdi et i n
ene described . in United.Stat Pat ent 5, 688, 679,
el epyel @ﬁvy&%ha%p&?“ﬁawﬁtyanﬁlmﬂag B B prestited | n
cafohydiateindiery @avalémm lirfkad &Y n&pﬁitigeﬁt: ipBRA MR8 PCT

and EP1064951, PEG conj ugated t hr opoi eti n anal ogs
publication Y¥Q 9?‘4?80@ 624%5%3, anﬂ@“@l?ﬁ 62k peapater iusiag SC -PEG,
SP% pEESANB! ?w o4 dslRysureP GEL h bRShed a&ﬁ
l'1 nes nodi or expression o ogenous

apphigatihnsogre hetebynruowodawdm tofeterice hemtnen hlzetin emitiadty pm:t km tll
u Ilcatlons WD 99/ 05268 and WD 94/12650. The
p 59 raIIy preferred formof EPOis purified
I €C ambippeértedpotiasth RN ato( frolduEPsk ,meﬁlhtfxlygﬁbjeﬂlylene lycol
fornul ated and distributed under the trademarks og
(mEpReraisties. Es/moyetips anpresfrtrbly ades usirauesrmiryl erier derivatives
of MeSREASHY Sty ily|ER Ty sfebRs PRI (ﬁﬁtﬁﬁrﬂg@ Aﬂé’f@réosﬂﬁglmmldyl
pat ent appllcatlons ment 1 oned 1 n ragraph are
esteederbytiveior pethaxyepblisthyleref glyconh smctee rllmllrdeﬁ cuca@mynidyl @sters of

BRSO LR Rl

enbodlnents of the present |nvenb|on
adm ni stration as the second or fhird osure in a
dosi ng segnent. As used herein, "l ongtacli ng EPO

i ncl udes susﬁa%de@mkb¢§aée*3tuﬁﬁos|Q' s and
formul ati ons of EPO with increased circoyating

hal f-1ife, typical(Ryis Gghikglyad irinedel
such as reducing |nnunogen|0|ty and cl eBrance rate,
and EPO encapsul ated in EP@% m cr ospher es.
Exanpl es of "long-actingS EQGncl ude, 30 but are not
limted to, conjugates of erythropoietin wth

pol yethyl ene glycol (PEG disclosed in PCT
sumnmttyéﬂer@raum Jdpobdabpzee ¢lBelyprepioaic.apid (SEA-RRSG) dfitlexd

09443 di scl osed in
o A T b R e "o ) |
(Rqﬁwnugamgg)@}hcgmﬁkm@sn)e|ns havi ng erythropoietic

activity and having at | east one oxidized
carbohydrate noiety covalently |inked to a

and Qe Hithidg P F/afh@d m?m SRl bubinbic RIHYSBAIPEQT0MEE
94/ 28024 Cﬁ y (El?r}] ﬂ:o ) FL;EG Epow;dr epar ed Po
Ipsyipg og@Map }(/garem Ris Cy. galkyl and n is an integer,

(R-(OCH,CH,),-O-CH,;CH,CH,-CO-OSu).

Methods to prepare SCM-PEG, SPA-PEG, and SBA-PEG are well known in the
art. For example, US Pat. No. 5672662 to Harris et al. describes active esters of PEG
acids and related polymers that have a single propionic or butanoic acid moiety and no

other ester linkages. Preparation of SCM-PEG has been described in, for example,
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5 SPA- PEG AND SBA- PEG. The di scl osures of each of
t hese published patent applications are hereby
wo pwangosat ed by reference herein in their entPeBUS20841009443
for all purposes. The preferred pol yet hyl ene gl ycol
noi eti es are nmet hoxy pol yet hyl ene glycol (nPEGQ
noi eties. The noieties are preferably added using
succi nim dyl ester derivatives 10 of the methoxy

Va@mex@&tmy.gm),qﬂom%@l ofSOGfoRed RERaRNEI(RKEITY. € a
preferred succinim %}; ester derivative of a methox

I
Dol PRAREG s lusles SUTE GrBRA (etoNcPHeSUcCENISy hPPIppRE). SBA-

3 | .

R R G B R S
polyimes sueh @RSBA-IEG 8ad RPA:PEG, iase loth cormmgeially@vaiBbM dpE@ay be

5 inimgyl derivati f I t.hyl I
oOBRSTHTET& Bxc e A PR T T A e e,

wheseMLPRA R-@CHATHLY]-0a0[,-CO-OS@R isT,§8RY1 and n is an integer)

. (R (OCH2CH2) " - O CH2CH2- CO- Osu) ;. and succl ni m dyl
inclde methoxy F&-S%}%@whgﬁt@@écgivngthmw%@ﬁ_ Hﬁ’éCpSCM)-
A%&%ﬁgﬁreg{]wgﬂ"n&a%pSéﬁ-b@Wé%ctﬁ&{ W ﬁrotém Go61dTofM h Stable

IS an | nteger
am(ide, b@CH2CHA)dy B3 IRsbERREPRH¢dISBSuvater Rigy metss Huotsyitlephl.dan

195 tilogp Bl ahr oGP tong Bl e IR rordraff

mdimls@tibb @fa 66ﬂs\|$©lLﬁSh ers” O}?ioaﬁfﬁlga?&cmﬁ.ﬂ$ (cg)n@?, 8§64 Bt19d6).
pol ymers that have a single propiqnic or butanoic aci
noi éYtypreseid HoM-REH apaydeicistom sypthesized by, gga Dglmay L hgmicals,
IncS@(\)&eg’gGCQ%abeen described in, for exanple, 8 WO
2004/ 087063 PCT/ US2004/ 009443 Veronese et al . (1989),
JourSM-PEG, 8BAtRTSH hediSRALREAS esactipronary g with thegprimmg@mino

Lt T T T

for{ SEMARBY S IOEBASRE GIS Ki anid GEA -BHGAK o s pectivelg t wikatia @ Su represents
ol ynmers. such as SBA- PEG and SPA-PEG are both

n-hyghorsuaeinimifeadng mahl-& BB Be

(SCM-PEG) CH;30-(OCH>CH;)n-O-CH,-CO-OSU + EPO (NH)m

— CH30-(OCH,CH,) N-O-CH,-CO-NH-EPO

(SPA-PEG) CH;0-(OCH,CH,) n-O-CH,CH,-CO-OSU + EPO (NH2) m
— CH30-(OCH2CH2) N-O-CHzCHz-CO-NH-EPO

(SBA-PEG) CH30-(OCH,CH,) N-O-CH>CH,CH,-CO-OSU + EPO (NH2) m
— CH30-(OCH2CH3) n-O- CH,CH,CH,-CO-NH-EPO

To explore the hypothesis that Erythropoietin may be a useful therapeutic for
acute injuries to the CNS including stroke and may potentially inhibit processes
responsible for delayed neurotoxicity such as apoptosis and inflammation, Applicants
tested several dosing regimens in an attempt to determine the optimum activity of

Erythropoietin in a model of focal ischemic stroke. Applicants show herein that multiple
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5 obtained from e.g., Shearwater Polyners, Inc.
Huntsville, Al abama, U S. A SCM PEG

