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I NVENTI ONWh/§3tedsent invention is directed to the use of pefip eralofy
adm ni stered 10 erythropoietin and ot her erythropoietin recept OL$@2¢TW2W3
nodul ators or EPO activated receptor nodulators to positively af
excitable tissue function. This includes the protection of excitable

ti ssue, such as neuronal and cardiac tissue, from neurotoxins hypoxi a,

and ot her adverse sti mMMODULATION QR EXCEARLEFISSUE FENNGTION e

function, such as f Gy (GRIPITRRAIEY SEOMIRISPERET PRYTHRUIPOILIIA

across endothelial cell barriers by association with an erythropoietin

mol ecul &, erythropoietin receptor activity nodul ator or other EPO activated
receptor nodul ators. 20 BACKGROUND OF THE | NVENTI ON Vari ous acute and
chronic conditions and di seases originate fromexcitable tissue danage and
dysfunction brought about by extd&lIBRD @QRTHEINYENTIGN nul i . Such stinuli 25
i nclude |l ack of adequate oxygenation or glucose, neurotoxins, consequences
of aging, infectious agents, and trauma. For exanple, excitable tissue may
be subjected to damgsessmt inventiorsBaliiened totheane ofiperipherallycitintiniseeredi zur e

di sorder,s, copvul si.ons, i |l epsy, Si.roke Al .zhei mer'.s dis . Parkinson's
di sease,1: enciigporin.fan oty OB PRER FEeerpp AR AT BRufol & G actiMifa 100,
spi nal cor gedepfy Modufitels t6posinvéln affect extitable fissumfurtion.e Bhis ircludeg the el at ed
30 loss of cognjtive funct scl erosi s,

; I.on, meHDrié I 989, &Ng@t r(r){'%hi c .l at eralt

mul tiple s@FUFERanOLexpianle HEsup.SHCh 23 PekraRdl apd cdrfiac Hisphe, from RQUIgtoxifs, | o

(i :j nhal at i on_@ﬁ&i&%ﬂ%ﬁ&?%dﬁiTﬁkg,:&dnhm@hahh dl:)enhalt\rz:f exatitablentibsus fumotion hemth

ecreases in_energy su ._avail abl e tao,the uch as . 0s& Qr oxygen,

results in aéf?frfé?lgéﬁ‘&g H‘%ﬁé‘f‘g ﬁﬁ‘hfneérfo%‘r a PF?PHB?H“B‘FE“"P&% hﬁﬁ?‘fﬁg’““%g’ thithdds
e |y G e BT US00r 10010 19 0T 2008 whi L Wb nG.
easi amage : | i ng. er
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and/ or prolraﬁ,gﬁﬂmajmam.g_ excitation. Under these circunstances, the

el ectrochem cal gradients of these cells often collapse, resulting in . :
~irreversible neuronal injury and cell death. Current opinion favors this

general nmechanismas a common final pathway for a 5 wi de range of comon

and debi 0i tating degenerative neurol ogi cal diseases including stroke,
epi | epsy;” and Al zhei mer' s di sease.

2. BACKGROUND OF THE INVENTION

Various acute and chronic conditions and diseases originate from excitable tissue
damage and dysfanction brought about by external and internal stimuli. Such stimuli
( ' 25 include lack of adequate oxygenation or glucose, neurotoxins, consequences of aging,
infectious agents, and trauma. For example, excitable tissue may be subjected to damage as
a consequence of seizures and chronic seizure disorders, convulsions, epilepsy, stroke,
Alzheimer’s disease, Parkinson’s disease, central nervous system injury, hypoxia, cerebral
palsy, brain or spinal cord trauma, AIDS dementia and other forms of dementia, age-related
30 loss of cognitive function, memory loss, amyotrophic lateral sclerosis, multiple sclerosis,
hypotension, cardiac arrest, neuronal loss, smoke inhalation and carbon monoxide
poisoning. '
It is widely understood that decreases in energy supply available to the brain,
such as glucose or oxygen, results in a profound impairment of brain function, including

35 cognition. Many (but not all) neurons in the central nervous system are easily damaged
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Al t hough the consequences of limted energy substrate on brain function are

wel |  known legffects of inproving energy delivery in an pgtinesouwipe1s
“normal  bralkR Wei%Been | ess extensively explored. Current data suggest

strongly that inproved delivery of either 10 glucose or oxygenj rgaro I 03
| mproves conpl ex cognitiyve functgﬁp .n. both m mal del s .and
hunan subj ec¥hd e(‘f’@fb—fnge‘!!l dgr metabgl GO € Ke 8?’“%1311)86&7 °§§m}§?ess

243; Li et ahdjor SRS xR AStorB S Uhler thest: ciMaRtMtesi the, eldc¥dohemical
Psychophar macol o 1g24 255-260) . Further, a.grow ng)ll i st of neurg_ﬁ@gclgdes

produced wi ignadicnthef s ool afien colanse FERHing IoREers ap%ermmb%
| nprovenent 4, chcogﬁlréﬁt@u{l&pﬁﬁo%ﬁs’gen%l FREhASsR 58 BomAloa fRAY phoivag

basi s of these enhancenents ul ti mt depends upon renodel i ng euronal

i nt er conn®ctwidnsanghod Ggmﬂ@yr@étdcbl1%81@(}@%“@?%%@%1?&’@3@?%%

exhibits extrégggas p }\lﬁ‘lhfnYer%rtﬁs ergoes conti nuous renodel i ng. These
processes, AL B g rop nol ecul es, occur. not aonly foll ow ng

injury, but also pIALthtalghr MUMP%OfWIt%Wﬁf@gS“WEﬁ@W braipfup 6‘@%%1'?\)@“.
oG oL Fpeagﬁg%ﬁeké%%ﬁ&%@& HVERPRIAR differ Bl tRAEKath AR less

(NGF) ve been recognj zed to perform
t rophi ¢ f uneiiensiselyrexplouredr Sumreptddta suggsﬁt stionglygbat imprened deliverym{githat ol .

OOl I k0 ool pAIREt i SUBRETE RPN SR RRIE

recept or ( ERGdR ndingil bagiah @gbjacie(Kan et 02519_%199311191‘19@1 apghNpurahBiglozs62:23sA
92:3717-20, %3“*}0“ smh? ﬁ%@sﬁmﬁgg%?sﬁg%%%ss YRIL 1989, P chophadfoldlydney

Int. 51:416 ur'osci ence’ 76: 105- 16? Al't hough it
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genes, the rﬁs o gl%l 18 rd?reéﬂl)gﬁllokafeaar:‘ltﬁbf)r&%én?ﬁl c E[P)&Rl\‘ékfﬁﬁétﬁinqg'rﬁlnal

meani ng of 1 been“claritied, mass

di f f er enclés hﬂmnarflm@hysmlom@hl fogsiy pf)th@gq enbnegmans wijimately degends AP E2medeling
studies of huy n%ﬂ, B%tlhgepéo%ne tﬂ)‘ﬁ@ ggwcl uded that EPO is not
n ral n

transportedl rom ery Ivartl et. al., 1997, supra).
To date, however, Bmtlwssquh!tycm@sﬁ itsjgxspme piastigiteandrunde msby any

direct st udy ﬂ&otagggﬁ mﬁ’e[i n ﬁggrgocegggg%edgﬁe/g gmdlﬁrtr&phﬁl}néﬁaﬁbs &ch,,(me

to differences in &ia aln EPOis more active in erythroid
col ony sti mdnac followang Jbtga&m rlayne pramiaentsple ip Agssnigg, emaly, and gognitive 35
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degl ycosy| atrsehbEPGS extakineskavehush rcganizerio IR ropbiclynesons i Meshrainegi

1993, Brain e ﬁ%&u&’& bxiddl. 3A99R67)). Biol. Chem -
268:11208- 16&?3&1%5‘& gﬁ O expr essi Bn has b)(l,en found in aéﬁqr‘oc tes,

and increased EPO Emds,eﬁ mnnmmfme@a@@nbaw%#%b@@dew

th tab { -

5" 666- 76: - sl SpreSaiah (ARIof ol %?O%Léié‘?n*&%?‘“ ?‘;:é e @é"‘%’ o
(1994, J. H 1998 Cros Natbhada86:- Y5 B3 Be3; Hyulcfeebpé 3. Hes AT é’i@é’ﬂfb?f
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L B3 10 oAy s EROL st respin protais are cach e Sroducts of ingle ginds, GRS
versions are significantly smaller. The physiological meaning of this observation has not
been clarified, but the mass differences do appear to modify biological activity. For

30 example, in studies of human patients, investigators have concluded th‘at EPQ is not
transported into the brain from the periphery (Marti ez al., 1997, supra). To date, however,
this possibility has not been evaluated for EPO by any direct study. Although brain EPO is
about 15% smaller than renal EPO (due to differences in sialylation), brain EPO is more
active in erythroid colony stimulatibn at low ligand concentrations (Masuda et al., 1994, J.

35 Biol. Chem. 269:19488-93). On the other hand, the CNS receptor exhibits 2 much lower
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specific manner (Morishita et al., 1997, Neuroscience 76:105-16). In
.contrast to EPO 10 itself, EPO-R density does not appear top 11?919 ed
during metdhW41d%%¢ r ess (D| gicaylioglu et al., 1995, Proc. ?Ig %bﬂ;
Sci. USA 92:3717-20). Recent- study has denonstrated that EPO i @&Tv}ﬂl{]g

protects agai nst hypox neuronal in in vitro, as well as in vivo when
P et ed dF st fof deply ondaseriy than s (%% daieet pepbErL rceptos (K amishi o1 957
Neur osci encﬁzifgﬁﬁgeg 60%‘%‘@?%4&%@%@ 12?39,1 Biac?ﬁé}h fécPOPm(fS 1642 Res.

Conmun. 253: anaka et al . Sci. USA
95: 4635-40). Koni dinthediraial EPOlea:ps:smBnaaswbmsfoumbm BYogBys; iad ancteasod Rt ed

that EPO promp st%?oéx %19 réi@?sie éa}é%eﬁﬂc?%gé( gjé hg%oﬁ%‘% %1% '%SHE 9@%65& R ter
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duct f I |

D1 S0UCt 59 Sl BBk 9B SELL o FRRRR e AT ALBRER RO AORECS, 20,
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th th t

modulation of cal cREWACARFopar AEGoRbaisBIRARAS PRSI AE i b AR Ry e
(effects on nam-cmalrmjmgmy vires, ab ovellsanin vivo ivdhebdhjiected direttht mt(Ef?@ cprabrdl estricles
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ntracran e Nend e, of
iatdm ni st r;tallk%% er)l fk{e%ggpgg?‘h ciegslge()g‘ ip%)tﬁr’ ﬁ{@:ﬂ'ﬁ ?‘gg%&ﬂé@%%{ragrrﬁa q)rg B%I tral’s.
Furt her nor auvcpswwvald dwlivergs ndurmenadulpmts whersmgaotdﬂlﬁd@ﬂyhatwdhe cc:mhdahded
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G tation orpreventsischenic ifjury-reldted defivits respsitial kehming moats{Sadaonoto ety 1998an

adm ssi r es N RY

S

met hods forl mmowtcndmarhen of ERQ) is ne¢ded for thmumtrqpluqﬁfnm i culturedieirah s

met hods an r citable tissues. The

I nvention ?cgﬁgg@&gbéda%l? ’r?jg g'l] M‘%\pﬁﬁ%lacg%%gs) izjc(ll scovery 10 that

eryt hropoi etin ( EPEpL mmﬁwsﬁbﬂr only S‘AEQI phisidogical anke Qi‘tefﬂzmpgiﬂmdgﬁgé had g

speci ficall u h

found that %ﬁﬂ)tlé%s ﬁm%/ig) rf E%ﬂ #J&ﬁﬁ%@ &5%(152150 Bégéal;\sc cir{géesn 4 Eev@fé hgﬂ&aﬂmxg
(barri er , 23vsuggest that EROe ata membes gfthetcytokire sypenfamily qegforms other important

physiologic functions which are mediated through interaction with the erythropoietin

receptor (EPO-R). These actions include mitogenesis, modulation of calcium influx into
smooth muscle and neural cells, and effects on intermediary metabolism. It is believed that
EPO provides compensatory responses that serve to improve hypoxic celtular

30 microenvironments. Although studies have established that EPO injected intracranially
protects neurons against hypoxic neuronal injury, intracranial administration is an .

. impractical and unacceptable route of administration for therapeutic use, particularly for
normal individuals. Furthermore, previous studies of anemic patients given EPO have
concluded that peripherally-administered EPO is not transported into the brain (Marti e al.,

35 1997, supra).
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protect neural tissue fromdamage resulting fromstressful co gjtion such
as hypoxi a. Erythropoietin and EPO, used interchangeably here 0&d Eﬁib
Q)%cl}ﬁ“ 15 modul ators, and EPO activated recept orF TsHS{04081%
refer to conpounds, which, when admnistered systemcally (outside the

bl ood-brain barrier), are capable of activating EPO activated receptors of
el ectrically excitaBlitetion esdismssion ofl haefernombkroin shelbheche fomsmuediassy and
deat h. Thus, . I rm of, .eryt.nropoi etin that can nodul ate
exci tabl e tiaggﬁglgﬁglg{%e 'S élgorl':%@é’aﬁr?g g%sgr,“ lﬂ%‘ %8nts and nimetics thereof.
In a preferred enbodi nent, for 20 use in the nethods of the present

I nvention, the erythropoietin displays increased specificity for the brain
EPO receptor. |n-another enbodi nent, the erythropoietin is

noneryt hriopoi etic. In yet AnBRIEF SEMIMAREOF THEINVBENTIONOI etin is

adm ni stered at a dose greater than the dose necessary to maximally

stinmul ate erythropoiesis. The present invention provides a -pharmaceuti cal

conposi ti OE in dosagle? prbdnt _f:ﬁr_emior]?ﬁ difkzpidad céxﬁpoi_lﬂdtﬂa&ﬁ%rﬂéth@cﬁs i%i(ﬁ‘iddd@zmtﬁg
t1ssue, enhanc. nt. o cognl t1ve uncti on or eljryery-o conpounds acr oSss
endot hel i al “EFC PENE gn\%w@ﬂ"’&"gﬁnﬁsi"%"é}s"? ‘B@*‘O%‘sc?é‘gﬁ mpesitiong fpredrpgct  ve
E g rcl) -toxic Pg delivdry 6 EXditblenissiiean gengiilawmi@mybasé&gg Qért! oh BN SHIRaMET diScdVery

), an recept or. act y .noau at r, an ctl ate rece_:_ptor,
Eaul ot o0 gt EREReppisRR EPOL haagere Ly steicaT And db s e aspen e isrlly
carrier. |ntdkea uprbyaile BRM., In'Reti@itig tid Afplieaits havd foudd tRIBPY, defivERid B

sai d pharmageuti cal conpositi.gn .c ti ses 50,000 o 500,000 WUnits of EPO
TR anot her _ GRSCARSHTSS B Blogs BERiD BFBISToNHS 1) can SAUEE COIEPRRBKtion and
phar maceut i gatedd hewal fésue fronsdansesessliihg GbindrebuPEhiRIGhs Ssueh a6 HyBd:1A

the ci roul ati ng | UaPEaPPosE anEEO b infeschingeably Boreir, and BB rogeptor agsivid,
or 10 hoﬂﬁsmp?torh,fmdﬁﬁfp@-abm xie?épkt_ef mbBatoty ek t666th f c@mﬁﬁhv\%%g%;; 6& 224
I nventi on provides ar eutic It C (rsing.an e tirve WO,

A3 OCT 2004 BB EIeA SYARBIEIN KHiFEe Bhe Blops Pt BAsEEN oare 6RPaHNe QhactivaipmEPO-
tissue, -enhasibatsdntcspiors ofelettrically exxitablitishiies t6l @hhanes indbr FRIRPHOHASINAGY 384

ezt | R B B ARER e e 3 i,

exg:ijI t abl e | & welb ﬁﬁpmmmeWMaaﬁM $h ebie’TfEn@@é:h_Bmhlﬁthfgi 0
may. be. nad it e GEneHS of AR GeCmyPlih. s SiESpa et i s SHBBH TSRO oG
exci tabl et fos shecbrain BROreseplor! isaaothafenibvdimean thalerytitopyietia iSicreeythropdietic.
ot her enbodj nent the excitabl.e tissue.is .selected from.the grou

consi sti ngq&%ﬁgﬁ?%ﬁa mﬁqc@gﬁxgt,{he 'ﬁﬁ%"‘fz%’r‘?ﬁﬂﬂ%? Jrrgd ke 99%%%%9%‘3‘3%&%4056
ti ssue. 10 nevcssary adnniipstimalatetdyddopaiegis.ovi ded for the enhancenent of
excitabl e tissue nct i oLr}.i manur.i '

abnor mal , excitabl &. P SEl éf“r’]i?y ongaorﬁlﬂ%lsq @iﬁrf%g&&i@%@%&ﬁﬁ O}‘g‘?'ng‘gagglb‘m%ggm
‘anount 025 ERlapted fanmbBGlatier eféxvitablettissid, ynhanoetutmtof cogiitivefgetignor @élivery of
excitable téo?r?ﬁb%nziy Q&%Eso&dgﬁlgﬁﬁl%g%t ﬁﬂﬂ%ﬁ%sew 'r(}f'l £leﬁgc%f per dosage unit, an effective
' non-toxic amount within the range from about 50,000 to 500,000 Units of EPO, an EPQO
receptor activity modulator, an EPO-activated receptor modulator, or a combination thereof,

and a pharmaceutically acceptable carrier. In one embodiment, the effective non-toxic

30 amount of EPO in said pharmaceutical composition comprises 50,000 to 500,000 Units of
" EPO. In another embodiment, the effective non-toxic amount of EPO of said
pharmaceutical preparation is a dose effective to achieve a circulating level of EPO of
greater than 10;000 mU/ml of serum. In another embodiment, the circulating level of EPO
is achieved about 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 hours after the administration of EPO. In

35 another embodiment, the invention provides a pharmaceutical kit comprising an effective
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exanpl e, learning, associative learning, or menmory. Non-limtigng @e(flrgyggs
of conditions 15 or diseases treatable by this aspect of the presen

i nvent i on waeb/atié4 mood di sorders, anxiety disorders, depre8STBFSIVAHPsm
attention deficit hyperactivity di sorder, Al zheiner's disease, aging and
cognitive dysfunction. In another enbodi ment, the nodul ati on of excitable
tissue prov iaﬂﬁﬁmpprPQtfbmodﬁl&ﬁm PEE MBI i k@S dhhdnoemérit Qam:b \itiy fition or
excitable tissue, for ex rons. of. the 20 ceﬁ& ner vous
system per idsHeeryiof ﬁ%WBWLHD g“;‘i‘é‘?tséﬁ? doshelipd sight junciions Packpe PR oBY ey

result fromgphhiatHer€s 1 ncl uding, but not limted-to hypOX| a, seizure

di sorders, neur odegener ati ve di.seases, neur ot oxi n poisoning, muylti

scl erosi s, hy pot enslkspresent Hivaptionpravides apgthed fo rin" tifg thrgfupcean 8! eﬁﬁ%
embodi meny , ?txﬂ%ﬂﬂy chihipfis g%ﬁlﬁlmgfenhg&@ﬁtﬁerdl}aﬁ%mm&%ﬁ@ﬁ'éé‘ﬁvé)r
post nat al oxygen eprlvatlon f ocation near dromnlng, 25

post - sur gi camos:ag qqqrsthwﬂnbt Thsexcitablp sissueonan beirorpal Hsr 195 abaommal,

i nhal ati on, tfssu@%tdn%iﬂb\bauﬂéﬂt B LSRRI s RIRMYIPEIRe ot dentral
respirat ory |stress syndr one, g}l pot ensi ve shock, septic shock, insulin
shock, anaphgtveys mt@nohkothgn empediments, Bieicxrisable Hesye iselecteddr omdl;»%gmaphm a
or nitrogen pag e{.fbn%msshaafﬁa@%nﬁﬂ@raﬁhé?v&ﬁ% H@hﬁﬂh%é&t mfe, S€I zure
di sorder, |t may De, rlb way of non-Il'imting exar}p epl | epsy, convul si ons
or chronil® 30 sei zdn@nauembpd@nent,l amethediinproyided fanthe enhancermen af) wetpﬁglgle tissug
neur odegeneraldiyg ifl hagaﬁﬁal ird araaxmb%otﬁﬁmﬁrmmmﬁare&aab@%%@

di sease, Parkinson' s di seade,” cerebral pal sy, brain pinal cord trauma,
Al DS denent adminiglering peripherallysan effectiveyamprntcoffERQ o1 %hEPQﬂmgor lagt ity

‘anyot rophi ¢ L o 6k BhhblcARbS of%ﬁelwepﬁua%&%ﬁ r@J]&afaﬁharwncb%f 764
i'schem a, aging, glaucoma or_ neuronal [oss ot her _enbodi ment

adni ni st r at Fxample, kemping psseiative leayng Hr mmmry o omBmitingrxagplapot comditipns 5
PCT/ US00A%0 gi]-é:sgés%%’ &eétameiby ieifis fagpefct S8 prARRG A vE o BRI b SR HisBFREE Mﬁg

such as, for exa resection Or aneurysmrepalr. In yet angthe

embodi nent , dmrdm dJepression, gulisimptieation deficit beRerargvity élsmdahs"el@b@mes s digeage,

mol ecul e acg’I ?aﬁﬂc?@xﬂﬁ%@@}éf@ﬂctﬁﬁ' | barrjer in a mammal by adm nistration
of a corrpos on of "a nol'ecul e I n associ.ation with erythropoietin. The
~~associ ati on bet weerinepathen,gnbediment, éwd&c’@!slamrpefq’@aa'aﬁésseper%wwot%pn
exanpl e, a kg %ﬁh@lﬁﬁf‘i’éﬁh@% ifust BkBita1OUHue Yor BRRthle, 36 ndurdABeOYR! ent

associ atign wt brnding site for "'the nolecule, In,one _enbodinent, the

endot hel 281 central ngyops sysicthrppripherhRemipUsRY SIS O hept tissus. | SpefePafhg

barrier, thgdhltRen ifSiQSndladik Shut nod BriHec@ s hPyHiy, saaﬁ:e 'd?dbr&rrst he
bl ood- pI acenta barriér. The invention further proyid f c% 05|t|on f
transporti ngeigoﬁ@ge@ggp@e diseases, neurotoxin poisoning, multiple sclerosis, hypotension, car 1ac

arrest, radiation, or hypoglycemia. In one embodiment, the pathology is a result of hypoxia,
and may be prenatal or postnatal oxygen deprivation, suffocation, choking, near drowning,

25 post-surgical cognitive dysfunction, carbon monoxide poisoning, smoke inhalation, chronic
obstructive pulmonary disease, emphysema, adult respiratory distress syndrome,
hy;;otcnsive shock, septic shock, insulin shock, anaphylactic shock, sickle cell crisis, cardiac
arrest, dysrhythmia or nitrogen narcosis. In the instance wherein the pathology is a seizure
disorder, it may be, by way of non-limiting example, epilepsy, convulsions or chronic

30 seizure disorder. In the instance wherein the pathology is a neurodegenerative disease, it
may be, for example, stroke, Alzheimer’s disea;se, Parkinson’s disease, cerebral palsy, brain
or spinal cord trauma, AIDS dementia, age-related loss of cognitive function, memory loss,
amyotrophic lateral sclerosis, seizure disorders, alcoholism, retinal ischemia, aging,
glaucoma or neuronal foss. In another embodiment, administration of EPO may be used to
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transcytosis across an endothelial cell barrier conprising sai ¥ 3@(gc @083 in
association with an EPO, an EPO receptor activity nodulator, or an

