10

15

20

WD 2004/ 096148 PCT/ US2004/ 013099 TI SSUE PROTECTI VE
CYTOKI NE RECEPTOR COWMPLEX, ASSAYS FOR | DENTI FYI NG

W L®S08s 1ROTECTI VE COMPOUNDS AND USES THEREOF H¢1i/8S2004/013099

application clains benefit of priority of copending

U S. Patent Application 5 No. 10/676,694, filed

Sept enber 30, 2003, which clains benefit of priority

under 35 U.S.C. 113& to U.S. provisional patent
AJBPUEPROTBETTVE (G EOSINE RECIF POR COMPLEX9ASSAMTFOR
entire contents of each of which is incorporated
BRENTIFEYNGETESSIE PROTECTFIVE COMP@UNDS AND USES THEREOF
| NTRODUCTI ON 10 The present invention is directed to

nmet hods that target tissue protective cytokine

I eCephidlap SINIRLE EFa%ng‘ﬁé’ﬂeﬁg opﬁndrﬁ oF cONRARRNR SCPMBRMpplication
(f3C) receptor (al so known 131) and at | east

gNfo &6/ by giﬁ’é)d §%ﬁt§nl§elfjpg)) do3 Cﬁ/ﬂf %x&% bgﬁ i of pn81;1ty under 35

screenln f rea

n artl cul ar ¢ pre nt_in [ IS .
U@?%ﬂ 9 oMo it AR hTo se Aty gt Korit 25,
ounds that nodul ate the |nteract|on of a 15 tissue
2%}39 heentijecanjenikeirach eEwhichis wepipreatedlateln byirsitmmce in their
protective cytokine receptor conplex ligand. The
emie¢tiods of the invention al so enconpass net hods for
treating or preventing a disease or disorder using
conmpounds that nodul ate the activity of a tissue
protective cytokine receptor conplex such as those
conpounds identified by INERODEETIOY net hods of the
i nvention. The invention al so enconpasses nethods for
20 enhancThgpex&it imkhion isshitdetell th ficttds Uit Rggd GRAR WG ctive
that nodul ate the activity of a tissue protective

cﬁéﬂ&ﬁ&é&@p&?@y %)Ef(esqgﬂﬁl eifle%%e%ti Jb‘ﬂﬁ‘aoﬁ ﬁﬂ?ﬂ% §r also known

dentified screeni ng: net hods

B
sl R B e o AR (RO %ﬂ%@f GSC%“@%’%E scovery
er etin, as a er _.of the
a@ué%t?@% fyeatgentiog PF%’hVE:gﬁr thaﬁ?mﬁﬂ%.t %r@ﬁ%lt et iggrawn to
which are nediated through interaction with the

methpdifas pdindifying red eqreaning foPcpmRpourtrs dleas nansiulade theiinfetagten of a

tissue protective cytokine receptor complex and a tissue protective cytokine receptor
complex ligand. The methods of the invention also encompass methods for treating or
preventing a disease or disorder using compounds that modulate the activity of a tissue
protective cytokine receptor complex such as those compounds identified by the
screening methods of the invention. The invention also encompasses methods for
enhancing excitable tissue function using compounds that modulate the activity of a
tissue protective cytokine receptor complex such as those compounds identified by the

screeningmethods of the invention.
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5 production of red blood cells, mtogenesis,
modul ation of calciuminflux into smooth nuscles and

woewnadelael | s, and effects on internedi ary nmete®ODUS®N/013099

EPO-R is a 68kDa protein, and is part of the Type-1
cytokine receptor famly. This famly includes

receptors for pnBEACRAROUND-OF FAE INVENTION | LS,
L6, IL7, L9, I1L11, granul ocyte nmacrophage - col ony

stinul at i ggydra0iRE of @ﬁi&%: )su%@s@@l'd{ Q¥ Spoidith, 394 Mnber of the

stlnulatlng factor eukaem a Inh|b|t|n

r i rrb o%%fag%llyﬁgeﬂggﬁ{ﬁﬁmgg[%hgg @({iﬁ%ﬁt% S: 1? réasnéedlated

rs.are upe her bec f he honDIo
ﬂHPuflﬁl@ SrictRp ol B R Hsepior F Ovs aﬁ@wctwnm Bade
extracel | ul ar donai n of these receptors has a |ength
Pedugiion ofpdhlosd pebin muiteganesds, srdalationsf edlcizaringus éntp gmooth
positionally conserved cysteine residues in the am no
niBclesand meakal celld, end ¢ffyats 80 MterByedia?PMetabplisB48, Cys
238) and a Trp-Ser-X-Trp-Ser notif |ocated proxinal

to the traponRhIbs asue)ﬁpmlﬂ anﬁh@p:ir@b'f th@ﬁ%@il NSfokdt@eéptor
to be crltlcal to the mai ntenance and the structura

fahﬁﬂfgrm& Yory ﬁﬁﬁdé@ﬁ:@@ﬂt@fssf%{ f}{g%eﬁk%h% ik hﬁzj REA S1L5 1.6, 117,

Bi ochem st r 24t h

Hé%ﬁ%@ioe&%%ﬁsmﬁ% S R AT BBy

n e pe-i_C kine receptor famly, _the EPOR
%%a?@ulﬁen éc?ét(ﬁéééd%%aﬁﬁ’% itiphFaqter EAde Galinyis
| igand EPO. The first EPO-Rin the dieter binds to
Nepotsgphis Factar (ENEFY, iThirampbepodeting rewthdienEmOard Phaactin. These
binds to the conplex wwth a low affinity. This
ratepiors arapionpedfogtiher fdftahdd quhshdhelodp Pt le@&h&tlular domains.
ki nases associated with EPO-R in close association,