W@ BogaioRCH2) " - O CH2- CO- OSu; R is G _8al kyl anECTIUs®04009443
i nteger) includes nethoxy-PEG succinimdyl ester of
car boxynet hyl ated PEG (nPEG SCM. According to
Geenwald et al., SCMPEG "reaction with protein woul d
forma stable amde, but tl/2 hydrolysis has been

do$eBR@MmirR ek POCA WAL AdaPOl MBI R e tmﬂfa‘iwsue @nd Hhproy@ihe 10
1996 catalog, p 46] as <1 mn at t hus m ni m zi ng

funcignal outcame &€ Ets sbjast @tr@rmanenbmilqdp q:%@mhm arAryQf0kiee8

(N%(g% 1PAkg jton delé%d%ﬁwg@éﬁ gle§1§)r%\'%r$l§$weag?)§1’62§ hr

aftByygcchispn, caﬁeinpmve @irenibead lostcomk mmdepé@deber!f a r&hetidalin infarct
SCM PEG SPA- PEG and SBA-PEG react primarily with the
iz ﬁrlmary am no 15 groups of lysine and the N-term nal

m% DEMhavReaidiebvertd that SR tPIEdayHWNg BeiMkn with2500
GBK, SPA-PEGK and SBA- PEGHK, respectively,

IUaﬂs&réﬁhrpp@s@nrvw teesmpist sTTeptiveyd R ¥ing ehernutoms of 418 spbjected

T Y T
(3@Ck}3 Dri§ AOHA@eRhe NisGrPfoCOmMdEcEROh{tdRAaPET-apoptotic mechanism
R e e G —

th&hﬁ@t(m%)pehhﬁe%&ﬂGf‘%c@@s&%iﬂw"stﬁ?@(:(d)lHZ) M
CH3O- ( OCH2CH2) CH2CH2CH2- CO- NH EPQ To expl ore the
hypdth egqs@twaﬂtl@r t})tlhprewre%e methodyorfeeasing 8 é‘Ftu?Ct having an

ischBfcaresticbmpliihg a@rﬁHﬁs@erh@ tH54i8 SubiOct b IRerSNRiE NG ol RS
stroke and may potent| al I'y inhi b|t processes

amoggtpykgytbropofetin, \dl@dray@dirﬁei@s@ob&nyﬁnrmm@mh delgvered within about
8 t§ g@@%t gfj Ihgurg gﬂelj tﬂg ks@%g e%}ft fi elfi%g_rpys%%ong éit ?er L rl){thr?;ﬁnetm

I'mens In an
debmrd:mwnhnacabowsny abcﬁut 2Ehgtisra@ipothe firgt dose. Bartiogledly, afeatment of a

foci@ il schen c stroke. Ji@ggl i cants show gerel n that

pihg an ge ‘EGW PISERINGSRFON Y AEA &Y Gppsgauence of

an MR MicH BftEHicR ¥ Eheup S BILA| leiehs or GitRrcisCHLGIR abhRt, aRE@WEly from
size and inprove the functional outcome of rats

andseheraistevens ipiadicated by aeerarse it dhedplagt size-tle pyotberasprst.on
reé%@om wls@l‘f’e%15 biht 1sqﬁé1§z¥§cg %r?]n%ﬁéﬁ{n?etn't MO functional

hropoi etin, even up to a
outcome of the patient, such as an improvement in one or more scores obtained from

determined by a behavioral scoring system. The result of the treatment provided by the
present invention can be evaluated using methods of assessment well known in the art,
including, but not limited to, a medical imaging system such as Magnetic Resonance
Imaging (MRI), CTA (Computed Tomography Angiography) and CT (Computed
Tomography) scan , a neurological test, a whisker touch test, or a foot fault test (19).

The present invention also provides a method for inhibiting apoptosis or
inflammation in CNS in a subject after an ischemic event comprising administering to the
subject a therapeutically effective amount of Erythropoietin, wherein a first dose of

Erythropoietin is delivered within about 8 to about 26 hours after the ischemic event
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after occlusion, can inprove functional outcone
i ndependent of a reduction in infarct 5 size.
wappkiogamnt s have very di scovered that a nul ti pPEr/tsz004/009443
dosing reginen with 2500 |1U kg Erythropoietin was the
nost effective at inproving the outcone of rats
subjected to MCAO In these studies the observed
decrease in infarct size was relatively nodest (30%,
folldibeédl ByQLdebonticdost 6f BHiHROp S EtOddivEred Withie£86ues tdwtiouhZShours
an anti-apoptotic nechanism 10 of action since
aftgpthe disst doses t hought to be the primary nethod of cell
deat
oor r}[&ﬁ gén%tﬂfﬁ Hegﬁ’(?dsﬂgt ? ghgg Qﬁsdgﬂgﬁgtgétg)%‘@g E‘Pﬁ?}ogon@tm is necessary
to ptrla@eratreduwlemn ofaretisizs. Jhoeffe svag lmmgtdtréaﬁmemtrveeatmlﬂgted 6

hr Ggab GSip: EA U b e Al oS S8R et Bfkon at the time of

oceitifief hid/& 24dand148 bif pdst ydchusimait @ dbse o\¥300 Ell/kg aesﬁllté(‘ﬁih a 30%
dose _of Er%st,hrog oietinis delivered w thin about
1

degrgasgip ififary hayasdot ehservied ahgither thevaRe 1/ke PbWé& Iwkg

do§’e REAQ nﬂheqla%ﬁ: e ;#&%ﬁﬂh%%ﬁ@;mlde@lﬁlmewmr Watdth@infarct size
about 8 to about 26 hours after the first dose.

in pavbjeat hieing geceivedan ikl exyfosure tg Bhythropoiktiy ihingnhours of an
isck SRNSTL SYERink AShHASS A O TBY DB SR MBI, JFERAbietin

consequen
betvaigh tabmgllsab [U/kg toatpuns 500N Uzkgcpes doden whereinsfisctdose af

recover, n.isc event i ndi cat ed. by a
ErBEapRiEl i G0 Frsd T SOk SERDop 26 ANt Beaithl exposyge to
Ermﬁ%ﬁ:w oM SWBAY d seehiiddse BVERthrbsoibtiifietiated withirAdbout 8 to

| mprovenent in the functional = outcome of the patient,

abguiclt heyrsater thgifisvdeemt in one or nore scores obtai ned
frorprtdé@ f?Jr nﬁ?,g tdhh ¢ %x?@s'i]?e‘“ é’fgx% éoggfﬁ%h:r&sé¥ ¢ &%l indiidual

resu treat ment provi pr €sen
dobasy emntoisimg as amyhne pewadedatletdvealp cmgmuemsﬂwaﬁer @fsingbsains nistnation,

weld known. i e i ncl d|n but not lim.te ,
e gy e dPRaTing i h plstianedn o {8 s A Eh cploBtisiRe EPOsor
impreitiog of AREPO ifepiAn( Conput ed Tonogr aphy Angi ogr aphy)

and CT (Conputed Tonography). scan_, a neurol ogi cal

t estn agditipn, Spplicangifaye peysurpgisinglyrdizsovergd pignifigant fancgipnal

1m}%eﬂ@ﬁ§ Gats ﬂﬁﬁ@tteﬂ %pé'?‘hﬁﬁer@ WA@%eﬁ EPe) @Qsd%l(/é]{ about 24 hr

biting apoptosis or Inflammtion in

fodaMoing the infulteilhagy thesmrsem igvestien tfurd@npnowsiueng method for promoting
[ n e ubject .a_t h eutic

rof P PS8 b See A by len e ARl umtppdpe o saia

subjeste théragdutitxl st dffeotiad :ﬁfldn.rmt bSEBI(eJ Wldf&élﬁd fwsttdobdofibROEs 8
t.o abo lt76‘ghours after the s c event = 10 WO
lof:ay]

debygyed oo akow e /heHs Alter t e 1s emic event followed by a second
dose of EPO delivered within about 8 to about 26 hours after the first dose.

In a related embodiment of this invention, EPO can be administered to the patient
as a third dose. The third dose can be administered preferably within about 20 hours to
about 60 hours after the ischemic event. Where a third dose is given it can be delivered
within about 8 to about 24 hours after the second dose.