* EPO- act i vamamowe@oapt or nodul ator. in one enbodi nent, the EPECT/ES00/10019
erythropoietin, an erythropoietin analog, an erythropoietin mnetic, an
erythropoietin fragnent, a hybrid erythropoietin nolecule, an
eryt hropoi et jayerk S'tisBh SR RIRE Wi oA ) 8¢ 170, 298RS tund
r enal erythr%pgﬁ_egﬁﬁga lbsr ain _erythrgpgfgel%a?gf an of’%ggﬁnggr’fta er e é A
mul ti mer t hefe8ksiIon gr ARRUEYSY f9P8Heof , a congener thereof, a
natural | y-occurring LeF ERbodifhes d T T @in it .
form thereof, or ah}(c:%gr%bg%lnatllron ?ﬁ_eree%’l)?r.ﬁéﬁﬁ] S_gfgo@%g}rd%ggglgﬁ%ﬁlet%ﬁge@ge Cay%ms
nmol ecul e of ofa moleowtpaetoss amendotheliaheglhbarder in ampammial by hilmidisteation, ofan
antim crobi g radi : | {l.se und, _an
anti body, ar origeton of shALARORH SREEMEF A AuoBRblil THE SRS Secftn e
nmol ecul es f omolecule spbe tratpported andkEROdnay be, Her gxampdn t lahilecdviakent borad, uckeablout

are not lim o) . e,. t i,bi otjc
anti - cancer m.géfglg%l%ngh%@%g?ﬁ%g%mﬁ@%ggfna@&%{egt%&#hc[ rﬁgfeﬁ'ﬁgs effyone
i nvent i on widnibodémére; the endqgthelial icell barrivys magbethertdeod-braihbariat, theblogdFygur es
Norri s var orbEdeinp Blgo¥testds bitet e g ol Banid of e Slog piaceiig parer.
performedlQ@ n ni ce rBeeinvemipnefutther previdena cemposikior( ilMdhspatting b siclérde via
peri pheral | h .day. B. ' S Fving ERO performed signiflicantl.
Dot tor ¢ han syt ERYoss Ao O Bk el Ratiiek beliige BRld BOIERe To 43aciatig yith,
s:c 0 'Pﬁ ( (é PGO 8)andiRfhiahiBEP{htdcgptor {acﬁtiama'rmodulatma g;/r gh Egﬁ)—;ﬁth;htjg mﬁ%%clﬁw?:lrlgsofr_amr
o e r ) ..
Con " condr 8 dBodtshs g B Ot bflibpoigfin s hdhRiooicely aBiog. AREPAoPSIElM anc
EPO t r eat membineticywe erythoapraetipfragmeritya hytoi myllhﬁ:j]:@d)éthgmﬁlmdlet ?ﬂa?&u?pfiﬁﬂn
ver si on, . . S rcent age ,of. t he
Vol ume. cons S B E poROHTRA b8 Bo B RIS R erd iro e A B hirm
(é rFl)IOori ge.. ?emhtoﬁbnctm,mmiaomdrhlmreafhemmﬂhhauﬁednmehTmbngﬁiasopgmat , ?s
subj ec 1 - nteLols.in aveidance o
wat er confaﬁﬁffg{ ﬁ%&%ﬁ%gg%?ﬁé% a‘%%%‘*ﬂfg%@‘n%%f‘ééﬁt e focoimoinand fomy
water. | 15 , 67l G onahingion thteef. r bsamiother efmbadimenpdhé nwidculdofehid composition
denonstrate ' : 1 - e tnent reduges
sei zure szﬁvZﬁ?@ﬁné’#g’qpfr%{:g%@ﬂl%ﬁ%gﬂ %{o%hﬁ%g%\? ﬁggéﬁr’%é é“‘ﬁ‘?‘gpgéﬁl‘%"e 6“5?1%“
neur ot oxiZR -Raliseasecconprand, atbantibody, asdmmurtosupsessamica taxde,or an anti-cancer agent.
"Suitable molecules for transport by the method of the present invention include, but are not

limited to hormones, such as growth hormone, antibiotics, anti-cancer agents, and toxins.
These and other aspects of the present invention will be better appreciated by

: reference to the following Figures and Detailed Description.
C o

4. BRIEF DESCRIPTION OF THE FIGURES

. FIG. 1A-B. Morris Water Maze test A. The results of a Morris Water Maze test
30 performed in mice receiving either EPO or saline (SHAM) administered peripherally each
day. B. Subjects receiving EPO performed significantly better than SHAM treated subjects.
The regression line (R*=0.88) shows a slope (0.68) significantly different from a slope of I,
markedly in favor of the EPO group.
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col umm indi cate the nunber of animals receivi ng each kai nate &&Q.CTBZE%M
that the rotective effects of peripherally-adm nistered EPQ i ncr e wth
*dai | y adm“pu %64 on of EPO. Cillustrates that the onset BSTQ'&%PFﬁagf EPO
i s del ayed, characteristic of the induction of a gene expression program
FIG 4:A-B depicts the protective effect of rhEPO agai nst ischem c brain
injury (focal strdREGS.24-C. Sym@tid:mdaiﬁhstemw:siam tsh Af (oRQagisoe of atripleralous

L Tes, 11T b b PR RLGBeRloP (e chRpBTIRf SRASTRRLA Chuiléfis Frpe
model : r econbiersia tebtimmnWatdn EB@umptrbn]xE’ empsressed aca gercEiapdef the sbiume Cdrsunied)

Illustrates,that sone E nalosar ineffe t.|ve uropr.pt ectign,

F1 G5 aep oY SORHR R BEERJEre fwnpde bl ik Efin Shloeiie, B E ifiahe fat e
delivered t @Pd-aﬁzageécmming:@rrbm asIERO ﬁibjeﬁtﬂewmts niuth gp¢atdrabirstmbagf f ect
of EPO from i schem c art n Cr.eat'thi 21? ki nase. gg}é' activity, an

hai oot of o PRSI of otk Faptaimbr dines- ARG aledshe 351 tpeat Hogh e
activity, asggagpwgtepf inflammtion. 30 FIG 7 shows that treatnent of mce
wi th EPO del ays and reduces the neurological synptons produced by an
experinmental allergic encephalitis, a nodel o multiple sclerosis. 35 1 3

CCT 2003 WD 00/ 611G (RS- BSQ0 THAGRAuIF|dBan éRpdfinfent Hisciddmdnstut gl | ve dose
of EPO tq,provide  ne roprots ion in a focal stroke nodel perfornmed . in

rats. ?ge pemphes) ot O Rrefrealiment ep SFIAYIS SSYrEY asdprateds mippfom

was adm ni S bervakibiY ArdRRAShIBINRE hkirotdkih RATMALE.. nﬁafhbmserm%&mﬁh&s%d cich
| mmunol ocal i zat i on _of EPO-R onrﬁnd around, capi | | Bi oti nyl at ed EPO

rres
admi ni st er egeippnipdigatedns qumbgrpf agimajs Fﬁfswglmamﬁﬂm@w&%? aBshp tihe| y

“sur roundi NgpRadRkive %fﬂ:ét§ of gcnpq{c}ﬂfir -Adminftirsd EPOSndtefeivith 8B adn@Ridi@itibr \hd
1o be withi n speci fic neurgns DETAILLED DESCRI PTI ON OF. THE | NVENTI ON

15 The pr esERP: iGUlstREss et tha opsst chﬁ‘?BB%Pf EBRds delayede chsadengic afifke irducten
opoi eti n1§ ERE) gl exipRdbiba prdia@xCi t abl e tissue function, such as, for

exanpl e, enhanC| ng cognitive function and protecting excitable cel | s from
toxic stimuli. In parti-cul the invention provides conpositions conprising

EPO, as well as netpied3AlBepie® the pistedtive éffect of thEPO against ischemic brain injury
(focal stroke). A. Systemic administration of EPO given at various times after the

induction of brain ischemia reduces infarct size. B. Comparison of two forms of EPQ in
20 protecting brain from injury in this model: recombinant human {thEPO) and 17 amino acid
EPOQ derivative {17-mer) illustrates that some EPO analogs are ineffective for

neuroprotection.

FIG. 5 depicts the protective effect of thEPO against blunt trauma delivered to
25 the cerebral cortex.

FIG. 6A-B depicts the protective effect of EPO from ischemic heart injury. A.
Creatine kinase (CK) activity, an indicator of damage to the myocardial cells. B.
Myeloperoxidase (MPQO) activity, a measure of inflammation.
30
FIG. 7 shows that treatment of mice with EPO délays and reduces the
neurological symptoms produced by an experimental allergic encephalitis, a model of

multiple sclerosis.
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25 30 prophyl actic and therapeutic treatnments, including drug Jggvel§d As
used herein, excitable tissue, includes, but is not |[imted to, neuronal
~ti ssue of w@@eéHndral and peripheral nervous systens, and BEFES8Y1IGMEsye.
The invention described herein provides nethods for nodul ati ng excitable

tissue function by peripheral admnistration of EPO or an EPO receptor

activating nol ecul e oFIg. 8ARBECA! Thexihidhirh REfeEiRle &3k bVBPOU0L pRSHAE OF
activity, as well as any nolecule that mmcs__the act|V|t¥ of EPO b

. . y
acting t hr obgHopofestion pha foqal stegke nodabperfamagst igrmats. W tSeaum loxalsef ERQwtd by
any parti cul .zt RREACPAIAR der S00019BF hEF N was IBhREHERd Mapi@RaAl I;oq_eﬁg?e EPO
receptor, for exanple, initiates a signal transduction gascade ultimately
activating Baldgmiceexpressi on programresulting in the protection or
enhancemgnt of excitable tissue function. Ml ecules- capable of interacting

" with the EPO receptor and nodul ating the activity of the receptor, herein
referred to as EPOFG. B#eG s dpmumotasalizdtion of GilQ-Rt e and appundusapilldriesn B he
cont ext of : i ' he- ' . of,.
i tabl o  PRETRISRER60 BHERLRR 1P8 okl FoRhE !4 B0L:P b RRIAE ERIR Rhniately
nat ur al | y- oswrrounding, capilatibet CcAfter 17 haus the hitin 16tel oan bf foBROtorbt edthies,
descri be abgvegiﬁcq{eup%ger nol ecul es whi ch may not necessarily resenbl e EPO
i n any manner, excep({ to nodul ate EPO receptor activity, 35 130C, 2003 WO
00/ 6116419CT/ US00/ 10019 descri bed herein. These nol ecul es may be used in
conbi nation for the various purposes herein described. The conpositions
and net hods descri bed herein can be used to treat and/or protect both
normal tissue or abnornmal tissue, for exanple, neurons of the central

“nervous 5 system neur nﬁ!g)f Eﬂfdiﬂlﬁb ‘g?ﬂ? r heart

(t'i ssue. In particular, |gh ec%flﬂci)ﬁ) - I, bel owﬁ@g comémﬁg useful for
practice with invention are described. In Section 5.2.1, nethods are
descri begs for the ’ : AW - ' e  function
of oxci t bl o t1 ssudné piteem Avbool pRAVIRAohiraioh S hnERAOHS B e g
cognitive drptheepodetin (ERD) fonmsddatingexciabl, tisvet fundtor, suchpso fareximgle,

excitabl e t] X . | 0 ' - Al:so~rdescribed in

Secti on 5, 25 aHEne EAAARAC Al pholeBbik by BLBICARRS oo Bty TR e

cross capi |thainvegthepiorideslcompbsitionsgemprising EBOsagwell asieethods foodlscif use in

del i very of rgcxgél- D - Fi ol SG L0 Section

5.3 are cor‘%’?@%g‘}s&%ﬁg&_ n“Bi'a!f% tar gés‘[’ E‘?‘ %Pﬁgﬂgh%ehr‘%& h(?%sdsg‘?ﬂfﬁén’ éxgbb?e

i nventi off tissue,iinclwiest busrs sotdimitest tooukyromal tissi ofithe cantiabandepeiiipbefaboeivoas

dosages of gLdhONS are described. 15 5.1 COWPGCSI TI ONS

COWVPRI S NGW&W%_ 5 conpositions suitable for use with the

i nvention i ncl ude Bhe/inyention dgsetilad; herein provides methods for modulating excitable tissue
function by peripheral administration of EPO, or an EPO receptor activating molecule or a

molecule exhibiting EPO-activated receptor activity, as well as any molecule that mimics
( : ) 25 the activity of EPO by acting through other, non-classical EPO receptors. Without being
bound by any particular mechanism of action, such a molecule may signal via the EPO
receptor, for example, initiates a signal transduction cascade ultimately activating a gene
expression program resulting in the protection or enhancement of excitable tissue function.
Molecules capable of interacting with the EPO receptor and modulating the activity of the
30 receptor, herein referred to as EPO or EPO receptor activity modulators, are useful in the
context of the present invention for the protection or enhancement of excitable tissue
function. These molecules may be, for example, naturally-occwrring, synthetic, or
recombinant forms of EPO molecules, describe above, or other molecules which may not

necessarily resemble EPO in any manner, except to modulate EPO receptor activity, as -
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cofpound that, when administered peripherally, is capable of hé (¢dt 2bdp
EPO activated 20 receptors to nodulate, i.e. enhance the function of
«protect fweneoddktige or injury, or deliver conpounds to, exAGTAROY 198135 o
Erythropoietin is a glycoprotein hornmone which in hum has a nol ecul ar

wei ght of 34 to 38 kD. The mature protein conprises 166 am no aci ds, and

t he gl ycosylestABbéditasinC PHENe rh6leallotinas ®2wmedd inlvembiiagioh fof thiehvariond parpbses The
forms of EPO wuseful in the practice of the present invention enconpass

nat ur al | y-ob‘?!’&‘lnrqeﬁ‘"d?bcgynt hetic and 25 reconbinant forms of the follow ng
nol ecul es: eryt hr opoi ghd ompasifidisna ngdthslsAasdrivgd heriiy tdi Bpadedith freat A@forcs,
erythropoietin frg}grrents,_ hybr i cli:ﬂeryt hr opoi_etin | ecul es,f erythropoietin
r ecept or - bi PrOtasl betBnerEAldissuc.onabRPRRR) tissye, P FXAMBIes NeyTans,pf the FERiFal JETaUs
brain eryt hyapoh Glelifdns 6f thd PeBpEeralibridustsy SemSor iarabue. i wiriculid) & Saftionand
congeners thereof. The term_ ™"erythrqgpoietin” and "EPO rr%\é b% ;ﬁfd .

i nt er change3bi below, ERO sompositions ageiul f%{ﬁﬁ!ﬁei‘@ahﬁ’i‘aeﬁm sqmbefp frgeftion

such as bra B {ERQuARM afetfdabritiedPor the@EOBPERARPOTESHBOsitidhs fof ehadtinERee as

well as its nafurally-occurring, tunor-derived, apd reconbi nant I soforns,
~such as rechmpiiomel xpitablp Hawsesichas &g, MeEOD hBREOBFEATRFEE Of E98MHIRYRI ogous
reconbi nati fzﬁlc 1£ aRd, Q¥ Féﬁﬁmﬁm FhetHods Té}ﬁfrﬁi@étﬁlg xRRabIE GSEUY frbm \@afiape Bnd 5
ecu u

i ncl udes no €s I'nc I ng pept.ides whi i nd 1t he EPQ receptor, as well

b
as reconh? niajnry acesdeserinedt dAlgp-<described Meé:égm 8- hbrlew. thediscovery gfihcynexpected
the struct usugh g mmlt&eés%bgmy AAoRMiILdeithight j]tm@ti&'nsT‘?r%ms RcTiiddS @94 10019
0 )

properties ] I ncludi ng” fragnents and multiners of EPQ or its - _ .
fragments. debmeneofsompoundsyaseess sigh batpiss Finally. dascdbediniisetipn & e Fordifignng

(Bctivities, gt Ghiabibucitbbil RCREABAS0f HEGARNADN Bl Skatior 4paLhbasber as
-pertains to enhancing transport across endothelial cell barriers. Miteins

conprisi ng adshigistrten s effechyg dossges of wyeh EPGy compasitions Frbgk 5
gl ycosyl g¢ion sites are included herein. As noted above, the terns
"erythropoietin,” EPQ " and "mnetics" as wel] ali@ h ther terns are

used i nt er changeabCPMROSITIONS COMPRISINGERY THR QR ssue protective

and enhancing nol ecules related to EPO as well as the nolecules which are

capabl e of. crossi ngpendaidasiiont siitaBiY for UROKIR iR iaRehtdg iftlahe aiteryirbptics a
delivery 'neans faor other nplecules. F r%@er.rmre no) ecul es gf’ ducea‘FRy
at

transgeni c eAmpaung that.ovhen admigistes y+is capable olactivping EPQAcHY

EPO ol ecul @sefsrseFRioaaiats, Neréihince the AfictioN8E Piqedtiftom AaBepdbEinfdry) or deliver
struct urd? -y or in any ot

er .manner,, except. for, ability to intecract , with
Che EPO r ecOqmRaungs ionbeathiedissity Sytuaporin s By sprofpinfiarmpns #hich in humans
EPO act i vat g a mbRedk WghESGAGe S8 a3 Thsmatubesrobsii eomprifds Ma)ntdho acids, and

non-limting exanple, ,forns of. EPO u ul. for the acti,ce.of .t h 15
present i nvBBEXSISYlTest é@@"‘ﬁﬁ‘@“ﬁg&&'ﬁf ‘ﬁ?ggh?};s)%‘? leapls,) The togms of FEO

aci ds_at thgsefilah h@?‘a&i@é of HepreélRECinvaIRtbn dhcdinpass Natueally-bcctitdng) dPnthatic arnd
U S. Patent 4, 8g5, 260; EP%F i é‘?f Qr s %n t p var j.ous .&ﬁ}ﬂber of i%%i ali,c acid
resi dues23ViecHH %’éﬁtlféi,’m% e falloyang malesilgsyery @“ oy & P8 ,nzgil,pgs,
‘pol ypept i degytpssdisthagindics) dythRsgoisiin Sagthhts) Bgbridggdirepsietin swicdaks,
erythropoietin receptor-binding molecules, erythropoietin agonists, renal erythropoietin,
brain erythropoietin, oligomers and multimers thereof, muteins thereof, and congeners
thereof. The term “erythropoietin” and “EPO™ may be used interchangeably or

30 Sonyj unctively.

’ Synthetic and recombinant molecules, such as brain EPO and renal EPO,
recombinant mammalian forms of EPO, as well as its naturally-occurring, tumor-derived,
and recombinant isoforms, such as recombinantly-expressed molecules and those prepared
by homologous recombination are provided herein. Furthermore, the present invention
includes molecules including peptides which bind the EPO receptor, as well as recombinant

35
constructs or other molecules which possess part or all of the structural and/or biological
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in"U S. Patent 5,767,078; peptides which bind to the EPO reCﬁgﬁce)é _FIS
described in U S. 20 Patents 5,773,569 and 5, 830, 851; small - G 2003
“mi netics wWHQWEtHi vate the EPO receptor, as described i n BE/UBYYIO
5, 835, 382; and EPO anal ogs described in WO 9505465, WD 9718318, and WO
9818926. All of the aforenentioned citations are incorporated herein to

t he extent f tprapertieicdt KR, Cilneﬁldic’rfgsﬁ‘zigelﬁﬁﬁs ihxﬂ Ihﬂlﬁmﬁii bPBBOArtigfRghfent 'PBOHerein
processes for reparl n suc t he erythropoi.etins esent

i nventi on. 13956 123 Wéﬁ?fga E@J ShraeRipT ’P Ing gtigities, %C%Pg’géﬁ‘g&‘légc@f’scd
PROCRI T, a\/r@d:dp@iﬂa@ﬁﬁll)oﬁh QaﬁiaelaBa@p@cdins t@%ﬁhmn YRtiabrdt endotReTifACBR N,

I nc., Thous CA). In.a fur ment pf t he present invention,
‘the EPO nl « &5 MpisTak comPprigne Fplscauss JH!?%W additionahen iedwgedmambers afy be
pr epar ed snhlg;fto@ﬂaﬁéﬂ Sitestdre nﬁﬁﬁea(?lefdi‘l@ en ﬁéteﬂﬁgbw@ihdlﬁnﬁﬁ‘érxﬂﬁdp(ﬁ&uwel‘EP@S

another activity, for exanple, that of growth hornone. Suc

mol ecul es widf “RDEtEH @S rthe pthes t% aised jgerghangeablyihsrain !‘Hﬁé@’tm thet h
the EPO recegtitie ﬁ&u@%&te&ﬁc%ﬁ'cﬂﬂaﬁd"ﬁ% ﬁGIebeIb& Yel&Ed %‘EPO% weﬂ &Ctﬂ!: Bnai&lles

as a hornone. Met hods of preparatio such nol ecules wt domal ns
are known t oViisRaresgpablegf Fwsqméea#qﬂwiméhehtuunqs@naée@as B ﬁrﬁumleasc?eﬂidmew

0 _Section Snchnd (R mARGuEL FutiRrbreimotebiVOrRlobd P haleh BmdRURT"

PCT/ US00/ 10019 such nolecules is transport across endot
provi ded ¥ alseencpmpassedpersy It should ba otersiaal BRO maeleetes 25 crabracedchereingdp nmt

" the other nyeggulfy eéseime EPO%‘iJcﬁirélﬁr oﬁﬂ&nf’ﬁﬂkﬁﬁaﬁﬁ&?ﬁ*&éﬁsfo@%ﬁﬁ@é IRPQ\D@JQ&VG

may betestedt0|dent| nPounsca abl e of no ting e)
A

tissue, i ﬂbﬁhﬁ@h’&wpﬁ@mf amlpdlé ediPO preeptor ectivityar aghveig EP6l-agtivatady , -

(del i ver com%ggﬁgmgg&g%dgémdtﬂgmﬁssays descri bed herein, For exarrpl e,
EPO conpounds nmay he tested for their ability to_enhance the function of

excitabl e tissue, dwaxoipealimitae exenplefornel BPQawsehu furthe prertiecefthei ve
function uss Ippaeﬁthﬁvelﬂﬁhhﬁaadésﬁermaﬁﬁwl ﬁcﬁsgﬁioeav&m?au&ed@ﬁﬁ%a%sgmen Vivo

assays for cognitive functign _ .include the Mirris Water Maze test, an

exanpl e of WATOEKY tesmipnsdeserihed .m%@&%ﬁ%‘”&#&mﬁen%&mqqt&ﬁéézﬁgsﬁeo
Aver si on t esdofortd R VR CusfunyiRir £6F mamd&ﬁ%klaa& %49 nRE&I1L, shéh 2E8dsbRBedin |

addi tion, the EPO co:gjounds descrbed above. may ested using assays

descri bed i M-Sdeatent §rP%,2525 polypeptisies descpibechin ‘é&«ﬁe@nﬁ@%ﬁa& agopists described
protecting %ml s eplaiesm 51769098} égﬁueﬂmmm th& EPOVreceiér 201 HRa ifepsr i bed

I n Sectl eci,fi ¢ exanpl es of such assays.
EPO conp né’gf ‘lﬂ%%ﬁg lreleg %awa'em/wbgﬁ aglyats the,ERD

conpounds agécepter, %Idbﬁ&ibealm U.3)Patérit 3E35983; andUEIFO fialbpdédcABEH B WO

Parrier.  9ssa6s, WO 9718318, and WO 9818926, All of the aforementioned citations are
incorporated herein to the extent that such disclosures refer to the various alternate forms or
processes for preparing such forms of the erythropoietins of the present invention.