Tho8siseRad eRRidellglar H5BRRRITIRRB PLkbRtd 18R 2 1d; approximately 200
activation |eads to the tyrosi ne phos hor atlo‘?‘P ot

i rnng)teer Cgi U bvsvélc}é\le‘?ﬁ%tg f&?rl vaﬁmﬁg&/er afg 19 % 2%8%{ esgc{élf% %ﬂ%a 3 amino-

B S 0 ﬁzféf’mei@ra%éa%ﬁ%%% Ser moiit

These pat hways trigger the physiol ogl cal functions

loglef Rradmplio dhe/ransaisaibernerontan.r Tholosr cyteinesp@pegr to be critical
Bl ood 99:102-110; Livnah et al., 1999, Science

to2tB8 NGB MerdN0e arksl fNastmctarad integrity o202 ¢ccptude (Wurtay,d996, Harpers
143: 2293-2302; Reny et al., 1999, Science

Biochemistry 24™ ed. pp.524-526, Appilion & Lange, Lid.; Caravella et al., 1996,

Protein: Struct. Funct. Gen. 24:394-401; ).

Like many of the receptors within the Type-1 cytokine receptor family,
the EPO-R appears to be activated by interaction its endogenous ligand EPO. The first
EPO-R in the dimer binds to EPO with a high affinity and the second EPO-R then binds
to the complex with a low affinity. This dimerization of the EPO-R puts the Jak2
tyrosine kinases associated with EPO-R in close association, inducing their

transphosphorylation. This activation leads to the tyrosine phosphorylation of several
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283:990-993; and Yoshimura et al., 1996, The Oncol.
1:337-339). In addition to formng nmultinmers, many of

W b@4ppitiser s of the type-1 fam |y incorporat epOnEsSwhH4/013099

three different signal transducing receptor conponents
- gpl 30, beta conmmon ((3c receptor), or the gamm
prodIHEhat beséd?l%nﬂl}gctfvﬁfées@{f&ﬁl &1ff¥?en§-9ath% Dkhas™ 1 NLO

their receptor conplexes. For exanple, the receptor

SR AN oot

forma c e.l 3c r .
DR EREY~ L peRe 2Dt MiskegBs PhyBp lieal %rnagwsme Bbggpthropoictin
208: 1060- 1066 Jubi nsk a 1997, Blo
(it g 289 Blogy mra%il@tmanah o1 TR0 899 SCienea 28 7eRR0:
102: 1951-1960). However, it has ‘been reported 15 that
Natande et::dr]ﬁ[)%(,dindbalﬁlh(ﬂog}t bi3r2293+2302nRemy et al., 1999, Science
physi ol ogically rel evant effect (Scott et al., 2000,
283:0001998,Gind S8 HRAR L o3 1986MWRYncbiNe :33831)i On 1 el ates

to targeting 'tissue protective cytokine recept or

conpl exes’, &&tﬁtfl(‘)r{‘ﬁcfohﬂlfng %iulfiﬁr'é{jsgfﬁr'ﬂ}/ of the members ogtge type-1

screeni ng/ di scovery, |evrn

B RoPhe Gl Etule dlf gr'&%l%l%?fﬁ@t@}ﬂ%?@@&?@@g%lagonenfs -
d f h
Y R e

ot her mammual s. The invention is based, in part, on the
regpipip1)caintostheir dgaspiov epmplenes: Fepexaaplepthorédedioy complemtfor GM-
conpl exes play a role in the protection of excitable
CSFssndsts oFGMUISTaBtptateses flreckphat aind thkeGRSISEFai@nd h@he EPO-
EPO had a protective 3 WD 2004/096148
RRfed b2 B30 a ceinbR&twith €5, ré(ﬂe%ﬂog @e@ o RRQR OF | F993

in wild-type cells that express EPO receptors an

BIgA eﬂfoﬁhgsk E%Q."t??‘:rﬁ.r 7(0§Er°o(80%% PRRIRY 8P4 n:’rﬁg’f fél?&% pg'st 867-1873:

¢ rece brs

i C I d e mce
DhER oo ol 1 fBbrnVet i aBet 166G Hlovaten dd Bon reportea
knock out mce &ﬂrlCh do not express the cc receptor).
that thege coapplprostipitad te mesult ie anpalysiclegidalpeleyanti affsci Scott er al.,
non-eryt hropoi etic and does not bind EPO receptor
20010y Bled, Pe4688-2690)n an i nproved recovery in the
wi |l d-type m ce. However, neither EPO nor carbanyl ated
EPO had an effect on recovery in the fc receptor
knock-

