USE OF ERYTHROPO ETI N I N STROKE RECOVERY Technical Field The present

i nvention provides different dosing erythropoietin (EPO dosing 5 reginens
to pronote recovery after an ischem c event such as stroke. Background The
termstroke refers to an abrupt inpairment of brain function resulting from
the occlusion or rupture of an intra- or extracranial blood vessel. It
occurs when one or 10 nore blood vessels in or leading to the brain ruptures
or are clogged by a thronmbus, atherosclerotic plaque or sone other
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brain cells may be lost irreversibly and immediately. Other cells, for instance those
15 around the ischemic focus, may suffer acute damage and remain in a compromised state
for hours. It is also known in the art that brain damage may continue for days after the
initial ischemic event.
Because patients do not often get to an emergency room immediately after the
stroke event, new therapies are needed that are useful even when first administered at

20  times following the event.

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.

25 * 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.

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

having an ischemic event comprising administering to said subject a therapeutically



26 hours after the ischem c event foll owed by a second dose of EPO delivered
within about 8 to about 26 hours after the first dose. In a further

enbodi ment, the present invention provides a nethod for pronmoting 5
functional recovery in a subject after an ischem c event conprising

adm nistering to said subject a therapeutically effective anount of EPQO
wherein a first dose of EPOis delivered within about .8 to about 26 hours
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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 & to about 26 hours after the
20  first dose.
In certain preferred embodiments of this invention, the first dose of EPO is
delivered about 24 hours after the ischemic event. Also in certain preferred embodiments
of this invention, the second dose is delivered at about 24 hours after the first dose.
Preferably, the first dose of EPO is delivered about 24 hours after the ischemic event, and
25  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

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

intravenous, or intra-peritoneal injection of EPO.



2 Preferred enbodi nents of this invention also include dosing regi nens and
nmet hods of treatnent wherein each EPO dosage delivered is selected from
about 500 |UWkg to about 10000 | U kg. In one enbodi nent, particularly for
reducing infarct size in a subject having received an initial exposure to
EPO within 6 hours of an ischemc event, 5 each EPO dosage delivered is
sel ected from about 1500 | W kg to about 45001U/ kg. Preferably, each EPO
dosage delivered is selected from about 1800 IU/kg to about 4000 | U kg.
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invention, the ischemc event is a stroke. Particularly, the ischem’c event
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15 Embodiments of this invention further include dosing regimens and methods of

treatment wherein the erythropoietin is a long-acting EPO.

Brief Description of the Figures
The accompanying figures illustrate several aspects of the invention. A brief
20 description of the figures is as follows:

Figure | 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

25  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
(MCAOQ) 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 [U/kg, and in graph (B)

30 asignificant improvement in functional outcome at 2500 and 5000 1U/kg, compared to
vehicle treated animals (* p< 0.05; ** p <0.01; *** p < 0.001);



vehicle treated animals (* p< 0.05; * * p <0.01; ** * p < 0.001); 3 Figure
3 shows that delayed nultiple-day adm ni stration of EPO i nproves functional
out cone i ndependent of decreasing infarct size. Adm nistration of EPO at 6
hr, 24 hr, and 48 hr followi ng MCAO had no effect on (A) infarct size, when
given at either 2500 or 50001U/ kg; however, (B) both dose |evels
significantly inproved functional 5 outcone (* p< 0.05; ** p < 0.01); Figure
4 shows that EPO initiated as late as 24 hr follomjng occl usi on i nproves
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is deliMered within about 8 to about 26 hours after the i schem c event
foll owed by a second dose of EPO ﬁliéﬁf m%thln about 8 to about 26 hours
after the first dose. As used her Q¢fpiledPeseription - oyent” occurs when a
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not specifically mentioned below, the disclosures of each patent, published patent
application and publication referenced in the following description are hereby
incorporated by reference in their entirety for any and all purposes.
The present invention provides a dosing regimen of erythropoietin for promoting
20  recovery after an ischemic event comprising administering to a subject in need a
therapeutically effective amount of EPO, wherein a first dose of EPQ 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
25  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
30 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



attacks, infarct, ischem a-reperfusion injury, retinal danmage, ischem a due
to organ, tissue 30 or cell transplantation or other surgical procedures.
Particularly, for purposes of this invention, an ischemc event is a
cerebral ischemic event , especially an interruption of 4 cranial blood
flow More specifically, an ischemc event is a stroke, including but not
limted to focal ischemc stroke or acute ischem c stroke. As used herein,
i schem a-reperfusion is a Iocal interruption of blood flow to an organ,
such as the br restoration, usually abrupt, of bl ood
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nervous system (CNS) Erythropoietin is produced and released locally by astrocytes in
response to hypoxia (5, 6) while the Erythropoietin receptor has been localized to

20 subtypes of neurons, as well as astrocytes and microglia (7, 8). The function of
Erythropoietin in these cell types remains unclear but it has been shown to block
programmed cell death in vitro, induced by a number of different stimuli including,
glutamate, hypoxia (9), and serum withdrawal (10) suggesting that it may function to
promote cell survival by blocking apoptosis (11). In addition to its neuroprotective

25  effects, Erythropoietin has been 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).

