WD 2004/ 096161 PCT/ US2004/ 009416 PHARVACEUTI CAL
COVPCSI TI ONS FOR TREATI NG PAI NFUL NEUROPATHY AND
WORIDHOES6 OF TREATI NG SAMVE FI ELD OF THE | NVENTP@MUTI004009416
invention relates to conpositions and net hods
conprising erythropoietin (EPO for treating painful
neur opat hy. BACKGROUND OF THE | NVENTI ON One synpt om of
human i mmunodeficiency virus (H'V) is a syndrone of
coghitive and notor dysfunction that has been
deBHARMACTEUYIEAT oCOMBOSHEI®NS I ROR HRIA TING PAINKULN
the era_of highly active ' L.ral
(PaaRTNE R £ B TR DB kBTG SRk,
termed mnor cognitive/notor disorder (MCMD), may have
become nore preval ent than frank denentia. HAD and

MCVD remai n Si gni W Fsk factors for
acquired i m’runodeél;y‘gzﬁg%)gytsyn rorrem(lglyp%ls) nortality

éﬁﬁljﬁ ’inyl\éntiog Irelgt:e:s t%wﬁﬁjogﬁioﬁé 81}(2&&%%? ccgl%gxgél%% f:@@‘ﬂ'opoietin
(Epcﬁ)_zfgpgf);aﬁnm; fevrpRiiMements in control of peri bher al

viral replication and the treatnent of opportunistic

i nfecti ons, K EROBNDPOP PN EINVIENPIONe protection
from the devel opnent of HAD. SUMVARY OF THE | NVENTI ON

The i . . 2 N
TR 555 OTIEERS) 988, 000) B ot comin
and A®&R dysfunction thht kel beed dsignated HiVsesseated dgmentill tHAD).
Althppgh .ths o By PR E st i etany (HARART S Sfder forfor
neur%%%ﬁ:it cgéguglb{imit@tirﬁé?irﬁﬁn_o?%ﬂive?{uot@? B sBRIeY RAPNIOR makitfive

mnistered either before or after exposure of
beconieemoe prevedént chednl frande ddimgntia.ocHAGharDMCMP Em@in signifieant

. ,admnistered either . before or atter detecti .

indeBe A TaSHhi loh AP AP BP Bty eliFbRE ARDS Pogatie

(Kafl OOt 2% hE v Fdu 1070385582 (2001 ) RePPbeler, 01 ieDbl. [Can. J. Neurol. Sci.
commencenent of gpl 20-i nduced apoptosis. Neuronal cell

29:186%: hzqogi)). Mespite tmpravenentpinenaiebolareripheyat visgl dpriipation and the
injt .. =or. . i:
e o 8055 R GTRARS B 7BlgEEbbpleletblicton om

the ¥vERPHEH sffHAD.fol l owi ng contacting the cell with EPO
conpared to in its absence. The nethod optionally

i ncl udes WD 2004/ 096 P the step of
contacting the Em%@ﬁiﬁfﬁﬁéﬁmwt issue with
an EPO receptor polypeptide. Also within the

i n\t‘ﬁﬁ bRt feArdFBE QRsbRftiond BhPideindds REUAKIBRIng@RLtonal cell death
death, by preferentially contacting a neuronal tissue

suchnistthatassceipopt with sn infhétinus dispasgnogntil¥tl mfeatdpe The method is
cmﬁﬂkﬁﬁ%&%@?@é%&ﬁ?ﬂ%ﬁ@g? Iﬁgurggg cefl v%ﬂlr%nnip%tp?ors%gmhibitory

amount of EPO polypeptide. The EPO is administered either before or after exposure of

the neuronal cell to HIV-1 or gp120. The EPO is also administered either before or after
detection of neuronal symptoms. Preferably, the neuronal cell is contacted with the EPO
polypeptide prior to commencement of gp120-induced apoptosis. Neuronal cell death is
reduced in the presence of EPO compared to in its absence. For example, neuronal cell
death is reduced by 10%, 50%, 100%, 200%, or more, in the presence of or following

contacting the cell with EPO compared to in its absence. The method optionally includes
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intranasally, intrathecally, or intravenously. The soluble erythropoietin receptor is present
in an amount that increases the stability of erythropoietin when both are administered to a

patient.
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the apgpgragarbohpyirate cmemaahg %i Inag&,twegiﬂ earbehydsrigmjays an
1mpo%ﬁ%%l@,%1&§%%plcal secretion and biological activity. In

particular, glycosylation appears to increase both conformational stability and solubility of

EPO, although conformation is not affected. Thus, an EPO analog also can be a form of
EPO that is hyper-glycosylated compared to native human EPO. Such analogs are known
in the art and include, without limitation, Darbepoietin.