N 25 EPO can be obtained commercially (under the trademarks of PROCRIT,
available from Ortho Biotech, and EPOGEN, available from Amgen, Inc., Thousand Oaks,
CA). | | |

In a further embodiment of the present invention, the EPO molecules embraced
herein include hybrid EPO molecules that may be prepared which comprise the EPO
30 receptor modulating activity as well as another activity, for example, that of growth

hormone. Such hybrid molecules with multiple domains thus possess the ability to interact
with the EPO receptor- as well as having the activity of another molecule such as a
hormone. Methods of preparation of such molecules with two domains are known to one

skilled in the art. As will be described in more detail in Section 5.2.3 below, one feature of
35
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usi ng assays such as those described in Section 5.2.3 and Seqtjofc$9,, bel ow.
Thus, EPO conpositions suitable for use with the inventio ny and
“al | conpo\YﬁH@’ﬁﬂﬁét when admi ni stered peripherally, are cg) Tz(ﬁéoldﬂﬁoﬁ
signaling through EPO activated receptors to nodul ate exci tabl e tissue,
i.e. enhance the function of, protect fromdamage or injury, or deliver
conpounds tshels atobecules 2s macmemLmﬁmprmmlﬂ?@me@@ﬁHE

| NVENTI ON 25 var o) j '
conpositi or‘i‘&“?ﬁ%ﬁ uﬂm '%ldﬁl pr o? %Jc@%%%ex%tp%ﬁ?fgwl?gé@g%ﬁom | I’lj ury or
hypoxi ¢ stress, en)!mynof thg cbh'q)ohudu:desambadfabexcmaablceest&d toddentifp ERWDr

delivery of co n 0, Cl I

tissue. °85§’§B‘|“g‘e‘ifpﬁ 8\9 B cﬁgaq \?" ﬂh%h) t'ssgp ﬁlsglﬂ"a%enﬁ%afﬂ%c f%ﬁ%tga from
?'cffﬁéefésem“am?Eﬁg‘ﬁ“?Zﬁ?ﬁf?Fﬁ?Q“%?;?ﬁ’?%“w m“??“?"%m“s Lt os
of organs WERPl pouads.may be § Fiepr gkuity %E?‘ﬁ&?%ﬁ’e | e,
the br a: n, ékﬁl‘&dﬁl@tlsﬁ?chutﬂai lﬁrmﬂ@,Idlanmtand(ﬁhd:rmggéocms dfcdpaitive fb;(ctimyl}l]smg thgpo
particul ar theory, aft trans S 0 can.i nter.act .w th an
recept or oﬁn@E%‘{Stdo‘?ﬁ?rébeﬁ B §ﬁ%t‘°‘§%¥ }éf.am‘p i Ofé&‘é\'?ﬁ.’) pEsays o cogal 3? RIREHO8a Nt 1 al
nervous s y%ﬁcgﬁae th MAeE WHEF MlazB 8dst, QH Sxaple @ whidh R ¥ascribed S Se@ion?6Gnd the

r ecept or can initiate a signal transductiaqon cascade resulting

the ac t1|°v Gandifiased Tagfe deversion test pb sxasmplg of whighiin descrifed mdstaik Seqtiodsly eln
resul ting i;AdijaR, thd EPO conpodndd d@%%em&;@/u@ywtehad Q&I A8RA9S Heschibed pf esent

invention is directed to a nmethod for enhancin fungt on, of excitable
ti ssue by Seation 22ratq Wentl ERO cpmpawds capable feét‘{’ﬁe l‘Fé%SFW\’g M gene

((EXPr essi on dapfa g &.5\%? mém&m&w&m@amswﬁu@sfm@lprmdlilzhﬁaem@ent of
excitable tisSue function grow deé%énhancerrent of learnin assqci ative

| ear ni ng, aPeFifieeAmples fsurh assays-skBQcempaundsInay 115 Rsasirred {08 thaly eapasity to

treat mentS Wiipdy b campbiid acrid e%ﬂtlfehbletight jireliSndT8hdIOs th§bld>%ﬂfﬂiﬁmf&h1t:r
enhanci ng cognitive functlon | n

he .absence of a condj n
These uses USIME@REYp sadasithosedssentsd in 8"‘6’&‘3%%136‘83%13 t‘ﬁ@’r“’ dMi ﬁ | ow,

and incl U@Sm%ﬂﬁﬁﬂﬁ@imﬁble%r L&At B idnshtibh dchidetn an@tlf&ohii!ﬁﬁﬂdﬁmdt when
non- human mamyal s. Condi1 ns and ksq%ases tr eat a?‘t}fp y the thods of this
aspect of pArinstersd penpherailnare fan @B‘H{E '36‘1“’3&? EEERIOTHSt can

benefit fropRihiesLarBRtishe, R@UéhaAde the BERtibR BT, p%@ﬁﬂf&ﬁd&ha%&lﬁﬂnﬂlﬁpéxder S.

I ncl ude 2(al 50{ ders of %‘Fe central nervous system protection of the cell from
danage, @rlyer cgmpeundsIherefhs, hypoxia, etc. Thus, nethods for protecting
exci t abl e tissue frominjury or hypoxic stress, enhancing the function of
excitabl e tissue, and delivering conmpounds across tight junctions of
excitable tissue are described in detail hereinbel ow

52 METHODS FOR PROPHYLACTIC AND THERAPEUTIC USE OF THE
INVENTION

(/ 23 In various embodiments of the invention, EPO compositions can be used for
protecting excitable tissue from injury or hypoxic stress, enhancing the function of excitable
tissue, or for delivery of compounds across endothelial tight junctions of excitable tissue.
As described above, the invention is based, in part, on the discovery that EPO molecules can
be transported from the luminal surface to the basement membrane surface of endothelial

30 cells of the capillaries of organs with endothelial cell tight junctions, including, for example,

the brain, retina, and testis. While not wishing to be bound by any parﬁcﬂm theory, after
transcytosis of EPO, EPO can interact with an EPO receptor on excitable tissue, such as, for
example, neurons of the central nervous system, the peripheral nervous system, or heart
tissue, and receptor binding can initiate a signal transduction cascade resulting in the

35 activation of a gene expression program within the excitable tissue, resulting in the
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5.2.1 METHODS FOR ENHANCI NG EXCl TABLE TI SSUE FUNCTION | 5 i n]cﬁultlpgzu%ut
not limted, to nood disorders, 20 25 30 PCTIUSOQO 10019 ety disorders,

~depr essi oWO e¥ill&m attention deficit hyperactivi ty di sordePrCT"dﬁQi’”@Bb"nl tive
dysfunction. Qher non-limting exanples of cognitive functions which can
be enhanced using the nethods of the invention are described in Section

5 3. I'n onerewhigi TR cell Bomeataaiipk, esuchlas E?@emtcﬁ@w Rypoxia, . alHLg)ireédib@sl t o
subj ect or pati.ent vvhg IS su ferl génpa di sorde resultlé:‘ég in Ifoss of
cognl Ul ve fORRIPICGHAE exiigbls tspds tre M HEsSTrenhancing; by
abi lity of ekEQHO RGNl O Cf,tdméwuagammlgﬂmoﬁ@@w@mme%wa:eEnt al
descri bed herein, or any other

ani mal s usi nhg of th

art - accept élasqr@a%{m%}a%ﬁm “H"‘fl ve function nodel. As described in the
Exanpl eg presented in Sections 6 and 7, peripherally-adm nistered

eryt hropoi etin was_di scovered to e!@g)gl e_| earni n% and cognitive functio

as denonstrated by-2dver alMEAHORS NEHANCENE §T$$UE&WCTION

experinmental animals. Exanpl es of such | earnjng m)dels are the Morris water

maze test, an exarlploBE@sp ﬂaqwgen@mwﬁn%lsshmcéﬁo 8 mgthod fos eplipnging Geed
taste aver giiioh Gfé\}cx{aﬁl%ttzssée Wﬁd?ﬁir@st&ftlo%fﬁﬂ EP® Bbleeileich ﬁ@&f Mivating 3 One

enbodi nent, for exanple, the conditioned taste aversion (CTA), a-ver
sensi t i ve, EORS EXDREFSINT, pr@srawdh?t@nb&qes excitabletissye funstionnEphanesment ofc@gﬁablpve

funct i ortOafitg. aakHoRl sEbviakd EibalerfRPof [EhhiAg. JMRRIE 1dafithe Alhdaht

ability for learning to associate illness wWith a novel ch as
taste, suclarigus disersenandranditions pee amenableiotregtyeenpsiop tgs thc@@ axl@ further,

PCTI USCO/ 1@951%@&43% DAY forSiRmER g@ogiﬁh%sm%n P tHOBOSIE %f%xgr LSHARGY Bt

("Stl muli. CTA involves the brain ati a variety of cortical and subcortical
] evel s. Théisgassodhase wes ahthe prosentdgventionase descebed indagthendataibbalewornht i on

toget her piRgliiel effarifient Jﬁeﬁﬁﬁ%Vanrtrﬁﬁﬁ lﬁ?b&h%ﬁ[an%&%ﬂ-@ﬁlﬁﬁn%ammals

strengt hgned by changes affecting any the i nterconnecting units. As a

form of associ at i Feonditions ﬁnﬁélseﬁéuﬁtﬁ'é‘ﬁd’b’ Hhemethpds pEthireaspectiod dke pRgsent| ar ge
nunber of  yRieh@éH Rithide @hy ebiftion oV dikdate Hat EAEDGICAL iS5 HthhiEnlefit 8f neuronal
non-novel ?i;nlcglojrll ! lé:x%pn?)(l)és of guc%lvc?lrsgthgr%lu%clﬁgg gllsgrldgrr;%f) the central nervous system
including, but not iimited, to mood disérders, anxiety disorders, depression, autism,
attention deficit hyperactivity disorder, and cognitive dysfunction. Other non-limiting
20 examples of cognitive functions which can be enhanced using the methods of the invention
are described in Section 5.3. . '
In one embodiment, for example, an EPO molecule may be administered to a
subject or patient who is suffering from a disorder resulting in loss of cognitive functions,
] such, for example, as Alzheimer’s Disease.
- 23 The ability of EPO to enhance cognitive functions can be tested in experimental
animals using any of the methods described herein, or any other art-accepted learning or
cognitive function model. As described in the Examples presented in Sections 6 and 7,
peripherally-administered erythropoietin was discovered to enhance learning and cognitive
function as demonstrated by several well established learning models in normal
30 experimental animals. Examples of such learning models are the Morris water maze test,
an example of which is given in Section 6 and the conditioned taste aversion (CTA) test, an
example of which is given in Section 7. In one embodiment, for example, the conditioned
taste aversion (CTA), a very sensitive, well known, standard test is used to test an animal’s
cognitive function after administration of EPO. CTA is used to test an animal’s ability for

35 . . . - . .
leaming to associate iliness with a novel stimuli, such as taste, such that the animals avoid
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degree of "illness" produced (toxicity), number of repetiti ong 3( Qlcqi 200%0) .
countering drives (such as thirst) to nane a few. Al though a e variety
+of cheni cAYO 8¥éllphysi cal agents can produce CTA in a dose- HEE@WG%Q“”
manner, lithiumchloride reliably produces nal aise and anorexia. Like a
naturally occurring illness, lithiumproduces a CTA by stinmulating the

pat hways deghemobeldasibays submjuuﬂﬂ ngc:@yssmk it thermivelasaul ENOBAGARGSIVES ﬂi‘e brain at
exci tabl e ceII.funﬁtlon

r .exa ogpi tive. functi.gn, offers rous
boner L5 t of VAR, PUCAIG 2 SHESTGHL vl e apciadon SHGH Rk astendinhdnd o
enhance t hgsaiding ﬁ’lfdrﬁiahbﬁltdgeﬂrftﬂ &t peavafkivel beRBVi ol B B ﬁm&a&exﬁmhé:dwws
FOR PROTECTI NG EXCI TGAB URY I n anot her enbodj nent, the
present i nvFFRBERNSLDbYE E? QCHR&PBY 8 IR{SEFOPRFCUNG UBIE A deognr?é#ﬁﬁClaltWSm
pat hol ogy riestakdg, B sk 'o'FJOilfﬂlstdbtéi&ﬁhétﬁb} Qla!rgéﬁtuﬁber%f%ﬁéﬁlbé)ﬁmcﬁ%hé
provi ded by admnlsterln(tqnwﬁ)arramra by a. perip hers route of
admi ni st r at?ygity et thews usdeys HaspRAVEL iRl Fanot heayasipelyiconditianed),
exci tabl e tdeppdeofqIgEsd Prdvted Hoxiditys, hﬁﬂﬁb@r@fﬁé@&ﬁﬁéns (eRinirl}S, @aiaimli&g drives

Section 8, bélow EPO a mnistered in _advance of the toxin kainate is

mar kedl y nel§p@pisdhiss) tomamen fove eAlthala@ fYyldsvasigyeofichemigabard Bhyrion! agenis ramy
death. The prB@ﬁHcQE’T&‘il?E Hbééede?kﬁ&‘é‘rk niebRet, HithidhmQAlcHH rbﬁab‘?}‘?fd’@ue@sdmaiaﬁsc' and

not abl e L(r he positive effects_25_seen _herein occur wthin too short of

atimer aﬁ‘Wf'éﬂ% d-ikea nagrally, %QCPQ?IPWIS?S Hithipeppradyucesa & TA s simulgfing the

I ncrease | %%%Edribe&%b@v&ﬁﬁﬁﬁﬂﬂ@@ﬁ% Qlt,_ rtlpgeer yt hropoi etic activity of
EPO. Furthernore, _as noted above, bodi nent of the present invention

conpri ses -an EPO maé‘ﬁcm%@%ﬁéab&%?qu f'-‘FC't“Hh forexample, pegnitive function,offms
(embodi ment quniGow RAEMHs tda ﬂwﬂauﬂgl i@ ABcaRA ndactk 2acirsthentPid o Séci;).;xgxgtrgs

the acute and chronic pro aX| s and treatnment of neurol ogi cal

as descri bl abigpgtorfrain ?4\;‘ meRdRIAYgATmalte function of the normal or
the di sepsed brain. As noted above, danage and death of neurons in the
central nervous systemis a serl ous and often lethal occurrence

responsi bl e for a hédh. de%&% [ EROTEAEING ERAITABLENTISRUB EBEMt i on.
“Acut e neurol ogi cal damage cur during or as a result of seizures,
convul sions, 35 epjl epsy, henorrhage, central nervous, system

i njury, hypoxia, ﬁ’s‘f %‘HL%‘? imen, the pigsem inyention is direcied towpnd@rmethod fan 019

protection pa&e&ﬁ@ £@kinnial GSnIFRASey SéttltimdFrdiy upwrt@teg&wbsa tiS9MBOX Protectiof_
Thus, Qds pr tectl n eXCI tabl e tissuge

min .or hypoxic
stress, R 1o, magnal by Reripberal Eovte ey E%an amount
et o | her or coar o @*‘“ st B R By gun geie et el
et ai er ei nbel ow.
I n one aspéBtne Twpﬁﬁ@%ﬁ?w ?um”i“étﬁe dn vaé’%ﬁ‘i’ﬁd"*‘& ci ng
the funct Irﬂdl'kaily a¥@oppdctive irbmite, Balsiag 8titius thrashodd a®f prevertng deatte CTliee
capabl e of n%tcl;olp\rlo tCth% ?fect EPO is large and is sustained. It is notable that the positive effects
L} 25 seen herein occur within too short of a time relative to the administration of an EPO to be a

result of an increase in hematocrit as a consequence of the erythropoietic activity of EPO.

Furthermore, as noted above, an embodiment of the present invention comprises an EPO
which lacks the ability to increase hematocrit.

In one embodiment, the present invention may be used advantageously both in

30 the acute and chronic prophylaxis and treatment of neurological disorders, as described

herein, and in enhanced cognitive function of the normal or the diseaséd brain. As noted
above, damage and death of neurons in the central nervous system is a serious and often
lethal occurrence responsible for a high degree of morbidity and mortality in the population.
Acute neurological damage may occur during or as a result of seizures, convulsions,

35 epilepsy, stroke, hemorrhage, central nervous system injury, hypoxia, hypoglycemia,
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gene expression programthat enhances excitable tissue functl,grg
Enhancenment of excitable | tissue function provides e cenent p&grglng
~associ at i w@ do’Aigai Nng, and nenory. Various di seases and condQi/usE/A0D
anenable to treatnment using this nmethod, and further, this nethod is

usef ul for enhancing cognitive function in the absence of any condition or
di sease. r ' e n

detai bel SgebR T e ool ol RRRRE, SoBlEELY REBIRAEREIRE e MThHE, rhBhogs
human and ferprhientmg excoitabledissi@ofotintinjous onhypodticswress snhansingath dwitionhef

1o 1005 O okl ATARE tar gl Y E38Nmal BUSIIAR BT A0 4R O

di sease ?h&tocan ene’f cenen ona

of such di desctibed in dethillerethbslomder s of the central nervous system
including, but not limted, to nood disorders, anxiety disorders,
depression, autism attention deficit hyperactivity disorder, and
cognitive dysfunctiad. O METHQDI FOR ENHANCENG BXHCIAARIOE TISSVE FUNCIIION
whi ch can be enhanced using the nmethods of the invention are described in
Section 5. 3 In ona mahqﬁbtrﬂtdpreﬁemt irventig B, dirotedRéa trthed foe enltancireg the

adm ni ster i ent ferjng. fro
Cosul 11 ng. Fipetig Bt sFetRbfToe P BTG of & BRO Bty s EofadiRihig o
Al zhei mer'’ erlia Wmnﬁﬁ@r&ﬂ thattephﬂfceEE'ﬁltablaetmhwﬁmaﬁagnEh]naneexilHﬁIIxtf exeftablan
be testéﬂ erJ nment al of the t hods - descr.i bed
her ei n, isior ety tides SlplenL 8 R, Sostal e RSP MO TR Rodel . As
descri bed Nranbhedlﬁmapmscqmﬁhmmchmenasmn iteasndnt asidg this method, and further,
peri pheral l,y- adni ni.st er er yt hr.opoi et. s .di sc v ed t 0.enhanc Iearnlng
o Doontt M Reo it heiior ElaHEE BagutiVs fRRu0 AEfe Ghihon S S ke
l-ear ni ng midedsa rl'hems&abftheppaenmmmionam dﬁbﬂbedfmd‘nnhaaienﬁl Balmh, afir ni ng
nodel s aret M)EL”S \/vaf%t:11 azetgi‘:’fé’lg ﬁo | e of V\/m iven,in
Secti on deycahansement ok fedrmireand ainipé i, poth Bjman 2nd pon Sof
whieh 143 gi ven | n Camaltions aid diseasosiwcaatioy theetiods oé&nmqsbect olﬂﬂﬁ: present
condi ti oned ste avers kno st and
Cont | beByeoh eftag iy BPadific S difeate ey S Rene Y fm Fpanc A or SHERGHT
of EPO. CThuctions ﬁcahmlds&fkudrﬂlwtﬂmlmdud&)dxborﬂyrsfoﬁ the deaa'almemgouscsyamsnm ate
illness vvith noe til S avoi d 15
20 25 30 3™ G B o S0 et brieRfforlOS iebfiSsifh, Aftisth, 2V 0 upon
subsequent atrtemmn rdoﬁmt bypayadtivity mispedersaridaognitivE sfunotodny d@ﬂlbhmmhm1mgit

20 examples of cognitive funcﬁpns which can be enhanced using the methods of the invention

are described in Section 5.3. '

g.-.

In one embodiment, for example, an EPO molecule may be administered to a
subject or patient who is suffering from a disorder resulting in loss of cognitive functions,
L such, for example, as Alzheimer’s Disease.

(»--; 25 The ability of EPO to enhance cognitive functions can be tested in experimental
animals using any of the methods described herein, or any other art-accepted leamning or
cognitive function model. As described in the Examples presented in Sections 6 and 7,
peripherally-administered erythropoietin was discovered to enhance learning and cognitive
function as demonstrated by several well established learning models in normal

30 experimental animals. Examﬁles of such learning models are the Morris water maze test,
an example of which is given in Section 6 and the conditioned taste aversion (CTA) test, an
example of which is given in Section 7. In one embodiment, for example, the conditioned
taste aversion (CTA), a very sensitive, well known, standard test is used to test an animal’s
cognitive function after administration of EPO. CTA is used to test an animal’s ability for

35 . C . . . ) .
learning to associate illness with a novel stimuli, such as taste, such that the animals avoid
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a variety of cortical and subcortical |evels. The association vh3cBCii 03
ascendi ng and descending information together produci ng aversive behavi or

- can be ei ™Rp0/Gliéenuat ed or strengthened by changes affect PAYURAYIH? t he

¢

i nterconnecting units. As a form of associative 5 | earning, the strength of
CTA is determ ned by a | arge nunber of variables including novelty of the
oral sti nulthe nbeelgaste upmn-sxbvezjuest terexposura nathc noeciastiamdi. VET A inosides therteaih,at

degree of "illness: produced,(toxicity), -qunber.of r ti.t.ions (f.raining),
oo e Tng AAmPaLar oeRfioR g SyticbRitef bdvkls, e Shisflon i i BeeddinE bl 1Y)
of chemi ?:alt%eQMdiﬁﬁlwﬁfmhtiagﬁnggulec @rbdqgingchweshle’behhﬂoﬁgﬁ?%e:idﬁpaﬂdﬁmef T(r
manner, lithiumc ride reli . ro es mual ai se. and. anorexi a. Like a
nat ural 1y cienetenes by haness affectifie BV OF H JniEtcoRnecHRE RIS AR Igrn o 2ptpstative
pat hwayss del&ﬁﬁix??ﬂ:e%_ﬁﬁﬂ@h of CTAIE digerinihakby#lak@d wafiber dFvhddBlesRiRluding
exmtabl e cell uF@tGl on, 'f?.li exanpl e, cognitive fungtlon,. %ffera_, nucriﬂarous
benefits tMAVAHY Of thgarad stimulysdegopponrnoysk stimuplycannok be avarsisehrsnditiongd), o
enhance ”‘di‘:g?ééidfi“ilmeﬁs? bdicad Qt@ﬁliig%&ﬁﬁﬁ)eﬁ@ﬂm?élmsr(&ﬁiﬂg@; countdring drives
9

METHODS FOR PROTECTI NG EXClI TABLE. T E F NJ | p anot her .enbodi nent,
the present(spehasthrgiho names 4 fow. o4l | eﬁ@?ﬁ@&l%?%?mcﬁfﬂi@ﬁ%‘?l AZERR A

from Safj hol pi\s%ho;am il Hdodet SPehddri 'hYarﬁlEr, @Mﬁhﬁ@hlcﬁideirléﬁdlﬂy Bd%f;@é?ﬁlhﬁikc?agdi S
provi ae y aamnisterin a nma peripnera route o . -

adrmi ni st ’r‘gtqnewxaqq %a H%‘%‘%g’ %cywnﬁ%ﬁéﬁ fisbhugn padicesa FgAp‘?yoft@E'cﬂaflﬁé the
excitabl e thagtfiysdearibbdhbeve, inchidih® cpORiNe rétbasdet ai | in the exanple in-
Section 8, below, [EPO adm ni st er.e vance of the_toxin kainate is

i n .
mar kedl y neur opr ot geme of pxeita ’P’é‘a ction, fonexample, spgnitive, AmcHpr.ffars ng

“deat h. The.gunid@stisHRhexie & indevidhdle ol theRQuiBiohal'aad vaiHl enbirdingdm] 4RCto dnhahce
~not abl e th;il thiaﬁposmlve eafects 5 seen heregin occur within too short of
a time rel 46§ Fhpdoirm R By m Oto be a result of an -

i ncreaseid n hematocrit as a consequence of the erythropoietic activity of
EPO. Furt hernore, not | _ e L pyvention
conprises an EPO @x?rach |%%§%§S£@W@)w&§§ﬁ§%wgﬂwne
enbodi nent, the present i f'on may be used advantageously both in 30

t he acute and chroni ¢ prophyl axi s d treatnent of peurql ogi cal disqrders,
as described  her aRfRolrEmbodiRisEh aePrESTRITIPROR (hHACISH QPR RmEHORPT or

t he di seasgfoteétitigh mAainiad freth pabelvgy rebaltigaronn thjdgablexcitabhetissass Protédion

central r.vous, temi.s a.serious and .often, .l ethal occurrence

Ceaponsi Bf & Plavide Ty amiSsRa it & Raming B2 Setiehrg) fate SAM it aton an pmop.

Acut e neur eifegjithbpoiddneffectiveyto pemitet theiexoigblenisag florndnjulyt. Al is showt Bdetail

convul sions, 35 epile .St g qk r r.hage entral neryouys .system.