30 The function of Erythropoietin within the CNS has attracted considerable

attention particularly due to its reported neuroprotective activity. The ability of



reduce the damage observed in animal nodels of CNS injury including nodels
of, stroke (14), spinal cord injury (15), traumatic brain injury (14) and
retinal damage (16) and has recently been inplicated in the protective
effects of ischemc preconditioning (6). 30 The function of Erythropoietin
within the CNS has attracted considerable attention particularly due to its
reported neuroprotective activity. The ability of 5 Erythropoietinto limt
darmage in relevant nodels of CNS injury conmbined with data suggesting it
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genom ¢ DNA), synthetic, ) o
or native erythropoietin as well as recombinant human erythropoietin (r-HuEPO). Also

included within the scope of the term EPO are erythropoietin analogs, erythropoietin

20  isoforms, erythropoietin mimetics, erythropoietin fragments, hybrid erythropoietin
proteins, fusion protein oligomers and multimers of the above, homologues of the above,
glycosylation pattern variants of the above, peptide mimetics and muteins of the above,
and further regardless of the method of synthesis or manufacture thereof including, but
not limited to, recombinant (whether produced from cDNA or genomic DNA), synthetic,

25  transgenic, and gene activated methods, and further 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 tncorporated by reference herein in their

30 entirety and for all purposes. In addition to polypeptides and proteins having

erythropoietic activity, small molecules capable of promoting erythropoiesis are also



25 transgenic, and gene activated nmethods, and further those Erythropoietin
nol ecul es containing the mnor nodifications enunerated above. Mt hods of
designing and synthesizing, e.g., peptide mnetics 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
whi ch are hereby incorporated by reference herein in their 30 entirety and
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cont enpl at eR AWE I dnldeiaﬂieppaurﬁlfap each sveahypenglycusllacd dnalsgof iddombinant
eryt hropoi etin an S (s t he, h serumalbumnfusion r ot ei ns
descri bed |Hm1a%8rﬂa}i’?l? &fp ﬁ‘éﬂs) SHRY ra%lﬁpp@ama@ﬁtmw%%%ﬁgw-

er yt hr opoi jhd} FPds ﬁ@k&ul@?@&ﬁérﬁﬁ%eu Rvith{ithe s&pR of el ifVERkioR RicBie HARRK! cati on WO
99/ 38890, erythropoietin onega, which nay b produced from an Apa |

restridfi omryftiraperetin angdogsisuchamihe renrr;amsmpoalbumim fg@'n@pd&'n& ddsenibediimtheni t ed

States Patent 5.68 Lt opLetin, described
oh e ha bnRusP ot apBidb® g o RA M L BT R HORBbEL hnd S D
conj ugat ed mte:myﬂid}fabmerﬂtapphc&nab@639%8&90 bathropoit¥h HeLh 3hzsh iy K1/ 76640, or
Uni ted St ates Pat i

575, fi I f 1] | dified
for expres$fueest frai @ﬂaag*’% desmﬁ F?egg"repf't %ﬁ&@@%ﬂ?ﬁ@ﬁ%&&%ﬂggwgﬁ d'°
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general ly preferred form of uri reconbi nant human EPO

(r- HUEP®) , tlwntcermmsval ﬂ)@tentﬁwﬂiéailoan\éfocﬂ%t 178 bandBP 140485 | tHRE eonivgaitesl ks of
EPREX(r), E r r e of the
pat ent s and legrhan %@%% b)é%p Wghe quﬁgédﬁ P@ﬁ{wdssgte%gfgg'%h are

hereby i nCCS[&JG]’S&B edpayific examples of cell lines modified for expression of endogenous

human erythropoietin are described in international patent applications WO 99/05268 and
WO 94/12650. The generally preferred form of EPO is purified recombinant human EPO
20 (r-HuEPQ), currently formulated and distributed under the trademarks of EPREX®,
ERYPO®, PROCRIT® or ARANESP™. The disclosures of each of the patents and
published patent applications mentioned in this paragraph are hereby incorporated by
reference herein for any and all purposes.
Long-acting forms of EPO are also contemplated and may be preferred in some
25  embodiments of the present invention for administration as the second or third exposure
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
EPOQ encapsulated in polymer microspheres. Exampies of “long-acting EPO” include,
30 but are not limited to, conjugates of erythropoietin with polyethylene glycol (PEG)
disclosed in PCT publication WO 2002049673 (Burg et al.), PEG-modified EPO



reference herein for any and all purposes. Long-acting forns of EPO are al so
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pref erably adde m d ter derivatjves f t e rret hoxy
ol yet hyl ane. of v PaRaey soyhiead eyed sinks arepehers eavdoderteliidy | oot er
derivative @Qfprs) RSBy The ntétes henge@tpsolddePagh %dcﬂﬁhl@?@ster%@ﬁ@dtﬂbm dyl
esters of carboxynethyl ated pol yethyl ene glycol (SCM P of the follow ng
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SCMt PEG 15 . d
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i nt eger, (quw)axed@@m@ﬂﬁmmwammfm fol loivihg fodemlavatl ves of

pol y(et hyl ene gl ycol) butanoic acid (SBA- PEG) of thge

R—— OCH,CH, —)——-o—/lk

(R is C, galkyl; n is an integer) o

SCM-PEG

15 succinimidyl derivatives of poly(ethylene glycol) propionic acid (SPA-PEG) of the
following formula, wherein R is C;.galkyl and n is an integer,
(R-(OCH32CH3)n-O-CH2CH,-CO-OSu);

and succinimidy! derivatives of poly(ethylene glycol) butanoic acid (SBA-PEG) of the
20 following formula, wherein R is C;galkyl and n is an integer,
(R-(OCH;CH;),-0O-CH,CH;CH,-CO-08u).

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
25  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,



20 following fornula, wherein Ris Cl _8alkyl and nis an integer, (R (CC
H2CH2) "- O C H2CH2C H2-CO-OS u). Methods to prepare SCM PEG SPA- PEG and
SBA- PEG are well known in the art. For exanple, US Pat. No. 5672662 to
Harris et al. describes active esters of PEG 25 acids and rel ated pol yners
t hat have a single propionic or butanoic acid noiety and no ot her ester

| i nkages. Preparation of SCM PEG has been described in, for exanple, 8
Veronese et at. (1989), Journal of Controlled Rel ease, 110:145-54. SPA- PEG

i ncl udes nREG SPA -PEG- Succi ni m dyl Prapjonatee). SBA- PEG i ncl udes
nPEG SBA (rr\g?rﬂﬂ‘i??/?%lggéé%f%rﬂ?lﬁg oﬁﬂ?lggﬁggetleeaf‘?’qﬁéﬁﬁ\%'gtged pol yners such as
SBA- PEG and SPA-$PRGPEEG icldéshm BROTBPAC{nidthokyaEG ISabdisinday Freyiohae)> SBx-ai ned

from e.g.,_Shearwater_ Polyners, Inc., Huntsville, Al abama, U S. A  SCM PEG
( R- ( 0CH2 CHARG dnetpges Plesa$B AR(methexy-BEG1Sprecighgdy Buanggte)nAseatsd i ncl udes

met hoxy- PE L Q. 1 ) fepaa X Hofdlci
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mnimzing its é@ﬁ%i‘g‘%ﬂggﬁg{ﬁ%%"ﬁ%%@é&’f hsﬁ“fVH&gﬁad%%“ 0EER i on