3. SUMMARY

The invention relates to targeting “tissue protective cytokine receptor
complexes” (defined infira) for drug screening/discovery, and methods for achieving
tissue protection or repair in vivo, e.g., for the prophylaxis or treatment of a variety of
diseases, disorders and conditions, or for the improvement of function of excitable tissue
in human subjects or other mammals. The invention is based, in part, on the applicants’
discovery that EPO receptor/g; receptor complexes play a role in the protection of

excitable tissues. Experiments described herein demonstrate that EPO had a protective



out mce. These results denonstrate that expression of
the f3 receptor is essential to achieve a tissue
wQeobentisge effect. 10 In one aspect, the preseeit/US2004/013099
invention is directed to the use of tissue protective
cyt oki ne receptor conpl exes, conprising an EPO
cffBQEIY. Qhit@RfkdApbPiesis) 1A WARl-fypt bR thCHPRRL BOMATEYRehtBrs and G,
i dentify conpounds that bind tissue protective
. f . .0t . S
Ol B LB ERO had BB TR ERR 500 B BB et dBrors.
r ot ective t oki ne r.eceptor. ¢o exe conpri si an
o) Pt s s o R P 8 dhioe B Sxpress
assays tq identify conpounds that nodul ate, i.e.,
bathgerptoreranddn Bpreceptonknockaut iries(varick daBefexpress dieth veseptor).
cytoki ne receptor conplexes or exhibit a tissue
5 Tpe edwiistragion af tarbamylatddrERD fveliclh syrent-arythrdyeigticemddoes not bind
invention is directed to the use of tissue protective

EPYLreldpie diLefPtauliediintnpsoved @8q0ves} inGh@WwilERGe mice. However,
receptor and a (3c, in aninmal-based screening assays

ntither RO Adr¥aftR DaepOhak R XL dn @c&\jelﬁigﬁgg P‘g{sigﬁéet&v Ehock-

activity dependent 20 on tissue protect

e t amphexes. |.n . apother parti.cul ar _aspect, the
obIAES Ahe R B Fion® i L Nt S o 4 B BRE G cosdfa o
invention nodul ate_ the interaction of a tissue
apeHeAN ISR PEJRCENE Alfeflecept or conpl ex and a |i gand
t hereof and exhibit a tissue protective activity. In
10 other enbbupneeaspsst, the@rdsantanyension py divotiektoftir useatftiosis
for treating or preventing a disease, disorder or
proteetiive cyiokine mpreptor egmpthnes) icsingrising an EPH eosmotdd 4 fain cell-free
nodul ates the activity of a tissue protective cytokine

serE€GRiY Msa QB Rty comM¥dnd9 Bt H26 Mg ﬂfeke@?@%élgﬁﬁ&ggptor
met ho

I n anot her aspect, the invention provides for

h ' f ' - exc¢j k.abl e | s :
cpiBleR R MG RE HODHGAN B T B G Th B gpone
dul ates. the activity of a tissue tective )
PRYREHF RESKIIEEeBIor SOMBIeASS CPRDLSRE ap RECHESERIAEAS o in cell-
t he screening nethods of the invention, the test 5
15 basgdperaening assepntoddesfy apmpounds ithat modytage, éet ienleance or inhibit, the
cytokine receptor conplex in the presence and/or in
agtivéty alf Siesveerattctave dyfekint whegtdrecompianes op extibit hitissue protective
cytoki ne receptor conplex, such as, but not limted
adtivitE PO ofBUE Bpasis ANE pLeabht By sl ist dirdc ARG tiduse ©F AR PelStective

that nodul ate the interaction of a ligand and a tisSue
cREBLE Edcky®r EXhPIkEE comprising an EPO receptor and a f3;, in animal-based
screening assays to identify compounds that exhibit a tissue protective activity dependent
20  ontissue protective cytokine receptor complexes. In another particular aspect, the
compounds identified by the screening methods of the invention modulate the interaction
of a tissue protective cytokine receptor complex and a ligand thereof and exhibit a tissue
protective activity. In other embodiments, the invention provides for methods for

treating or preventing a disease, disorder or condition comprising administering a

25  compound that modulates the activity of a tissue protective cytokine receptor complex.
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receptor conplex. 10 Cell-free assays can be used to
identify conmpounds that bind a tissue protective

W@ gioekdai1ds r ecept or conpl ex. In such enbodi nent BCT/UBHSUE13099

protective cytokine receptor conplexes or a nmenbrane
preparation of such conplexes is contacted with a

T 85dth&rQERRY ke ARentah prodidesor abids fhenbbidh thel finction of
neasured. The assay nay be a direct binding assay

n . - i
IR AUCAIRNTG SRuR Y A 0s3 BB BEABHAKS e
$S t.wo conpounds (.e.qg. test conpound and a
FRR 2 B RBRE Sebiadisradet oSNt acted 1o a
ti ssue protective cyt.okine receptor conplex to, )
det er ni ne ATt enbedimentre! danisersning mefhodseffheinvention, the test
binding affinity. The assay may be a di spl acenent
coinpolinilgs seasicdihe tisié protectivnpdokide iseptontaoples it thea
ti ssue protective cytokine receptor conplex that binds
piegerideand/onpl b abstdc@obL£lignd ofGhe Be¥ne pridedtise ad@kihetreceptor
the assay to determne if the second conpound has the

it PN b e
O ol 8 L0 R Sy ek BB AETP R, idehiy
' n ed-to the ay . and/ or. .