A variety of forms of erythropoietin with varying glycosylation patterns are

available commercially, including but not limited to, EPOGEN (Amgen; Thousand Oaks,
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Recombinant human EPO forms a dimer upon extensive heating, based on
intermolecular disulfide bond formation involving cysteines-7 and -161. Thus, oligomeric
forms of erythropoietin, as well as oligomeric EPO fragments and analogs thereof, can be
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fornms of erythropoietin, as well as oligoneric EPO
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involved. The HIV coreceptors CCR5 and CXCR4, among other chemokine receptors, are

also present on neurons and astrocytes. CXCR4 is directly involved in HIV-associated
neuronal damage, whereas CCRS5 may additionally serve a protective role.

In cerebrocortical neurons and neuronal cell lines, picomolar concentrations of
HIV-1 gp120, as well as intact virus, can induce neuronal death via CXCR4 receptors. In
mixed neuronal/glial cerebrocortical cultures that mimic the cellular composition of the
intact brain, this apoptotic death appears to be mediated predominantly via the release of

microglial toxins, rather than by direct neuronal damage. However, nanomolar
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Because inhibition of nncroghal activation is sufficient to prevent neuronal death

after gp120 exposure, at least in vitro, it seems likely that stimulation of CXCR4 in

macrophages/microglia is a prerequisite for the neurotoxicity of gp120. In contrast, SDF-
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stimulation can enhance expression of CCRS.

Downstream Pathways from NMDA Receptors

If excessive stimulation of the NMDA receptor occurs and the initial excitotoxic
insult is fulminant, the cells die early from loss of ionic homeostasis, leading to acute

swelling and lysis (necrosis). If the insult is more mild, as it appears to be the case with
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MMP-9 has recently been identified. Proteolytically active MMP-9 incites neuronal death,
presumably by disrupting the interaction of cellular adhesion factors and extracellular
matrix. The expression and activation of MMPs, including MMP-2 and MMP-9, is
increased in HIV infected macrophages and also in postmortem brain specimens from

AIDS patients when compared with uninfected controls.
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demonstrated a clear positive effect in a phase Il trial of Alzhelmer’s disease patients with

moderate-to-severe dementia.
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symPiosy siahe &dvidiidn, andiikepaions foriaiuseassoci at ed with HAD,
or neuropathic pain fromother causes. The present

| NVgRErQBnIihOMitASs SuifiBleForfhbqedicion BB HAV sphptoms. These HAD

treatnent for HAD, and pharnmaceutical conpositions
symptmsinelate symplams agdeicitednwiph, 198 atisiag fmm,ﬁulgﬁ, st ipplyde

The.invention further relates to kits for treating
neutoRAthiGRAN hayvi ng HAD, conprising a therapeutically

effectiye dose of EPO f.or treatin r at | east .
park el ebeeA PG benet i iita i BpaaRElnans srgmines the
iR dyRpkoHE i LGFantiBfive Way S L., by decrBises€ RurbpatBiatpaiin Ths
pmlsui tgglrcﬂé for tﬂ%l_]rledlljcti (})I.n %f %;ADrsynp_t ons.p%tl'he‘ge HAD
suceeysfpl tovasmentc thedatientsitusrixillpye inproyed (i a-Hlecrspsedinithg Hgnptoms
HAD, and include neuropathic pain. To eval uate

fro
Ofnﬁ}i]fé’%t&'c Déisatient is benefiting fromthe (treatnent),
one, exam nes .the . patient's toms _in a guantitatiye. .
waysyeRptegms opgerentiadndy TosSoHERaRh Pt Ot Y. delision
mal&ﬁ%&]ﬁﬁﬁf, WaghleRBLBRMY to dritdt BRisEEM sppbaland thd abiliyas Gut together
I mproved (i.e., decrease in the synptons of _ )
simplesentpadeliand paimnmunispiepridnwonts. dicigwefien alsp assogigted widhs pegsonality
mengr robl em sol,vi.n bi | i I S j s
chaflg RSt g Ay R b S e Al s o posion
sengend the ability to put together
Neuropathy is diagnosesd by measuring nerve conduction velocity (NCV) or
electromyography (EMG). Nerve conduction velocity studies record the speed at which
impulses travel through nerves and measure electrical responses. EMG records electrical
activity in muscle tissue and is used to distinguish neuropathy from muscle disease
(myopathy).
Dementia is diagnosed through observation of evidence of (1) erosion of recent

and remote memory and (2) impairment of one or more of the following functions: misuse
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si npl e sentences and conmuni cate with words. It is
often al so associated with personality change.
wwphersl of neur opat hy i ncl ude nunbness, pai NPCT/US2004/009416
weakness, and | oss of position sense. Neuropathy is
di agnosesd by neasuring nerve conduction velocity
of wéNEF} immbilite kemimembeo gmdypdeyw@id/Byrredilyr(e., aphadiadtimpairment of
Jocity_ studies record the speed at ich inpulses,.
the apfi 1 DR gHIOR aF DALES e et Py Py L e inB e,
apra)tﬁiﬁﬁ RRPaRSentYthd SHRYES r&lo8hizE bBRLts, d%hitNdugh sefsofyfifilclon is