------ ( Bi Oig@H&GRBOSNPRG. suéeihi®lidy1@3@r odibox} 8B late VREQ (@PBGLSCMEM PEG may

be custom synt hesi zed by, mar_ Chem cal s, " Inc, ebec, Canada.

e.qg., Del f ) I

SCM PEG, S quE@mmGssmwviE@?alea?&Mﬁ Chrgeaction wyithiprotaia woulddorp avable 15
groups of |ysi ] L 03l ] § QRS W; PQ . are
shown bel owéﬁ?ltd g’fbug% EE&&%&@E%L%E&@W gﬁ?%@%ﬁ@%@%@ peé%@%ﬁ&’ %‘\ﬂer ein
OSu r epileseri9$ cataldgy pd6kassticimimat pHO thusndinimizeg its 4isefnlness fanpiotdieger :
(SCM PEG CH3Q-.( OCH2CH2) N- O- CH2- CO- @sU. + EPO 2)M
CH30- ( OCH2CR lﬁé’ﬁl"@#&? OW‘%;@TSPA- “J(‘i'gs’g- é’cég)ﬁ-”ﬁr@l@lh%%ﬁ%z- CO- OsU +
EPO (NH2) M CH3Rr C%r@&h't? SR - PRGBSt da s Pithds 26l B%e(é,BBelRﬁthQH?c%}s OCH2CHZ)
N- O CH2CH2CH2- CO- OSU + EPO (NH2) M CH30- (OCH2CH2) N- 02 CH2CH2CH2- CO- NH- EPO

Inc, Quebec, Canada.

SCM-PEG, SPA-PEG and SBA-PEG react primarily with the primary amino
15  groups of lysine and the N-terminal amino group. Reactions with EPO are shown below
for SCM-PEGS5K, SPA-PEGSK and SBA-PEGSK, respectively, wherein OSu represents

n-hydroxysuccinimide, and m is 1-4, n is an integer:

{SCM-PEG) CH3;0-(OCH,CH)n-0-CH;-CO-0OSU + EPO (NH2)m
20 — CH;0-(OCH,CH;) n-O-CH,-CO-NH-EPO

(SPA-PEG) CH30-(OCH;CH3;) n-O-CH,CH;-CO-0OSU + EPO (NHa) m
— CH;0-(OCH;CHy) N-O-CH,CH;-CO-NH-EPO

25  (SBA-PEG) CH;0-(OCH,CH;) n-O-CH2CH,CH,-CO-OSU + EPO (NH2) m
— CH;0-(OCH,;CH2) 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
30  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



To explore the hypothesis that Erythropoietin my 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

i nfl anmation, Applicants 30 tested several dosing reginens in an attenpt to
determ ne the optinumactivity of Erythropoietin in a nodel of foca

i schem ¢ stroke. Applicants show herein that multiple 9 doses adm nistered
over several days can reduce the infarct size and inprove the functional
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Parti cul arlé,t treatnment  of a subject having an ischem c event includes

promoting @%@twoiwwnawr@w&q@éﬁé@ fosml lsﬁhﬁm@é‘ﬁ‘é‘?ﬁ @0kvent , such as
neur ol ogi cal | eshns. .08 ik 3ﬁ x‘PFh%s H%d%@% n?&l‘n)cﬁﬁtc])r tr@at %%Ylﬁfe},‘t l{arvﬂ{é]
y a nt anot her

i schemic event is |n3| cate decrease i e |n rct Sl ze
aspect, a Zﬁbhemm»emwohrpmlmngmdirmnktemgtoesadrmbjestatrhelnapattedll)byff@;m\re npr ovenent
in the functional

oyt c of the t' nt, h as. an. i oprov in one or
mor e scor e@ TSRS N PE R Sk G5 it BEfGoPardh BV Ve i The
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using methods of assessment well known in the art, including, but not

limted to,deliveredivethin abaulh Wgabgyts?c%mugmr H@ fiveigiose. |P@Y‘Ré%lﬁaﬁ?;aémeﬂt ofa

subject having an ischemic event includes promoting recovery from any consequence of
an ischemic event, such as neurological lesions or infarcts. In one aspect, a recovery from
an ischemic event is indicated by a decrease in the infarct size. In another aspect, a

20 recovery from an ischemic event is indicated by an improvement in the functional
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

25 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

30  Erythropoietin is delivered within about & to about 26 hours after the ischemic event

10



25 Imaging (MRI), CTA (Conputed Tonography Angi ography) and CT (Conputed
Tonogr aphy) scan , a neurol ogical test, a whisker touch test, or a foot
fault test (19). The present invention also provides a nethod for

i nhi biting apoptosis or inflamation in CNS in a subject after an ischemc
event conprising admnistering to the subject a therapeutically effective
anount of Erythropoietin, wherein a first dose of 30 Erythropoietin is
delivered within about 8 to about 26 hours after the ischemc event 10
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about 26 hours I'rst e resu TSt rat e early
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W kg resulted in a 30% decrease in infarct size, which was not observed at
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Er yt hr opoi eél n_ between_about 1500 1 U kg to about 4500 | U kg per. dose,
wherein a f{e8ievalysd hereforgsthe Wéﬁﬁ%ﬂrypptﬂm RoYdts 3/ Bebigd oﬁ?rtrﬁﬁ“r?%a clgizE o about