As used herein, the term “functional recovery” refers to a behavioral

improvement in a subject after an ischemic event. Functional recovery in an animal can
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foll owed by a second dose of Erythropoietin delivered

W thin about 8 to about 26 hours after the first
wa@lome/087Dbe results denonstrated that early PCT/US2004/009443

adm nistration of Erythropoietin is necessary to

achieve a reduction in infarct size. The effect was

| ost when treatnent was initiated 6 5 hr after

occlusion. Particularly, nultiple daily doses of

be BUMLAEQ TS Khain wuyﬁga flodiffed Hdridnded-ScHaneh asdtFauleadt (88),
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be AR B RIS e ' me iR S GublthelinlaoL R fons Bucn
as ﬂdﬁdr@ir&ﬁg@lﬁ isBsation &l cbosdiRgtiRB] coghitidePutittion such as memory,
Eryt hropoi etin bhetween about 1500 |U kg to about 4500
laqgwg@ganﬂélpe %létg to {lomedirectons, and fugefionalgapacities such as basic
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use ereln S ur é ers
BastoniNghi g m‘eﬂ,erranemmtgenbstsndimmfaima Vabald,eamingDst, agd

s A Bl e S EBRRRUSL R o

(Ameinﬁe@ §‘U1§Eﬁse @irfleal Sﬁfdlé%/Ad’tﬂ'ﬁﬁ:g 8f DRily PRI s€MBY the BRStol
antation of an EPO i npl ant. In addition,

Aqﬂwpics @ﬁﬁ@léyngwm Srele. allitesisiand prlep kapwa iy e ad.
b 1 G0 oS o0, o QoS HBEAMETRIWE obfhebll B o decrease in
infarkt klIZe Ol ;iossmi)lﬂ gxplamation $er this olibﬁnsaﬂohhfthpﬁ'ﬁ"ﬁ@(ﬂ 3,5-
tion.further owdes a
triplpE R Ba s Slaine gy BT aetsR rsherione A dntarct
ar@Y B0 hddres¥Phis biti])ll&?mrﬂdn@k@l&lbféﬂeﬁsﬂle&ﬂérﬁholﬁgibalQﬁ&lyﬁs was
t herapeuticall y effective anmpunt of EPO, wherein a

perfprraed Qrssetiops fippyeprsseryativieaaineals 41k aempared il T6 anglysis. No
in38dhr 8%@@%%&%0@?%%15 gxg borfeP 6 he T?tes%lmﬁg I(&a?éé‘ﬁ(? gl%/w@

secon ose of EPO l'ivered within ab
sugdesting thet thisphenaaricnen wak eotfmswn51bb§en ourebsgervationt Belayed

ad{nbmghaélog 8% Fgét tthere?org,r}ﬁﬁvég ﬁeépetnﬁent gge'oc%assltélgr eﬁ‘gSlZC
of @tihfat@édedaredpdrhals &f afHiliting Hélaf/bdaipeplthsngﬁh AreAsrdistard from the
. fgbout 60 hogr s after .the jschem c event. Were 3\ third
infqess arep or posbly ot enbancingendogenous Egonsiuetionandyempdeling svents.

abos rRéhtiBR FreRbLEY, dbbRoSiSEANEEHORE several days following an
ischemic insult. Delayed apoptosis occurs in the ischemic penumbra and contributes to
the final infarct volume (21, 22). It also occurs in areas distant from the infarct area most
likely due to the loss of trophic support for neurons that have lost key projections into the
infarcted area. Since EPO has been shown to be trophic for neuronal populations (10, 23),
a possible explanation for the effects of delayed EPO administration is the prevention of

delayed apoptosis of neurons located anatomically some distance from the infarct area.
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30 As used herein, the term"functional recovery"
refers to a behavioral inprovenent in a subject after
wW@moos®gioesni ¢ event. Functional recovery in an BOT/DB1004/009443
can 11 WD 2004/087063 PCT/ US2004/ 009443 be
eval uated, for exanple, using a nodified
Her nandez- Schal l ert foot-fault test (18), wherein the
animal is placed on a grid work with 2 cm spaces
Thle epam@nf@hese populitiome bEneuronstrady axptisn the gresbryetionsqf ffugntional

m nut es e..nunbers of times their
Pe'r‘fP'a‘?ﬁnce ghsgrsd 'a"ﬁ“q%%%‘“?%r?"a?% H8%gh the spaces are
Coureher Explaration at E@0MeY ekcludedisnBdl £ POBshhandee the functional
eval uated by instrunments designed to nmeasure el enent al
rEGRAE ISP TR SUPRPISING S TEcRIRTUion 38¢ Ermagieiag giegnanisms as

ned3ie dat Mh%aﬁs@%%ﬁ@ﬁ | 9Haps€ Qﬁé}igﬁﬂe\‘lﬁlgfdt‘ ﬂﬁﬁuhﬂ(“‘r?g queh

as merory, ‘| anguage and the abi | ity to foll
imgiavementdn $unction obagn@d ja® patly a§a7p@ds pigues agagist tzhs eﬁa@mbmem of

tivi f n i ns
nebharip S oLl doantofslR 5Bl Ao PR g AL Il 4 A ESc e
bepigamgs elpludtichy afeaatvrdfmew)t Bdssckawamitbet Al (4 BexaaliginSdel effect

of S Uil &gg@;g%pgg,r@" afodebel Bedtohen oafe

StloRmk & Jeg )1ol§r<ag Iarata Ré&arhfR tRatnfindintdif 19 Mbde] \6¥s&éd an
Learnin est, and ivities of daily living may be

lmmsmmtdn finctional @@wamn@eswgh drigdeeatment ADhetABOncomitant

deﬁﬁgﬁ%gﬁ irﬂ?xr ct S%Pé\g)gﬂ%gﬁ \&91]% 'EHeC ma?I% Wé}e (i/ {e/d {drtéjg % VQJ months

I'Vi ng or the Bri
in Debd studiey ithegheBadbm] ingrovenesit wasmgmﬁc:ait b;z Tkdapsin | n t he

art. 15 The del a 0 n [ d i bed .
or b SoRgr i antirss e AL ARk of foRfiiepee spyting
in _(?_p}ng s?fzél%gl Ht@nfudal @%lt]it]&fhsé o %&Mlﬁasﬁll%iﬁédé algot@:? 43 sGAbag)
[ n etrazolirum¢c ori de S a|n|n
EXREPFSIpTH tWHh I&é\ﬁ?ﬁf é!%ys fodpringselupign RO hat e shovay @awously

to é%rngﬂgfn&ﬁﬁe Ea;{?b a Q§§)‘ menwge%mege ﬁﬁmg%@ﬁ Mt ¥6me re repaic

ol ogl C ySIS was per orne on sectl ons
prmcemeemmtbatirhiﬁee@\mthm the frstl feyodqya feltbwiog IFNEy an@t}ySEBO could

be &Ftln%@ {fqt acetg{lg'%ﬁc{cggs%?t&\’\g andcst e egal%@ctoh 0 ém%r re%r%aﬁlz tion
prédebses PiRBINe miﬁﬂﬁikn\igisr snﬁiptirce&amsenthecofum ocQUi over much shorter
observati an. adm ni sﬁlr ati n of EPQ,

tinggReriofs Py EP%F@%%‘”? thaRer GVents ﬁ%rb%hpwaf decr easi ng

t he 1%io&Eof Rbinh&KiNh MLdresle KAty E&‘;{aBFéRﬁ d@aénmmgbapwgaate
del ayed apoptoSis in areas distant fromt i nfarct

amguats apd npoaess bf Josing iarvadeusi onfgw@siawéﬁlawslmount of EPO to be

ad&%&”x%& I:IJ gﬁy Sanlcautlg eg(g&?lgeeclf aﬂg grgl\ég lagﬁn%gegpgﬁt 132\9{8 ﬂaaqz{]&ﬁiarly

evi ous oSl can ocC or sev
lmfuﬁidL awl any aan)unt of EPO may be administered per exposure, dosing segment, or

multiple day dosing regimen so long as substantially no toxic effects due to
administration of EPO are manifested. That being said, and only for the purpose of
providing additional guidance and not being unnecessarily bound thereto, general
therapeutic guidelines suggest that subjects would desirably receive in each dose of EPO
a therapeutically effective amount from about 500 [U/kg to about 10000 [U/kg.