Issue and is used fo distinguish neuropathy from
intach(iste] agndsia)e @s anpaimyenp af thy pbilite feplen.corganien. Ayjpk segractly.

t hrough observati gn of .evj [ '

roeart o RtEnbe sty AR bark pn? HERE X e wesgpent
and tehealed oft the phi@dnt O e\@ry ¢u36in RSspedifitdsengel he\PBysician has to

2004/ 096161 PCT/ US2004/ 009416 of words or inability
detesnaing ghechesedosagrifon 8 SiNeBRALCRlonGeREdiNg to s geX, ags, uedghy) |

] [ nt _of jlity to performnotor activities
path(él\ggna{ oﬁﬁﬂgﬁhhfép%%ﬁmgﬁw ity remains intact (i.e.,

apraxia); inpairnment of the_.ability.to recoani .

ob1BE ek el Siiape-iant OF g RAtw by hErd R E f herapeuticatly
effedtive@moufOH0HE 8dtiveQigehtiPThé BRBENIASE théd€orafiunidtwilltdepgidash the

organi ze, think abstractly. As for every drug,

the
paticid beige tieatedn Therpatians s tvepelits seyerityod iliness daanngy of; adgninistration

treat ne n h 3 f ' .
o {GEERE BRSPS ook B kit B e
propdehbitn aht etehaiticlosbgthefapeuticatlly effoctpat dnanint of EPO is well

~according.to his sex, age, weight, pathological state

withiihthe seprbilitingof #Be @F@.Smﬁé thth&tnaceuti cal conpositions

of [ ' [ i :

O FAREEEERET R LE L Q0oL g AR kst
phariireewtivappachdging insed épeeat aqratitite Thos¢ casas wilkbsmgpparent to the

treated. ' The patient's weight, severity of illness
prestAREPIBYO SR IEE F BTG ot PR g kv BOW ind when to
intergﬁ SedibdioP BrRiaRd GéatRemN R YbsluR&i dnek R a kddpOnRGF A Paktidular
ciding the proper anount.” The determ nation of a

patigriter apeutical ly effective amount of EPOis well

i thi h MR Of ith skill in th t.
I et 8A RenibBRhe CoSar 1o use dosages

OUtTHeABnipouh dieof it G8SenS irfefton fre aphiaiseeAuh beaitably formulated
packaging insert to treat a patient. Those cases w ||

dosdge ferpparemposndstareadministesed 19 1RptisAY i the Eam Qherharmecepgcally
n ssary.,. [ 0 . )

xR SaPHF SRR bR? AL s MR i

pha@Rbutial t@afipovitidh ia niieabehs a soiftabde paritt adxaipienp atdhethat.a
Formul ati on and Adm nistrati g}g The c,qcn)go,gﬁgs of the

: [13 h :
thergpeatieally Gffagting ABAUNLILPISSRAL M BESPRROSIH fexpy (herapeutically

effe‘gt?\ée;%ﬁ!lcﬂfn?dref ?ﬁgﬂ]feanfl&fng?f HRIBABES HaPisHRPEAS 16 h@ e

rent in orm a pharmaceutically
desired endpoint (e.g., decreasing symptoms associated with HAD).

A variety of preparations can be used to formulate pharmaceutical compositions
containing EPO, including solid, semi solid, liquid and gaseous forms. Techniques for
formulation and administration may be found in "Remington: The Science and Practice of
Pharmacy, Twentieth Edition," Lippincott Williams & Wilkins, Philadelphia, PA. Tablets,
capsules, pills, powders, granules, dragees, gels, slurries, ointments, solutions

suppositories, injections, inhalants and aerosols are examples of such formulations. The
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acceptable salt or in a pharmaceutical conposition. A
conpound that is admnistered in a pharnaceuti cal
W@ vpo%ilti on is mxed with a suitabl e carrier BCT/US2004/009416
exci pient such that a therapeutically effective anount
is present in the conposition. The term
formulatienagabe wiadihigtereefih ethéneel oaatou systemisfraamer or rp depot or

ampunt of the c ound that. s necessar 0_achi eve a
sustzgEQiTP s edAUPON rROpET gratiof oF e Gy msr e pRISER G d,
variefy 5w a?ré’f@frb@&ﬂibéﬂinﬁﬁ@ B RluteVTadAl stpRionS e thtéadasal or