26 hours af fhefsubfagt Halingi rédei RERASHIiGL &Posdrt W BV AROIRE W iph lspr Jwna second

dose of Erythropoietin-delivered wthin about "8 to about 26 hours after the
first diukse. lsqkamsewe@bmtsemgﬁdnmhetemgm sae&ptbmt@TamemrémﬁEmhr@pslﬁhgl e dose,

cont 1 nuous! SutTERos ERRTPI APRRBR FOAHY: S NRGA RIS ero

applicati onEwmrgpoletm.s aeﬁ\raamdﬁmmlboma&t@hb@mrmrhoatsrmeEm@xmﬁal expdfur@mnt at i on
of an EPO i rrpl ant. In_addition, Applicants have, now surprisingly discovered

si gni i cant EBiHerqigtinafolloyed Phﬁﬁ?ﬁ?@?réﬁ%esoflﬁmpé’(@%‘ﬂ@FE&’%‘HW‘@“&@P%@M MCAO

when EPO V\ﬂ&&hy@ﬂo&p%rt%fgfdosEC)l lowing the insult. Thus, the present
i nvention furt rovides a nethod for pronoting functlonal recovery in a

subj ect 1after anAs Bszcdémea:n ¢hectarm EomosirsT rederatin single dosentepeated idividelibj ect a
therapeuti calldy 2l G5 A Ga P BOMIYidRE rdfiiRely WREGI s difef £ LindR38nRisthiiGh, S
e.g., of a long-acting EPO, application, e.g., of a transdermal patch comprising EPO, or
implantation of an EPO implant.

In addition, Applicants have now surprisingly discovered significant functional

20 improvements in rats subjected to permanent MCAQ when EPO was given about 24 hr
following the insult. Thus, the present invention further provides 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

25 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.

30 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

11



delivered within about 8 to about 26 hours after the ischem c event followed
by a second 25 dose of EPO delivered within about 8 to about 26 hours after
the first dose. In a related enbodiment of this invention, EPO can be

adm nistered to the patient as a third dose. The third dose can be
adm ni stered preferably wthin about 20 hours to about 60 hours after the

i schem c event. Were a third dose is given it can be delivered wthin
about 8 to about 24 hours after the second dose. 30 As used herein, the term
"functional recovery..
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Del ayed triphenyltetrazolium chloride) staining may not be accurately representing the infarct
area. To address this possibility a more comprehensive morphological analysis was
performed on sections from representative animals and compared to TTC analysis. No
20  intact neurons were detected within the border of the TTC staining (data not shown}
suggesting that this phenomenon was not responsible for our observation. Delayed
administration of EPO, therefore, improves function independent of decreasing the size
of the infarcted area perhaps by inhibiting delayed apoptosis in areas distant from the
infarct area or possibly by enhancing endogenous reconstruction and remodeling events,
25 As mentioned previously, apoptosis can occur for 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),
30  apossible explanation for the effects of delayed EPO administration is the prevention of

delayed apoptosis of neurons located anatomically some distance from the infarct area.



adm ni stration of EPO therefore, inproves function independent of
decreasing the size of the infarcted area perhaps by inhibiting del ayed
apoptosis in areas distant fromthe infarct area or possibly by enhancing
endogenous reconstruction and renodeling events. 25 As nentioned previously,
apoptosis can occur for several days followng an ischemc insult. Delayed
apoptosis occurs in the ischemc penunbra and contributes to the final
infarct volume (21, 22). It also occurs in areas distant fromthe infarct
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eval uat i bn. DARGE prigroxdty s¥paps Hol SEaRFfoTtrepgheniag QeI pskIng 4P¢ EPO enhances

the functi opgdrovdnRmO MR McIORETedYs é%HI?I%@Wth@aré&%Qgéﬁ%ﬂ%ﬁMﬁshﬂéht%@d
renodel i ng mechani sns as 5 neurite outgrowh] synapSe formation, synapse

st r engt heni PRy bmgmmk|fwynon¢1@onma¢p¢wmmmr,ﬁw0frm|smgge@wb@traw@stabe early
as 7 days a i I e ctl onal
connect | oneriETuAd Pt s ERHAR Y DAORE Kt U L 320 S AR e e O
pl asticit y off teaseVibekeiast @wﬁthd&y@ (bﬁaﬁ\}aﬁmﬁ it glodell of fé%)scﬁemmsﬂbklgartdhe ef f ect
of baS| robl ast gr h fact F in a rat, nodel i schem c
st roke g eﬁngﬂm(?i\)ﬁ logljing at(é@é‘b}l Ef’c?%éf‘?ﬂjeaé'f“eﬂt ‘aﬁﬁHB{'%frﬁ’?Fgﬂtogé"ét’m in a
simlar m)dﬁtl\ roRR&AE ¥efindinal ﬁ@fo%‘x@ﬁﬂ%ﬂhtﬂ cﬂué %Ethieﬁﬂ@lthrﬁﬁ%fc%é%ﬂfa%w th drug
treatnment wt hout a concomtant decrease in infarct size. Notably, while

t he ani mal sdegegage mbs‘@miétzemvtablw wbllqmgamaﬂmeremhsqrmisfér yp tadiveosmonthe
behavi or al i t Lani.fi st ocheni cal
f% g‘\ielqtit g’??ha% cgg'l 1In ?ov@ n\gaZsrsl $X§ 1¢an %‘{JB 'E

anal ysi s reVea NCPEased 15 in both

studi es, determi m;erduxmmmhemwaemsmegfawdvmﬁs@@ﬂmmakmma&:&e BprédtifdGAP43)
expression, which peaked at 3 days follow ng occlusion. EPO has been shown

previ oudt y kpthitydiss detsanined By §‘ﬁ5f"t§£ﬂ*‘?"n@ g("?‘éfﬁh assogialefl pras He(O4REYe dat a

suggest thaty3Q8Bn! ®RRh r,)eamagﬁﬁa%%Sfonayan%cdlﬂgléﬁ FpeshadieBh thdwieptiibady few
days follow ng injury and that EPO coul be acting on these early processes

to enhance foumempgmahritespoyiing (260t Taken fagethguihieseadatavggest that some repair
processes may be initiated within the first few days following injury and that EPO could

be acting on these early processes to enhance functional recovery. Other reorganization
20  processes such as unmasking or synaptic strengthening could occur over much shorter
time periods but EPO’s effects on these events has not been shown.