Ty by A iee il R e & Dan PY S d i BrorR ot b8 el 0010
markedly neuroprotective in mice, raising seizure threshold and preventing death. The
neuroprotective effect EPO is large and is sustained. It is notable that the positive effects |

¥ 25 seen herein occur within too short of a time relative to the administration of an EPO tobe a
el

result of an increase in hematocrit as a consequence of the erythropoietic activity of EPO.
Furthermore, as noted above, an embodiment of the present invention comprises an EPO
“which lacks the ability to increase hematocrit.
In one embodiment, the present invention may be used advantageously both in
30 the acute and chronic prophylaxis and treatment of neurological disorders, as déscribed

herein, and in enhanced cognitive function of the normal or the diseased brain. As noted
above, damage and death of neurons in the central nervous system is a serious and often
lethal occurrence responsible for a high degree of morbidity and mortality in the population.
Acute neurological damage may occur during or as a result of seizures, convulsions,

35 epilepsy, stroke, hemorrhage, central nervous system injury, hypoxia, hypoglycemia,
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hypot ensi on and brain or spinal cord trauma, The present i nviepthon 20Lavi des
for acute administration for the treatnent of acute events. In one

- enbodi mrentwoforsilékanpl e, the nethods of the invention my b&CT#904e019

o~

protect a mammal frominjury resulting fromradi ati on damage to the brain
5 In anot her enbodi nent, a serious condition treatable or preventable in

accor dance ﬁ&%&yteﬁsh_ﬁl RHESEIH or PHRADErAIrausnal THEWLRA HivAtbrl roHdeE fir aclheUt €F O

of prenatal poxic conditions, post-birth treatnent to protect the brain
f rom hypoxi admifjisirajion fak the tegtmeny, of agpteeyants- .as wel | as in suffocation,

drowni ng, and ot hefy Gﬁaeinﬁabaﬂﬁcn\fyﬁefé%aﬂxﬁ;gq%&ﬁfemoﬁg ofﬁ]%rixvéf&iom&ﬁgé a4

ri sk for neurotoxic danﬁge as_a result o xygen deprivation or exposure
to ot her nebFaiechRimamymphiiom inasy resulfiap fronm tadtationrddimasige tathe brtio. suf fer from

hypoxi a guring | ab?%?n%ﬁflla‘?g?oﬁﬂgﬁigg _c%%igﬁﬁge?{agﬁgg?%h&b C%irdent s or

incidents may suffer a ong neurol ogi c de XIa an
cessat i on ofccordasey withghepresentduyentiph is-proplylaxis exd trpgmient inauem afiprehatalng

surgi cal pr : ) ' ' i . .. | Q@i c
Gof ot 6RO R SpdRbiiRedmEh ) robreliie biith b BBic Y Siht
fol | owi ng t deringshirthf asawelhasiint sufionafiona dhiwning, and otties conditionsowhereimythe bentral
nmet hods proyj i . . -nre t hods may .be applied
[0 the t F eolerdbus et far Rk KGRI G ifaes AT LREN oFRHIRA AciManin PP
snoke™ i nh@l expioswre t¢ athenoeuretoxéndtivatilireAs is Wl knevn dndividnals vticesitffer frosh ac

ti ssue fromg.nj . Ul ' edi i nf.arction, i.nfl.ammtion,
or trauma. %W&éeﬁna gaﬁ%{igﬁsﬂ‘f i g%Hdgggerr% eogl '@ﬁg%xdga?%ae&sc?rt'gﬁ'ldgmf e
treat abl e isnffeaedifelangnenraiagic defisitp Hpenta dndicrctssation éfeerebralisload flow, which -

oror gency sy DR RO RRARL o Mg Miral G ek Bl 2l sl g S8 il

soon as susysucelogiceefipipt enti al for neurol ogi c damage is ascertai ned. Risk

reatmont® or The CPRIErR IR &SRBt S EBRAY BRI LR £ 2,

rrn

and si t uat i keast-Wang maphine caro glsio Axsatable bmge gicthdds pramdedhezeis. Fafthicnmre,Che
DELI VERY Ok gg)}{]F (O EL'N ' ' IS . directed to a
met hod for Faci | tat_iﬁﬁgﬁ;‘ly ﬁ%’ 1 gﬁﬁ;{o??l%Ble%t?ﬂ%?ﬁ%l}l@é&faereég{%grroannéaéﬁchot hel i al
cel | barri erongxide paisarang pysmeoke inhalaiéeri.ng a conposition which conprises
the particul ar .mol il ShdrRnfboa R tERY id¥ide apai.Leti above,
the inventors herein i.séovgarg tr%emf]tgrlet opé(?éyoﬁjéréxpeca?tgg%né&g&%ﬁsi ng
act i vi t y2®fsusiginef gneipg ischemipiniirstion. doflepation,ox tlaumd! e ti ssue, such as
nervous tissue in Th&eGehélimi éé&i-h’é)l ot daiag | S
system or heart ti s_sSe, {lder%ﬁt?}% ng Pééyas a %gﬁﬁl\%ﬁé‘g??ﬁ%lf%%y%ﬁﬂ 2003

accordance with the present invention. Acute and early treatment of these disorders may be

carried out by mobile medical emergency health care professionals such that treatment may

be started as soon as suspicion of potential for neurologic damage is ascertained. Risk of

L 25 neurologic damage induced by labor may be reduced by prophylactically treatment of the

fetus before or during labor. These and other utilities and situations will be recognized by
the skilled artisan. '

523 METHODS FOR DELIVERY OF COMPOUNDS

30 . . .
The present invention is further directed to a method for facilitating the transport

- of a molecule across an endothelial cell barrier in a mammal by administering a composition
which comprises the particular molecule in association with erythropoietin. As noted
above, the inventors herein discovered the heretofore unexpected and surprising activity of
peripherally-administered EPO on excitable tissue, such as nervous tissue in the central

35 .
nervous system, the peripheral nervous system, or heart tissue, identifying EPO as a
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PCTf US00/ 10019 nol ecul e capabl e of crossing tight junctions Pép&ﬁh
excitable tissue, such as the blood-brain barrier. As such, ' ZQ@eful

-as a carrweroofe@readel i veri ng ot her nol ecul es across the bl od¢T/HSM1§0Nd
other simlar barriers In one enbodi nent, EPO receptor binding nol ecul es
conpri sing nol ecul es 5 conjugated to an EPO nol ecul e, may be used to

transport thQege QL ﬁﬂd& %?E&gxﬂéﬁgﬁthﬁnaioaeefsm@xa&ﬁé ﬁss%e su'e‘HfaE ﬂﬂl%ﬁ&'tﬁﬁm

can t hereby piggyba delivery across the BBB. 1n an

enbodi nent , baaneranets sushy EBO inusedil asiapartiey fpudalivering Bﬁiﬁhéwllﬁ@llbé @r@sahie bleod-
associ at ed i, (q,. ijllglmg& EPO receptor activity nodul ator, thus
associ ati ng t nol ecu e transported by noncoval ent bi nd| ng to the
bi ndi ng part ner win ehe embédimente EP Quregepterchindiag maleculesmomprigingooelesbles EPO
ol ecul eg | I gg@g ng
ant i bodi es ‘?’3 e@béﬁr eceg@gér&{ffglo s%ﬁ% #00r tﬁeﬁﬁ{eogﬁﬂgﬁ)&ggéég?ﬁﬁg eloéh
Such ant i bdateinbaprayiSiehanalewrespan therely piggytmek oh EPQ foridelivery lacmss dx: BBPR.

hi t chhi ke,

receptor have Etﬁgﬁe@%ﬁ?ﬂ@ﬂglaﬁ%ﬁgg«g 36%%?3%4 ﬁgggﬁﬁog&g&al A % cf’S'r%:‘lge et
al ., 1991, dSsdciated mﬂ:tEBm,srpmrithmEaﬁ rééeptortactivignspdulaton, nlma:eqsnuamthdoody

gg; 0 u_?_ﬂ et 2%1&{&3%@% t$ #?gr%ﬂ.%%ﬁ]e{l Sg ancoWal@Bt ?ﬂldmgqg %Rhmg ']:J?HIricr WAREAR

i ous’ nean associatrng
mol ecul el vassdriatEdP@ichrtte tramspotthlde E’P@bmk’.cdhs clni dpethenbmbeodinient, diRQt@nptor-

I d f
the_ conpost ingRE faglbcits FRRine drtbblERt BRE PRy AHAL 46 ulceul OF o EGRT ©
Associ at i ordesérited herei| Smch/wthtEP{pmdieanmrmgm rmyleibm &dninhemmi mtylecdnymay

(one. erpocieper B L8 B8 cfiondUERRbGN GhoRanditmRvccorlliiile pELE . 1

t ranspor t edssed togain abeess bcxoss tbe blood-triis (Bmylridgﬂagmheﬂ 9911 Belective trahspioid of an

oYl STy eSS P Rl SERGH 0 AL OBy,

_ bi oti n/ avi diheramtZt: £6).i ons may be enpl oyed. In another enbodi nent, as

menti oned above, ! ﬁﬁ’“ DR Yre

synt heti c neans, f%@é@gw#ﬁ@ ilsf3 | nc:BS %(ESE& J(iomal ng(r)}?glte%t?les with
mol ecul e WERD aa@ﬂresuhmpmdmcagﬁéabomby wwa}er&mntmaleabmd atheempsans:i bl e
for EPO recgpf, t Hagaralt %ﬁﬂll]

EPO or EPO rec‘g%%ogg ég‘éﬁa%/ﬁ? Lgh‘f%? %P ﬁh%b U%)Iﬁ ct | ona dePinh

mol ecul e20 |exa¢nmanng$mcﬂss§mnon pﬁmlercnk'ém Qge@ahfdm may bmclnmeqdrﬂvy
"pol yfunct '39, HundRE 6F Hefns, FRERTRARBAS, oaoila&lﬂxﬁang%mq fan group

that can re ct nore than one tine In successl on, such aséform de yde as
wel | as no| esehoidiment;, far example, &nm%w@on beloveen thegnolepule pe be sansprEed Aeross the

term "reactyyGerFnad'ie etérPIr etirpmﬁy bE Hﬁéﬁxk@@@&leﬂr&&lﬂ AR BE c45E AStrboldetle iShat

reacts with a functio | ecul e (e-g-, 35 peptide, protein,

up_ o
car bohydr atreleas‘pdcfr@n@smxaaon yaﬁhtﬂl% EPQrafgﬁr grossingdedarner: | Inaseiegbogiment; | - 15
(\1 3 OCT 20030 ARir5ihidPsbtions may be employed. In another embodiment, as mentioned above,

a hybrid molecule may be prepared by recombinant or synthetic means, for example, which
includes both the domain of the molecule with desired phanhacological activity and the
domain responsible for EPO receptor activity modulation.
A molecule may be conjugated to an EPO or EPO receptor activity modulator
30 through a polyfunctional molecule, i.e., a polyfunctional crosslinker. As used herein, the
terim “polyfunctional molecule” encompasses molecules having one functional group that
can react more than one time in succession, such as formaldehyde, as well as molecules with
more than one reactive group. As used herein, the term “reactive group” refers to a
functional group on the crosslinker that reacts with a functional group on a molecule (e.g.,
35 peptide, protein, carbohydrate, nucleic acid, particularly a hormone, antibiotic, or anti-
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' CT/ USOOY 10019 cancer agent to be delivered across an endoth |3aQ gelzp]
barrler) so as to forma coval ent bond bet ween the cross-1link IQ

- mol ecul e. Wipaoteersm " f uncti onal group” retains its standard hETAGSMeJOPTY

C

organi c chem stry. The pol yfunctional nolecul es which can be used are
preferably bioconpatible Iinkers, i.e., they are noncarcinogenic, nontoxic,

and subst antdafkdr¥iger? 1688 dbIBIEP §QBECan] dhdbiéRal Rl baksEFLd &%'foﬁﬁ 3%%‘:51::&1#8&2;1
such as those known in the art and described herein can be rea t est

in ani mal ndyEveenithe esElipkssand thatmaelecide nhhg tepn) “fenetionatigsoyns) rytam:m sandard
mol ecul e s QREREGSiRVYardi éﬂé?:ﬁ&ﬂr?“?he P&%ﬁﬂéﬁgnﬂ%&b&lestmcﬁrﬁﬁﬁgcpﬁ gt i onal

nol ecul e” refersto a nol ecul WO reactive groups nct1 onal
nol ecul e mayPreferahin kipepmpatibie h@kﬁs, igr thmmnommmmc ngptoxic, and substantially

par t1 oul a1y R AR bEERE 1 *"“’ﬁe"“ thiioh! oS nkRulh oSO RRARR M Bk arf o °
sol ubl e i n Wigsestbed bcreurh@ancbecrggd }rwﬁﬁedgnmmmdglsmdmnmne theinbjivcompatibility.
sol utions sugh L@ﬂu&tﬁﬁuﬂﬁuﬁﬁl@hy fe?&éup%gflﬁ&g&aﬁt Aphke%h;e ﬁ,lm@@gn{ or the

resul ting conj to remaln er so or nore ef
bi o-di stri bu‘blfmtlomgrlpngbml ! refens tp e imdiesnde withawo reastive gtosps.oTht bifuhgtidiahds

th t |
ol el eq. r delBbulEoay b Réotscuptbfa) 8F Bomgt @Mbrioh A RlierobiufQiafl el fipfer
or  hydr dfylallgws fyrrectariel camingationaltds pamculadymrdszmd fqrmheepnlyﬁmcua'inﬂ molecule
homobi T unct yQBelusfBleffiy bABLIRAN Srablr thEAS brdoMhinkfikholBnl HELLONALLALAUPS,

which are the s unct 1 onal “grotps ona
mol ecul e i selutiges suchas exam!pbes SGHMWCMPH @tno8,a0d lfmahesetsalmmmmate

B e i A e Tk

cr oss- | i nki mplerpdagovatently bgnda)wh ap pmidyy ersmssitihydtyl finctiong@rems cHag@ver,
1304- 130
oater unis PEHdecHbRAIRMIEANE deaotie B SLL RRcigd B Bh, uBEa o4 eﬁ??a%f

Some exanp| dydrosyl growps, Rresgotemplated i thegresent inventiose di succi ni mi dy!
ber at d dith
suberate and di 'fah%r% gﬁ%ﬁk&dﬁ H%iecﬁés%%o tQQ&Eﬁo reﬁ&ﬂ' dﬂﬁ%ﬁor?a?

bi s-sul fonic acid onate salts suc
pot assi um sayhieh arg ﬂ@s‘@M%FIbEWWF ifanstipnal eseppston aahmdnﬁmbam@ mqucrmlPl er ce,

Rockford,  bAdiideOos ex @e%&@i{ﬁ‘& fahaa@éiver@}k& \ﬂﬁo gﬁlp{; f55h two

different reactiVve_ groups tive groups erent

. functiongP glesyles havigg alds hﬁ%femouaﬁmph@e Oe3aP pr&lutamdmdem subaraldeiydsno

di fferent foge hgao(flagluﬁfa@aamé Bah cfogﬁﬁmcwgfageﬁt%sf&&%sw sﬁ %%&sfeﬁ f{ﬁe

het er obi functi o cross-|inker are usua an am no
epsi | on ani Reiegrects3, 3304-1306 (1884} E@pﬂh@g}cypn@m@lpcul@glyvmgtaiécqshm acgm:up
of cystei neest@r RS Pt d &t&@bﬂdlcwxyllémds AN ;M}oﬁyﬁmgi&lﬁﬁear Shife: les?

a hydr oxyl ou e.g... e hydrooxyl”™ group on _sefl ne a reactive roup
of a heteroBf wﬁél-ﬁwmml exBrsn e disuocanionvlsuberaisand gihig-bis-(sycciniiidyl
group, ths ggrﬁd;ﬁféy AMANReiYddlhble Biabdl nREacharft Bid Qubnatd L8 sRAYL thil Sodidh WO

and potassium salts. These homobifunctional reagents are available from Pierce, Rockford,
linois.

00161164 13

The heterobifunctional molecules have at least two different reactive groups.
The reactive groups react with different functional groups, e.g., present on the EPO and the
30 molecule. These two different functional groups that react with the reactive group on the
heterobifunctional cross-linker are usually an amino group, eg., the ep’éilon amino group of
lysine; a sulthydryl group, e.g., the thiol group of cysteine; a carboxylic acid, e.g., the
carboxylate on aspartic acid; or a hydroxyl group, e.g., the hydroxyl group on serine.
When a reactive group of a heterobifunctional molecule forms a covalent bond
35 with an amino group, the covalent bond will usually be an amido or imido bond. The
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PCTI US00110019 reactive group that forns a coval ent bond wi 1h3 ﬁj;}]a? ﬁg
group may, for exanple, be an activated carboxyl ate group, a g onyl

‘group, or vamomemieds group. The preferred hal ocarbonyl groupPGEU§00/10019

(

chl orocarbonyl group. The ester groups are preferably reactive ester
groups such as, for exanple, an N hydroxy-succinimde ester group. 5 The

ot her functjegaple E6&Rat fHBhS 8lcbvalbst WOl REth 4 dnfing |gr(ﬁprHQy for @fmempl e
of being converted into a thiol gqoup, or a group that forps coval ent

bond with aa%iNaEH caberyate grorp, adg cevhpnbbgrauworﬁﬂsgtarampbéhapmf%@i her
bond or a difslafbdi§1 grbip 1sr§él%§o\é§rb%ﬁ otiflathe dsirBor swa%eeéﬁmgqe tweteeteﬁ

thiol group may, for exanple, be | e bond that reacts
groups or aSTOEE&Wh@%JOWP@mPﬂ%@ENN@'@éﬁtsp‘écémgﬁ%%“@cﬁﬁ?@ ning a doubl e bond

10, capabbe of  eacihItinét o gRupdy iy 1s3ithi% O B8 g6 Ehpafll fouan

ot hers, such as acrylo nltrl 55|b e.
group nay, Yeing mm@ntmﬂnolgromp: G)GII‘WH ﬂhﬁkfogﬂ%& 90‘@131& bond with a thiol group.

5,5 -dith

et er obi  unl) SyajeafbrdAnRizduty BE% fioihel bnd B IRIBHRE i lctive gropp that
N- succi ni i fgyhs 8coyaleny pendiyithei thipl gyqupapis denexample; be 8 dauble bond that yemts

Bi ochem J. : .

Sect oy Budietodet o ap 30 Efholio, 4 repctive grqup containing a double bond

4- succi nlOn apablz o wea altlphhgmpwb@ znqéglmléwwupsmltbpugh othets, such as
N-succi ni m lgxnﬁ% m&gébggml@ R) RLARWidifrad gtoud g%;@ﬁzﬁn nse géarm' es

of het er obi I onal rea - conprising reac groups doubl e
bond t hat rwaldykhﬂm growp oha 815° -@lfbwpblﬁ'r@imm@cm& peihgreup. $0(m£xalnplcs of

mal ei m do ) Q.‘I}’.‘ / : )
e eSS sl SRR AL BN B Bt N psimicy
succi ni m dx(ﬂ-wndyhduﬂeo)prwm@mama@ma 19 T% Bieshemd.gl43:723-737), sodium 5-4-

Cycl ohexine) L ApIRERb oot R e rpithy m%@gﬂfﬂy o 4%‘%‘;‘3%?‘ R

ester. The aénhamm@b@mw@v@l@w)tolmes dNEsRaginnily! dldighipemamtesi s
preferred. &Jﬂse eﬁﬁﬁlé&%aﬁrreégeﬁg%apﬁeﬁg rzémfveaggﬁms%a@ﬂg
their sulf naesats are av able fromPi erce he nee

above- descraclwblq:lmjda@asmt&wtbethleb@pgpm@dsrswa@méﬁrfhmbe read| ly

det er m ned Lhr@lcarbo)y/ Mtk HARLR iy e nl-Balcd@flidoBeN2datdd fOT
both the Er%}ci)mﬁ.‘gggagth# ?%%clﬂi\%l ty. rr%aéul ation, activi ti(d%and for thg degﬁfrabl e
&hﬂ

phar nac Abgi cal ae ksperopifundtiopalagalecyss wiclude sheeanipvdy Jroperties, its
sui tabi | it \nBmidi§sto Bi%n&te%&fésﬁdmmvm 4@:—&15]@1113@0%8@1%)&9&”0' ecul e

requires separati o ffomthe EPQ for activity, a bil’e bond or reversible

associ at i orsulfpsuscimpujdy} 4{(Nypalgiidemsihy ks cmaexaaa Il ‘PVbe?%lﬁtﬁct eristics may

al so be t gaiigthilSbeASoyl NP aosly islicithinife BHAC T %saiuhﬁilﬂfoaaﬂe%au bYQuécﬁﬁﬁ:hd}G
Addi tional infornmation regard| ng how toorfrﬁ,ée and use ese as s ot'her

pol yf unct i dratraleipudphenzoatinis peef @?YWB??%W&’?MBH%&P&WS or

(others ami E@é&h@ana%di{kuli’ﬂﬁaﬁrsﬁltszQ@h{/aﬁﬁi@lbﬁ&m@ﬁercelg?S Bi ochem J.

173:723-737; Cunber. et at, 1985, thods in -17 130CT20U3 WO 6116
The need for the above- escr?bed conjugated to be reverLsxlable or ﬁlg{le may be

readily determined by the skilled artisan. A conjugate may be tested in vitro for both the
EPO receptor activity modulation activity, and for the desirable pharmacological activity. If
the conjugate retains both properties, its suitability may then be tested in vivo. If the
30 conjugated molecule requires separation from the EPO for activity, a labile bond or
reversible association with EPO will be preferable. The lability characteristics may also be
tested using standard in vitro procedures before in vivo testing.
Additional information regarding how to make and use these as well as other
polyfunctional reagents may be obtained from the foliowing publications or others available
35 inthe art: Carlsson et al., 1978, Biochem. J. 173:723-737;, Cumber et al., 1985, Methods in
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PCT/ US00/ 10019 Enzynol ogy 112:207-224; Jue el alL, 1978, Bi ochge CT. 2003
17:5399-5405; Sun et al., 1974, Biochern. 13:2334-2340; Bl attIeP gt %H_
- 1985, Bi ocWéit/62n641517- 152; Liu et alL, 1979, Biochem 18: 6F-TBO00/19619 e
and Neville, 1980, Proc. Natl. Acad. Sci. U S. A 77:5483- 5486; Lerner et
aL, 1981, Proc. Natl. Acad. Sci. U S. A 78:3403-3407; Jung and I\/broi, 5

1983, B OCh@mzyerlh@SWBlZ 2072047 Qike 4467, I@a&llmb&le% qt? S%J99.54b98§u?] t k t .
| TakKe e a

81:7772-777 St argi 22 ¥ l%l l2 Bi ochem 21
1979, Eur. RérA34-2464: Blagles goal . 198, Btﬂ@he'@t 2431517+8%; Lig et gl ok
92: 1413- 1423,lodﬂehpmwad-s@ze%uzel&mﬂeﬂne 1Bke) Pro&?h@m £24: 3370 iﬁﬂn 5'38%' ck

Lornant and Fail rba

et aI 108 Bi ol e 62: 8483- 8487
Bi og"s‘ioher?afse’ gl %%ﬁ%l‘@ﬂdA% Stio U.S 98 778:A#3-340% Ringendrvioroi,

160- 483 488 8 | by
met hods of é??;?lllﬂ?ﬁkkﬁl (r;m@%hryg égtaﬁg Imaéjﬂjgggﬂﬁgl ? éﬁ%&gﬁgg%% %% 4
h
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above- descr i #pdosBohiotssiinite ePARADEL! L Bodibm b@mgﬁ 93848 O,Ophéﬁ(&{& o0 W&bﬂdﬁe

but are not |imted to the blood-brain barrier d-eye
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barrier. 15u(ARdaks 1996 9CMdBioRr1 049! ha?x?z{&sa\?\xg%}%ﬁﬁd?éﬁ Ay, cel!

barrier |pclude, for exarg or nones such as
- medrotr oi) i BiochemoHe0):483148%; and Hashide, 198¢i k Applied Blethm 6566 sAdditionally, y

Luded f

¢ i ophar nenpUe opabOlifide ACTelcnal by Mt MRy PR, Bfoconjugate Chem
bi ol ogi cal | }2dek i Rasrierg avhieh al'eGFFEFIS%@EGE|aba‘r%desanb|e¢mth0damrkcomgmmm of the

(Non limti r}g‘c@ﬁ@ﬂﬂleﬁﬁorpfncﬁlﬂe lﬁumtagﬁw:ﬁﬁed “brdin F le %(fq Fge;ve

growt h factor (NGF) brai n-derive neurotrop |c act or
neur-ot r ophi @arfigfe thsrblgadrtestes barsist, dhe blopdiovary thagiasyend the blowd-{lbe6E) barrier.

transforrg ng  gr owchndiast %olé%%ies(fzﬁﬁﬁtséén mgﬁ&%@gﬁe% i rii%&ﬁﬁe,'at%r

(TG-P2), transform.ng growth factor
i nt er| euki rfXgmpje, Rermens suchsas gravth hﬂmemcuwtmphﬁczfactomamtboﬂwm angjfingals

tumor necr gkl af MothornNY ek BRHAPEURNALE Bl S BGREL ecuf,@u&} ¥:glL osporin.