Preferably, a subject would receive in each dose of EPO an amount from about 1250
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ischem c insult. Delayed apoptosis occurs in the
i schem ¢ penunbra and contributes to the final
w0 ndoangtoed/ol ume (21, 22). It al so occurs in areasUS2004/009443
distant fromthe infarct area nost |ikely due to the
| oss of trophic support for neurons that have | ost key
projections into the infarcted area. Since EPO has
been shown to be trophic for neuronal popul ations (10,
TUZR) to aBoutH0pd Hdikip! Momxptfarabiyi, esulfject vidudd etéiee ingsach dose of

| ayed ERO adm nistr.atd on is t.he preventi on. of

B SR Faat oL Sl ot B orl Sk Ao e R o P Qesm be
providédinaay kneowmm, oh @ewlyf &y elbpal, @esing h2mMO 2004/ 087063

PCT/ US2004/.009443 The sparing of these qLl)_‘gp,ul ati ons._of

neu r%ﬁgnwag}oremtea?ma%@a& e RftPaiss of admifstrtigngt EPO
coRRIHe Qs ERRAGRe PRSE\HR thi [hv@h’t'fonb@’l?@f‘éllaggéla cﬁﬁi@gé@Emmay

Anot her expl anation that cannot be xcluded s t hat”
degirdlebhpmeided inteformathitena provideqatient pxprsores £PBYas quickly as
por Bt P i AR P ToMRE o FRREER R inghaipg, bu
nos Jimitpé & iatravengliswiRinggsubtutansoas dodngp, inthenhuséuiatygvement

. in functign observed as early as 7 days argues agai nst
‘"??Pérllé’é'?"_‘olb&ioé'l‘ﬁ@ﬁ‘fm et O fprmylfgoes e aneuId Rl Iable, such
av|6ﬂl?:§‘ BEAdrRNRtratfVRY Blso chNsRIFRPRH NSy S Narhy RitedFor the

€
east the beginnings of plasticity are evident by 7
segiudor subseguent bP@dosings gszlgycribrd heminng t he ef fect  of

basi ' ' [ .

of 1 oiep 1 SRR it 18k Qg bl ark ok 14 Ghised ana
mayoinkludgbath hdmampiteiramiinsabiects spraferdbly mamnaiian subjectsodel |

observed an inprovenent in functional performance

with drug treatnent without a concomtant decrease in

I nf arhetfolfdwiftg eXdAGIsYprovilidd 18 illieraRAhdBreSenyVRi EntRRS Sdvehduld
for up to two nonths in these studies, the behavioral

nog %FWEM lmgpgﬂ]@fﬁof.i ”Ely'p,.fnvgytiop Vidhbs bettfer understood by
refeFEHUQRﬂhé hg%?ﬂ@&a@@kyﬁ 'fcﬁlori\gﬁlﬁﬂhg%tsﬁmeg e aftfwill readily

I ncreased Reurite sprouting st udi es,
appeciatethatdébesb greamly lustesive of thegnmentibn asdascritzet] axbrp fidtyain the

43 P xpressi on, which peaked at 3 days
c‘%‘%‘lsl(’v%hﬁgh%‘gg}fegesa%%. EPO has been shown previously to

pronote neurite sprouting (26). Taken together these
data suggest that some repair processes may be
initiated within the first few days following injury
and that EPO could be agkhpgio these early processes
to enhance functional recovery. Qher reorgani zation
20 processes such as unmaski ng or synaptic

st rengt heni ng COUW/}%&MLSS%&&W%H&S?”er tinme

periods but EPO s’ e cts ese events has not been
shown.

Animals and MCAQ Surgery

Procedures involving animals were approved by the Johnson & Johnson
Institutional Animal Care and Use Committee. Male Sprague-Dawley rats (Charles River
Laboratories, Raleigh, NC) weighing between 290 g and 320 g were housed individually
in a temperature-controlled environment on a 12 hr (6:00 - 18:00) light-dark cycle and

given food and water ad libidum. Animals were anesthetized with 2.5% isoflurane and
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Those of ordinary skill in the art are readily capable
of determ ning appropriate anounts and nmanners of
W@l e®i87065 vari ous circunstances. The anmount OPCEBPS000009443
be admnistered in any particul ar exposure of any
gi ven dosing segnent is not particularly 25 limted,
and any anount of EPO nay be adm ni stered per
exposure, dosing segnent, or nultiple day dosing
the' Ry @ipéftutedfiginAtned bST AN PehdnénMICATX vas pirfeemts editially
to admnistration of EPO are mani fested. That be ‘ g
as dese beddZigmgrmrg et alnd 7h Beisy agrincigipp yag mage ventrally and both
[ S S
e B o g R3S e e TP s
pesudiertty ecolwsietl asidg 9 i4r@silkyligabueid eraniotopac Wasigesioroed Epan

Qat apeuti cal | ffectiv armutfro

anF UPkﬂ]dtrbe'ﬁgg“&rf{t % 6%: t?)meél ova % ]yg},x%&e the r@h@&b‘ale ?Qrgbral
artéBUMUC A £ ThE WEC A vas aleh odﬂﬁéed);fenﬁﬁlﬁnﬂ bgt Wéﬁizaflbﬁ) disﬁtbtluhe

1250 13 WD 2004/ 087 PCT/ US2OC$J({ 309443 | U kg
lenfisploptriigareriey ke % Q Aryaythpmpciude tré%?ré'atusmfpamurysm
clib #6i€ §5d ﬁé?ioh B EA6H. #mlgg océﬁ&rﬁmm%ré aegeae\biw;uréé&lo

ment i oned abodve, thé dosi ng of EPO can
staplre@emﬂédpwreamw@ 20ovwas applisnitlye ideision site cAninelsivreee recovered
T ntenpl ates that a variety of

fror ou{%{ge% Hﬁd rrrlg\rﬁg%‘tn%tq?rgﬁ of EPO 5 could be used in

t he TISN‘ean If@.& hOflrstl;itBISratsnweﬂé@MedRIsefgeII&lukqloglaﬂmt aogldsker

tof3ht gl Bbot Bt (e A LT gt ypietfg T Al efe”

asRe%aAILe aﬂ&f&tﬂu&@h for lajuwelvaﬁty Phre@ @Bk Webd pertor@Bd: a

routes are contenplated, including, but not limted

nepiglaginal assessmant, d odusher togelbtée}taaﬁeé% fypditeptd 19). Animals that

r
B PATHE M bl 051 L0 palt, SRS i
tos onild ot ®oxeesre end vEreadpiudédsfrora turther anadysd. fmirnas shadsm)eezﬂ a0

articual ited for t ond qr
ondfitalened ahese 26 bt ¥n Bk e T RL AR RgrBftsegre of <
2 (nbatjurypyr fmelsithat hadimérelogiesl 0grelof i I BEVedd Mjurpf were
particularly limted and may include both human and

exﬁlﬁfi?ﬁaﬁro@@ﬂfﬂ@é?&a Y§¥ef erabl y manmal i an subj ects. 15 The

fol | Qihag m@{ﬂ%ﬁea at 10&28/! 'pgﬁ AcdiBsibh fH$iARE 828 AR functional

present invention, and shoul not be construed as
outdomiet i ng thereof. This i nvent| on wll be better

understood by reference to the figures and exanpl es

that follow, but those skilled in the art will readily

appr eci at Balbat Béhaeiveal acingish stern fbrliajurpadsysment. t he

|
Test Criteria Score

Neurological Score
No deficit 0
Failure to extend effected forepaw 1
Circling to effected side
Falling toward effected side