Those of ordinary skill in the art are readily capable of determining appropriate
amounts and manners of dosing in various circumstances. The amount of EPO to be
administered in any particular exposure of any given dosing segment is not particularly

25  limited, and any amount 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

30  atherapeutically 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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20 processes such as unmaski ng or synaptic strengthening could occur over
much shorter tinme periods but EPO s effects on these events has not been
shown. Those of ordinary skill in the art are readily capabl e of determ ning
appropriate anounts and manners of dosing in various circunstances. The
amount of EPO to be admnistered in any particular exposure of any given
dosi ng segnent is not particularly 25 limted, and any anount of EPO may be
adm ni stered per exposure, dosing segnment, or nultiple day dosing reginen

co 1 0ng 2 \SpSLARNLAY 1R SKEEBRIASES GEcl QouBHILALSH ERhiQR &f PO are

mani f est ed. el ng sail purpose of provi
addi ti onal Eﬁﬁdxamroeur&rfwnnahoubésmgllmog]eksesemmnédmﬂma,rtﬂe dbﬁem@d:ﬁﬁl’(@emeb&al

t herapeutic quidel i nes suggest that subject.s d desirably receive in each
dose of EPCBrgUd?if't"r‘?@V %‘ﬁ’?ﬁ%&ﬁﬂﬁ %P'Ff? ?4 \%‘BS’Bﬁ\DA%HP from about 500 11U kg to

about 10000 | U kihe inf3hBbe et 1a@s%bhesﬁetjreﬂro@terseesdmmﬁn&a@mmse of EPO
an anount from about 1250 13IID to about 5000 I U kg. More preferably, a

subj ect woulodldriecised i thy pragdee Qfdb‘é 1@rentigpc§’raf¢raéalm@mh dasg f BBGURaY2500 1 U kg.
As t
ment | onggl g%@ygog&beegm ﬂgmg{ﬁﬁ@mn i patihiQ t&ggﬁge IEFNs Jgrnaxrga” Ly of

newl y devel op ing format e |n ention con ates t
rout es of gessibles ﬂhaltsamhaaﬁmﬁ?ﬁf adminthtorbeutes ack aomern’qmtq:ﬂ amfodieg, bbt t hi s

i nvention, fer each dose of EPO may, .desi provided in a
Format ¢ hatnoL GRS APV Hab: SRt RS T ATE e oERG BETRI LRIy s possi bl o.
That said, gir¥Eitded. fo BEBkBhMSThA kAl FomiPH{oRS aRlF VR REBmBLesliabieNglcHdi ng,
but not limted to i ntravenous dosi ng subcut aneous dosi ng

e

i nt r amucul enyes oﬁadmrnrﬁrrraamaretabﬁ@anm ed ansemp ke particulagdy Sléﬁedlfmffb? mul ati ons
are or V\oulsgc%%coqngsg% A %pbedos gggs d’le(gC rHéFetrhgf adm nistration are al so

consi dered "an articular suite or second or subsequent EPO
dosi ngs as descrSubgdtshbatenay. befiefdy feah shetdvaing megimbe aefriot partioutatl  Emited awdy
i.ncl ude .bot h. .human and ani nal

regi men are not IarIy Ilm d.and
Cos cct's gray rBat hottiman an B ] ST aETRY BT GO WE Dl o 1 s

provi ded to illustrate the present i nvention, and should not be construed
as limting thereof. This invention will be better understood by reference
to the ¥ gures are febewipgexamplats previdedio iustratdihs presrutiinveatipn anishawd wi | |

eadily | 2RSS LASLDR L ARSIRALS. SinldaibF LR b HGteP ndSobpt  on @S

descri bed no
reference to the figures and examples that follow, but those skilled in the art will readily

appreciate that these are only illustrative of the invention as described more fully in the
claims which follow thereafter.

20
Example 1

MATERIALS AND METHODS
25
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
30  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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clainms which follow thereafter. 20 Exanple 1 MATERI ALS AND METHODS 25
Ani mal s and MCAO Surgery Procedures involving aninmals were approved by the
Johnson & Johnson Institutional Aninmal Care and Use Conmittee. Mle
Sprague-Daw ey rats (Charles R ver Laboratories, Raleigh, NC weighing
bet ween 290 g and 320 g were housed individually 30 in a
tenperature-controlled environment on a 12 hr (6:00 - 18:00) I|ight-dark
cycle and given food and water ad |ibidum Aninals mere anesthetized with
2. 5@6|soflu

a r n nanent
MCAO was per §9%§mgg§ﬁ§ﬁ§, é’l"?%ngd g gn gc%’r é‘ﬁerg%‘;k% gﬁg %se"(“f‘
Briefl 3(; anasi d&@drﬁjed)by\ﬂ&ﬁm&de? Mezmlt(ﬂ'a)l lj&neﬂy;l ab_mcﬁlod Wes :Ineddvmmilly arghiolt}commn
carotid art wer e V|su ize ri ght er nanent
occl uded usﬁ?'ﬁéf%aa"ﬂ ’Eﬁhifq'ﬂmlof‘ﬁérto éﬂew%?ﬁﬁﬁa*fe&%yswﬁ%v\ﬁm@ﬁﬁ
anteri or a”ﬁkrﬁaﬁ%nﬂ?‘oké}b@é@ﬁsﬂg% &h‘%xlf\c@%@tﬂﬁ“z&%\(é}h&oﬁﬁ WisTeAbHAR] { g I ght

m ddl e cerebral artery (MCA hen occCl uded permanently by
caut eri Zat | overigir shdiB- 4tmmtlh@ral ket iforaimes byilatoevisualies thegightméddletaretetA was