I n anot her enbodi nent, reconbinant chinmeric toxin rrsing EPO
can be used2figph WP%HS%@ tigensedangs, aibodisy Ba%mstdmohgmalljaawwmdgedtssor der

or prolifephbieutita3RaHE hnti-2htider ASentANGS- hlgﬁﬁlﬂf B&iﬁ’lﬂﬂ?sts&g‘x Eg%?fégﬁfe‘é inc ﬁc?e

to EPOt con ruct a chimeric oXin sulta

but ar e harmope, nerys,gre to5 RIEE), beaintdepived neysatseplierfastor (BNﬁ)pm n,
di pht heri a il Reurdtiopiiit ¢4 g gﬁﬁﬁ @@?

degcrl bed gbg*y ethedlizﬁ&)? dfor(osmlg%tls@g?\%bl t% o% el ruse pro"ézled
herei n can &% B“’fg @ggfﬁﬁﬁnﬁ?@v@&ﬁ%ﬁhéﬂt@%@F@)nQﬁ#@mﬂhgm

condi t i ons factbd B (TGEY) HedrieuRint 18 tteRekid 9%&1&&&%%%@&%%% 'E‘ab' e

tissues in thgmﬁentral nervous system 18 1 3 OC T
es against tumor necrosis factor, and 1mmunosuppresswe agents such as

Q ; 25 cyclosporin.

In another embodlment recombinant chimeric toxin molecules comprising EPO
can be used for therapeutic delivery. of toxins to treat a viral disorder or proliferative
disorder, such as cancer. Compounds that could be fused to EPO to construct a chimeric
toxin suitable for this embodiment include, but are not limited to, toxic substances, such as

30 pseudomonas exotoxin, diphtheria toxin, and ricin, among others.

53 TARGET CONDITIONS

As described above, the EPO compositions and methods for their use provided
herein can be used to treat and prevent conditions arising from hypoxic conditions, whlch

adversely affect excitable tissues, such as excitable tissues in the central nervous system
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| ' 'CTI US00/ 10019 tissue, peripheral nervous system tissue, Tod BETd2M3 tissue
such as, for exanple, brain, heart, or retina. Therefore, the invention

. can be usew domileseat or prevent danage to excitable tissue PGREYBANIPNG from
hypoxic conditions in a variety of conditions and circunstances. Non
limting exanples of such conditions and circunstances are provided
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--and danmage pt8erindifhdridl inShifsia, HBhEGEfRidning) M§BcorBsstish Qirtbvérisid ed

to macul ar generation, retinall detachnment, retinitis pignmentosa,
arterioscl @69¢@m§{m¢i§pat hy, hypertensive ret| nopathy, retinal artery

bl ockage, retinal g@kfpdthsle ﬁgeesujm?(ﬁcﬁﬂém&blmmwamgéﬁ.@nﬂbhy I'n
anot her enbodi ment, the nethods of the invention pay. to tect or

35 treat impignsp disos rﬁ:.Sth A3 SRHEPE CARYWHORS PRGRFORE S&%Hqﬁfﬂfgclﬁ . -19 WO
( QO 16116451 yRafabik c6R8iPions and diseases include diseases such as stroke, multiple sclerosis,

hypotension, cardiac arrest, Alzheimer’s disease, Parkinson’s disease, cerebral palsy, brain

or spinal cord trauma, AIDS dementia, age-related loss of cognitive function, memory loss,
amyotrophic lateral sclerosis, seizure disorders, alcoholism, retinal ischemia, optic nerve
damage resulting from glaucoma, and neuronal loss.

30 The methods of the invention may be used to treat conditions of, and damage to,
retinal tissue. Such disorders include, but are not limited to macular dégeneration, retinal
detachment, retinitis pigmentosa, arteriosclerotic retinopathy, hypertensive retinopathy,
retinal artery blockage, retinal vein blockage, hypotension, and diabetic retinopathy.

In another embodiment, the methods of the invention may be used to protector

35 treat injury resulting from radiation damage to excitable tissue.
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PCT/ US00110019 A further uti lity of the methods of the presenéJ rtgem} on is
in the treatnent of neurotoxin poisoning, such as donoic adi @ &h

* poi soni ng,wadastleat hyri sm and Guam di sease, anyotrophic | mﬂasoorloow

(

sclerosis, and Parkinson's di sease. As nentioned above, the present
invention is also directed to a nethod for enhancing excitable tissue

function in a mamme funhepetili) ATt nmREHBIS oS the Présent latermﬂuetﬂﬂret}é%heﬂﬁof
di seases and condjtiqns_are anenabl e to treat ment using this nethod, and

further, thRTROKHGRPITANIRE s¥ch asdpmeis psidshelifishpoisoninge neyrpiathyism, memm

absence of diasuse CaRFtidpRit 1RterdisSRARKSS, af[dl‘?ﬁr%uid&?% ditkadehe present invention
are described in further, detail below, and include enhancenent of | earning

and training in bot'}f TeERieRehARD Yo theriIRsEHt InVentinarsalse dircetedite paweshe for

di seasesst r §aaé hersioRk 3,2% rEf‘ﬁhﬁ’iﬁ-nfs'i"a ofnvention
directed to the ggﬁfﬁéﬁb%ﬁ%us s;?gtne?nh?aﬁ%lﬁﬁ HPE are not |mte to nood
di sorders, ¢wirerqjety. sYanmssisegsgsandsopditions are smenzhle tntreamedtasiog this .
hyperact i V'ﬂﬁﬁﬂﬂsﬁfd%fthetaﬂus ﬁx@ﬂi?)‘dtxh tgefdvﬁ;t th[ﬂﬁgbﬁ cogxtiger f Roh ea1§§§H€J ot

from enhancenent’ of neuronal function. reat a
accor dance ataenditioniasdisenssgFhese uses of K@I@'ﬁtent invemtiom ase deseribed én Sty detail

di srupti on, %am SanthEe c&aﬁﬁepn@.grmﬁemgtaﬁ@&sm{gﬁh%ﬂﬁh&héﬁm n-human
subar achnoi d and aneurysna eeds, hypotensive ock, ‘concussive injury,
septic sl’ﬂ)clnammﬁaphyl actic shock, and sequel ae of various-encephalitides.

and meni ngi tides, ﬁﬁ%ﬂl edsONRERIBIY B Y ge é’tﬁo@éﬁ 'é%t%?ﬂg: present

cerebritides such as upus. er uses 1 nc pr event
protection mvmﬂomil@ewrlrtgﬂwen@elrmrswstcmﬁu@sbmm linoitetl ®Hmbbdi sh

poi soni ng, di%ﬁél@lw BROIdeA) defdoifdn! laRRaS Srrte ATNPEL Wftﬁheﬁ djsorder, and

scl erosi s, Parkinson di sease; - postoperative treatnen
i schemic i HMﬂQ*VCMﬂUQC%lWOW P@@ﬂlﬁ@m&ﬁﬂmﬁﬁmsﬂb%lcbmemrofmemomhﬂmcnon

eclampsigs A fUr t nefhogtRfieh noRsle i 8 rdzf.é'ea&g@unctlon JFALBdRA the

present invention_ 25 include mtoc er an
her edi t ar y iByengiogdn¢lade ﬂ%ﬁﬂﬁl@vpméﬁr era@lnlmleenamm apfl teavehrelased disbrders;

neur ol ogi CahbalSiRieend Meulysaf] Blecds 1y poR svH'éhHE tgaﬂéusgﬁ»@t@mf Ptg&ggﬂ@ke

Lei gh di sease (subacute necrotizing ehcephal opat IS ch
progr essi veangplsylagticsheek, andisevelas weﬁatwcem@bw@ amdlmmmdm ﬁommam;dmd

myopat hy. lddnnédlive tiskRBRasIRIAES b&@bﬁ@i&@.gbamrl @t ﬁla&fe' previdtion
supply %Olé%h hlggh energy 30 substrates to fuel |sm of* excitabl e

cel | s. ettop fronz poisonipe by dighrotexins, syshi %dpepnr eﬂui ishglﬁsbmsq;mg,n a
variety of yeufdahendh)al clinpasese, A8 Jtﬁrmcq&efhleaeeb@m PYRENLEs %3%@5%' ons
u

adversely affect excitable | 55%9 excitable tissues I ncl jut are
not |im t ed®OSPeAbKe fraatmsat fop g ﬁgeéwtt%emw@mmm irradiatiowy sicldly selé m
tissue, an@rdpasdid Et:l §ia. IN addition to the conditions described above,

t he 35 net hods of t resent nvention are useful in _the treatnent of
i nhal ati on poi sonif rgT%lgpo xonditions ircatalig by the methodpefithe present invention
(/ 25 include mitochondrial dysfunction, of either an hereditary or acquired nature, which are the

cause of a variety of neurological diseases typified by neuronal injury and death. For
example, Leigh disease (subacute necrotizing encephalopathy) is characterized by
progressive visual loss and encephalopathy, due to neuronal drop out, and myopathy. In
these cases, defective mitochondrial metabolism fails to supply enough high energy

30 substrates to fuel the metabolism of excitable cells. An EPO receptor activity modulator
optimizes failing function in a variety of mitochondrial diseases. -

As mentioned above, hypoxic conditions adversely affect excitable tissues. The
excitable tissues include, but are not limited to, central nervous system tissue, peripheral
nervous system tissue, and heart tissue. In addition to the conditions described above, the

35 methods of the present invention are useful in the treatment of inhalation poisoning such as
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PCT/ U500110019 car bon nonoxi de and snoke inhal ation, severe sdt Bga[ @:@It
respiratory distress syndrome, and choking and near drowni nﬁ ta

- condi ti ong,/\fdletls4Cr €at e hypoxi c conditions or by other neatsr/UsBI0E19
exci tabl e tissue damage include hypoglycem a that may occur in

I nappropriate dosing of insulin, or with insulin-produci ng neopl asns

(i nsulinoma 5 Varipus .neu ' ol oqgi. ¢ di sorders, which-ar dto
originate ap "B{'(??‘lcgﬁf’g SP©, i‘ ﬁ@yag%r%lg VRS a%l f 5Byt gl|‘°’£1)rs’efs SP(PSIOme’
met hods. Chné alhdkmig am ke Srowning)i Ehrthmwondmbnsjwhmge:wme/hqummumidxmhsamdayf or
whi ch treat nt ?1'(“95‘? res t lnve tion. | rovi ded Ln de di sor.ders

rel ating t6’ cﬁgle §IS§'§FS AMARS ARG Bq e ﬁg?‘éﬂ V’\%L?gc st em
i ncl udi ng Qﬁ@pf@i’ﬁte&ﬂ)sirtg&ﬁ' msfulmogﬂwithmuhumédwmgaMp&emI(ﬂnsdléﬂﬁﬂa)t a,

chroni c seizure 1Q._.disorders he ner'.s as nson.s disease,
denenti & nenory | USQWSPW Qg ﬁi’ﬁ?réiFQIW}ggtf %ch?§|3 %I%gﬂ)‘?aée tre{rbr osi s,
t uber ous | S ekéifabRe t%suﬁirﬁ&lgi: &e Be&ﬁ&&ﬂ:y the ﬁfs&bg nicth@tﬂgl Chﬂfr@@dﬁgﬁiei&ﬁn which ]
supr anucl ear pal.s am di sease, enent i ri on di seases, suc
e e pong! PORRR SRS PGy Rl ved s Tor et GREPGRL 7 B prefpudEiion 1

Hunt i ngt on'pgovideddaciade ditydeyvelatiy 36 ﬂﬁw&ﬁtralﬁ'feﬂdﬂl& ispdierh antl ¥ ipariphedalaidiedus
at axi as, as wel| cjs Glles sel zur di sorders

de urette dro
such as epFYSgE WH“%%%FE‘%‘"‘% L‘?SE 8?%"%‘%? ‘S%E‘c?&%‘ B‘F"&F’H‘%F %We
cord tr a@maso{aeasmﬂmﬂ&f@dlsedseommns@n’s alsbasérmlerﬁﬁitia,nﬁbmoﬁj& e8] an oai@mw
e Lol SOk e e, i e e S
schi zophre @f@rcs§ﬁz€'sﬁﬁ@f1ﬁcﬂ€é‘ ipaRy( Gagh@dease, Btwe Dol BerdeitiL iphioflidSRASE! such as
e o b Slopabies 5 L Sk LR s 1 dmerca gere,
obsessi ve- » P8y
anxiety, pﬁ%‘oﬁ‘om&ﬂﬁ@ioﬁﬁi Fréiﬁn\&ﬁ@ atBda Ak Grbrataasy] abivel ha Gikés &clhiTeRrette s
el e arvdsaaty Eand b SEA i eon o AR AS SR S s LB S
include f I
Associ at i OBpifaildopd fresha,CADBIdEhéitias bliceldlisih auddm, crétuw i¥chémid, gbiudems, (DSM ,
the nobst current ver S|qﬁ of, which is incorpor herei,n by reference in

its entirefylonomig sqrdentisheh PeTPRR FRP Attt qhdinsgrapsy chiatric
nol ecul es afsankirssmagnaaﬂl: buaarehmt uiaﬁddftoscmiamﬁqmtscmzmdcu% disofdet,0Xi ns to
treat a pro I fer uch. as. cancer or, viral . di sorder, such as
subacut e s@lt&Hig a‘f‘?ﬁ g& éﬁéﬁyﬂ‘%&%ﬁh& IR JepRaReie S eRICTIRREARATI ONS AND
ADM NI S'EBABb@hz#G—GOﬁlﬁﬁl@@eﬂiSoﬁd&t pmﬁﬁcﬂwsuﬁﬁ&e uﬁeaizmdér@gmh:ty pandet i cs,
eryt hropoi etin nts br| aa%‘ { Ll es thr etin
r ecept or - bﬁﬁaﬂ‘?’é aﬁ’d’% g’l“?cﬂxr ﬁf ISOYBS%EIA@W 8?)"5%%% ain
eryt hr opoi ahd ﬁeurmlﬂg%nmtﬁdﬂmﬁd‘érs iacldd&3 Forommmpiee tisé Listed i therrhyxenhmn

i nt roduced ent.er,al | S | | .. rall

| nt r avag: nERIPARSE ARl DG and S G Rl oyl Bhsoiers ARG

_ _- 21 3 COCT nOciridht O€r56h bﬁﬂvlﬂfﬁl’iﬁlxﬁﬁﬁy&d’%d Gerein by reference in its entirety.

25 In another embodiment, recombinant chimeric toxin molecules comprising EPO

can be used for therapeutic delivery of toxins to treat a proliferative disorder, such as cancer,
or viral disorder, such as subacute sclerosing panencephalitis.

30 54 PHARMACEUTICAL PREPARATIONS AND ADMINISTRATION

According to the invention, EPO, its analogues, mimetics, éryﬂlropoietin
fragments, hybrid erythropoietin molecules, erythropoietin receptor-binding molecules,
erythropoietin agonists, renal erythropoietin, brain erythropoietin, muteins thereof, and
congeners thereof, may be introduced parenterally, transmucosally, e.g., orally, nasatly,

3 rectally, intravaginally, sublingually, submucosally or transdermally. Preferably,
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admini stration is parenteral, e.g., via intravenous or mtrap%r icqneed3
I njection, and also including, but is not limted to, infra- arterl al ,

> i nt ramuscuvér0/elied r ader mal and subcut aneous admi ni stration. PCITH@S%ﬂ@Qlerred
route of adm nistration of small nolecule EPO mnetics is by the oral
route. 5 A subject in whom peripheral adm nistration of EPOis an effective

t her apeut i ¢ admargstrmeiohn is pafeﬁefeer AP\ YiadnhaWeRbus &thrﬁﬁéhtbﬁea@mge&i&h”ﬁ{d also

preferably a can_ be readjly appreC| at ed one of

ordi nary sk “15{9"’"}8 b’Hb‘Sé’rott 1“’%‘FFé‘ ‘He!f‘%d‘éwa?a!d t&ﬂé’i@ﬂﬂ%‘cﬂﬂﬂéﬁbw@wgu@f

the pres ent allfiitfdiiation. The pbefeired utd bﬂacﬁzuhisﬁ@'n&po?é}ﬁmhﬁiécﬁtel Elft?&:ﬂntémés js by
Iimted to

ani mal , rtlti_éil arly a mammal , and i ncl udi ng, but by no neans
domestic antifef 10U 10 as feline or canine subj ects, farmaninmals, such

as but nét lim tEdAQlt@éﬁllﬂWhoﬁﬂﬁﬁﬁiﬂeraﬁﬁtﬂﬁinﬂ%auOﬂﬁfﬁ?’O ?Qﬂ effd t?ventfl Rs:unc

subjects, wild animal s (whether 1n'the In a zool ogi ca

research anfGRIMEt ispreferatly  ygnan, Qt“scanrb&t?ﬁy @gxmggmegera M@é@mnmagsﬂdo%can
cats, etc’ perdaalesppradiaia byERY

ani mal s, are I(;angfeﬁétres for "both Fﬁ%ﬁﬁ%g&?@h@&%ﬁ@gﬁ%ﬂd@%ﬂ?ﬁﬁ?&ggm%
present i nvERMPesHIons of tha pregent myentom aﬁ‘?d@ﬁfmﬁ{aﬂdf suited it¢ edminista@tibn b enyoanimal,
Neur ol 0gi CaparélailaLa didnihil and h&mdm(gowﬁyn&ﬁﬂa)wh{?l@a tﬁaﬁdhﬁﬁ%@% OQ‘%F

di sorderi i ncl ud| ng epil epsy, are common am)ng such ani

candi dat &8 #%feling prcanirerubjestss farmanipelsdsush ey but :mgnmmdvte bemhan@mm;bapﬂne
non- human agiif@laid psrcind Qi f | I ng,
traini ng, and1 reteﬁtgl on of Idgamgdm%lgﬁlg\@?@%gmtﬁéé% ancggdbpﬁ&iréa?&@g
and nai nt ai eearehanimgalspsuchasanicagatsorabbiie gpats n@p,im dogs nats,/gc.sAs hpteao

-the expene g Rﬁ)ﬁfé@ﬁéﬁgdﬁﬁ’: %Fﬂﬁ]

(.exarrpl e, the tIcITE qtml lmaggrlh?drlﬁaall%gn&gggggbgﬁ af|1 ed'%ﬂ Hﬁ%&%f{%o%% IS
reduced. FuRGWHRINOIEFEY r!eﬁts of thepresent ynyeatien, ys avell asahe pnhanceummt of regnitiee
better cadiglahers N Fo flaDlsMa 9@&1 fandt ion. 25
5.4.1 FORMULATI ON ANDOE FECTI VEéyaﬂSh%BO 35 eQ'pr gs‘ke}%% E{%\f/ﬁe Ion %Fé
provi des pHAPFEeTe tRGIENE eptlensy; 1P spmmonmmangsueh anigeals, eodfwsiarg @mdidates for
conpri si ng tidenaitd AROak 86RABOVAChEMtilY eARAMALAS nbARuREr I;:@%Elé‘is%l?eﬂusﬂt to

a patient at t{]herapeut ically effecttve doses to prot ect exc

from danag¥ DEPREEE SveRHoR, jAthat mpge%mp&mr@ retentioe of learned bakaviaranayabe
conpound t Cerusfidet! &léhﬂ‘orchd,seﬁid%aﬂﬁﬁneﬁﬁ@id {eacliayEofihs P%&thgvénlﬁ% %@ such,

el evat ed%{-ga‘fle of EPO éef erred to m)dul ate excitable tissue

pr ot ect f §¥P0P‘Fﬁ lagisal strapmptorthe petrwner is tsduees; Fon emrele,tthe tmI!bos e
will be detxeqmda&drbaﬁnangS&dgslaﬁd oﬁ{eiusﬁesuo%ﬁﬁﬂs&@&auwsff E &ra'
factors which | | kcim%to ope of ordinary skill in_t art. uch
factors i ncﬁ"{']‘ﬂ%Y '*’E'é( tip WW&SPCQFWHM tgsiqutmamgbyglemethods of
phar macoki rhé pesgmieations such as bioavailability, netabolism half-life,
etc., which will have been 130CT2003 WO 00/ 61164 PCTI USO0/ 10019

( 25 5441 FORMULATION AND EFFECTIVE DOSE

The present invention also provides pharmaceutical compositions.
Pharmaceutical compositions comprising EPO and EPO receptor activity modulators can be
administered to a patient at therapeutically effective doses to protect excitable tissue from
damage, enhance the function of excitable tissue, or to deliver a compound to excitable
tissue. The Applicants have discovered that an elevated dose of EPO is preferred to
modulate excitable tissue, and to protect against injury thereto. -

30

Selection of the preferred effective dose will be determined by a skilled artisan
based upon considering several factors which will be known to one of ordinary skill in the
art. Such factors include the particular form of erythropoietin, and its pharmacokinetic

35 ] o are . :
parameters such as bioavailability, metabolism, half-life, etc., which will have been
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establ i shed during the usual devel opnent procedures typicall y3eppl a38d in
obtaining regulatory approval for a pharnmaceutical conpoun Furt her
~factors i woeosilderi ng the dose include the condition or dPeEaISOOMO0IDE
treated or the benefit to be achieved in a normal individual, the body
mass of the patient, the route of adm nistration, whether adm ni stration 5

is acute Oreé@iﬁ]@ﬂé@durﬁ%ﬂﬁ@ﬁkﬁa@ﬂ&vﬂ@ﬁh@ﬂtﬂr%mﬁ%l&m}%ﬂléﬂ Th %nown
us

to affect the effitacy of adm nistered pharmaceutical agents.

preci se dostgelatarsaperokdl fape phsmaceetical epmpund- Fivethprfagieesin considang the dose

practiti onejcRae tRACIAdAR & WiselsClo e PRl B béhetit to belRRRNAE 19a 4B0Hal he
condition and the i mune status of the individual patient, according to

standard cl|individual,ite hediommess of the pafieshdherasirpiradminisiagon, iwhether admpnistraties
phar macest i gakue QMeRShid, ohdomitafPERER a6t adddtiAElaRtelel @om%léﬁget%e of

excitabl e tissue, enhantement of cognitivé function or de
conpounds aeffieany afmduumisteres phermaceufiorl agensns Thiss dhe provise dosage slpxmld bddsciged

500, 000 Unt e uirodiddlf GRS Bacitibhb ol sl ARG SETRARIES a0 0001
500, 000 Uni dependiog opon tis condition apd theimmune stavas oftbe fndividoalqpGennacarding to
150, 000 to S00 mg%%l%%gnﬁggs 000 to 500,000 Units, 250,000 to 500, 000

Units, 300, 0 , I'ts, 350,000 to 500,000 Units, 400,000 to
500, 000 hits, or mm@qd@nwoﬂmuvmmQrmﬁd@mhaana@tk:alemagmeniomni vity

dul at : |
rocept abl o sl forAibed it HESAMAH o IREHIAL Al VapBndEARLTBE EOIB0L ¥
amount of Eh@ﬂ@ anideliverytof eompovadsperdss ondashelial tiEBt.j@@@iomvﬂﬁﬂz QO0ptikdss per | n
(fone enbodi e RHE n @@We%ﬁ%ﬂc@ﬁoﬁp{pﬂﬂ@ﬂ the ?é}:ggffroﬁfr oal 016'30 10 500.000

adm ni stere s%/st e ca rotect excl ue a’mage
t he functi danits 60.80€ ta 20),€0¢ UB%%QO,QQO to 50,800 V@nts,aBQ;QWﬂoljﬁﬁ 000 Units, 98,60e

tissue. 3UGH spHBHLOUREES ommmb%ooWQiﬁ @déi ey soforoﬁpﬁﬂigoiﬁdd d toeséq ?gp of

orally, nasally, rect a1 ,intrava | i'ngual nucosa

t ransder matlllh}‘ts P00} topt 00,009 mits, § 9,809 WQ%OQ%Uméﬁ&OOO tn 300,000 Ynits,
t
i nt r avenousyplooih sa@eoo Impg% 450]000th 9% 068" Bnftk S?EPQ,;#’ quﬁ.@c r dckiv

limited to, intra- arter I nt ranmuscu I ntrader ut aneo

adni ni st r atmeslatpp, opap EBO=sqtivated serspforsradulaprandes phsmmangtieallyt asceptable