cpRRdR el B BBEPRUREBHO0E & Pl nd2 P DRPleRlive cvtonine
conpl ex. Cell-based assays can be used to identify
I 8&%68H82b¥hat target a tissue 25 protective cytokine
receptor conplex in the presence and/or absence of a

| i gand f ofel-fBe\assaye0an bosseddo RentifSxumpundstapbind a tissue

ti ssue protective cytokine receptor conplex. In such
protdaticte meiokie receptiricomipbax. dn puchssutsodimerits, 3BMEe protective cytokine
protective cytokine receptor conplex is contacted wth

rékeptos LorAFIERAWR Y. mdiAbraf€ pRpAlafen Wh 8h&LEon$18xds88 Lontacted with a
compound nodul ates the activity of a tissue protective

téé%ésdgxlrfé/ it d'ak& %Eﬂcaﬁ%@#% ﬂiﬁ'di %%tlﬁgilshred? grélg %g%&trn%z}ibe a direct

or neasure rea can
asure of, the binding. of the.test. co und to, the

o RS F ook PistoneCBaleR bom P e <Siake receptor

certain enbodinents, the test conpound is | abel ed and
CHRPGI N ermnekiEve SEingpseasttwe sappawerst(e gt idestcempeund and a

protective cytokine receptor conplex is measured by
ligastde ot twrgtestivonipabeds) ate eonteetbdtto attissud retectiungpdoltide rdcaptor

ot her enbodi nents, the readout is a phenotypic change
catiplex & déer@iing 9@idhrofeed twéchepounbaRe; grofterRa@h 9 niQf The
assay may be a displacement binding assay where a first compound is contacted to a
tissue protective cytokine receptor complex that binds to the complex and a second
compound is added to the assay to determine if the second compound has the ability to
displace the first bound compound. In binding assays, the binding can be measured by
labeling the compounds added to the assay and/or labeling a tissue protective cytokine
receptor complex.

Cell-based assays can be used to identify compounds that target a tissue

protective cytokine receptor complex in the presence and/or absence of a ligand for a



10 the cell. In yet other enbodinents, the readout is
expression of a reporter gene or a change in an

w0 pabisodias dye | oaded into the cell or includeplCT/NS1004013099
culture nedia. In such enbodinments, the cells
enpl oyed in the assay are genetically engineered to

tiEstRpediSctive dyRIkMd REcpIHANIPIAd Ua lsutPORbEEeMA! 4 8411 Bt &presses
ti ssue protective cytokine receptor conplex. In othe

t her

i Y

PR HGRI o PR, copp dEh o MapRl it FREVTRofnd. To

sed in.the gssay after bei contact.ed wth a test .

3 atiarloe ARG ofimb i ooy Bl i ot ¢ el bitective

exam ned for indicators _of the activation of a tissue

Cﬂpglelé Eeqeptor egmpler die theselpt madewipplserved o msagirpil.e Thy readout
cell lysates can be exposed to an antibody that binds

5  cahlee zemplemeasuis efthe hindbehyf thatestdosupaand e thettissw protective
support anchoring the conplex. O her antibodies can
cytbkine beceptdd edmplext ﬂlecei&isr&&mb@diﬁﬁhﬁ,(:ﬂle%seb&ﬁ?odrﬂ% labeled and
tissue 20 protective cytokine receptor conplex has

bﬁﬁﬂ{gb(ﬁqﬁé 1aBbRE tesh %mﬁdﬁﬁﬁ% the tﬁ@ﬁe% progégﬁ§@5‘§%l¥i% $d ?&toﬁ gomplex

anti bodi es can bind to phosphoryl at portions o
: . 0 Leam 6o nents. of 1he EPQ (3.
GRS S Rind B R ARACRR T FRIRR SSEhgwtY nhmiae embodiments,
ant i bodi es .that can bind o phosphoryl ated portions of
OB ROy BE Shrte Sioh o7 bASGIRC Ahiel Y B3P eapigRoptosis of
ant i bodi es can bind to phosphorylated portions of 25
10 thesll phoyetatlgs abodineentss ghe. readput ey axarassioniobd repontes gene or a
cells expressing tissue protective 6 WO 2004/096148
clR@g¢ US20MIdAT3APO loadyd mka the ceH oe rtohuded dntHeexi@tareanedia. In such
contacted with anti bodies that can bind to

elﬁ'ﬁ@cﬂﬁféﬁfs%:ﬂ@tceﬂs 88ploy Qs tRE adshP afd LABNINYRERBERY to express a
and/or the EPO receptor. In certain enbodinents,

B8R B B8 SO RO e TR
PRSP B PP PR e . 1

anti bodi es that can, bind to phosphoryl at ed ortions
15 s eﬁﬁ@d%t% &elpsse imihe apsay pARDbeing corasted withd test compound are
downstream cyt oki ne activation targets are identified
lybed. Theslldymtet e theweexaytindd foe indéatgps of theantivaioaf attiieue
readout of the screening nethods of the invention can

pioecctiet epbkipd r@epfoh 0sRPRKY [Faf &0, a WAt @8Abe exposed to an
cel lular conponents. 10 The presence of downstream

arftfoliy kg bRHS HeComtN) Wi RBolP cAPARS htabh to a support anchoring

the complex. Other antibodies can then be added to the assay to detect whether the tissue
20  protective cytokine receptor complex has been activated. For example, anti-
phosphotyrisine antibodies can bind to phosphorylated portions of the complex and/or to
downstream components of the EPO/S common receptor complex. In certain
embodiments, antibodies that can bind to phosphorylated portions of the 8 common
receptor portion of the complex and/or antibodies can bind to phosphorylated portions of