Fol lowi g cueruCTon) TS SHESHER st R arent o Glondi ] el s 0"

Bupi vi cane Keﬂtlétﬁc?ﬁnmansl rmel |etﬁocche~as lednSicOndéd frahsiohfly MBI alaicirysgcover ed
10 from anest hesi a under. a warn ng r’rP Twenty- four hours later rats were

eval uat ed u%iPigr & perés < lo'@q%aﬁol%vg@go WPS‘R‘@ISIOTI% veEerrlowsd withigrgica oot faul t
test. As shofied fhq BN Heahe. (béseﬁ)rwaphﬁmee% e IMW%@@?%&%&% gr after

occlusion for injury severit hree tests were perforne neur ol ogi cal
assessniht , framwhesthesia mdacmWaesmgmua a foot-fault test (19) Ani mal s that 15

scored outside et ned rret ers were j.udge a_defi Clt t hat
was either toop{:r‘inf"gy t?’”% élrae AR %‘r”gteg%'f]%gé'ﬁurfofo Jfﬁsi’ ﬁé& XAl ysis.
Ani mal s t hafousicestefda ot fadlt teJ@teABGH(E\Oﬂl ﬁgracbaﬂlsa@majaﬁedwt@dw@m@wwsﬂeer touch

score of> 1 AND a_ foot fault score of < no injury anipal s that had a
neur ol ogi cafss&ewst & rallepogdusjast for Frﬂj"ﬁrs?)e”\% dree tedts wile performed: a

neurological assessment, a whisker touch test and a foot-fault test (19). Animals that

15 scored outside pre-determined parameters were judged to have a deficit that was either
too mild or too severe and were excluded from further analysis. Animals that scored a 0
on the neurological score or had a whisker touch score of >1 AND a foot fault score of <
2 (no injury) or animals that had a neurological score of > 2 (severe injury) were
excluded from further analysis.

20 Animals were analyzed at 7 days post occlusion for infarct size and functional

outcome.

Table 1. Behavioral scoring system for injury assessment.

Test Criteria Score

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

E =S T S o ]

No spontaneous walking
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excluded fromfurther analysis. 20 Animal s were anal yzed at 7 days post
occlusion for infarct size and functional outcone. Table 1. Behavi oral
scoring systemfor injury assessnent. Test Criteria Score Neurol ogical
Score No deficit O Failure to extend effected forepaw 1 Circling to
effected side 2 Falling toward effected side 3 No spontaneous wal king 4
15 Wi sker Touch No response O Response > 2 sec 1 Normal response (no
delay) 2 Foot Fault Effected side linb falls through grid # of occurrences
Drugs and Admi g@@él{ep&h@&l Dextrorphan tartarate (Signa Chem cals) was

di ssolved in EPO's vehicle (4.38 ng/m Nad, 1.1 ng/m NaH2PO4, 1.6 ng/m
Na2HPO4, 5.0 ng/m G ycine, ONBresmphsd, 5 Tween 80 in DistilDed Water, Ph
6.9) at a concentration of 2(55{ nglmb Reconbi nant Human Eryt hropoietin
(Epoetin alfa) was diluted t ’SPESETHFC concentration in vehicle sol ution.
Al drugs were adm nistered iNYrfmaMesRIAs fholdelay) ) through thestail vein at a
volunme of 1 m/kg by one of three dosing reginmens: 1) One-Day Dosi ng Regi nen
- Vehicle, Dextrorphan (25 ng/kg) or EPO (5000 10 | U kg) was adm ni stered

i mredi ately priFg&thtthe occlusion of the left CCA (Ohr), followed by a
second dose given f lnr | ater, imediately after the restoration of bl ood
flow 2) Miltiple-Day Dosi ng HRegiedsiledimbefallcthegughrgridPO §9006cutidhdeg, 2500

| U kg or

Drugs and Administration
Dextrorphan tartarate (Sigma Chemicals) was dissolved in EPO’s vehicle (4.38
mg/ml NaCl, 1.1 mg/ml NaH,POy4, 1.6 mg/ml Na,HPQOj4, 5.0 mg/ml Glycine, 0.3 mg/ml,
5 Tween 80 in Distilled Water, Ph 6.9) at a concentration of 25 mg/ml. Recombinant
Human Erythropoietin (Epoetin alfa) was diluted to its final concentration in vehicle
solution. All drugs were administered intravenously (i.v.) through the tail vein at a
volume of 1 ml/kg by one of three dosing regimens:
1) One-Day Dosing Regimen - Vehicle, Dextrorphan (25 mg/kg) or EPO (5000
10 [U/kg) was administered immediately prior to the occlusion of the left CCA (Ohr),
followed by a second dose given 1 hr later, immediately after the restoration of
blood flow.
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
15 later.
3) Delayed Multiple-Day Dosing Regimen - Vehicle or EPO (5000 IUW/kg or 2500
IU/kg) was given at 6 hr, 24 hr, and 48 hr after occlusion or at 24hr and 48hr post

occlusion.