-system cal |4yl fn 89530 5d QEEHES 05A0, (il
preferabl(%/ about 2% 0- 5000 Uni ts/%aﬁ%g:g% 30 c}\Algfl'og t, mggp%lr)gﬁge%yﬂgooo

Uni t s/ kg% demee o about39,0094ai5A0H0P Alnisn. This effective dose shoul d be

sufficient to achi gugespitsdish eiu%h‘af hEsAcehE@l 85 MOW
15, 000, or 20,000 mMJmM of s?f{’um after EPO adm n| tration. Such serum

| evel s may administered systemigaliy e grotact excitaple Gssue from damage, enhanes thg funesionof

post - adm niekkifabld Bue, B+ d&'ﬁ%ﬂ%ﬂ%ﬁn@ﬁ) eﬂcﬁﬂﬁéﬁ%ﬂneassd&ﬁ%ﬁﬁﬁﬁ‘s?‘a a
exanpl e, adm ni stration may be repéated dajily, as |long as_ 35 clini caY

necessary, Parenigralby. tapsm) » et PTAlY, dyagally, re@taély, m&‘?\éﬁg}mﬂ)’t lelllﬂgmlélks
( Pr ef er aldsy submdcoshlip oftednsaBiahliy 'Frefefiblyl behidtsedida@batRdnl, e.g., via

intravenous or intraperitoneal injection, and also including, but is not limited to, intra-
arterial, intramuscular, intradermal and subcutaneous administration.
In a preferred embodiment, EPO may be administered systemically at a dosage
" between 2000-10000 Units /kg body weight, preferably about 2000-5000 Units/kg-body
30 weight, most preferably 5000 Units/kg-body weight, per administration. This effective
dose should be sufficient to achieve serum levels of EPO greater than about 10,000, 15,000,
or 20,000 mU/ml of serum after EPO administration. Such serum levels may be achieved
atabout 1,2,3,4,5,6,7,8,9, or 10 hours post-administration. Such dosages may be
repeated as necessary. For example, administration may be repeated daily, as long as

N

35 clinically necessary, or after an appropriate interval, e.g., every 1 to 12 weeks, preferably,
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every 3 to 8 weeks. In one enbodi ment, the effective anount o\’g ﬁ@ﬁ)gﬁ'ﬁs a
phar maceutical ly acceptable carrier may be packaged in a siﬂg e S I al

" or other wonvedieer. | n one enbodi mrent, an EPO i s noneryt hr eparedonagete. e. ,

(

it is capable of exerting the activities described herein but not causing
an increase in henogl obin concentration or 5 hematocrit. |n another

enbodi ment ,evefy R Wk, Wﬁ%n@knﬁ)_ogﬂééﬁ,%%ﬁg%ﬁ%mu}xpﬁf EPBGRISArY to

maxi mal |y stinul ate erythropoiesis. The maceuti cal conpositions of the
i nventi on rRTRASERIGAlY accentpfdle spreigt may be paektaged in ¥ singlendose visd onothenpound,

and a pha et O bke ARESRIAR 89 89U Sbneryliflofbise oL 1is SR BPOLghle |

term "pharnmaceutically accepta means appr o
of the Feddhectiyities deseribed distain hwirt causing art indreiase intemaghbifkencentafion ar or

other genelighlalofi RO IIBBIMGRRE! B N giveF ol ¥d%§igg&§r’%ﬁﬁag§%€%mgg

particularly iIn umans. The term Tcarrier ers I
exci pi ent , maximally stiroulaie erythnoptiesis he t herapeutic is administered. Such

pharmaceutical carri ' ri QUi ych..as_ _saline. sol utions
in water and oils, |ﬁlg1%tfﬁc% géag cé%%%k‘%%ﬁr‘ﬁ%*ﬁ%ﬁ?f“%@@@%ﬁ?@ or 15
synt het i c dhdrapenticallyc¢ffestivp amount dfial comywyié candai pharmiceatiedllycidceptabladiEriét |
and the [|i : | : | | S, yred carriern _when the

phar maceut iiﬁggfﬁé(?(l)ﬁn%%%? ‘li%{r%hletstﬁcgiéah nPETer edﬁlclaﬁ’f P%\?B{?bﬁts meangapproxed By gt i ons
and aqud8usegtiatory @gencynef the Federal oraaitate govesnmant arllistedtia theUy8. Bhatnacopeia s d

carriers, | ‘ -, 1l | e. sol uti.ons. Suitable pharmceutical
exci pi ent’s Blﬁ{ﬁgk‘ﬁ%gﬁf %%ﬁéﬁ?dﬁj@%@%&p ﬁ%i?&b@éee,mfﬁ@ai%‘é’?gélé?%%?ﬁfcgﬁﬁﬁlp rice,
fl our, chahkmags. |Thedteao "gartier" eftrutnaslibent bdjuvaityemigibntpyonedida mdttewhica! .,

-

athanol anthe petc Tl SRuRct el pihfecpucht ARYe S uP SR i, Sich o

anount s of sslaetsphugions irewates arid/oitsy irelrlingsthoss ofpétinluing ranitgalageptsble dhese
conposi tjko . LQRAS, . ensi ons, . | sion,
CobT ot o 15 RS b shbfas BelfPoil S8l 3 i SARGL ARG oif A B Re s ¢ e

 like. The salingseiutionis  preféayeeds carminriveicodheph@macewsicplpmmipiosition inatinistered -
traditiona ' I || cagrihdes.. T. conmpounds of
et nvent AvERE, SHint SoIuliBh St iole S doldr ey Erar sLIWGehe TR0 e oy 1

accept abl eerployed as hquid garriers particolanty dovinjectablecselutiting 0 Syitahlp phamedeeatical hose

S \ ; . S PR Y
ctc.  Canq SRR Biidysdrch, (MARE1HGE, sfid Fela® Ml rick b SpE Srisa,

f r om sodPussl, sdivas sicarate, ghivsral manostatrate.tajc, sedinmochiyritteo diicdskiniilk, glycerol,
i sopropyl a né,rgéﬁ@%xg@g?,g S ki Rl nﬁeeéd%bgitmn ifgi%glgérdr'g%:b 53 et

Flopfle _
etc. Exanpl es” of armaceut1 cal carri are

" Reni ngt onMENADEMORRsaf tweting ecsresifiging pgentss ovpHNmffering agenth, Thesposi ti ons
wi.ll cont g ' f o

D e or abl 3 pbsldess SREUL AR fofmr s tible siBBlbns? eyhllfon, SRS difl, copules, o
as to probPwuders sustpigedrrelezse fermpdationg mnd thetlike: i The compobidiop zan be fornifiiated as

formil aps gﬁ%i@%?:‘%ﬁ%% traliBionADiAREarkl caBiiFs Qﬁ&td:s%éﬂrgend.e%fl THe LomPdndior
on can be formulated as neutral or salt forms. Pharmaceutically acceptable salts
include those formed with free amino groups such as those derived from hydrochloric,
phosphoric, acetic, oxalic, tartaric acids, etc., and those formed with free carboxyl groups
such as those derived from sodium, potassium, ammonium, caicium, ferric hydroxides,
30 isopropylamine, triethylamine, 2-ethylamino ethanol, histidine, procaine, etc. Examples of

suitable pharmaceutical carriers are described in "Remington's Pharmaceutical Sciences" by

E.W. Martin. Such compositions will contain a therapeutically effective amount of the
compound, preferably in purified form, together with a suitable amount of carrier so as to

provide the form for proper administration to the patient. The formulation should suit the
35 mode of administration.
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Phar maceuti cal conpositions adapted for oral administration TRy, Zhrgvi ded
as capsules or tablets; as powders or granul es; as solutions %

"~ suspensi oggo §drdl1queous - or non-aqueous |iquids); as edi bl er¢asEy@moIanhi ps;

(

or as emul sions. Tablets or hard gelatine capsules may conprise | actose,
starch or derivatives thereof, magnesium stearate, sodium saccharine,

cel | ul'ose, nRgnesipyAARARAlBmpBLiEBh ﬁag@d%%ra% Ahthililonha @ﬁfov dedas

gel atine capsul es may conprise veget abl , waxes, fats, Fem Lot
l'i qui d. po Egpsiules of tablets s ROMSIeES oNgERNasURSSONONS OSHIUPSOT SHEpansionp (xlanhcomd

or adn xea L ERsB IS RO B8 EFRC GmEbPMBRTMMC THORE TR AR Flpthe "

and/ or absoapgsules mayfcon’rmlsadaqtm, stgtleh or dmtdwcs tjmsetotfanagr&smgtbamreasﬁdlﬁm g.

oLyeer s TRURLSR Shfudle AghESh hRHEE RGO TR A e L Saf et

necessary, capshles am’grlc\mmlﬁ@ewbgaabie bils pvmﬂegdhl@;iscirnéwhﬂechﬂlg;tﬁkegél@dﬁétw thin
t he st omach Phar neceuti ca ons &ém(ar al adm nistration may be

f or mul at ed>PBUPRTING YRYRS ?‘@Yg%ggﬁ‘fw > Rebye JY#F- at a particul ar
gastrointestinal |AgcativerageitdntcAd&ITOE bfal GdmiriRFation a4l CoatdWith bPaMmixed
Phar maceutical conp aqd gt ed fofr%j/ ’éiﬁgédernal adm nj stration nmay be
provi ded a¥iajeater é‘b@t‘%ﬁ:@@ 1fiftepration ard/prahsprption of the aetive agemdnthe wit h
the epi d@r Bhdirofftestin® trac ¢4 pi, @Riceryl ﬁfonast@ar@de%ggﬁéeﬂqms@&rﬁé midy B2 used). Thus,

Phar maceuttcal conpositions adapted for topical” admnistration may b
provi ded athestftaingdreleasg of gpactive agsntraay, he achigyed sryst manyhewss and,gsnmesm

pastes, geiiR.achii bft cALHOFN1 frddh being MRral&Phidin tﬁé %&&a%hr PhbAhcbidAe

-skin, nouth, eye or other external tissueS a topical olntnment or creamis

pref er abl yCQIBEQFmOMé‘PF ombadiministation may bedpmrylatad to fasditate relpaseiofgn @G‘iwmt rray
be enpl oye i&ifthr SasRBimdstihllGcation dﬂe‘ﬂ% Elf{E‘ egpé&y%éﬁlér&;ﬂamg

Al ternayive e active ingredient may be f cream w

oil-in- vvat er bas ePbarmaceatical CDMPmlmoﬂ@aidepte@ﬁummabadmnm@snmwﬂm

adapted fo e
p rol R 5 bisIE PliElds bRl rLein Y Sl UEASA XAl s Jfgﬁ

conposi tio I'ngr edi ent can
suitabl e crecipient fora ;golongnd am@dwfetuu@ Phasmaeenticalinmpositions ladaited:fmmcaﬂl ons

adapt ed f Oédr{g%ﬁh b@'p% idkd Y bihihdne cféglﬂs hsustn%}% r?gxgglghgﬁse ggﬁg nasal

pastilles a ar maceut | ca Mpos|
admi ni str a%d mpnsmﬂse@mgﬂl$,§§raygmerqs0l§a¥ oiler Eoggpmb@dnpomngn forhefkinabl y

h a0 b
R s o BRSO clfr v R0 ol o B Rl VY il O
i nhal at i onformplstegtin an eintmeat, thezatiye inpredientanaydie ¢ropldred wshmtgmswmf&mm
nose. Al t2{aabimelie oﬁﬂiﬁé%bééeo mteﬂﬁa%lgdma %tl%@tdfeﬂg}rdég%terf%ﬂlﬁ&ema

corrprlse |IQUId carriliers, .J., hasa S Or ese
conposi ti o@rwtbmﬂ;’ruwawbm agyater-in-ajbbasej Bharmaceutical compositions

adapted for topical administration to the eye include eye drops. In these compositions, the

( 25 active ingredient can be dissolved or suspended in a suitable carrier, e.g., in an aqueous

solvent. Pharmaceutical compositions adapted for topical administration in the mouth
include lozenges, pastilles and mouthwashes.
Pharmaceutical compositions adapted for nasal administration may comprise

solid carriers such as powders (preferably having a particle size in the range of 20 to 500
30 microns). Powders can be administered in the manner in which snuff is taken, i.e., by rapid
inhalation through the nose from a container of powder held close to the nose.
Alternatively, compositions adopted for nasal administration may comprise liquid carriers,
e.g., nasal sprays or nasal drops. These compositions may comprise aqueous or oil solutions
of the active ingredient. Compositions for administration by inhalation may be supplied in

35 specially adapted devices including, but not limited to, pressurized aerosols, nebulizers or
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of "the active ingredient. Conpositions for administration by pigdl 2880Hn may
be supplied in specially adapted devices including, but not limted to,

~pressuri zag @aiegol s, nebulizers or -25 O C T 2003 NVO 00/ 6AIBGYS00/10019

-

PCT/ US00/ 10019 i nsufflators, which can be constructed so as to provide
predet erm ned dosages of the active ingredient. In a preferred enbodi nent,
phar maceut i kf | ' et | :
nacal cavi (P AABHE RHicH @R sRonhARARERG PR pre ACiing] B0aReq S aRyix
adni ni st r atingradienty Ine prefevied ethbodiment phapoaientied] gomppsitinenefghe invention are
Phar maceut i cal .c Ltd O f aginal admnistration nmay be
provi ded a?ﬁﬁlélg?gﬁag@?&?ea%%%lﬁ%?ﬂt?(gglﬁg{m%séI s, pastes, foans or spray
formul ations. PharPlareatéutizhl coompmsitions edaptetiop testhl fadmipistraiivnenay be provided

adm ni styation include aqueou - . ' ENj |l e

sol utiorts &7 SYRPSB ﬂ’%?so?rs‘i“%&}ﬁf-cﬁh%@3°§§{r¢? g‘?’#ﬁ’%ﬁ‘@%? ?%#)%?%%E{Vggﬁlgﬁf fers,

bact er i ost atimimsteatiom mhp be plovidades pessatibe tapynssereamnsngebs, pattesn foamhd gr spray

I sotonic vvifth tlhe bl ood of an intended recipient. O her conponents that may
be present YRS conposi tions include water, al cohals, polyols,

gl ycerine and vegeRlabimacaitical congpositionsafdpted {Go presietdl admimstegtiondnéinde
parenteral adm nistration may, b resented in unit-dose or.nqulti-dose

Cont ai ner s MGHS B34 AR AIBeP SiFPUS B CD IS A 8 SusrRBS Ry Whictipel B8R 4 15
freeze- dOi afitig:tigans, buffees bacteriostits and saigwes thangended the champasitions swbsahtially

sterile liquid.cartier,.e..d. steril.e sali olution for,i.njections, ..
medi at el $SLiE prib B Blooddan iiEhdeddatiien] DBE: esthenf ey thS b PrSent in
suspensi ongu¢iBdbriisositi@dnelddé water, slahblsepglovis,erigceripeand vegetable oflgfoet s. 1 n

P I AR B s ARl e

i Nt r avenousr atitii-dosd caithiaers] for bxampie bedledampilyparshviblg, andanyobé storadsinfzor

i nt ravenqQus,_adm,ni st.rat,i.on are lutions in terhl.e i 0t onic. us

bt for - andreartenut Uk ppiRaT e i fortienhihel sy B Shitiogeich SBRCUARMERHT, 1
agent and a.g Gtdlle salést sohition ferimjections, iimaediately pdorwssep Exteryorarizeusi t e of
the injecti.on. Cenerall t he i.naredi ents. are.-suppli. Lt.he rately
or m xed tb@gaf?&soﬂﬁlqmiaﬁd Q%Spggéég%eﬁg%ﬁgﬁ °p %Fggfgpngfé,ﬁdpggd%gdéﬁ ﬁ{%p |&I i zed
powder or watil&s.-free concentrate in a hernetically seal ed contai ner such
as an anmpul e or sgchette indicat] t bL Vs ' re
the conposition i 3nta0pr5€err§ghc1m %Og{ngéhé’c}n %f/&#ﬁ%h%é%lﬁ%l %egﬁﬁb%&gfdsg%g%se wth
an i nf 26 ooutiretprocedoosstaaiaphagnaresti¢al eophesitiacadapiedHbr iptravenona edministration

Steri e vabbPupd orREECTPRARY chpRilibad o Hkdfonble sl A7 s

i ngr edi ent stenibe/isbi@niu aqueéoyws huffer: Whedernerestana theorompBsisivagnayalsemchulear al | y

ormal at DoselEie SlatMa 4 RANMARRESEh a0 100kt 1 WdeBpin ORI of R |
al so provi dmjectionpGenesaly, thiedngregizots ave supiplied cither sepanatelyros mixeditogether in unit

25 dosage form, for example, as a dry lyophilized powder or water-free concentrate in a
hermetically sealed container such as an ampule or sachette indicating the quantity of active
agent. Where the composition is to be administered by infusion, it can be dispensed with an
infusion bottle containing sterile pharmaceutical grade water or saline. Where the
composition is administered by injection, an ampule of sterile water for injection or saline

30 can be provided so that the ingredients may be mixed prior to administration.

Suppositories generally contain active ingredient in the rang'é of 0.5% to 10% by
weight; oral formulations preferably contain 10% to 95% active ingredient.

The invention also provides a pharmaceutical pack or kit comprising one or more
containers filled with one or more of the ingredients of the pharmaceutical compositions of

35 the invention. Optionally associated with such container(s) can be a notice in the form
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containers filled with one or nore of the ingredients of the hAadBdcAil3 cal
conposi tions of 3S the invention. Optionally associated with such

~cont ai ner(‘gg g ke a notice in the form-26 1 3 O C T 2003pMi¥abhadai64
PCTI USOO 10019 pr escrl bed by a governnmental agency regulating the

manuf acture, use or sale of pharnmaceuticals or biol ogi cal products' whi ch

notice reflects. roval agenc nufact use ar e for
human admi nPE"tsFlaﬁ‘%D agovinénﬁg%%gcé %&P%ﬂﬁﬂﬂ th'és pofé?glgn‘f i nvention
provi des Coima&tdcbmitalsaﬁtbmmgibﬁiqgocﬂm pﬂmrpimrcalreﬂadsmplprcsxal by itlagdncFBO t o
enhance functio proteﬁb £x |tabI |ssues and to deliver conpounds to
such tissuefan CHE?éﬁeﬁb g0 ﬂf T8 Mention is based, in part, on
the 10 discovery that perlpherally adn1n|stered EPO has di r ect

neur oprotective or neuroenhancenent properties in excitable tissue, such
as tissu@ of the central nervous system peripheral nervous system or

heart tissue. Excitghbe ti IFBFHODS OFADRINESTRATIONI udes, but is not
limted to, neuronal tissue of the central and peripheral nervous systens,

and cardiac tissue. ThE?iréseﬁﬁﬁ%xﬁianﬂ&ﬁiﬁb@&ﬁnﬁd&ﬁibxﬁQﬁ@ﬁiéﬂﬂ)‘as fayskripheta
net hods for their of

tratjon, The prese vention vi des for
admi ni strat ﬁ@ﬁ“ﬁ“@@oﬁﬁg%épénﬁ O“éﬁﬂ‘gﬁvxﬁ%’hﬁ Ugsuess apg E)‘P 8611“(% of
adm ni str at ;QpeidiRito sltRRisdhdse Ad notédibdve@e ‘fa?é%&ﬁtélhvdﬁﬁbﬂibbﬁase@’iﬁt[ﬁm ot itk

the ternmgg"peri pheral™ and "systenjc ese various routes

Per i pher al ﬁﬁﬁﬁ"fﬁr&ﬂ%wmewb’l@&B@Sﬁmsﬁgaf’ﬁéag?ﬁtﬁ'ém?@éﬁﬁw?@!rat|on such
as intr aveneéiﬁoerﬁmnbéaﬁélﬁﬁfdp%hmlm eﬁaﬁawtt@ae@ Wich 45 fissad bR baritral nervous

i ntraperitoneal, rectal, submucosal fl i nt.radermal .. adninistragjon, O her

routes are BEEITM Peripherphreriols sYSiem, gt heast tissugh x%@@h%“‘b"eé&l“?%‘&“ﬁ’é‘r ei n.
Both acute afthdel 1 istho HifEdTS, ituidial G§ste B e (RGal Al Pefiphdrill R¥ous systems,

enbodi nent, for exarrpl e, _EPO can delivered in c rel ea
'system F ra@(%ﬂ‘fﬁlaéns%‘ﬁe SRR gﬁénhﬁﬁuﬁéc%ﬁ?qﬂ%ét@ﬂéﬁe‘ﬁgﬁc qsrfP’F’z’ﬁglﬂfus
I nf usi on1 agdmmidtagbant abl e osnot i c purrp, a transdernmal patch, |iposones,
or ot her nodes of _adm nistration.

(see Langer, supr a;INSPfesgRf inyegsten pr@l_qée =t %“%3{18%@58 nﬁdﬂ%&be o ”
Buchwal d el aétiva dfilatorsbydtités SBa(ﬁﬁifnstrS&Uﬂ e&eﬁﬂlawdlrcctlylﬁ&QﬂleNanﬂUlervdus
e, 21 ST T NGt ool T DS SO Cap. be tel vered 0 ¢
(1990) ;. Tr eBén réi@dﬁﬁmtraﬂmnhnaomrmﬁ drrpafdmeeraliwfraﬂynﬂfonl Sdcbodsiintavdoagase
R C T T
317-327; s em:ﬂﬁﬁktfaﬁbh Y Otheir tloytes dra usefol foe the admxmstratlon of the agents described herein.
Both acute and chronic administration are provided herein.

In one embodiment, for example, EPO can be delivered in a controlled-release
. system. For example, the polypeptide may be administered using intravenous infusion, an
( = implantable osmotic pump, a transdermal patch, liposomes, or other modes of
administration. In one embodiment, a pump may be used (see Langer, supra, Sefton, 1987,
CRC Crit. Ref. Biomed. Eng. 14:201; Buchwald ef al., 1980, Surgery 88:507; Saudek er al.,
1989, N. Engl. J. Med. 321:574). In another embodiment, the compound can be delivered
in a vesicle, in particular a liposome (see Langer, Science 249:1527-1533 (1990); Treat et
30 al., in Liposomes in the Therapy of Infectious Disease and Cancer, Lopez-Berestein and
Fidler (eds.), Lisé, New York, pp. 353-365 (1989); WO 91/04014; U.S. Patent No.
4,704,355; Lopez-Berestein, ibid., pp. 317-327, see generally ibid). In another
embodiment, polymeric materials can be used [see Medical Applications of Cbntrollcd
Release, Langer and Wise (eds.), CRC Press: Boca Raton, Florida, 1974; Controlled Drug

Bioavailability, Drug Product Design and Performance, Smolen and Ball (eds.), Wiley: New

35
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enbodi nent, polyneric materials can be used [see Medical Applli&a06brdd03s
Controll ed 35 Rel ease, Langer and Wse (eds.), CRC Press: Boca Raton,

~ Florida, 3déusgentrolled D Bioavailability, Drug Product DesTASo@mndie
Performance, Snolen and Ball (eds.), Wley: New -27 1 : O CT 2003 10 15 WO
00/ 61164 PCT/ US00/ 10019 York (1984); Ranger and Pcppas, J. Macronol. Sci.