25 the EPO receptor are used. In certain embodiments, cells expressing tissue protective
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conmpounds that target a tissue protective cytokine
receptor conplex. For exanple, follow ng contacting

wo@Rooa/ogapound with a cell expressing a tissuePCT/US2004/013099

protective cytokine receptor conplex, the cell can be
exam ned for the presence of other cellular products

cHteRihe 26cePiig lcBRIpl ke P hireRBHLAGH M tntiBédicailBt ERdigdid Ve
of activation of a tissue protective 15 cytokine

PRSP AR AR SORARRLR: S0 Bt 1 st
SRR B COH 5 T B 2B AR 5Pt it

enbodi nents, the cell is genetically engineered to

apfikadiss Shat can hind fe pbpephaeilaied BerkgRS @3 the Sxonweeiseerier and/or the
sequence that encodes a /3 conmon receptor polypeptide

EBO rmgcaptorEPOcerain smbodjpadnys eptiodéssithatcen baidrto phosphorylated
enbodi nents, the cell is genetically engineered to

poitienesihe EP raaesibLine PACH AKC aAtibddiés) A eddvitstie@hicdkine
sequence that encodes a 0 common receptor polypeptide

s . PSR U SR

esslon ieved.by operably linking the.

B R R AR AP RN 0 i intin ARy ation of
occyr b t andard transformation 25 techni ques,
d?%?%@?%%*ﬁ&ﬁ%Pﬁ@Bﬂ@“?%conbination to achi eve gene

activation of 7 WD 2004/096148 PCT/ US2004/ 013099

endogenoudhgemssnces! downstoran ealladar prodnetsanad bs bettoiidentify

of cells with the activated gene. In certain
cempadtideint sargéthaissucheaictidecgeljue reeptos calapliex edof ¢xample,

the same species as the cell. In certain enbodi nents,
falRviEtdnt QAR IFRVIRPHUEK RIE 226 eﬁpr@sﬁ@gﬁ&uﬁ?ﬁgg&ﬁk cytokine

and/or a EPOreceptor. 5 In one enbodi nent,

. . o : for i D Fyi
B e B LS R BRI e B de B e (e products

ot ecti ve cytokine .r ptor .conplex i.n .a 3. common )

e s peleo SRS bl ot Tt S RAIERLT G o] atifprinnatar fanee Pptective
compound to a first cell, immedi ately foll owed by
cHaBne EEERGT EMBPKEI | to a harnful agent, wherein the

first cell endogenously expresses a tissue protective

cyt oki ne hecepimembodimients ofitick stBcanhgimétbddsrdfnlye inlrention, the cell

conmpound to a second cell inmediately followed by
issddnesihamly drggneerddlio ekredshe lﬁﬁﬂ'@le@@fé&e}f)ﬁﬁ 88 cadmloR@eceptor.
first cell, wherein the second cell is of the sane

I deP@irBSmbodiments, the cell is genetically engineered to overexpress a nucleic acid
comprising a nucleotide sequence that encodes a 8 common receptor polypeptide or a
EPO receptor polypeptide In certain embodiments, the cell is genetically engineered to
overexpress a nucleic acid comprising a nucleotide sequence that encodes a 8 common
receptor polypeptide and a nucleic acid comprising a nucleotide sequence that encodes a
EPO receptor polypeptide. The overexpression may be achieved by operably linking the
nucleic acids to a promoter genetic engineering may occur by standard transformation

techniques, targeted homologous recombination to achieve gene activation of
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the first cell but is deficient in expression of a
tissue protective cytokine receptor conplex (i.e

wo amkiomg4expr essi on of /3 conmon receptor), suRd/URED4/013099

if survival of the cell differs in the first cell as
conpared to the second cell, then the conmpound is one

eﬁcﬁ%@n&ﬁ defé) 6 Pandofnl iBRYALIBH %& ﬁlé&ﬁnc&'bgl@ Wih rt}?é"cﬁ:ﬁ%?t@d gene.
conpl ex. I n one enbodinent, the cells are derived

5%@%!% Cecﬁ%@ﬂ@ Mt ‘flﬁ@]]%t?c{e dééﬁl?éi{é 9&%@&'&3{1 ?i%hi th’é\%grﬂx ggecc?ég as the