ornmulate pharmaceutical conpositions containing EPQG

intravenohsidImeothedmbhdiments, thorquis is|areubercal tectprasrnic®ebr ns.
.. Techni ques for or mul at.i on, -a ], ' Y%
intrap Rt ARy PO S AR ok Pl B0u Y 1R
com%&ﬁkﬁ%y theinRditiof tnfayFist ddinfintisterdd ipiontbdratiolith @warieSy of
| ki ns, Philadel phia, PA. Tablets, capsules, pills,
pharpeeaiticsl, exgitients, éesludinggalilizingagents.agriers aad/orfnGaRUHALon
sol.ution osi.tories, injections, inhalants and
fomg&n%%iissgeﬁ?%g%)%}fz% ‘es of such formulations. The 13 WO
2004/ 096161 PCI/US2004/.009416 f ornul at i C
aanin PepaRln phPTTg o o ehpryfto A bARBTRhs 1) be known
to thbét 6F sHAPRLthE hrt i HStt D ARCpre®neaselob@s hT9pically, such compositions
Adm ni stration of the conposition can be perforned in

may de preparast a5 solid fieryns; 2 tablatsr ether selidsdaperl adipinistiagan; as time
1 rout e gaf adm nistration is intranasal or intravenous.
Teleash CUHEP: enbodi nents, the route is oral, buccal,

rectal, parenteral i ntraperitoneal . Intr .
{ Encbise et mafiion pubeiigs RS Reer a2 hanpprctuing

stan@RAPRSILhiadisbyYEDANe i nvention may be administered in
conbination wth a variety of pharmaceuti cal

ex ﬂ/cﬂjﬁﬂﬁrﬁtioﬂ SdotolBasSHSR & if IcBAbRAABA ther4pids dré hfticipated to
and/or encapsul atiron fornulations as described
be imevenous of neramasg delinterp(sobifl op Hawidhc Agrrticalarkyrconvenient frequency

o AR S SRR e L B ) & ARy

di scl osure. Typically, such comosition

b . .
pr é{p@pé@i@gaw, p:l@rafpg!;thc‘ss;w € . pister 1n§1trﬁgpa%g Sq?lpagtlble with
the %g?g%o%uﬁqgﬁmmnﬁtiﬁ AdnWMordP ad isPRarnhRLRARAIIG l@g‘ééﬁ\%s The

uman adnini stration, preparations should neet
fornslaticnk iateyea€MACadrmimistered ir @ nagiety vhdekageiforas, suely @ nsE@veRpus or

e T B L OB 2508l and vl of

comkﬂ&fi@?f RIMUSIn@histeddd dpesd ok heeranirh8Qb b tedted.i Brécid amounts
particul arly conveni ent frequenc for the

of actiieiqoiponad regpired farhdminsipdiondispetd emibieijpdzapant ghthie practitioner
once a.d or .tw C day. Upon fornul ation,

and pyrReg %358%°W¥V1@8ﬁadm nistered in a manner
Conatihitla® v¥lubde of bRenpesiaee rdq@ind kadisgutse thadctive uglounds is
anount as is pharmacologically effective.

cally The o
typicdlymsedit Suitablareginessior yimiaiatiation areatipo Yirigblgabytayqpld pe typified
.dosage . f or. S ' . Ql. ] vine furth
vy RSP S 4 BB B P RYFRRR e, {SUERTAL g e
contrOlHdetbseNit fafbrigtetdl. The compounds and combination therapies of the
invention can be formulated by dissolving, suspending or emulsifying in an aqueous or
nonaqueous solvent. Vegetable (e.g., sesame oil) or similar oils, synthetic aliphatic acid

glycerides, esters of higher aliphatic acids and propylene glycol are examples of
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conposition to be adm ni stered depends on the host

animal to be treated. Precise anbunts of active
W@ oovpouiel requi red for adm nistration depend oPCT/I82004/009416

judgnment of the practitioner and are peculiar to each

i ndividual. A mniml volunme of a conposition required
nonaguedus pelvews.t Aquenws solutionmnyuobiasi#lank’s sbippion ARingertis&flution or

' e reqines for, adm ni,stration are al so vari abl e,

phyg%%&%g\%alﬂfﬂmﬁgm%ﬁ?% aé%oabeb'fig fini tially adm nistering the

C o n§duiiéhsaT Aty Uohgj Ak seee 184 bi ﬁheﬁﬂﬁc&lﬁﬁ@al@}} éldcﬁ%able salts

doses at

further controll further 1 ntervals.
can Og RIS AtfieT8 LY atikehwith esapaasntosuchtie hyilrwepropglocllulose.