20  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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1250 U kg) was adm nistered at O hr with subsequent doses given 24 hr and
48 hr 15 later. 3) Delayed Miltipl e-Day Dosing Reginen - Vehicle or EPO
(5000 U kg or 2500 11U kg) was given at, 6 hr, 24 hr, and 48 hr after
occlusion or at 24hr and 48hr post occlusion. 20 Determ nation of Infarct
Vol une Aninmals were sacrificed after 7 days and their brains renoved and
placed in ice cold PBS. Brains were cut into 2 mmthick sections using a
brain matrix (Kent Scientific), then stained with 2%

2,3,5-tri p@?é?é’drﬁiﬂo@@cﬁﬁ' dnd T faRk Ghé Qermidsd wit!BE@}jnfhtexsa%Qirsi.aQ&s THE[ffarikfged using
a CCD (Charge-Coupl ed Device) canera connected to a 16 stereom croscope and

i nfarct si 2@lues efral sgetons was coowpsd ée peoyiiedhestseluterinGretryolines. The mialive of al |

ocet]ore vanuERTHLBRToL AL LA RSN LTI g g 1 v

infarct v e infarc uffe o e cerebra

hem spher e)alswadetermirsed. det er mi ned. 5 Behavi oral Anal ysis Aninmals were

eval uated for functional recovery using a nodified Hernandez- Schallert
foot-fault test (18). Inthis test, an animal is placed on a grid work with
2 CM spaceg.ReLMwRsa)sk cmdiameter netal rods. The aninal is observed for
two m nutes and 10 thé nunbers of tines their front and hind |inbs fal

t hr ough the spact®ymalsevesegvaluated fostinciignal cerbvemakipg iagnodifichHpmerdest r i c

| ysi foth ) f d i h . -\l i
onalvor 5, Orsdld R SO R TR A BT D 5

test, foll owe c’ana

vegi cle COMp&@sfbMﬁO,%%ﬁﬁte&&maﬁir@c&l T&lﬁrﬁﬁhgﬁsébieﬁﬁ'@ﬂ foﬁfwo?ﬂx%ui@d%iaﬁﬁﬂ S
underwent MCAO for this study. t he 8 died prior to 20 analysis at 7
days anl 4 Wiepwmbsee pLi@as st harhirh*@@ﬁwﬁa{q%dhm@gé@em%aéﬁ wuakd- Met hods
and Table 1). In an attenpt to control for infarct size and infarct |ocation

in this study,
Statistical Analysis

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

15 vehicle control group.

RESULTS
Surgical Outcome
A total of 229 animals underwent MCAO for this study. Of these 28 died prior to
20  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.
25
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

30  analyzed 7 days post occlusion compared to vehicle treated animals (Figure 1).
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animal s that had an infarct with sub-cortical involvenment (n-21) were
excluded from analysis. There was no statistical difference between
treatment groups regardi ng body weight or body tenperature. 25 Single Day
Dosi ng Regi nen The ability of a single day dosing regimen of EPO to decrease
infarct volunme and inprove functional outconme was tested. Aninmals treated
wi th Dextrorphan (25 ng/kg) or EPO (5000 I U kg) showed no difference in

i nfarct volume or functional outconme when 30 analyzed 7 days post occl usion

conpared to.vehicle treat ani.mals. (Figure 1). 17 xtrorphan. decreased the
infarct vol Bﬁér%‘:@? Jﬁﬁrgwggl&e nfargy OﬁL&"ep\%E?n%’@ Zﬁif’tozt%'(rt?gfta{’%cﬁ’&'?“g‘?%%).

Mul tipl e DayotloRewing Regimen 5 The effect of nultiple daily doses of EPO
given at the time of occlusion and at 24 hr and 48 hr post occl usion was
also tested. Multiple day treatment with EPO at a dose of 2500 |IU kg

resul ted i ma,3R%HeptisaRg ki Doth the absolute infarct size (Figure 2A) and
the relative infarct size (data not shown%} that was statistically
significant (p <Thedlect gfiyngltipleedailp dosesiof EPRfgventat Siedimewisocaysionasepiddd at

ei ther the ) - hevel.s, | VSES
showed a si grga?\g iﬁ?ﬁﬁ? g?t%?léégwﬁ%llggtegﬁ'?\@%/[?]glﬁgﬁ XaSéﬁegbngeﬁlga\g%%%ﬁl%aagfo S%@%OlU/ kg
and 65% at 2S0AUVRY desultep irxa G0%adedrepse<in®0th the simehit in€dryt, sidel (Figuee 28)andconpar ed
to vehicle treated .api mal s. EPO at 1250 | U kg had no. effect on functional
bt o B A TR S ATHH P FEatrs TSI Syt R T

getting str@depoaB@fn iffake size vARPHOSREN el @Bl (REBIORITKY or {0 10N @hsa St roke
incident is often not realistic or possible. The present inventlon

denonst tat elsvelhdichavigul ayadybinthowied ofsigaFEantigwronsment i fufidtiopali reeoviery efssi st i ng
in stroke n r i ntigan t.he initial dose.of was
8%5)?%{ g@bﬁld)k 8}1? 85D 12860 ll{/Eéﬁo {50 lag\tdi\é) d< V(\)Ala? s ectlvg?yafl BYIF

del ayed 6 hr a cl usi on~and 0se ' and 48
hr. Wth a Gonaréd eakhiekttredeldayimaln diPChar] 250 00/kg Had go Bffect 2000ndtiohilg doses of
EPO resulted in a significant decrease in infarct size (Figure 3).

Unexpect edl U¥B%h t he 5000 | U kg and the 2500 | U kg dose |evels

15  Delayed-Multiple-Day Dosing Regimen
It is well-known that getting stroke patients to emergency rooms immediately

following a stroke incident is often not realistic or possible. The present invention
demonstrates that a delayed onset of EPO treatment is effective in assisting in stroke
recovery. In the present invention the initial dose of EPO was delayed 6 hr after

20 occlusion and then followed with doses at 24 hr and 48 hr. With a 6 hr treatment delay,
neither 5000 IU/kg nor 2500 IU/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