€ con ed I n ani nma

t tar | tective c toklne r

ol osliniinsish s dfs FfeSemotriraRtens afﬁw@ma%geceptor
for a nethod for identifying a conpound that nodul ates
apd/py 1 BHE 1pteptBct i ve 20 activity in a mamal,

conprising adm nistering the conpound to a f| rst

ani mal i ek eleddimeot, tevinveption praveddsdor omethodifof identifying a
wherein the first animal endogenously expresses a

compouid thatah@Rilatyethe WhKiy6f d e ePhtectiosPtekind rﬂéi:eptor complex in
adm ni stering the conpound to a second ani nal

algBRANGE I%Eéiat(f)lthogﬂ célpggﬂn&?élﬁ a&’&nﬁﬁ@x?égat\ﬁl\ﬁh@ c51¥1 Su to a first

injury as ‘“infl |ct to't t ani ma ere

| ef i n expre
PP IR BRI EUDG S, wler e e s BT ool gﬁeﬁene g firt
Lﬂ’; ecover fromthe injury differs, 8 WO 2004/ 096148
SN SRBIPS A isspherolechiks CyiAKing Fecsaton spipRleEgnd o

t he second animal, then a conpound that nodul ates a
admistieringthe eempounddeta sebangd dell iindeediatély dollovaal hyssubjecting the cell

expressing a tissue protective cytokine receptor
tocthephrex hadetl gent fethe fisa dell rwlidiein Sles @eondeelng ol dssatik type as

the invention include, but are not limted to, mammal,

the firfisRAbut RUesiciat in%xp%sﬁ%ﬁ‘ BYQHES%'& p?é’c@&ive (Rﬁol&?é%re@@é@r
cells. In certain enbodi nents, hunman |'$ are us

oGt B 18ing Blprbisf i %se?nreﬁr‘ £afirgS. %agaéf? Yo the con
ot her e nents e cells are used,

d@%&%mﬂaes hiss Gl frtormeiy T@ be geeond,pell & the compeyings oné that
enbodi ments fungi cells are used, such as, but not

tAEGHT ¢ HEFUE Broteives yIokiia nepRpQreRBIiexSdB one eawpdiasent, the cells are
Schi zosacchar oi nyces, Pichia, and 10 Hansenul a.

dexoeedridinn g Stcomamat feeeptaskmck-onf animl.i nventi on, a net hod
of treating or preventing a disease or disorder in a

human is Pk dadbyborihiced M EhifRS sk b RleBfify@niounds that

target a tissue protective cytokine receptor complex. In one embodiment, the invention
provides for a method for identifying a compound that modulates a tissue protective
activity in a mammal, comprising administering the compound to a first animal
immediately following infliction of an injury, wherein the first animal endogenously
expresses a tissue protective cytokine receptor complex and administering the compound
to a second animal immediately following infliction of the same type of injury as
inflicted to the first animal, wherein the second animal is deficient in expression of a

tissue protective cytokine receptor complex, such that if recovery from the injury differs
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t herapeutically effective amobunt of a conpound that
nodul ates the activity of a tissue protective
W@ gioakdai1ds r ecept or conplex to a human i n need PET/E82904/013099
treatnment or prevention. 15 In certain enbodi nents,
the di sease or disorder is a disease or disorder of or

inthé Gédt iafiinal @X EdrhFdrb@td the Sétdnd hAineN ethedTh 66t fBId thitiBodulates a
i nvention provides for a nethod for enhancing the

. i+ O13:.Qf j s, tissues, or organs in a
t1{$3§rgf'dt&?1v9 act?\?i{é)glts g(gilrrﬁﬁﬁ.{%& g

n conpri si nistering a therapeutically

effective~apount of a .compound.that nodul ates th
activity SPISeRresie MESiTRplctye e o lioReT sty that oan be
conplex to a hunan in need thereof, wherein said
ussAAa s %&enwﬁ@l%f@tqr}éhﬁ igvention; inglpfie bukip ot Pamited i mammal,
_or organs results in the enhancenent of associative
lnlsmi,rw%cﬁgfotiﬁ, nrelesyatic, fumgarogbheterie ptllsdilneertain emdodiments, human
invention provides for a nethod for nodulating the
caAlstaramdeyd, suich as,thius sodimitat ¢ pievi® celis 093 oedlsr 293péedls, Hel a cells,
conplex in a human, 9 WD 2004/096148

HE’}%@Q bEE0Q469 139 8r 3TPBAIS. Th BeheR b BAiRHRs NGNS CRMBAWEEH, such
that nodul ates the activity of said conplex to a

asgﬁgiﬁﬁbé ili%jﬁ:ﬁ%j IQJ.F 3ScféﬁF,hH &ﬁéf;éﬁgﬁod%elﬁg ﬁﬁ%géélgga‘rre g&d}/%ch as, but

r enbodi nment e 1 nv I On provi

thod, for ., treating or preventin di sease or o
gt Sls oM i PSS AT HO AP HG T Picia, and
.Hprotective cyt oki ne receptor conplex in a human. In

grsenilagnot her enbodi nent, the invention provi des for a
nmet hod for enhancing the function of excitable cells,
ti ssues, Accardygrs another dspedpf tepvdnsiong mathdd lofitreatingror
ti ssue protective cytokine receptor conplex in a

prievERhg d discabdacdisraéSin afhubli@ it proeTied WhiéPEorhp@Rb hl@ifstering a
preventing a disease or 10 di sorder, enhancing the

th‘;c}i{)é@glﬁtg%ﬂ% Sffteﬁié/‘éi dnRnBo£ELS poﬂdﬁﬁﬁ?ﬁodu?a[ot?sg%? Iﬁgtgvit}pcff a tissue

activity of a tissue p

i ne r.eceptor co ex the compound .adni ni stered .
PtV ERpHER P Plon SHBIER Lo hBIHGR TORCcd ) SO TGP E provention.
screeni ng net hods descri bed herei n_above _for )
Iny GeEtAin qrprodimenipniBe igease Rhdispriphisy dijeasqier rgdacefioyatfecting
effect or nodulate the activity of a tissue
cxsitobledissuee cyt oki ne receptor conplex. In rel ated
enbodi nents, the conpound is
In one embodiment, the invention provides for a method for enhancing

the function of excitable cells, tissues, or organs in a human comprising administering a

therapeutically effective amount of a compound that modulates the activity of a tissue