: 0 oI Y suspendi n
Dlsgé’}gioﬁéaggﬁ ﬁn%eﬁgr%ﬁargé' i e%lgrg‘ rol) hlqﬁlg&)é) Qe 5%?"{})&?113“(1 mixtures
therbm”gmdah lodls.( Ender, orﬁlﬁmnditiohs Of stdtadk hAd usd, iese preparations
nthetic aliphatic ac:ld cerides, esters o? ﬁlg her

Y.
cont; 1 3 RSPy At t@@"é’ﬁﬂt fg 9% IgjERPeEganisms. exanpl es of
14 V\D 2004/ 096161 PCT/ U82004/ 009416 nonaqueous
sol Qehpreepantoesowrs bedpimilated ttzmugh enbiaatiorswib phatneoeutically

acce%'l aéﬁﬁlégﬂéaqta% \Pelﬂq()) \91;] }dlwfstlhgl ad é:@t?p%laglﬁr}g@%at cf%%rnggound to be
forrﬂnﬂsted Oor preiplace |aQQ:blé>tabilly c@ﬁﬁ%@&cﬁ@ﬂl@n s@dpefisiofr MstiRed release

mgﬂe pared in water suitabl m xed with a surfactant
forngylatipn; popders bﬁkyﬂr% B feepral ingestion bitbp@ﬁmrrﬁnQraiane Sorsmilations

can BE oPhfiRRA£ Y vhﬁ‘etg ol % ?9 dhﬂé‘ h’gfﬁ’lg t%e Il)oglgg vﬂtﬁ/ %,sohsc’l

and mxtures I n°ol
exmpwmdldphoma’ly(’g‘nnsltngrth@ Eesa]miglnslﬁturé hdamgRuREAE aﬁlhﬁék‘ies and

P eservat prevent the growh of
Pfocﬁﬁ%%ﬁﬂe IXtgge, }r\ﬁ %lffawag. lighigcludes Granplesafieseipients that

can bOLKIN af %PHT 'f&%dlﬁfbnv"hﬁ%:spg?ﬂﬁ I@E‘fa%wesé CS%IL}O\é RSB &bsoebltol

carriers that are wel nown Fre Carr Ters
celllgﬂmrgparateor@ engoardaie stheh, har ghltemtwm:at ﬁtafchﬁpfmﬂblsfarclﬂgelatm

s T st GRES ) i SO S Ao o

carbﬁﬂj’fm@thglcellﬁw@dnﬂ%lﬁh ?ﬁrcﬂﬁfoh@ WvP@al fb?ﬁlu%atlons include such
formul ations can be obtained in a variety of ways

norma{y| eFeR!ALEdAxEiniYL #e fuenpoplvdpMraacatisal grddes)aflnpnnanbl, lactose,
d t
st 8P BRI oG e 581 B0, Holb g St and e

Iikerri xture. The following |list includes exanpl es of

|ent fhat _can be used in an oral fornul ation:
g‘a 24, g¢fingd embedimacats, oral phamnacewtingl @anp@rtlm mill comprise

ﬂéﬁ'd 1 el
o I OB D BTGy e ot b
gelalum eaqmukenottheyreta pk compfelséemﬂﬁto tablets, or they may be incorporated

dlrecélﬁd\ggkéﬁ@%wg& F%:lf. “Eor U| th %p%&fc'rg%pr?wﬁr@ﬁ% greeactip/p) |
compiitlds R BeliAdorpStell Q\H{hué;ﬁ% éﬁéiﬁ{l an(f‘l?sreg‘?rk HH bP %@gsubile tablets,

exci pi ents as, for exanp ar nac [ ca gra
buccakta es,dtochd:sacapsgbs, elmla,rsnlspenmagsl,esympm whfess, atthe31kE€] BOth

oo 4B T PR RN i oo
percM e BIaREdritlsitRATRAS bleh@ABoNYd fhy, 0P WBHisS e varied and may

conveniently be between about 2 to about 75% of the weight of the unit, or preferably