W

No spontaneous walking

15



10

15

20

clainms which follow thereafter. 20 Exanple 1
MATERI ALS AND METHODS 25 Animal s and MCAO Surgery
wdemaemgoses i nvol vi ng ani mal s were approved byPeTES2004/009443
Johnson & Johnson Institutional Animal Care and Use
Committee. Male Sprague-Daw ey rats (Charles River
Laboratories, Raleigh, NC weighing between 290 g and
320 g were housed individually 30 in a
t eMfieskat Towehcont rol | ed environnment on a 12 hr (6:00 -
18: 00) light-dark cycle and given food and water ad
l'i bi dum Ani nal swsé’ogsﬁest hetized with 2.5% 0
i sof lurane and Réspohse2004¢087063 PCT/ US2004/ 009443
the body tenperature nmaintai ned at 37 C. Permanent
MCAO was per f or mB@mBYdepense(ng delay descri bed by 2
Zimmerman et al. (17). Briefly, an incision was nmade
ventrally and both the left and right conmon carotid
ar FeatiFault (CCA) were visualized. The right CCA was

per manent|y occl LN :0,silk Ligature. A
crani ot omy was pg?f?%?&riége ﬁmﬁrﬁlgqg‘i’i’f’%}? gid ar%"f‘f:b-cﬁ“rfﬁﬂces
|ateral to the foramen ovale to visualize the right

m ddl e cerebral artery (MCA). The MCA was then
Drygeongédmigepatitent | y by cauterization distal to the

| entieGHbQRhA tafthGitedSidtid €femidil®) wildissHivd Waié%é??rghigle (4.38

occl uded 't ransi ent usi ng an ‘aneurysm c
mgiey Ne€ll,dfl mg/ind i¥aHPOL,| lowingfnld¥HBO,0nQ mighol Glyoims, 0 me/ml,

it I Cal t.apl es and Bupj.vic 0. 259
TS 36 i Blchlled Wiotrc o oPd Ao ResntRRon i R siomah
HWoieﬁa éﬁpm?nte;mmimmde final clmwﬁnaagmh gWehicle
Twenty- four hoyrs later rats were evaluated using a
sobalign ot bugs ereadminisfersd intiarenos by fheeyehdheitail yesat a
vofui 3f 1118Bkg by’ SneSdTaNBe UBsid@RLBnehs: rats subjected to
MCAO were ~assessed 24 hr after occlusion for injury

sbv &lerBay BesingRegimen - Nehisley Dekigernban (28 mgikg)roo EEG (5800

ass Whi . f oot - f aul
(20 TERF Rles geinifRicre im0 bR ool il qrifteh e fon),
par dotbved dywseeonduldgegiveo ! halaeramiediatély aftérahe wa®ration of

eittlgﬁor ﬂt oo mld or too severe and were excluded from
fur 98 9%al ysis. Aninal's that scored a 0O

2) Multiple-Day Dosing Regimen - Vehicle, or EPO (5000 1U/kg, 2500 IU/kg or
1250 1U/kg) was administered at 0 hr with subsequent doses given 24 hr and 48 hr

later.

3) Delayed Multiple-Day Dosing Regimen - Vehicle or EPO (5000 1U/kg or 2500
IU/kg) was given at 6 hr, 24 hr, and 48 hr after occlusion or at 24hr and 48hr post

occlusion.

Determination of Infarct Volume

Animals were sacrificed after 7 days and their brains removed and placed in ice
cold PBS. Brains were cut into 2 mm thick sections using a brain matrix (Kent
Scientific), then stained with 2% 2,3,5-triphenyltetrazolium chloride (TTC). Brain

sections were imaged using a CCD (Charge-Coupled Device) camera connected to a
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on the neurol ogical score or had a whisker touch score

of > 1 AND a foot fault score of < 2 (no injury) or
wapioams®et hat had a neurol ogi cal score of > 2 (BEWESE04/009443

injury) were excluded fromfurther analysis. 20

Ani mal s were anal yzed at 7 days post occlusion for

infarct size and functional outcone. Table 1.

Behavi oral scoring systemfor injury assessnment. Test
St@cd)mierdseprIEwd @famedze)d@gimndd \ﬁ&btcﬁn}i\berdieﬁist@rid% Dhe infarct

e 8 GG FR eferRR S e Aciteeluiednlotst yelbipe” e etaive

m&m NoReqdbsovat kifitgt vblund&totPv3RARMY JF8H{O&3ebral hemisphere) was
PCT/U82004/009443 Wi sker Touch No response 0

al REwd> 2 sec | Normal response (no delay) 2 Foot
Fault Effected side linb falls through grid # of
occurrences Drugs and Administration Dextrorphan

Behayipeal dinaly§isi gma Chemi cal s) was di ssol ved in EPO s

o R v R anph e g e pndre

Scﬂiﬁ)lldmfoa fiultltése di 8\ elis tebl) af afiinabis pPace@ B 8 3HE HorP Wit cm
Reconbi nant Human Eryt hropoi etin (Epoetin
spafer EYMREE 00 A oI ML R e 45T Gng AT oath mintes and

thy Rlth6dr€of HALULEP ﬂomAJn'd heHdUSRbGT ?hr@ﬁl%ﬂ fAk §¢1a%5§ge counted.

intravenously (i.v.) through the taiT vei
volume of I m/kg by one of three dosing reginens: 1)

StdRBPRYapRS1 Ng Regi men - Vehicle, Dextrorphan (25
mg/ kg) or EPO (5000
A non-parametric analysis of the treatment groups was performed using the

Kruskal-Walis test, followed by a post-hoc analysis to compare treatment groups to the

vehicle control group.

RESULTS
Surgical Qutcome
A total of 229 animals underwent MCAO for this study. Of these 28 died prior to
analysis at 7 days and 4 were excluded upon 24 hr evaluation (see Materials and Methods
and Table 1). In an attempt to control for infarct size and infarct location in this study,
animals that had an infarct with sub-cortical involvement (n-21) were excluded from
analysis. There was no statistical difference between treatment groups regarding body

weight or body temperature.