- protective cytokine receptor complex to a human in need thereof, wherein said enhancing

the function of excitable cells, tissues, or organs results in the enhancement of
associative learning or memory.
In another embodiment, the invention provides for a method for

modulating the activity of a tissue protective cytokine receptor complex in a human,
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15 an anti body specific for the tissue protective

cytoki ne receptor conplex. In rel ated enbodi nents,
w@orvpouds i s an anti body specific for a tissuePCT/US2004/013099

protective cytokine receptor conplex ligand. In

rel ated enbodi nents, the conpound is a small nol ecul e,

c@%ﬁéiﬁ’g?adrﬁfnistéﬁr[ﬁ@ﬁﬁpdﬁhd Bt nlydalaYes thadtRi§o2daid complex to a
e

odi nents, the conpound binds to the tisSue

' ' - lex. | | at ed
h@ﬁrr%(ﬁ) g-ﬁ{éeéi%fgé(%h%éaﬂﬁﬁpﬂ@tggﬁgafvgn §onplex. In relate

I ments, e co ances 20 the activity of
the tissu rotective cytokipe.receptor ¢ ex. |n
ol at ed efbtanEnLe i (TSP S OlpRE el for
activity of the tissue protective cytokine receptor )
trepag csprevepting a diseesg o8 fsericrithe Bumaheorapiisiagm@dulsting a tissue
adm nistered in conjunction with an EPO. In certain
pobdstisie opokise redeptor onpplerdn admiminst ered is an EPO. In
certain enbodi nents, the conpound adm nistered is not

EPQ. | n r &l ailbshotiied ediboiticht, thdBivepi@oMBeidedSfor a method for
adm nistered is not a nodified EPO or an EPO nut ant.

e@éﬁ&%g% ShciBdhf dxeHatiPQIRNEssudD YO AROH DRGRABcomprising
PCT/ US2004/ 013099 nutant EPO conpounds | ncl ude, but

I Jm.t descri bed.in. section

nbfalfh a isleeifiel e SRR REREY SPRRCHT G on,

where the_conpound adninistered is an EPO a podified

EPO, or affl EPESUIBIERGA Rednventien fomisering On BIRVARIEISH digease or
does not bind the EPO receptor. In related .
dispisisd ienlancengshe fimstipn oEerditeble ophs tissuencorcngansuerdnadulating the
adm nistered is an EPO, a nodified EPO, or an EPO
adaitiy\odbitiseye prbectivngoekine reaetbnéahlee thetoasponnd adrhindstered can
an EPO receptor diner. In certain enbodi nents of the

béRIeh@HE BY tHehBethét 8Mnyhe 0@ the R IR ethSdsCIE8E B e@ herein above
enhancenent of function of excitable tissue, and

at] i ' t aKi ..

Bk e B bahds RN HLRE DI lEeu Y LT R e activiy of
i..e., any.EPQ -nodified EPO, ated .EPO or )

o e e T RrieaesRor ALl i HE GBI og B fisrfegmpound is
of the methods of the invention for treatnment or

athandihody sperilis fox thy Hesue Brogictiye aepking recepipgicomplex. In related
enhancenent of function of excitable tissue, or

embaldilnenispeongporndtis sisaribpdy sperifio/for ayissid pretectboeptakine receptor
conpl ex, the conpound adm ni stered does not bind the

cdriflex GigQRL. Olh. relafed e@itodinder®, QY conrfR@t iR fall molculehfeptide, or
nmet hods of the invention for treatnent or prevention

a RlenfbefbBLRBRrHI BRI enfodiments, the compound binds to the tissue

protective cytokine receptor complex. In related embodiments, the compound enhances
the activity of the tissue protective cytokine receptor complex. In related embodiments,
compound interferes with the activity of the tissue protective cytokine receptor complex.
In related embodiments, the compound is administered in conjunction with an EPO. In
certain embodiments, the compound administered is an EPO. In certain embodiments,
the compound administered is not EPO. In related embodiments, the compound

administered is not a modified EPO or an EPO mutant. Examples of modified EPO and

10
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condi tion, enhancenent of function of excitable
tissue, or nodulation of a tissue protective cytokine

w0 e@epans conpl ex, the conpound admi ni stered dpEBUSIIN4/013099

bind a dinmer consisting of two EPO receptors. In
certain other enmbodi nents of the npthods of ;he

mufMe BPOdnfpoindy @akuide,Yut BFe (ot BMetal te)thaxk dasdibseas Section
di sorder, or condition, enhancenment of 20 function of

58XCi. tﬁmeﬁaitn' endtflim®its BPEY ln"i’xt 911 Qfhede EHe%% oﬁﬁ@ﬁ(ﬁﬁfrﬁéf@red is