between 25-60%. The amount of active compounds in such therapeutically useful

compositions is such that a suitable dosage will be obtained.
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an inert diluent or assim/lable edible carrier, or
they nmay be enclosed in hard or soft shell gelatin
w@apsid@asl or they may be conpressed into tabl ePGT/US2Z004/009416
they may be incorporated directly wth the food of
the diet. For oral therapeutic admnistration, the
act Thetabletsntrochesspilis gapraldsremdrpolilat mdy alsd kostain the €slicving: a
. dused in t formof ingestible tablets, buccal _ |
bind s 8 e retlf, S B Grrab s o gerin: SR wil 6 dcalciom
phospliatg s, diaksrating agshttieh hi Kén sBHa] poaRIRSSh! élgﬁi?c_ 298 and the
._preparations should contain at |least 0.1%of active
likeg g AL, SUPhes MAgRedpm straras; anda sesnisoiigtagonts suhdhs sucrose,
lactBEERAL AL \ .be varied and may. = .
a? co_nve%ié}"lgllrﬁ'all%Jl F;Q'/n @e bag? \%&%@%@%ﬁdﬁ P S5O p‘?%@%%’f‘mt fiL of
Winwegigai, cochémeflavuring. Whaa the doédpeunit F6inBeIca95118 5¥anal R8ntain,
. armunt of active conmpounds in such therapeutically
in addifipp to maigriglsof thepbove &ypey e Hauidpartier s Yiarigws ethetosaiggals may be
Whi ds RSHARLFitD 88 erv ] P 04/ 0094
?re The St ablle S, tt rsogﬂi’g? }Pgdﬁggﬁ é @gggcgf%’s‘?%;‘{rﬁﬁ %%Oesagﬁf R‘é‘t-;ﬁgf
instancsotablets, pills, drvapsubds may bgcoaedwit eliclladSsugtor both. A syrup of
T acanthﬂlacacia, cornstarch, or gelatin;
IO AS e AGH K CUMRRUDSF S¥GiRTe 35HaSYsREnwS agent methyl and
rop1Sdr M eReds Y b RBv R8N b dys YA 139 i, LA
P Iglt%jfrch, aﬁgi nic acid gng tﬂe ° [ ’g?&aa%lcgglwgg%% gesg% P
as TRARSSIoNE ; : ni ent.. such as
sucr os e?ﬁiogl?g f‘%‘g@ﬁ‘gﬁ’%ﬁ g@gﬂ‘ée?}u%%rr%g Be B%&%gv T} ingn acrosol spray
prepfakationriony a ap@surizeg padk, a?llebﬂm bﬁfrﬁ% a d&iy|prc]>@fdgr inhaler. Suitable
ntergreen, or cherr avori ng. en the dosage unit
prope R G e Wl dn s peBuzgr ing i for exammplaGhihlproRifiupro-methane,
tricHISfofubRnketifine | d1618RMU R YRR thafte khd Yo #okIder Th{\;(%‘lrogé)g%%an be
other materials may be present as coatings or 10
detegrnined hy peovidin g hyvatvido geljreir aabgulatedrmbutith thtosaggoundiis the
umeﬁg5 iQ%Eﬁ” e, taplets, pills, or capsules may be
coatled W th SHEPtac, sugar or both. A syrup of elixir
MaYCoeepvsitions fdreniRldtion Or GRNPPHIASnQHE Qﬁgicﬁ’ﬁ afld suspensions in
sweet eni ng agent methyl and propyl parabensas
phargiageitically pegentable, agueotmer drianiosplvgnts suchixagesctherens; and

n . sitions of the, present .
pom B30 5 Hh ol SRR YRl el B8 o
acceptableadxaipiants dsrsetv@t abo&s SPrefeatsly ﬂ@cd@mp%siﬁ@ﬁyhﬂeza@hﬁﬁ'étefed by

froma 2Eré Povvder inhal er. Suitable “propellants tha
the qraj prinasa] Lespipienyrontpigr josal or systemdectfacsr Compagitiens in preferably
teri Rl gHAlRs Rl l?@ﬁ;l ' |.yar oet hane,
° erldi'ﬁc}:% or ot étdrug%lkge r oe%]%gﬁ%m%%%& %gk‘g'%ﬁ{za‘? g% iug:ee‘.)th l?ﬁlg £ases.
Nebdizsd gelutiens inay belbteathet dérdctbyfrpmakié sébilizig\iViCe ok the nebulizing
ul af ed anmpunt of the conpound in the case

del i
de“%e?még’/ E{, 8@@&?&9 Peri a5 PSSl tontes AYESTILPRIROSIIYE PrasHeP Rraadting
maclfhe.l 98Mfibn, 3hdfRAsibA B g%t@%%%gmﬂoﬁﬁgnéﬂg% B ?1&5%2#%1@8, priferably

pharmaceutically acc , ~agueous or or
orally or nasally, fram devireawhish dokverolic foandlatipewo@r Spprdpitate manner.

on A EisB i PP RSB Rt G RS Shedmastiston fslude rectal
capsﬂb@&ﬁsuppéﬁfoﬁéﬁ bl sPfosHBABO $akiitons1 (gerré oc{a}]:rﬁéor? rrrﬁg/ Wy de,

the oral or nasal respiratory route
for examplenpalyadkylens slycdsmpotiglyoerides; sughrsappositoliys may be formed from

mixtures containing the active ingredient in the range of 0.5% to 10%, preferably 1%-2%.

The subject treated by the methods of the invention is a mammal, more preferably

ahuman. The following properties or applications of these methods will essentially be
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steril e pharmaceutically acceptable solvents may be
nebul i zed by use of inert gases. Nebulized sol utions
woreap4loes1br eat hed directly fromthe nebul i zi ng PBEVUS®0G009416

the nebulizing device may be attached to a face mask,

tent or intermttent positive pressure breathing
desctibexhfon Bum$ad althiough they speyna scbe appliod vwieen-bwnpo giamHs, e.g.,

may be adm ni st ered referab oral | sal | o
apes{ URKRBVIES iR iy TaF IR toties T S fisG ke N8 EHY Neterinarian
cont@RpPropriate manner. Additional fornulations suitable

for other nodes of adm nistration include rectal

ca é—;ﬁ%{ ; RIS of FRNinveHRiRA S @el €8 treat HAD. Also
tra ? ﬁonacmg#ﬁgersﬁand cgrriéPs may include, for

treated ppheephapahgeatikal cemposgjtipoodfshe mventiey §re syingtosms arisatg from
suppositories.may be fornmed fro ] Xt ures cont ai. ni