Rev. Macro X : e e ! )
228: 190: m@{;rg&%‘f@a@g%ﬂgﬁ%ﬁi J-%@uﬁfﬁ’{"ﬁf 5151:' Xey: Maformol @%’aﬁ%??@gé J.
Neur osurg. segalk03evy enal et98anidi¢ree 228000; PDearibg exalc d89,0hire NeusbleaSB53y st em
can be pl aclgﬁ\aérgﬁfgi,g %)Nég{m hg?tfﬁgfdsé‘pe“t'c target, i. e.. the brain,

t hus requiri actiron o ystem ¢ dose (see, e_g., Goodson,
pp. 115-138 in Medincydt adpthei enaltodimnsentod cnindlledirklease sistemasd be\pddceddn Supr a,

1984). her contr ed rel ease syste re discussed in the revi by
Longer Crognorians e SebpeiBs fugel e e Blafn, i e RE0E P Faczin ot b
pr ope[) : y f (yylaaingd duke (fml;lte__@e cmdlrihcm, pher k138 in Nn%ﬂﬁal Ap?ﬁ&a,tittmgof agnutaﬂgj nalbl,
or subling adnmi nistrat | spegi fi odi men may , be desirabl e
00 atin ni Stk 1084 Osfer Bt el Dot s Hiseyoi o e TavieR |
In_eepl of_trQg(ltmgler;(ID?O,Sdm;cebe_Qﬂsm-ew}b. by, for ?axarrpl :a_, and not by way of
imtation, local Jjnfusion dutin ery, tapical . application,. e.g in
conj unction with a™#g fawge@m?ghﬁcgﬁsimpﬁah?ﬂ%‘yaﬁeﬁﬂ%& eqfmipstenedby  of
a c?t hetlg)r nakil, c;f&l@.f&tﬂ]‘v@iﬂ,mi@ﬁblﬁ@ﬁ] ad}ﬁin,lmmlﬁm_ns of an inplant, s?i (cji <
i npl ant being o or ,._N0oR: por.aus r ge i nous .nAt er. i ncl udi ng -
menbr anes, such azlnﬁpsaegigfcic@ Oﬁﬁﬁ%’?‘a}g@?’%&ﬂ%ﬁg&aﬁﬁﬂls&f Oi nvention:
- may ble bet tcempﬁﬁdﬁiiﬁﬁthd irgaentiﬁf hx:dﬂy:ml the ardasn hﬁéd oftréagnérnthid xghjr ]'pe |@<|:hieved
~-Exanpl es, i are provj as e r t, i nvention. The f.ollow ng
xannl oo i of eRisho B Ay el TBiioh, gy infstsifiding Piashh feigslr o
- enbodi nent appicatibs, e. 4. Niteconigitiod Weth aswoutdidretingoafier ¥uipery; B SijEsiRth, bHOUGMS! |
- as Iim'téli ng .t he, broad scope.of the, inv_eFtion. 215 30 fﬁ%é%s qesirg bed. .
her ei nberoRf 2 CRBCIEE 7y REA 5 2 SYRROSIR, PEPY B CiATIMY implap being efia
standard, pBious A patoas; o pelatndus shaterial, MoiudBly MBHBlases) sadl Aldiastl

prophylactic .and therapeutic benefit. 6. EXAMPLE 1. PERI PHERALLY
ADM NI STEREIDHHSS COGNI Tl VE FUNCTI ON

The present invention may be better understood by reference to the following
20 non-limiting Examples, which are provided as exemplary of theinvention. The following
examples are presented in order to more fully illustrate the preférred embodiments of the
invention. They should in no way be construed, however, as limiting the broad scope of the
invention. ' |
As is described hereinbelow, the studies that were performed by the inventors
25 herein are standard, universally-accepted tests in animal models predictive of prophylactic
and therapeutic benefit.

6. EXAMPLE 1. PERIPHERALLY ADMINISTERED EPO ENHANCES
30 COGNITIVE FUNCTION
In this Example, a spatial navigation experiment, known as the Morris Water
Maze test, demonstrates EPO-induced enhancement of cognitive function in mice. In this
test, a small transparent platform is placed in one quadrant of a swimming pool with opaque
water. Mice placed into this swimming pool must swim until they reach the resting

35 platform below the surface, which is invisible to the swimming mice. The test consists of

-28 -



In" this Exanple, a spatial navigation experinent, known as t1h$ a/g{[ré)@?y\ater
Maze test, denonstrates EPO i nduced enhancenent of cognitive fu i I n
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si gni fi cant succassivedriahdayf butrthe EROotreated animalsidid ke faster thanfthe shamy groupe HRro

s

results were expressed as the difference between the EPO-treated and the sham-treated

( : 25 groups, and the results of the EPO and the sham-treated group were .compared, the

regression line (R*=0.88) shows a slope (0.68) significantly different from a slope of 1,
markedly in favor of the EPO group (Figure 1B).

30 7. EXAMPLE 2: PERIPHERALLY ADMINISTERED EPO STRENGTHENS A
LEARNED CONDITIONED TASTE AVERSION

The Conditioned Taste Aversion (CTA) test performed in this Example
demonstrates that EPO dramatically affects the ability of mice to remember, and learn to
35 avoid, an unpleasant taste sensation, in this case an illness-provoking substance. In this

example, lithium chioride is used to produce CTA, because lithium chloride reliably
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denonstrates that EPO dramatically affects the ability of mce to renenber,
»and | earnwoooened d, an unpl easant taste sensation, in thisPCTSES00m0019

i Il ness-provoki ng substance. In this exanple, lithiumchloride is used to

produce CTA, because lithiumchloride reliably -29 OC T 2003 WO 00/ 61164

PCT/ USOQ/ 13%@1&& ﬂﬁmsémmnmﬁafa AR saeﬁes{d%ni fﬂa@'leg.of,ﬁ{e BlocIBRAGS -

| [
Li ke a natu y_occurring i1llness, lithiumproduces a ystlmlating
t he pat hwaybnesadishivpeprasivessea CTAdyuinmyating the pathavay e Hesssibed Beonsl, endBadihg c

mce were trakned fo.Jimt their total daily water intake to a single 55

m nute drinking period per day, and |earned to drink enough water during
this period to rdrmmale&laltéemite Wedeurainedto hmbis thegrtetatidailydwater inttakegtoctgingland

adm ni ster I th 0 ( ' n, EP 0 Ul.kg).. i nj.ect ed
o apert t o Binking BaRd FA%e] Und BRI arith croleh 3RS ate s pRSSLS
sacchari n- vemaihlagequitjbridm. |Animdlsavert divadedintd grouphamicadiiiiniskeredjeithicr a shaget
1 thi um (265060 EARE SFERBYSIES (AR Phuertetiealy OpR ) B EPRE o o
groups of préisemthtiomef 2 nbwdllsanobarin-vaiitia fliquklt hrmediatehoafter dinishingldrinkingehei ve
The thira rErhanr REeDEE Ylhor iy of B0 ey ink At AR (20
go_nd ik_t i dﬂedug‘,!hgb%a&ﬂérbdild@l,m‘hﬁver&hﬂur theeafion fo daoe 'gfoggs- bfanintlowerfolldwed. I
ri nki ng upgen sequent osure to the.| ess- produci ng sol uti on, nove
saccharin %e ﬁ# &P YP H&g fB‘dZ’?‘%‘ 5?“5"%3% ?@?&%@?‘Tgf Elg'r?\ Sgﬁ%“ STPHP Srfebyed
sham t r eat bothtljthiuai and BBOr iThedhird growp|(shangirrecgiveslssaline fvidgnit EPO)tdndtifikivsa e
-novel sacchari n-vapil «%l O-CI‘A' .ﬁui edA él’henr esults gl otted for .gr O%‘Eﬁ . 2 .and 3,
( conpared to 1 (con PB @ 2% oW TR Ii'lvajlﬂ]eeasﬁ "QS&?%“‘?‘?%B%&& Di1fe
basel : ne cdriskinptipon subscqadnt expfstrerto h@nlhsg-pmd?mng fdgeudixe sToyemecha?géDay 3,
ani mal s ;kecei.ve i egtion of e r _saline or
(S000u 15y Vo Badl. (BhGAln aehry FF G hum erbim Siatient e Ghriepied
fluid, fol hoiwats Wweretpresentodragaini with thetshine movelrsaechatinvasillailitgid. aTheomsultsThi s
treat nent ed in: I in fluld consumption,,.in.all groups
on Day 3, RORA BTG AR, colBHAT0d Cliqy uf sHOPT W B e 2y B 20
novel ty of repheseiits thelbasalineconsempiien ¢f wateeafi¢rabittaion tb the tehiecags.t OhlDahyent
of a CTA s . : ' : I Qn.for r : e ani mal s
havi ng r ecgﬂ%\\%%% ‘P‘lg?lﬁ?(ﬁ% g@ﬁ%‘“ﬁ@ﬁ%? @%ha&\? 1 %rusgﬁ?%&rc%ﬁrg I(gng; ‘% Pﬁsn to
t he fI ui28, beforegpesentaiondithemavet sacchirin-vanilla figidafollowed Byritdatment veidphithivahi on
of water e §1H9| - [, “554’1 ' t 5 to 9),..but
was char ac%%?l zedg%gga(ggrag‘ﬁgl&%? e aegg%fs{rﬁg%dgl&g r%gr?%l;clalé t‘éﬁﬁgg A;%‘Y@ﬁﬁ@%‘f’% fohh g -
recei ved ERgll grouphomBaly3, a peeviauslyedbcumented sudiversdeflst of the injebion alelisdvedtys
of the CTA, S I D 4 [ i ' 30 the
degr oo of etk Hbld, PARE: REDREP e SREleEfor RPLRRIRREN o s IR ifid e
ani mal s t oflesreaseth consutmption éricontrolap ploweivan apimals hiving tekeivedlittdimam i nj ect ed
cH bj ect 55 ( Ffilistaeda viltlafPidiiplef avBSion to the fluid, in spite of being water deprived
(Day 4). Continued deprivation of water eventually produced an extinction of the CTA
(Days 5 to 9), but was characterized by a markedly delayed recovery by the animals which
had received EPO, as shown by the filled circles in Figure 2A.
The robustness of the CTA established herein is better appreciated by considering
30 thc degree of water deficit present on each test day, as the EPO-treated é_minmls tolerated a
water deficit approximately twice that of sham-injected subjects (Figure 2B). In spite of the
markedly accentuated CTA demonstrated by the EPO group, the animals in this group more

readily approached the drinking tube compared to the sham group, as shown in Figure 2C.
The strength of the CTA was demonstrated by a repeat injection of lithium alone (without
35 EPO) which produced an attenuated CTA which was greater in the EPO group (Figure 2A
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-death. The experifents present edinthis s wer e per
whet her 20npEY; #Kdeath-y- adni ni stered EPO crosses the bl ood brain barrl er,

and i f $9, whet herrERSNdWRgE ndlrofixi @Rt st@dlei‘ﬁ%zﬂéﬁbrﬁéﬁﬁﬂnﬁ@é@ﬂﬁ

specifically, it, has neuroprot ectivé effects al nst kainate o1 |s end,

femal e Bal bhig madebisuged iprassess e protectiye bansfipof 'gwnmtﬁ fornoaditions guclwas h 5000

U kg of r aepipbrd1a68 . Paydritéralia I | {E,Bé,*a ‘
PROCRI T, Ort o- Bi oteeé(i:bﬁll nc. ) or sa{?ﬁgﬁ?éegggﬂé?%nﬂfﬁ??%%}{%o nea léﬁgt

speci fic t§licE pastial(limbie) seipwes ina dose-dapend eﬁb@énwﬂ‘gh%b ithearaay generelize and
Cheni cal ) , caabé@edtl, TR c}ﬁiéﬁﬁieﬁtsq;reséﬁféﬁ%ttﬁn@&écﬁﬂﬁ wePBs{dtael hesVRhemE) -

Subj ectg, were th nitor graded, for the devel gpnent of selzure

acti vi t?p d"te“?be’fﬁ?lﬂt?ggg eg%Pa(SE’@S ﬁge kioed brain bargier, apd Ffa‘io whsther EPR hast ed

60 i nut esarnrdffeRt oh Meursadl RAéRy Bakace, Ahd SPeicallp, it hilhddrcioteBiRie &l E%aaﬁﬁg?nt
at us

30 dramati cal 'Z reduces seizure severity and del ays the onset of st
epi | eptlcd%a“?aﬁ ‘mce treated with kainate. The conparison between EPO and

sham treat ed ani mabshis ead|Feraale HBalls/c misé gwa%mgeh byerh§W\E3-20 8aY) Rverd pretbsied
ani nal's ec.%h gb&? [}}kg 0 I'EBCGOII‘! Qusl umlaxq crytﬁ:opmetm (rhEPOQ; sold under the mark
L 25 PROCRIT, Orthq-Biotech, Inc.) or saline (sham) given intraperitoneally at specific time
points before, at or after receiving kainate (Sigma Chemical), also IP, at specific
concentrations (mass’kg-body weight). Subjects were then monitored and graded for the
development of seizure activity at 20 minutes after receiving kainate. Each trial was
terminated 60 minutes after the kainate dose. As shown in Figure 3A, EPO pretreatment

30 dramatically reduces seizure severity and delays the onset of status epilepticus in mice
treated with kainate. The comparison between EPO- and sham-treated animals
demonstrates a significantly lower death rate in animals receiving kainate dosages in the 20-
30 mg/kg range, indicating neuroprotection afforded by pretreatment with EPQ. The
numbers in parentheses under each coiumn mdxcate the number of animals exposed to each

35 kainate dose.
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30 ng/ kg range, indicating neuroprotection afforded by pret He td’@ptzgﬁath
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.~ ani mal s expesRidiica each 35 kainate dose. -31 0 CT 2003 WO OprfHrudéndooie

PCT/ US00/ 10019 The dose-dependency of EPO in providing neuroprotection from
kainate is shown in Figure 3B. Mce were adm nistered EPO (5000U kg; IP
daily for up to fi otecti.ve effect of.each dose, of EPO
was assessed by de;/@}e?nﬂ%lé)rﬁlsp gs_ﬁl}ir%\??ggfﬁg t'eP mvéaclfﬂg HF%EOP&??%W“?&O’E%%‘S(ZO
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(no EPO, seg-Figure 3A). I ndi cat e aprovenment,.i n, survival of
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showls tge EBBP-E%tEcb#tﬂﬁc&nh, deh'@mh ddito sl‘iitr?dhj%_ﬁt):d binkidat As Eicvon ﬁﬁF%?i;egE,OI ka)
singl e dose o iven at the, tine. of kainat i st on ng/ kg
Goes. ot _pr BOBBIOLRoN fratsat S1BiBiepLdSaRmal SO0 UkearEhen 24” hour's
before kai nate i nprileeruidpgoteetiGipiovivied byBPE islchaictesRbd BY ﬁSiePagéE ldbhf&, to

death. This gffect Jasts for up te@ 7 days. 15 9. EXAMPLE 4. P PHERALLY
ADM NI STEREEﬁE?fEBe é%‘s“éﬁﬂ?‘gf‘ ogw opprogra; Sagpre3k shoys the BBO- s

Exanpl e, 100kelate@ délay §in mhintites) fhdvuthi 118in SeRired O b ¥RIpPSIARRIGFIEPD glvied aPfHRlRAS S
t he neur al P{.EV.I Qus.in.vivo 's(é#dl es u mg a gl_gbal ‘reperfusion nodel in the
gerbi |, hav8tXaipglf administrasion &tﬁdﬁ@g"s‘ﬁlﬂ BLPrRYIgs ARy immedisteprotecien, wheress
cel | death EPQtgieerb2@hdurs defbré Raihate Binprivel BRlgene) ARTicvdrifyifRelZifs GRE Bl
-ventricles B%ge S e ,brai.n fro uch cell death (Sakanaka et al., 1998,
(proc. Natl. q 1higeftect lasts for upito : The experiments presented cell
death in vivo in an animal nodel of ischema. The foll ow ng experinent was
performag using the mddle cerebral artery occlusion nodel, an

art-acce ?ed model of ischemc focal stroke. In the protocol, nale rats
(250 gm of BDoBXAMPLE). we PERIPHFRALL Y 2DMIKIS THRPD EFOPRUTECTS BRAIN

mai ntai ned at 37C. The caFROM DAMAGEDVET® I§CHIBMIAed, and the

i psal ateral carotid artery permanently occluded. The ipsalateral mnmiddle

Cont ral at or al  ar t o IE 1BSBILIETYSIaF ARG SPBTosio e A GhrEil e
sacrificed ibdicated that stopping blood flow to the brain results in cell death in the brain, and that
0 EPO injected directly. into the cerebral ventricles protects the brain from such cell death
(Sakanaka ef al., 1998, Proc. Natl. Acad. Sci. U.S.A. 95:4635). The experiments presented
in this Example, for the first time, show that EPO delivered peripherally protects the neural
cell death in vivo in an animal model of ischemia.

The following experiment was performed using the middle cerebral artery
occlusion model, an art-accepted model of ischemic focal stroke. In the protocol, male rats .
(250 gm of body weight) were anesthetized with phenobarbital, and maintained at 37°C.,
The carotid arteries were visualized, and the ipsalateral carotid artery permanently occluded.
The ipsalateral middie cerebral artery (MCA) was visualized and cauterized at its origin.
The contralateral artery was occluded by clamping for 1 hour. Animals were sacrificed 24
30 hours later, and the brain removed and sectioned into I mm serial sections. Viable tissue
was visualized by in situ triphenyltetrazolium reduction to visualize live tissue from necrotic
regions. The ischemic core, and the surrounding penumbra, undergoes cell death.

Using this MCA model, EPO was administered by parenteral injections at
various times before and immediately after the injury, and the volume of the injury was

35 . ; . .
quantified by computer-assisted image analysis. The results of this analysis, shown in
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us, t 'SesQEtQ (g@ﬁ?ls 113@ ?e'fﬂhé‘%s‘i‘i?& ng%ﬁasﬁ?es&l%{‘ e&:gdéﬂﬁl S5y eCt

of EPO on Sue tion prow sen I'nven
be used tb thdﬁ&mbt]EEQ(bmmlﬁﬂemameﬁnnmomwdcd by limmlem:m!emhomrcané)ﬂ dsed

used to noduk | IE?‘“ 3G ch &l

injury, orqgﬁ AHCe Eﬁéa&' Iﬁlﬁ%% ga‘gn cIIégr %té “%I)Qé &ki\)ﬁ%ﬁ@m&

PERI PHERAL Lexcitdbis MSSEEEEIDOEPQGER@E@@oanJm dibighferiéatdf/katming anddel
- of machanlc é‘oﬁlurra the cortical inpact nodel, pretreatnment with

syst em cal I mni stered EPO protects nouse bra| n fromblunt trauma. To
I nduce trauma a pneumat ically-driven piston (di ppard VaI ves) 3mmin

di aneterlsv\/q | seﬂ, 1,/' AD fSWed.
Each nouse vvas ‘anes IAGU ey |n a stero axi c device, to
prevent the head from ITDVI ng sca p |nC| sion was nade in order to

determ ne:the | 0caf Aol oG cha ST aull 0 cht LGk G080 Brhlontd

whi ch the piston was 1 ni was f en ad| st'e by
movi ng it zmcmmwﬂﬂnumdtemdﬁ pratedts musﬁrlugméﬂandblmﬁmd&o indude tlaymasie

of a pr eC| V- I ' '

sel ecIO I on IE)IIIIgt?‘%IISI vel oc IIII&&F@II?E@X%I&’%I%Q%{E dIfI?IéI& I];‘?Iélr‘r:g cgﬁgggcrmy M ce

vver e tr e dgliverableweo Jenmployeg rﬁﬁcbmeewamnqsﬂ'@hmdmn plapﬁ} ury, 3,
6, or 9 ho%ﬁ:rk S%Q&aﬁ‘ c%ﬂ? c ifi.ced 10

days after t gtr“gge ure s I’Iﬁg pgélacIIﬁngglu e%ggéﬂ% e%am (IIMFI

vol une of bBwaskedn peder &d@emnq ﬁleéﬂﬁﬁmd)fthwrgmmwm%ﬁébe mfe@nc%pquahg@har ea

of necrosi SyMEPHR PIREY 64 iiliflyf foshlone@ The piston was then adjusted by moving it 2mm

caudal and 2mm ventral to bregma and the impact made by use of a precise pulse of

25 nitrogen. This device allows for a precise selection of piston velocity (4 m/s) and impact

displacement (2 mm).
Mice were treated with EPO (5000U/kg) 24 hours before, at the time of injury, 3,

6, or 9 hours later and continued as daily dosages. Mice were sacrificed 10 days after the
procedure, and the brains subsequently examined and the volume of brain necrosis

30 determined. In sham-treated mice, a large area of necrosis was observed (Figure 5), and
with abundant infiltration of monocytes. In contrast, animals are protécted from such
damage, and few mononuclear cells were detected in the area of injury, when animals are
pre-treated with EPO or given EPO up to 3 hours after injury.
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ENCEPHALI T)hﬁitﬁt(p’émnnmucbdar etll infdirate (The rastlBianeshosin mrﬁgﬁh ﬁlmmyﬂ?llghréGIBEAE)

Var  aus. aferaRsh i Gtsf FRERAEFARTR 0 BAT el bRy G iR ogi 0.

vi r ol ogi ccotsistent \wﬂdan st m:thsae sizbility, and decreaked MPO avtidigy, s¢latide fethieur es

of M5. To s . of e | | owi ng

experi ment Bﬁ%@ l\é\{gbr or .a%'—te éﬂ'ﬁ 5§ém§%ggé@¥% 1856531 &?ifl es

Ri ver, wahmcatmgﬂhattthcbry)s -sigmiﬁcamﬂmhsmaﬂltmudaﬂ:ylmﬂduhmetbh;ecellsnest hesi'a by

injecting into both hind footpads 50 g of guinea pig nyelin basic protein

(MBP; Sigma, St. Louis, M) in water, enulsified in equal volunmes of

conpl et e HR2eEXANPLE ZjvarRERIEFER&.QMDMEN[SPERﬁDrﬁPCDATﬂmUKTESed
EXPERIMENTAL ALLERGIC ENCEPHALITIS -

Experimental allergic (or autoimmune) encephalomyelitis (EAE) in rats, is an art

25 accepted animal model for multiple sclerosis (MS). Various animal models with EAE have
been developed applying immunologic, wrologlc toxic and traumatic parameters in order to
understand features of MS.

To test whether EPO protects against symptoms of EAE, the following
experimcnt was performed. Female Lewis rats, 6-8 weeks of age (Charles River, Calco,

30 Italy) were immunized under light ether anesthesia by injecting into both hind footpads 50
pg of guinea pig myelin basic protein (MBP; Sigma, St. Louis, MO) in i;trater, emulsified in
equal volumes of complete Freund’s adjuvant (CFA, Sigma) with 7 mg/ml of heat-killed
Mycobacterium tuberculosis added to H37Ra (Difco, Detroit, MI) in a final volume of 100

pl.
35
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hour s, Iy stlrrlng

14. EXAMPLE9: - CNS DELIVERY MEDIATED BY ERYTHROPOIETIN .

( . 25 The experiments presented hereinbelow indicate the ;ucceséﬁﬂ transport of a

molecule conjugatéd to EPO across the blood-brain barrier and its localization inside
basement membrane. As shown in Figure 9A, brain sections were stained with antibodies
for EPQ receptor (EPO-R), which shows that brain capillaries express high levels of EPO-
R. In order to study whether EPO is can be transported across the blood-brain barrier, EPO
30 Was labeled with biotin as follows. The volume containing thEPO was concentrated using a

Centricon-10 filter (Millipore), and recovery measured by reading the absorbance reading at

a wavelength of 280nm. Next, 0.2mg of long arm biotin (Vector Labs) was dissolved in

" 100 pl of DMSO, added to the concentrated thEPO solution and vortexed immediately.