Single Day Dosing Regimen

The ability of a single day dosing regimen of EPO to decrease infarct volume and
improve functional outcome was tested. Animals treated with Dextrorphan (25 mg/kg) or
EPO (5000 1U/kg) showed no difference in infarct volume or functional outcome when

analyzed 7 days post occlusion compared to vehicle treated animals (Figure 1).
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10 U kg) was adm nistered inmedi ately prior to the
occlusion of the left CCA (Chr), followed by a second
walome/ogfiogen | hr later, imrediately after the PCT/US2004/009443

restoration of blood flow 2) Miltiple-Day Dosing

Regi men - Vehicle, or EPO (5000 | U kg, 2500 IU kg or

1250 11U kg) was adm nistered at O hr with subsequent

doses given 24 hr and 48 hr 15 later. 3) Del ayed
Debd#biphitl GeckiaYed 08 infarcRROUAE When Meiy &l &t 2 hrgﬁa ((C5Q1@Bn (data

| U kg or 2500 |U kg) was given at 6 hr 4 and 48
nokghown).er occl usi on or at 24hr and 48hr post

occlusion. 20 Determ nation of Infarct Vol une Aninmals

were sacrificed after 7 days and their brains renoved
Mudtipte BhyldstigiRegimee  col d PBS. Brains were cut into 2 nm

t hi [ | e

Sci Cflﬁf &‘?Cté)"%‘[%ﬁg’ ﬁlg?iﬁ&%%&%ﬁ%&éﬁ(at(ﬂh% fthe of occlusion and at 24
hr 2nd34 Hhrt poispdre hugioh etas alsoltésteah Mhilltiple day tfehTragnt wahaiRO at a dose of

osBE keSS DB A, B SES7 o 20)

theReTbtiVSRBRYY PR443 noﬁ%@ﬁﬂpfﬁhﬁ\ﬁ/&sﬁﬁ@ﬁcﬂ?@l gﬂﬁ@hﬁ@ Si08% This

deternmined with conputer assistance he infarct

degreasq impindarctize wasdof ebpsrvird st eithebthe 09 Bke ov il 0 Kk dose
le\?gsgkljllgvﬁ)rél%l?lgglg sl\/oQJ/ﬁld%e Tlh&n Fve\fﬁent P{]ffuﬁ{tﬁ)tnalvl‘é%(wgry of

absolute infarct vo tota ume o e cere
61%3“69@)‘1&%@ andes % 12500 Hetke (pr<n@ldands *Beﬂﬁ)a\\respa@tlvely, Figure 2B)

oy B Jeiels (e s D HO2R 11k HotlR Bkt functional

oufcopie- fault test (18). In this test, an animal is
placed on a grid work with 2 cm spaces between 0.5 cm
di aneter nmetal rods. The animal is observed for two

DelBybWhBsipRIShy BosihhRegMipbEr s of times their front and
eﬁyn |III’)TbS Tyall t hrough t he spaces are counted.

St attis el dmown shay getEnstiks %ﬁ?@mm%ge@ﬁérwsgmedtaﬁéy
t
folh i B IRQUAR RSt LA oI | The present invention |
demongtiztes that e dtlapedt orgﬁt(nﬂfg’(l weatinent is effective in assisting in stroke

recovery. In the present invention the initial dose of EPO was delayed 6 hr after
occlusion and then followed with doses at 24 hr and 48 hr. With a 6 hr treatment delay,
neither 5000 1U/kg nor 2500 1U/kg doses of EPO resulted in a significant decrease in
infarct size (Figure 3). Unexpectedly, both the 5000 1U/kg and the 2500 1U/kg dose levels
increased the functional score by 46% (p < .05) and 56% (p < .01) over vehicle,
respectively. When the first day dose was eliminated and EPO was given at 24 hr and 48
hr following injury similar results were observed (Figure 4) i.e. no decrease in infarct size
and a significant improvement in functional outcome at 5000 1U/kg (49%) and 2500
1U/kg (68%) over vehicle (p <.01).

A multiple day dosing regimen of EPO reduced the infarct size and improved
functional outcome compared to vehicle treated animals. Delaying the initial dose of EPO

up to 24 hr post-occlusion was effective at improving functional outcome but not at
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15 vehicle control group. RESULTS Surgical Qutcone A
total of 229 animals underwent MCAO for this study. O
wo bawges@8 di ed prior to 20 analysis at 7 daysPeEmnuS2004/009443
wer e excl uded upon 24 hr evaluation (see Materials and
Met hods and Table 1). In an attenpt to control for
infarct size and infarct location in this study,
animal s that had an infarct with sub-corti cal
dedrBastigviafied kizé MFREIsingled & dvsiviguelaaheh hadtho affedt ¥6 irfarcildisy &
was no statistical difference between treatnent groups
funcigeal @ut§9MBody  wei ght or body tenperature. 25 Single
Day Dosing Regi nen The ability of a single day dosing
regi men of EPO to decrease infarct volunme and inprove
f undhisorrak seppocts the prerdousbistepertedaifieasl ©f EPOan @dimal triedels of
xtror.ph (25 [k ar,.. EPO.(5000 [ U showed no
o FHATIR S8, R o oon RN ah & bu BBt e
the\ﬂﬂﬁntiléﬂmamalhd&rgdva?laldaly& H(m)sto impedueshmioﬁammwoaté/, el
vehicle treated animals (Figure 1). 17 004/ 087063
derpenstiaiss ek %@&%lm@éitmwaﬁawhﬁb Sfé%gv%)% a5 pftherapy for
disbRIeWBY tihgvaRaluerd at 24 hr post occl usion (data not
shown). Multiple Day Dosing Reginen 5 The effect of
multiple daily doses of EPO given at the tinme of

OCcC . . | .
ol sclsRe BPebcfte i aBlicAMehcAS L pRRTDIELSiEhEplepthy MiZnton.

withf exa@pI6 ptovided forethe purpdse of iBusi@fiorg éowitldeainderstood khat the
ahsol ute.infarct size (Figure 2A) and. the relativ

PP e e e altife b BRatons, SiepGHipR AT

madli At bACA b me Rvithi P Bk scopi of thedBREWME R1diMs hitf RER bqsilaents.
was not observed at either the 50001U kg or 1250 | U kg
dose 10 | evels. Behavioral analysis showed a
significant inprovenent in functional recovery of 61
% at 50001U kg and 65% at 2500 U kg (p < .01 and p <
. 001 respectively, Figure 2B) conpared to vehicle
treated animals. EPO at 1250 | U kg had no effect on
functional outcone.
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15 Del ayed-Mul ti pl e-Day Dosing Reginmen It is
wel | -known that getting stroke patients to energency
wo cwamsionedi ately follow ng a stroke inci denPCT/8S2004/009443
often not realistic or possible. The present invention
denonstrates that a del ayed onset of EPO treatnent is
effective in assisting in stroke recovery. In the
present invention the initial dose of EPO was del ayed
Refefdncekt er 20 occlusion and then followed with doses
at 24 hr and 48 hr. Wth a 6 hr treatnent del ay,
nei t her 5000 | U kg nor 2500 | U kg doses of EPO
resylt edunﬂa% @Ilgaycslla@amkosﬂswr@@ﬁ@ Pafhobiomﬁr&tlscﬁééﬁc stroke:
(Figure 3) nexpect edl’y, both the 50 kg and the
A5 @grakad/ wigpv.dorsads| Napedssi. 19%2%&%&3&91 he functional score
by 6%( O over vehj
respec £ \ggfy é&henrt%h%afﬁ:eﬁg\{li\l sgstem reoft + za?lbn tfolg)wmg
injarydNefCsslare 200 1a762478r and 48 25 hr fol I ow ng

injury simlar sults were observed ure 4) i
no decr eéﬂ{éa %Cﬁ"ﬁlf’bpc endfo, Righard &, Ny é‘i"ﬁ i ntlez-Luna JL.

ErjrtHpr@iéﬁH%&H %}onmieuagﬂdm 9}ogemo@ @m@t bﬁ%%shh& kgop&&s%/ﬁmugh

2500 over vehicl
bcmllamdpblclé d3d90d3IdQ961§8 ﬂﬁfa 83 of EPO reduced the i nfarct

Si 9 andCe: (Av%ﬁimg '?’abel% | r@ff&?gmae 1ntzﬁfa on the
£ 2 L O B CelH

vehicle tr ed ani initilal dose
cexEFaDnemrpustsystzm. Eempasmcohdﬂbu%ﬁﬁ-?ﬁas effective at

npr.ovi ng, f unct i gnal cone t not t 18 VO .
20041 05 Jlsidser/Tase ﬁ?@@?& PR g 'Hi;‘?aiMf%?S&‘FRA“OV@‘
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infarct size or functional outcone. This work

astsapyesrhIiot Rberpr OVH30811§48% P8 ed ef ficacy of EPO in
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6. The dosing regimen of any of the above claims wherein at least one dose of EPO
is delivered by a subcutaneous, intramuscular, intravenous, or intra-peritoneal

route of administration.