HAR S RBlq eSS ora et O AP Rriga Db e g bal

Pr ghe haﬁbgroie"éﬁaé’/m%%fm fffedideaat100-ifduckh aeuretoRads was

of the invention is a mammal, nore preferably a

evalimtedias deseribefddielaywi ng properties or applications of

these nethods wi Il essept, 16 WD 2004/ 096161
PCT/ US2004/ 009416 descﬁ%%@%ﬁﬁgﬁyhunans al t hough t hey
EXAMPIE $0 be applied to non-human manmal s, e.g., apes,
nonkeys, dogs, mce, etc. The_ invention therefore.c
al Qysige/Metberss Neproralighiphrarticah culiypt weke miRd Sontaining S0-40%
 FRC Gl e y NS Fe Rl Bell 32 d
neurBE: TGRS Worf BEBAR (R Byl HELY el ot 19 days
aftercslanigs | Culomnes wére iehposed ve 200 pM grrl@0 $9midst oves hrthe ipragence or
: from_HAD tons associated wth, . or. .arisi.ng fro
abseppop! EH U RBLAGRRIORE depars werHEoHuT R PURR v MAaP-2, o
Lh08f TEQEE &t A2 Bhus BB RS0 S Undlagivdartsyenalin
neul%gssbgée}egltnd;aﬁgé gdéngs descri bedggelsovv. EXX%%I._ES EXAI\/PLgIél 1 5
pathBeys gereldetiditd:byNaummoklot ghd ihmypeaytechrmésirytfigr Akt opd @SK3.

m xed contai.nin 0-40% ur h L I .
TraGpianaith § SR ORRF Vs ngdy B ot VAF a3 dtdenoviral
condaxe after plating. Cultures were exposed to 200 pM

gpl20 for 24 hours in the presence or absence of 1%?006‘7

(4

( 1Resiltse \ETVAgpIA0dnereassd mewiosal apoatosig sapippieddo gyntro

| abel i i 1 ; hapdh N
v L R 1 3 o SHOOEPOREELLLS PR o 7. e
cellflbOaghdling inywatdiiaEPOReoprdeation frenh gpi20 mas mtesgatech d

i mmunocyt ochem stry for Akt and Transducti an
Expapurh tegidfireranied ihepheephory oy G o KA P A B S g effectof
EPOMyhl] 1@9%@1&%’& BPinhitt 85 Akt via Rafidbéfon WtlYh @BAdRant interfering

I ncreased neuroral apoptosis conpared to control (506%
Aktweutantspreteiing pRogihocylitadn afrG$K3. 3 hours with EPO

decreased apoptosis to 387% Next, cellular signaling

i nvol ved in EPO neuroprotection fromgpl20 was

i nvesti gat ed. EQUIVALENTS
Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, numerous equivalents to the specific procedures described herein.
Such equivalents are considered to be within the scope of the present invention and are
covered by the following claims. Various substitutions, alterations, and modifications
may be made to the invention without departing from the spirit and scope of the invention
as defined by the claims. Other aspects, advantages, and modifications are within the

scope of the invention. The contents of all references, issued patents, and published patent
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Exposure to gpl20 resulted in dephosphoryl ation of
GSK3. The neuroprotective effect of EPO was |argely
whbk@skedeby i nhibition of Akt via transducti onP@i/Uk2084/009416
dom nant interfering Akt nutant, preventing
phosphoryl ati on of GSK3. EQUI VALENTS Those skilled in
applidagtor ditedithrouglenm gni$ applicatiobare dlotebytiollpacerponited bg ieference.
no nore than routine experinmentation, nu ous.. ..
The GBRIPPHfLE APEPPRFTLH BT FEEr e T BRdS i e REIGHTs Fjications and
otheP B6&infknts ma¥ Pe ALt EBFoR MeSpradedt fRBRIGHLARTEABL MRS (HYrdbS.
the scope of the present invention and are covered by
the followi ng clainms. Various substitutions,
alterations, and nodifications my be nmade to the
i nvention w thout departing fromthe spirit and scope
of the invention as defined by the clains. O her
aspects, advantages, and nodifications are within the
scope of the invention. The contents of al
references, issued patents, and published patent 17 WO
2004/ 096161 PCT/ US2004/ 009416 applications cited
t hroughout this application are hereby fully
i ncorporated by reference. The appropriate
conmponents, processes, and nethods of those patents,
applications and other docunents nay be selected for
the present invention and enbodi nents thereof. 18 WO
2004/ 096161 PCT/ US2004/ 009416 What is clained is: 1.
A method of inhibiting neuronal cell death, conprising
contacting an H V-1- exposed neuronal cell with an
apopt osi s-i nhi bitory amount of erythropoietin
pol ypepti de, said neuronal cell having been exposed to
an H'V-1 virus or protein thereof. 2. The nethod of
claim1, wherein the amount of neuronal cell death in
a neuronal tissue is reduced in the presence of said
erythropoietin conpared to in its absence. 3. The
met hod of claim2, wherein neuronal cell death is
reduced by 10%in the presence of said erythropoietin
conpared to in its absence. 4. The method of claim 2,
wherei n neuronal cell death is reduced by 50%in the
presence of said erythropoietin conpared to inits
absence. 5. The nethod of claim 2, wherein neurona
cell death is reduced by 100%in the presence of said
erythropoietin conpared to in its absence. 6. The
met hod of claim2, wherein neuronal cell death is
reduced by 200%in the presence of said
erythropoietin conpared to in its absence. 7. The
met hod of claim11, further conprising contacting said
neuronal cells wth an
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erythropoietin receptor polypeptide. 8. A nethod of
i nhi biting neuronal cell death, conprising