This mixture was then incubated at room temperature for four hours, while gently stirring

35 and protected from light. Unbound biotin was removed from the solution by using a

Centricon-10 column. Biotinylated EPO was then administered to animals IP, and 5 hours
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and protected fromlight. Unbound biotin was renoved fromt hﬁ i&kﬁl [ 8@1&)by
using a Centricon-10 colum. Biotinylated EPO was then adm ni 3

+ani mal s 1o d@dig hours -35 1 3 OCT 2003 WO 00/ 61164 | ater gdwguatideis were
sacrificed. Brain sections were |abeled with avidin coupled to peroxidase,
and di ar ni nobenAdi ne added until sufficient reaction product devel oped for

observati o Crosc . EPO was. f ound t.he salve capillaries
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llg iotin gac?ﬂroﬁﬂaneam&tﬂlhmﬁﬁibleﬁﬂdme\ﬁdﬁbd ustileafffcient B@i;h@ﬂpli%cﬁcgd?\‘;éefoﬁ%% SN
|gure t " cul in Xie e c ,S;
co' Jobe e?}fseﬁiﬁg’n g?hpggtp‘@@(?ﬁcepy gipgwestﬁoanvﬁ éf’ GSame ‘-raPﬂpaS‘f? MW%UI
is dt,iat @ﬂ%iti\&tfbr EP@JRI (Fl@ﬁﬁi%)sf}ﬂt Iaier‘hméqadmtsrl@nle tiothy Rb&ll dppeadelMocalized -
adrrlld%ste d rnl ntion i's. not ObEEIInIted

-in-scope B lﬁ’E"%‘ﬁ ET‘FPE’ @rﬁn*oﬂ? g%‘?f?sﬁ r(ﬁCB‘p SpraghiRold BRSO ‘Brsaddadiai n -
barrier.  POUDUSEPELOAHS 1 eted ERUL &@speciﬂéﬁﬁ.ﬁﬁg%élﬁﬁﬁﬁfﬁﬂeﬂle‘r&uﬁ?o to taa

. yr-~st ~, , ~. ~ra- rrearv~r~=nhic T~ ~IN~~ cart
die ovate ‘B"&H”é@at}:@“dﬂcﬁ?"&“? dpti G"Er?g aéy %%EPMMW%W&Q F@nﬁgﬁ@éfﬁf’@ dure’s

After, ntdomt ﬁﬁgﬁﬁﬂﬁ&q&ﬁh@hmﬁ%lﬂnq;ﬁﬂé—r aapent.aneal - urj-ef.eiong-15. Pesitive
efl_ee_ s off3 on thSe central nerv%us system can he rX|eas flred W

jastivery of dusicmically plwinisigrsd béptmmme of°

'I‘hetﬂvenﬂe&ﬁﬁeﬁebe—lmﬁed nrseepe by the speelﬁc embodunents
are-i 15:single:ill "'Hen@eﬁmdxwduﬁl aspects of’ %e mventwsl,
: and ﬁmctlonally equ:valent methods and componenis are within the scope oi"{the invention. .

Indeed various modifications of the mvenhog,maddummto those shown and described

_ herein will become apparent to those skilled in the art from the foregoing de%cnpuon and -
- accompanying drawings. Such modlﬁcatlons are intended to fall within the scope of the o
(’\ 25 appended claims. '
' All references cited herein are mcorporated by reference herein in their
entireties for all purposes.
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a rocs load-brain barrier insiml aslt ra, |~ 4er<c~f srnxly acl arusee -36
OCT 20U3 The d ains: 10 A pharmaceutical conposition in dosa? m]t \?@ﬁ’ém
adapted for nodulation of excitable tissue, enhancenent of g{; i
function or delivery of conpounds across endothelial tight junctions which
conprises, per dosage wunit, an effective non-toxic amount within the range
from about 50,000 to 500,000 Units of EPO an EPO receptor activity

nmodul ator, an EPO- activated receptor nodulator, or a conbination thereof,
and a phar rr@\heag gally acceptabl e carrier. The pharmaceutical conposition
of Caiml, ereln the effective non-toxic anount of EPO conprises 50, 000
to 500,000 Units of EPO 3. The pharmaceutical conposition of Caiml,
wherein the ?ffeCAIpHﬁma@éﬂltnéaDésdrﬂposﬁ@ iaRosHgE unif foFffP@iapteddordoedilaéef ecti ve to
achieve a circul atl t il . of serum
4. The phar maceut 'c& ‘%bi%g%s“et egrﬁ%a%ea 3 %@éﬁ\fve @ﬁdg?%%ﬁ%%ewcul ating | evel
of EPO i% measuremnmtindsizogss qndo@ellaBtlghtlJU"@O"SG”h'c}" cogprsgs, R§F 9%¥8%hours after

- the 20 admini st réﬁt‘ Qﬁ‘e@é‘ctnFePrQn-t&chQaduﬁﬁﬁiﬂnﬁ {6 @dngls iffomwdbblit 50080 & ror e

.contai ners_conprisin ce cal 2. Use of
EPO, an EPO recept¥%4 quitélcﬁilﬂ:[% El'%% rece@r&’?;%ﬁ{ék&%@ta%a%egbwr ecept or
nodul at or for prepaivited) @ceptar mudeletol, cal 2 opgieriationthesef yad % a et hod
for the protecti Ogﬂqa?%ag%uﬁﬁm%keﬁtéb%aﬁﬁ hol ogy resulting frominjury to

.excitable tissue conprising adm.nistering peripherally to said mammal - an
ef fectivé®non-toxi c anount of sdid conposition for the protection of,an 30
excitabl e tigsue i gamsateutictl camposifios at@aimelgivherein thefeffeetive AEN-1PHC achi” eve
said protective e HRGFEgseptor activity
nodul at or, or an &%@ﬁ’a%ftl va%"%gggg?gﬁ%ngﬁ?at or as clained in daimé,

wherein said injury is the result 35 of a seizure disorder, nmultiple

scl erosis, sgrokerhditagrhaasticartompasitidn atClaiar, w¢rein ﬂrnacﬂﬁfeqbﬁvamw{ﬂ%ar di-al
infarcti i nfl ang fHalidveEofEROGE | ON,
radi ati oﬁpdarrage Q&Y eg{EPCﬁgng&J éﬁﬁ‘?ﬁ?é‘ﬁ%@'@ﬁ% g{é%e g? 3 OCT 2003 di sease,

Al zhei ner' s d| seag@aterthak i HAGYMRT ST Lei gh di sease, AlDS,

4, The pharmaceutical composition of Claim 3, wherein the circulating level of
EPO is measured at about 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 hours after the

20 administration of EPO. '
5. A pharmaceutical kit with one or more containers comprising the

pharmaceutical composition of Claim 2.

25 8. Use of EPO, an EPO receptor activity modulator, or an EPO-activated
receptor modulator for preparing a pharmaceutical composition for use ina
method for the protection of a mammal from pathology resulting from injury
to excitable tissue comprising administering peripherally to said mammal
an effective non-toxic amount of said composition for the protection of an

30 excitable tissue in an amount and dosage regimen sufficient to achieve

said protective effect.

7. The use of EPO, an EPO receptor activity modulator, or an EPO-activated
receptor modulator as claimed in Claim 6, wherein said injury is the result

35 of a seizure disorder, multiple sclerosis, stroke, hypotension, cardiac
arrest, ischemia, myocardial infarction, inflammation, age-related loss of

cognitive function, radiation damage, cerebral palsy, neurodegenerative
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denentia, nenory |oss, arnyotrophic |ateral sclerosis, alcoholism nood

di sorder, anxiety disorder, attention deficit disorder, auti né %‘ chggﬁiel d-
Jakob di sease, brain or spinal cord trauma, heart-|ung bypasg, QQ ﬁ ,
retinal ischma, or retinal trauma. The use of EPO an EPO receptor
activity nodul ator, or an EPO activated receptor nodul ator as clained in
Claim6 wherein said injury is a result of hypoxia. 10 g. The use of EPQO
an EPO receptor activity nodulator, or an EPOG-activated receptor nodul ator

as clained i ” d ?1\ sHAR N}ﬁéﬁbr‘k §§éage Ihap@shres tisesee crighatiseasy, ISt nat al  oxygen
deprivation,

ocation, chokin p r al cognitive
dysf uncti on, car @Gﬁe'ﬂfﬁnﬁb@m@ B g@ﬁ&ﬁ’@ ic gater?( SC%%SE’ %&fhgltlsl%(;nr%oahr oni ¢
obstructive pul mﬂ&afd)ér (HnSie'@smor@npdrﬁﬁBf@nHief%lUGﬁQrderr a<ismy &E’%ﬁfp‘ i stress
syndrone, hypoten, \ng,geggeclﬁ,a.éﬁr%lnsl ShofkimaaRaRHgalpes sdetma,i nsul i n
shock, sickle cel P c arrest, dysrhythm a, nitrogen narcosis,
or | ocal iszed ti sgetmatisghove. & refrg! HMays e of an EPO an EPO receptor activity
nodul at or, an EPO-activated receptor nodul ator, or conbination thereof for

preparing a pharmaceuti IncH@Stof, Br b BES-Asidetéddr enhanci ng
the functi orfPOf né’PrYﬁ?Ofg:'?Joﬁ %g??raebﬂgg%f'\;gmc’%l PSS!

e tis corrprl si ng
admi ni stering perecaptoe mativlgtonas claimed imeRHS W%F“ﬁ%??‘%ﬁ%‘ﬁd?f’yesgr #Pmtl
non-toxic, excit hﬁ"aZS tissue-enhanci ng amount of said conpositi on in an
ef fective anount dosage regi nmen sufficient to achieve sal d enhanm ng
effect. M. The use of an EPO, an EPO receptor activity np aqt
EPO acti vat eg] r eTrepisebf BROENERS} receptor @efiviyy Hafulse: ?rﬁ“é‘r%)& = IPY rred in

Caim 10 wherein 30 ﬁ'%d@%%&lﬁﬂe& iﬂe:lé“mmtnem aid lypoid ahbl"@latal ssue results
in the enhancenent

associatiye. |earnin h&- use of an
EPO, an EPO recep‘irt?PSt&%?'l%‘che?%ﬁUHﬂﬁ'ogt %uffoca E&éﬂé”ﬁé{%g{a \?aﬂ%ng]; ecept or
nodul at or, or condirdiad i ergnitivee rdysfinction, cF%[P?fbd“?’ﬁ’“@ aPYRORIHI \M‘?@Pﬁ n 35 said
enhanci “gsrt he_ T ungtd a8 OLBHE | dilohel biwisRary Stiseser] drphyduenat radalt ment of

mood di sotders, anxiety disorders, ssion. . a M seBiid esHobion deficit
hyperactivity di seseieory Afi'EtFFéFnﬁY“dé‘) sg CLensIee, %MC§ Séaga n| tive
dysfunction. 38 OafapHylatio08ndts, inBhie @B@kofSlcélﬁ OCF‘% ¢ EEPY or acti vi ty

modul ator, an EPOa dreRARBLIO or RBAkEdAfsEle hypsxiconbi nat i on t hereof as
clained in d ai m% ﬁ“&{hﬁé ﬁ\f?\rﬁgernglﬁln slalod excitable tissue is central nervous

systemtissue, peripheral nervous systemtissue or heart tissue. 14. The
use of apyEPG) anyRPer seEept an ERCY iecerty astidiyrapdyiptor, A7 EHphadvetedat ed

receptor modulator, or combination thereof for preparing a pharmaceutical
composition for use in a method for enhancing the function of normal or
abnormal excitable tissue in a mammal comprising administering
peripherally to said mammal a peripherally effective, non-toxic, excitable-
25 tissue-enhancing amount of said composition in an effective amount and

dosage regimen sufficient to achieve said enhancing effect.

11. The use of an EPO, an EPO receptor activity modulator, an EPO-activated
receptor modulator, or combination thereof as claimed in Claim 10 wherein
30 said enhancing the function of excitable tissue resuits in the enhancement

of associative learning or memory.

12. The use of an EPO, an EPO receptor activity modulator, an EPO-activated
receptor modulator, or combination thereof as claimed in Claim 10 wherein

35 said enhancing the function of excitable tissue is used in the treatment of
mood disorders, anxiety disorders, depression, autism, attention deficit

hyperactivity disorder, Alzheimer's disease, aging or cognitive dysfunction.
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receptor nodul ator, or conbination thereof as claimed in Caim6 or 10
wherein said administration conprises oral, topical, intralum ndl 3,0@{;'py20930
i nhal ation or parenteral adm nistration. 15. The use of an EPO an EPO
receptor activity nodulator, an EPO activated receptor nodul ator, or

conmbi nation thereof as clained in Caim14 wherein said parenteral

adm nistration is intravenous, intraarterial, subcutaneous, 15

i ntranuscul ar, intraperitoneal, submucosal or intradermal, 2|~ 16. The use
of an EPO, an EPO receptor activity nodul ator, an EPO activated receptor
nmodul ator, or conbination there as_cl ai ' | A i wherein said
admi nistrati®n i sThaé*E?%faBrEpmeBcﬁ)Fg.recf'?t.or %@gu@“gfﬁéﬁm%%d%%d@o recept or
activity nodul at qeseptn ncB@xtac tor varnkation deegef 89 cRmedAH™ %" Ponbi nat i on
thereof as clained in (.aj : : bRofAdyetemRGskes padphemalyt hr opoi et i c.
25 18. The use of"ﬂ‘gﬁe'rtgé?b@ﬁgbllf%%s%%g’eeggﬁl%acti viytdty nodul at or, an

EPO activated r eesprosysieBdisFut B Meabsonbi nati on t hereof as clained in
Claim6 or 10 wherein said EPO is adm nistered at a dose greater than the

dose necessary t Tol'ﬁtrﬁ%‘)&() htr%: I%FyhO, Zah iEggggéegﬁggEéégiW@miaﬁj #h. EFtfaclifatedJse of a

mol ecul e in ¥ssoc ), O receptor. geLivi{y,, nmodul ator,
an EPO- acti vat ed nreeapeprmdulaiod (r £p0PINatgR t%%iaﬁé:laﬁ%‘?‘? ‘Pﬁbg '@04 1%r preparing
a phar maceuti cal GQRRPShbi SifigFatsts eorhprises wed, opicdlointralimiskl Pt BY i ng t he
transcytosis of said nol ecue!if %cao%%trgg endothelial cell barrier in a
mammal  c8hpri si ng"RAIPR PRI E A0 LRI manmal  said 35 conposition in a
non-toxi ¢ anount and dosage reginen sufficient to achieve said :

t raﬂscyt 05i051§f f eqle usd 9t &1 Epd 4D r%QaptoTb&ivlwsmodJﬂaw, aoERQ-attiwated azsoci ation
wi th an EPO an EPO receptor actiVvit. M@t ed receptor
nodul ator, or coni?F?Pé‘t’i”&ﬂ‘f”'aPhé’F%%‘fb'"gﬁgnc %fg&rtggt?%ne&q’gsﬁlﬂ@&mﬁer ein said
association is a sabphrenteravadnainistratipo isdintrayerquapiNEaarital BREVHERE: or a

noncoval gt assocj af i o badrildhedlisO8muddkdl or iheddemadld nol ecul e. 21. The use
of a noletule in association with an EPO, an EPO receptor activity

modul ator, an EPO-activated receptor nodul ator, or conbination thereof as
claimed in Chai m 18 wdeer et BPGncERSheoeHies|actity mefyiateraat FBP-2PWaEfe 10

bl ood-brain barrier |80 daCa6anpRatidn Béreoft dxecidimed th Claist 8rBarrier, the
bl ood-ovary barri %Fe%éﬂlﬁ%&eaagﬁ?’oo | acenta barrier. 22. The use of a

1 ood- pl
nol ecul e in assocWb?rP'Bﬁa'ﬁﬁﬁrﬁ'"ﬁﬁatﬁg’@acﬁtﬁ LBV %aceptor activity nodul ator,
an EPO aghi vated receptor nodul ator, or conbination
17. The use of an EPO, an EPQ receptor activity modulator, an EPO-activated

receptor modulator, or combination thereof as claimed in Claim 6 or 10

wherein said EPO is nonerythropoietic.

25 18 The use of an EPO, an EPO receptor activity modulator, an EPO-activated
receptor modulator, or combination thereof as claimed in Claim 6 or 10
wherein said EPO is administered at a dose greater than the dose

necessary to maximally stimulate erythropoiesis.

30 19. Use of a molecule in association with an EPO, an EPO receptor activity
modulator, an EPO-activated receptor modulator, or combination thereof
for preparing a pharmaceutical composition for use in a method for
facilitating the transcytosis of said molecule across an endothelial cell
barrier in a mammal comprising administration to said mammal said

35 composition in a non-toxic amount and dosage regimen sufficient to

achieve said transcytosis effect.
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15 thereof as clained in Claim19 wherein said nolecule is a receptor

agoni st or antagoni st hornone, a neurotrophic factor, an antim crobi al
agent, a radiopharmaceutical, an antisense conpound , an ant] Bodgr 2{21]3

i Munosuppressant, a toxin, or an anti-cancer agent. 20 23. The use of a
nol ecul e in association with an EPO, an EPO receptor activity nodul ator,
an EPO activated receptor nodul ator, or conbination thereof as clained in
Claim6, 10, or 19 wherein said EPOis erythropoietin, an erythropoietin
anal (r)]g, an egyt hrﬁ%oh{et by rn’ﬂo%&lbﬁm aé’dl)_ciaﬁifnymg’g@lﬁ)(ﬁpﬁ ian ERGgereptor aI hyblri d
erythropoietin nolecule, an er opoi etin [ or.- nol ecul e, an
eryt hropoi etin ag@ﬁtﬂ"?!tr,r‘Od&’afoénﬂ%/E%é}?gtﬁ?tgﬂé?cg?t%,m%&%%rr ai gdnigr%ya?ﬂ]or opoi eti n,
an ol i goner t her e@éreofasilziniddieClath ¢ whefein saidhaasesiation {sdpldigicovalgnt ongener

thereof, a naturally- I f un &rhelof@valemt B¥dti-&t with a biading t her eof , a
reconmbi nant form %%T%gt%ﬁggéﬁ%ncon i rllrat ioon thereof. 30 24. The use of a

mol ecul e 3§ n assocsigtforsaiddesuln EPO, an EPO receptor activity nodul ator,
an EPO activated receptor nodul ator, or conmbination thereof as clainmed in

Claim 23 wherein id EPO rec or - bi_ndi. itHQnEEbth Earl BP@Neddplck body to the
eryt hr opoi et th rec t‘bsle.c’(t) r"°|§\gl}éeo[rr]p%§'?%t@ﬁ “{‘Ior nt ransporti n@n%grml ecul e via

transcyt osi s acr ossivignmodsttiest fle EP@facivaied raeeptor 810dwaith P §9 ?d nol ecul e
in association W jedad@uifOnECIZR0R wHsiercsdia endothelizt oali lmriemisuthe of EPO, an

EPO receptor activity nodul atop r . .an;.Ep iMak fdiet 8%E1RE Ohe NOduUl at or .
26. The ¢Bnpositi B‘ﬂ°%‘?’a‘f‘:lc{éﬁ”fﬁr’2@é Dé’Fe?% bgg%q%gé?&s%gtreyt hr opoi etin, an b5

eryt hor opoi et i n ablabdsgparysarrier gittheoblensailacents bafiffet i ¢, an eryt hropoi etin
fragnent, a hybrid erythropoietin nolecule, an erythropoietin receptor-

bi ndi ng nol ecul e, _an eryt hopqi efin agoni.st, . ¥bHORAIREI N, a brain
eryt hr opoi et #4, aﬁh%l“f’eg%@rrﬁﬁ??é e‘f‘o‘r’ls,océat'?r'hlwt't?r?ér th’eﬁo%, a mutein thereof
a congener t her eadtyiamnditiaterabh EPOectivatadrigodpiar maddiaiob &F coBPE R hetic form

10 thereqf, a recﬂﬁt?aiop%@l i iNcidie 18 Gheresaid nfolstlle nd feosptdrizgorgssf . 27. The
conposition of daim?2 vﬁ] I i

wherein said | ecul e i ggni st or
ant agoni st hor non&’ a4agpBist B?"F‘HB‘FH%"?‘E%&’B&? q%?ﬁ”‘a% ?rr'ﬁr"ﬁ%%g%l g{geg'ggnt , a
r adi ophar maceut i caldioppmasduiisnse @ofigeosendomapundnt.i [38d@ntibeAy. £8

i mrunosuppr essant mrﬁurﬁ,g%g Fésségﬁ,_a%irﬁ‘ﬂﬁénjéi%ﬁﬁfer@@ﬁﬂt- 28. A pharmaceuti cal
preparatlonforrrufae or adnministration to obtain a neur oprotective

effect conprising a therapeutically effective non-toxic anount of a
noner yt hngpobst i ¢ TRPQsel@f aviadleauts mnabsecigtivamith uEP@as PO ¥ept abl e

carrier. 29. A ph%&WﬁHBﬁI&&J 2R "ERRRY Al rebSptdFLhGtuR by, f @Tcomdinbtitinst r at i on to
obtain a _ ) : .  EPO i
thereof as claimed in Claim 6, 10, or 19 wherein said is
erythropoietin, an erythropoietin analog, an erythropoietin mimetic, an
erythropoietin fragment, @ hybrid erythropoietin molecule, an erythropoietin
25 receptor-binding molecule, an erythropoietin agonist, a renal erythropoietin,
a brain erythoropoietin, an oligomer thereof, a multimer thereof, a mutein
thereof, a congener thereof, a naturally-occurring form thereof, a synthetic

form thereof, a recombinant form thereof, or a combination thereof.

30 24 The use of a molecule in association with an EPO, an EPO receptor
activity modulator, an EPO-activated receptor modulator, or combination
thereof as claimed in Claim 23 wherein said EPO receptor-binding

molecule is an antibody to the erythropoietin receptor.

35 25 A composition for transporting a molecule via transcylosis across an
endothelial celi barrier comprising said molecule in association with an
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neur oenhancenent effect conprising a therapeuticall f [ [
anount of a nonerythropoietic EPO derivati \F/)e and a %h:r ngfawﬁ]cn?g e
acceptable carrier. 30. A pharmaceutical preparation fornulat edgf Ol}%'f 2083
adm nistration to deliver conpounds across endothelial tight junctions
conprising a therapeutically effective non-toxic anount of a
non-erythropoi etic EPO derivative and a 30 pharnmaceutically acceptable
Cﬂ.rrl er. 31. The pharnmaceutical preparation of Caim28, 29 or 30 wherein
J;m gu?at g(r)negI )é‘; Ih\r/ %ﬁsﬁgggn.ﬁ@ég%mt\é?@&&d EP@ recég) actmity produlataic P vi ty

A phar maceut i cal %'@P%‘Fﬂatﬁf@c‘?}?&ﬁ%?gg%ggt ;sﬁg}r)tso(r:ogg?iulsﬂgrtg:rl vative sz
pharmaceutical preparation of Clainms 28, 29 or 30. 41

26. The composition of Claim 25 wherein said EPO is erythropoietin, an

5 erythoropoietin analog, an erythoropoietin mimetic, an erythropoietin
fragment, a hybrid erythropoietin molecule, an erythropoietin receptor-

binding molecule, an erythopoietin agonist, a renal erytropoietin, a brain
erythropoietin, an oligomer therefor, a multimer thereof, a mutein thereof, a

congener thereof, a naturally-occurring form thereof, a synthetic form

10 therecf, a recombinant form thereof, or a combination thereof.

27. The composition of Claim 25 wherein said molecule is a receptor agonist
or antagonist hormone, a heurofrophic factor, an antimicrobial agent, a
radiopharmaceutical, an antisense compound, an antibody, "an

15 immunosuppressant, a toxin, or an anti-cancer agent.

28. A pharmaceutical preparation formulated for administration to obtain a
neuroprotective effect comprising a therapeutically effective non-toxic
amount of a nonerythropoietic EPO derivative and a pharmaceutically

20 acceptable carrier.

29. A pharmaceutical preparation formulated for administration to obtain a
neuroenhancement effect comprising a therapeutically effective non-toxic
amount of a nonerythropoietic EPO derivative and a pharmaceutically

25 acceptable carrier.

30. A pharmaceutical preparation formulated for administration to deliver
compounds across endothelial tight junctions comprising a therapeutically
effective non-toxic amount of a non-erythropoietic EPO derivative and a

30 pharmaceutically acceptable carrier.

31. The pharmaceutical preparation of Claim 28, 29 or 30 wherein the a
nonerythropoietic EPO derivative is an EPO receptor activity modulator
derivative or an EPQ-activated receptor modulator derivative.

35
32. A pharmaceutical kit with one or more containers comprising the

pharmaceutical preparation of Claims 28, 29 or 30.
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