7. The dosing regimen of any of the above claims wherein each EPO dosage

delivered is selected from about 500 IU/kg to about 10000 [U/kg.

8. The dosing regimen of claim 7, wherein each EPO dosage delivered is selected
from about 2500 [U/kg to about 5000 1U/kg.
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i s: SYOXeA dosing regi nen of erythropoietin for

pronoting recovery after an ischem c event conprising
adm ni stering to a subject in need a therapeutically .
etk dbe dosingregivparal climpPOyheipiarag jeastone EPE} dogageedeliverebi
i's ' jthin about 8 to about 26 hours after
theglgidézgérsr(fgﬂe ‘ent followed by a second dose of EPO
delivered wthin about 8 to about 26 hours after the

1 The SR psBimeirtTahen 0w Py B e a Sfee tan e s b

af t es00 hekg.schem c event. 3. The dosing regi nen of
claim 2, erein the second dose is delivered at about
24 hours after the first dose. 15 4. The dosi ng

r ?gtrﬁg BoQ : fé: ?ﬁ%ﬂ dlf'aﬁ? WF thR Qhove R %Jh@&i@ﬁmewﬁfos&%@%is a

to e su third dose of EPO delivered wt

abolang2etihgGPE. t 0 about 60 hours after the ischenic
event. 5. The dosing reginen of claim4, wherein the
third dose of EPO is delivered within 20 about 8 to
2. Romethod fdrareatiea adpenbavitgsa isthemIhieved DSingisirggi men

of any, of the abqve .cl ai wherejn _at .| east on se .

of BFRYNISIYINEPiSYdruRicHy ¢ f%ﬁ?ﬂ&%ﬁ?‘dﬁ@%& ve TRRUPEALEES vferein a

| Nt e ABQUT EPY isidefivededPRIthih@B&@!8 to about 26 hours after the ischemic
event followed by a second dose of EPO delivered within about 8 to about 26

hours after the first dose.

15. The method of claim 14, wherein the first dose of EPO is delivered about 24

hours after the ischemic event.

16. The method of claim 15, wherein the second dose is delivered at about 24 hours

after the first dose.
17. The method of claim 14, further comprising administering to the subject a third

dose of EPO delivered within about 20 hours to about 60 hours after the ischemic

event.
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route of adm nistration. 25 7. The dosing regi nen of
any of the above clains wherein each EPO dosage

waledouwgmesl i s sel ected from about 500 | U kg t oPEUS1004/009443

10000 W kg. 8. The dosing reginen of claim7, wherein
each EPO dosage delivered is selected 30 from about
2500 U kg to about 5000 | U kg. 23 WD 2004/ 087063

PCT/ US2004/ 009443 9. The dosing regi nen of claim?7,

WEEMaE hefadf ERfth 465089ei Shd thRE Q6sel T EPRPMdeARPEY within about
| U kg. 10. The dosing reginen of any of the above

cl aibre2hhevrspherthesdcerhdasec event is a 5 stroke. 11.
The dosing regimen of claim 10, wherein at |east one
EPO dosage delivered is about 2500 |1U kg. 10 12. The
difs iThg nredgd f any df dhiaisrid 418, whireinsdaph dasetof EPO abogpaiges a
delivered i s about 500 | U kg. 13, The dosing.reaqi

of  SMFIEeq ReATRDys B drveaRe: of ReRETOPSA GO o PRO-
is a long-acting EPO. 15 14. A nethod for treating a

sub%gct havi ng an i schem ¢ event cpnprising ) i
athiThe grethod od apy,onepielaimpl &d8, wherpiacaghelRQ dasagy delivered is

effga%été’@fr@rg%BG&tS‘éb 18R 10 WRGI §booAIu/kd " st dose of EPO
| e

S ivered W thin about 8 to about 26 hours after
the ischemc event followed by a second dose of EPO

oL Sy 20 R e e B B 0L o

t he about 2500NYRe &f aloBEF009 1UAd. ver ed about 24 hours
after the ischemc event. 25 16. The nethod of claim
15, wherein the second dose is delivered at about 24

hoUFSe nfatHoloftifin DIl f wherfl@28ech EPO ddhge BBNRRY i9hbduk 2560

14, further conprising admnistering to the subject a
t hi dd/kg.

23. The method of any of claims 14-18, wherein the ischemic event is a stroke.

24. The method of claim 23, wherein at least one EPO dosage delivered is about 2500
1U/kg.

25. A method for promoting functional recovery in a subject after an ischemic event
comprising administering to said subject a therapeutically effective amount of
EPO, wherein a first dose of EPO is delivered within about 8 to about 26 hours
after the ischemic event followed by a second dose of EPO delivered within about

8 to about 26 hours after the first dose.

26. The method of claim 25, wherein the first dose of EPO is delivered about 24

hours after the ischemic event.

27. The method of claim 26, wherein the second dose is delivered at about 24 hours

after the first dose.
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dose of EPO delivered within about 20 hours to about
60 hours after the ischemic 30 event. 24 WD

wQO40986063 PCT/ US2004/ 009443 18. The net hodrof/usioad/mo443

16, wherein the third dose of EPO is delivered within
about 8 to 24 hours after the second dose. 19. The
nmet hod of any of clains 14-18, wherein each dose of
EPO conpri ses a 5 subcut aneous, intranuscul ar,

i ntravenous, or intra-peritoneal injection of EPO

20. The net hod of _any one of clains 14-18, wherein

okt Ahemothed o4 glaira @i frehergomprising pdmingennemthpabiccoind
| U
20, Iﬂg e M&&wl@%@%h‘n&%ﬁé Z%Ee??lﬁ'}to gﬁﬁt mmgaﬁ d}fef@dh@?mc

ereln each I ver IS selecte rom
aboeven2500 | U kg to about 5000 | U kg. 22. The nethod
of claim 21, wherein each EPO dosage delivered is
about 2500 |U kg. 15 23. The nethod of any of clains

129 f[ﬁe makRU&If Blaii 28] whdieifitige White dbse of EPGisideliveredwithihaBout
of claim 23, wherein at |east one EPO dosage

deI |8\}%%80l|"§38?jdl]? sesgphdoseyy kg. 20 25. A nethod for
pronoti ng functional recovery in a subject after an

i schem ¢ event conprising admnistering to said
sibjTbe methodivd rapellriowl28y32e hersin each dossiof EPEX conimises a
T S et Rt s s e S
by a second dose of EPO delivered mnthln about 25 8

t out 2 ours t irst do 6. T hod
of 1 3? %ﬁﬁwﬁé ﬁp wg?feab%h EpO ésiaesfp fivdred i
del Isylsét@&fr&m%ut%@o 102418 a@(thQOOdd‘I@/k%Chem c event. 30