woe@ieo@nt i al |y contacting a neuronal tissue BET/OSZN4/009416
apopt osi s-i nhi bitory anmount of an erythropoietin

What ipolaytp&pisi de. 9. The nethod of claim8, wherein said

erythropoietin is admnistered intranasally. 10. The
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5. 15. TH$wettiet bodlanh 2¢ whbwinldursiecdi abaﬂaisqeama‘ﬁ'zq'e@% ihhe
a non-lactating human fermale. 19 WO 2004/096161
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7 effectiv nt of soluble erythropoietin is between
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met hod of claim 12, further conprising adm nistering
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identifying an individual suffering from an infectious disease-associated

neuropathy and administering to the individual a therapeutically effective amount
of erythropoietin, wherein said infectious disease is HIV-1 infection.

13. The method of claim 12, wherein the neurological disorder is selected from the
group consisting of HIV-associated dementia (HAD), minor cognitive/motor
disorder (MCMD), neuropathic pain associated with HAD, or neuropathic pain
from other causes.

14. The method of claim 12, wherein said individual is a human male.

15.  The method of claim 12, wherein said individual is a non-lactating human female.
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U kg/ day. 24. The nethod of claim 21, wherein the

therapeutically effective anount of the soluble
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28. A method of reducing a symptom a neurological disorder, the method comprising

identifying an individual suffering from a chronic neuropathy and administering to
the individual a therapeutically effective amount of erythropoietin.

29. The method of claim 28, wherein said neuropathy is diabetes-associated
neuropathy or neuropathic pain.

30. The method of claim 28, wherein said individual is a human male.

31. The metho‘d of claim 28, wherein said individual is a non-lactating human female.

32.  The method of claim 28, wherein the therapeutically effective amount of
erythropoietin is between about 1 U/kg/day and 2000 U/kg/day.

33.  The method of claim 28, wherein the therapeutically effective amount of soluble

erythropoietin is between about 100 U/kg/day and 1500 U/kg/day.
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40. The nethod of claim 37, wherein the
therapeutically effective anount of the soluble
weegolop@pni eti n receptor is between about 1000PQX/kK§Zod&§09416
and 1250 U kg/day. 41. The nethod of cl ai m 37,
34. wh €Flei methind of elairn 28, whereinthp Breeapetigaly shtestivg amount of
adm nj, st er. | im37,
aner oA BHh AR BB ood Ercglisy SEL L0 Thipkad
35. adnThy Stdoa df chairh a8 cwhersinythe &3 thropeictine ishelthinitecddaintranasally.
7, wherein the salub]e erythrgpoietin. rece
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conposi tion conprising erythropoietin, a solu
er ythamnppaicetly effectecepiant ofangblublp kathmpeistin ceepipr.
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cl aiJgputé ery@ﬂropoietin receptor is between about 1 U/kg/day and 2000 U/kg/day.

39.  The method of claim 37, wherein the therapeutically effective amount of the
soluble erythropoietin receptor is between about 100 U/kg/day and 1500
U/kg/day.

40.  The method of claim 37, wherein the therapeutically effective amount of the
soluble erythropoietin receptor is between about 1000 U/kg/day anc‘l 1250
U/kg/day.

41.  The method of claim 37, wherein the soluble erythropoietin receptor is
administered intranasally.

42.  The method of claim 37, wherein the soluble erythropoietin receptor is
administered intravenously.

43.  The method of claim 37, wherein the soluble erythropoietin receptor increases the
stability of erythropoietin when both are administered to a patient.

44. A pharmaceutical composition comprising erythropoietin, a soluble erythropoietin
receptor, and a pharmaceutically acceptable carrier.

45. A Kkit comprising in one or more containers, the pharmaceutical composition of

claim 44.
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