25  hrfollowing 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

30 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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i ncreased the functional score by 46% (p <.05) and 56% (p < .01) over
vehicle, respectively. Wen the first day dose was elimnated and EPO was
given at 24 hr and 48 25 hr following injury simlar results were observed
(Figure 4) i.e. no decrease in infarct size and a significant inprovenent
in functional outcone at 5000 | U kg (49% and 2500 |1U kg (68% over vehicle
(p <.01). Amultiple day dosing reginmen of EPO reduced the infarct size and
i mproved 30 functional outcome conpared to vehicle treated ani nmals. Del ayi ng

the initial, dose of .EPO. up to 24 hr post-occl ysion s effective at

or ovi ng. SHERTBRIFTEASo 1B DOBe A8t (kPG Bt 9P ST AP BretSI 8T The
si ngl e day fidRsioRfl due@hi¥en had no effect on infarct size or functional
outcone. This work supports the previously reported efficacy of EPO in
animal nodels of 5 acute ischemc stroke. Furthernore, the data provides

evidence for extgadlng d, rtsttﬁgbx%%%lk?%ptohgé?et‘ﬂtcﬂc&fé’i‘ 3 il Afing1 hde1 5O Lo

i nprove functional outcohe, and  denonstrates sing reginmen 1s
i nport aft whet ichasicdaokedubBRénase ahd dea prpyideoevidatics dordaxtendodg thhie ner vous

system 10 Wile the faregoin ecification teaches the principles of the
oY esent i nubHErOHC B RHOey anglBE Thr bO Rt Rl BeBhemnel| et ati on,
it wll be dip@asiaqratiddsing réi@meR (sAaipbasnt Wheh Bonsidiyip HPO s GeRpasses al | of
t he usual variations, adapgatl ons and/or nodifications as come Within the

scope of t hlisordars efdheigeryped systeand their equival ents. 15 19 References |.
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iii) pronoting functional recovery in a subject after an ischemc event; 10
iv) reducing infarct size in a subject having received an initial exposure
to EPO within 6 hours of an ischem c event, said initial exposure
conprising admnistering to said subject an anmount of EPO between 1500

| U kg to 4500 |1 U kg per dose; or 15 v) inhibiting apoptosis or inflammation
in CNS in a subject after an ischemc event; wherein the adm nistration
pattern of the medi cament conprises adm nistering a first 20 dose of EPO
delivered within 8 to 26 hours after tl2@ ischemc event or initial exposure
to EPO followed by a second dose of EPO delivered within 8 to 26 hours
after the fiEsAIMBose. 2. The use of claim 1, wherein the first dose of EPO
is delivered about 24 hours after the 25 ischemc event. 3. The use
according to any of the preceding clains, wherein the second dose is

del i ver ed at 1dlsouf ergdéirdpoiatisinahd reanufdeenrd ifmetedtasent {80 4. The use according to
any of the preceding clains, wherein the adm nistration pattern further
conprises adm nistering to the subject a third dose of EPO delivered within
20 hours $0 60 hppibmotigredoveleftersaliendntc ewant. 24 5. The use of claim 4,
wherein the third dose of EPOis delivered within 8 to 24 hours after the
second dose. 6. The use according to any of the preceding clains, wherein

each dose of EPOii)wetR@RsHSES havispaGithameouws:; | ntranuscul ar, intravenous, or
intra-peritoneal injection of EPO 7. The use according to any of the
precedi ng cl ai ns, -wherein each EPO dosage delivered is selected from 500

| U kg to 10 000 Iily fémot@ fEnctidhie rddSRrydia @ Qibgéch ek an iRk dventpher ei n each
dosage dekévered is selected from
iv) reducing infarct size in a subject having received an initial exposure to EPQ
within 6 hours of an ischemic event, satd initial exposure comprising
administering to said subject an amount of EPO between 1500 IU/kg to
4500 [U/kg per dose; or
15 .
v) inhibiting apoptosis or inflammation in CNS in a subject after an ischemic

event,

wherein the administration pattern of the medicament comprises administering a first
20  dose of EPO delivered within 8 to 26 hours afier the ischemic event or initial exposure to
EPO, followed by a second dose of EPO delivered within 8 to 26 hours after the first

dose.

2. The use of claim 1, wherein the first dose of EPO is delivered about 24 hours after the

25 ischemic event.

3. The use according to any of the preceding claims, wherein the second dose is

delivered at about 24 hours after the first dose.

30 4. The use according to any of the preceding claims, wherein the administration pattern
further comprises administering to the subject a third dose of EPO delivered within 20

hours to 60 hours after the ischemic event.



2500 U kg to 5000 IUWkg. 9. The use according to claim?7, wherein each
dosage delivered is selected from 15 1800 IU kg to 4000 IUWkg. 10, The use
according to claim9, wherein each dosage delivered is selected from 2000

| Ukg to 3000 | U kg. 20 11. The use according to any of claims | to 6,
wherein at | east one EPO dosage delivered 1is about 2500 | U kg. 12. The use
according to any of claim 11, wherein each EPO dosage delivered is about
2500 U kg. 25 13. The use according to any of the preceding clainms, wherein
the ischemc event is a stroke 14. THe use according to any of the

preceding cl al Hsusevwgcalm w g‘elgrt}Ye tp c?sle%} hpolissde?ive S)wng t%CthJI hréa rsEPQ

after the second dose.

6. The use according to any of the preceding claims, wherein each dose of EPO

5 comprises a subcutaneous, intramuscular, intravencus, or intra-peritoneal injection of

EPO.

7. The use according to any of the preceding claims, wherein each EPO dosage delivered
is selected from 500 JU/kg to 10 000 IU/kg.

10
8. The use according to claim 7, wherein each dosage delivered is selected from

2500 IU/kg to 5000 [U/kg.

9. The use according to claim 7, wherein each dosage delivered is selected from
15 1800 IU/kg to 4000 [U/kg.

10, The use according to claim 9, wherein each dosage delivered is selected from
2000 IU/kg to 3000 TU/kg.

20 11. The use according to any of claims 1 to 6, wherein at least one EPO dosage delivered
is about 2500 IU/kg.

12. The use according to any of claim 11, wherein each EPO dosage delivered is about
2500 IU/kg.

25
13. The use according to any of the preceding claims, wherein the ischemic event is a

stroke.

14. The use according to any of the preceding claims, wherein the erythropoietin is a

30 long-acting EPO.