27. The nmethod of claim26, wherein the second dose is
delivered at about 24 hours after the first dose. 25

32. The method of claim 31, wherein each EPO dosage delivered is selected from
about 2500 IU/kg to about 5000 IU/kg.

33. The method of claim 32, wherein each EPO dosage delivered is about 2500
1U/kg.

34. The method of any of claims 28-32, wherein the ischemic event is a stroke.

35. The method of claim 34, wherein at least one EPO dosage delivered is about 2500
1U/kg.

36. The method of claim 35, wherein each EPO dosage delivered is about 2500
IU/kg.

37. A method for reducing infarct size in a subject having received an initial exposure

to EPO within 6 hours of an ischemic event comprising administering to said

subject an amount of EPO between about 1500 1U/kg to about 4500 1U/kg per
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WD 2004/ 087063 PCT/ US2004/ 009443 28. The net hod of
claim25, further conprising admnistering to the

waeabgegtoean t hird dose of EPO delivered wthin BODUS2080009443

hours to about 60 hours after the ischemc event. 5
29. The nethod of claim 28, wherein the third dose of
EPO is delivered within about 8 to 24 hours after the
second dose. 30. The nethod of any of clains 28-32,

whelggid) whateth ARsed&k oEBROCBNBNINS &k idtitthPeobert t{GFRPOYS |
i ntranmuscul ar , I ntravenous, or Intra- per.i t oneal

i nj delivesed withigpbput 830 abayi 26 heutsadienthe dmijal gkpesus tad:PO

S R A A A S R T R i
net hfier tbé fick dosm 31, wherein each EPO dosage deli vered

is selected from about 2500 | U kg to about 5000
| U kg. 33. The nethod of claim 32, wherein each EPO

dos Jue nftelddeFcREni39, whabin tRORR ddsblok 8PS ddiereliiBout 24
nmet hod of any of clainms 28-32, wherein the ischemc

evehpurs after the jsghamicgventThe et hod of cl ai m 34, wherein

at | east one EPO dosage delivered is about 2500

1U kg. 25 36. The nethod of claim 35, wherein each EPO

d3s e nebthodvod ckaiini3s, wherein tRG@0ond ddsk kleli8ated At abetitizichours
for ﬁedtﬁc%.nsg infarct size in a subject having received

an PAF A" Q?)SSSure 30 to EPO within 6 hours of an

i schem ¢ event conprising admnistering to said

subj ect an anount of EPO between about 1500 |U kg to .
ath® Jhe Mdﬂﬁplggn éé’f fusthen gompgiging gdmiygsiering to the subject a third

PCTHLRLAFPPIGRARd WARES abotid 86 Rbidts B dboliBéo H’cgﬁﬁaﬁgr tlﬁ:zfgéhemic

followng the initial exposure to EPO IS elivere
wi t kveéntabout 8 to about 26 hours after the initial
exposure to EPO

41. The method of claim 40, wherein the third dose of EPO is delivered within about

8 to 24 hours after the second dose.

42. The method of any of claims 37-41, wherein each dose of EPO comprises a

subcutaneous, intramuscular, intravenous, or intra-peritoneal injection of EPO.

43. The method of any of claims 37-41, wherein each EPO dosage delivered is
selected from about 1800 1U/kg to about 4000 1U/kg.

44. The method of claim 43, wherein each EPO dosage delivered is selected from

about 2000 1U/kg to about 3000 1U/kg.

45. The method of claim 44, wherein each EPO dosage delivered is about 2500
IU/kg.

46. The method of any of claims 37-41, wherein the ischemic event is a stroke.

27



10

15

20

25

30

foll owed by a second dose of EPO delivered within
about 8 to about 26 hours after the first dose. 5 38.

wq b@4metobod of claim 37, wherein the first doseCDiSHRN09443

is delivered about 24 hours after the ischem c event.
39. The nethod of claim 38, wherein the second dose is
delivered at about 24 hours 10 after the first dose.
40. The nethod of claim 37, further conprising

adm nistering to the subj ect a third dose of EPO

del iver t ou urs t ut 60 hours

agj( ﬂl% egh(wscﬁlatlﬁnql% gb"erﬁ‘(" at Stzf’f.e 22&?@%% jvered & abopt 2500
40, kagl:elnthethlrd dose of EPO is delivered wthin
about 8 to 24 hours after the second dose. 42. The

met hod of any of clains 37-41, wherein each dose of

ERD 19 th st c?au%%SwH&Jéﬁxaéa@@EF? (ﬁoﬁe}gg?%egéﬁogﬁ%zsoo

i ntravenous, or Intra-peritone

43. TPAe. met hod of any of claims 37-41, wherein each
EPO dosage delivered is selected from about 18001U/ kg
to about 40001U kg. 25 44. The nethod of claim 43,

Wi r/emathed €or iflitbiting apeRoded MBamahalicn HELES tredsubje@Mfter an
about 2000 11U kg to ab‘g’(’?t 3000 I U kg. 45. The net hod
of dffCHF‘m"LPZ(em\ﬁHE’PEF‘ﬁgé isemede sad subieqtiakgrargutieally

aboutfedRRAmould dEPS Qvl‘fé@:m 4 Inest A EPY is %@M e?éd &'g@h%out 8

37-41, wherein the i'schemic event is a st ro
2004¢ g®nb 86 hay Afs 0is¢ienod dgnt HHoweh by msedmd doge @fIEAON

del i vered i s about
2 5 A Qﬁ'ﬂ \Qnﬁg h@ﬁ%‘fﬂ%&t 5&’9898?&%% the B sﬁéose\m or oi o
each EPO dosage delivered is about 2500 I U kg.
50. The method of claim 49, wherein the first dose of EPO is delivered about 24

hours after the ischemic event.

51. The method of claim 50, wherein the second dose is delivered at about 24 hours

after the first dose.

52. The method of claim 51, further comprising administering to the subject a third
dose of EPO delivered within about 20 hours to about 60 hours after the ischemic

event.

53. The method of claim 52, wherein the third dose of EPO is delivered within about

8 to 24 hours after the second dose.

54. The method of claim 49, wherein each dose of EPO comprises a subcutaneous,

intramuscular, intravenous, or intra-peritoneal injection of EPO.

55. The method of claim 49, wherein each EPO dosage delivered is about 2500
IU/kg.
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49. A nethod for inhibiting apoptosis or inflamuation
in CNSin a subject after an ischem c event

w@eoupns®sng adm ni stering to said subject a  PCT/US2004/009443

therapeutically 10 effective anmount of EPO wherein a
first dose of EPOis delivered within about 8 to
about 26 hours after the ischemc event followed by a
second dose of EPO delivered within about 8 to about
26 hours after the first dose. 50. The nethod of claim

4 st. dose, of EPO is delivered about

ZS?P Tﬁg gl?:a§tf Ef'@rgtwléer?'gé}i‘%‘ﬁﬁ}l?”%%%‘ﬁpt isgptrokthe et hod

of cl aim50, wherein the second dose is delivered at

ut 24 hours after the first dose. 20 52. The

n%7t ﬁ Bemsthod|ofeipins £6, Whareinat lees ope EBOrgsaggdielivaredsisiahout 2500
to {hgosubject a third dose of EPO delivered within
about EO hours to about 60 hours after the ischemc
event 53 The met hod of claim52, vvherei n the thi rd

I.s, del.Lver ed WI bout
i, S0 oo Fla' s srTein e D B¢ delfesd iofoctt 2008
49, Iwkgrel n each dose of EPO conprises a subcutaneous,
i ntranuscul ar, intravenous, or intra-peritoneal
injection of EPO 30 55. The nethod of claim 49,
wherei n each EPO dosage delivered is about 2500 1
U kg. 28 WD 2004/ 087063 PCT/ US2004/ 009443 56. The
met hod of claim49, wherein the ischemic event is a
stroke. 57. The nmethod of claim56, wherein at |east
one EPO dosage delivered is about 2500 5 |IU kg. 58.
The nethod of claimb57, wherein each EPO dosage
delivered is about 2500 I|U kg. 10 29
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