Cyt oki ne receptor conple e Cor‘rpoun m ni st ered
t Ki
@S %18?1#26?]1;% oqrtaﬁ?#(z §eel}]‘¥atﬁ§e 'tﬁ% crz&ﬁ arclimmls{&)ed does not

prev n di.sorder., the dJsea
bl B MeeDieJ i o BrbR4imen' of e BY§Ptens Bhefisrthe compound
depression, _25 autism an attention deficit
adppipistered isvantEP @ sopdidied ERO: e pmEP Odlegivetées die coginegnd or
11 WO 2004/ 096148 PCT/ US2004/ 013099 cognitive
adlyisistored does.not bindeindB R0l reepitorldiment & cdrtagn einbedisenBrof the
di sorder is caused by hypoxia, seizure disorders,

mréﬁiéﬂé) Qﬁ% ﬁweahbﬂ CordtcABAGR SreNAUbR! DRt cRRINEOMulBtion of excitable
multiple sclerosis, hypotension, cardiac arrest,

ti sﬁg a%hglgéhﬁuéﬁg)gl%gor%&efmegn};é élﬁlhg}e%gztof%ﬁ}g]egetﬂé §ompound
oJTBTEL BTN 8 FC- Lo 0P FBA, MPR R QLB e Ge b it derivative

the neurodegeneratlve condition is stroke,

ohei mer' s di sease, Parkinson's di sease, cerebral
pal sy, brain or spinal cord trauma, AIDS denenti a,
age- r el at bucdriagsothér gulgpdimente of the medthads, of mimvyntiomsfor
anyotrophic | ateral sclerosis, seizure disorders,

trédt@ehidripseientio® bf §alsehss Ghividea, or&)@h@lﬁon,gér@dﬁwﬂﬁm%f function of
neuronal |o0ss. In other related embodi ment s, the 10

eﬂ:‘ltﬁﬁl@%ﬁs&y ofind8hE86n bfa ﬁ%sﬂg Pfd?@@t’ﬁl‘é lék/t%&e neé@P%&Q:loﬂ{ X, the

con |t|on In certain e ment s omisce

s it arlst%? e [ s 10 FRP ok el c?cts?r it ainens
r eat ment preventi on of a di sease di sorder,
(t:%‘ﬁ ethags o F HiCHRREEHB PT (6mEHAF PEeBiontd Pisgsise disorder, or

tissue, or nodulation of a tissue protective cytokine
coneliimt gmha@omerépf furivéion o exmslieblgitiseued er modulation pHmtissuer
excitable cells, 15 tissues, or organs, are not

proedcebe aytoking receptoticompleRpitic mpsumf adnfigiste@¢ddsks nof binli@ dimer
invention for treatnent or prevention of a disease

cHHisRAhE 6 tw PEPOIBEHPdrO NI KAANAEIERRMbdAments of the methods of the
invention for treatment or prevention of a disease disorder, or condition, enhancement of
function of excitable tissue, or modulation of a tissue protective cytokine receptor
complex, the compound administered binds a tissue protective cytokine receptor
complex.

In embodiments of the invention for treating or preventing a disease or
disorder, the disease or disorder is a mood disorder, an anxiety disorder, depression,

autism, an attention deficit hyperactivity disorder, Alzheimer’s disease, aging, or

11
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function of excitable tissue, or nodul ation of a
ti ssue protective cytokine receptor conplex, the

waele®easd4sli sorder, condition, or excitable celPET/US2004/013099

ti ssues, or organs, are not of the central nervous
systemincluding, but not limted to, renal tissues,

cEith AbyshindGoie Sn rétRNGBJuhbk, the 88688 or GRbidRAUs caused by
t1ssues, vascular tissues, lung tissues, pancreas

hipoasy %éizu#@&i?%rd&éﬁéﬁﬁ%ﬁeg%@%@iv@ IRSMRS neRFREMUR g.tbf(;sgning, multiple

1 SSUesS, tr'ssues, ney ti ssues, stri

sci tjssues, l.iver tissues strointestina
TS SsdurblshTbreriot Sl oRSiiay EBI P Ehig o Rlatea
tissues. I n enbodinents of the invention fqr enhancing
eiphedigAts; the HissRsee disordr ds isolprpia of giroks 48 pelated gpbodiments, the
organs, the excitable tissue is central nervous system
disgass we diserdseisi apivaradegericpating c204diio0.9 81 efated embodiments, the
PCT/ US2004/ 013099 nervous systemtissue. In certain
nelrbdshen®intive cdndiopes sipdley; AllzHeanhsldis@ys Paihdohdddiséase, cerebral
pl acental tissue, retinal tissue, or cardiac tissue.
palBy, BIRR L ERAKIToRS trhlifa, | AN AdnRtih el bR 198 Foognitive
preventing a disease or disorder, enhancing the
[ c ce es.: r :
SRBE. P R s SRR et RGPS oiBhoiom,
ytokine.receptoy conplex the admnpistratjon is oral,
e iR LR BHF AT Of S ReRralh Ot |4t sgmbodimets, the
nasal, parenteral, intravenous, peripherally, _
dispase o5 Aserdienis a naybuuesenlas asmupelareandisighafn certain embodiments,
i ntraperitoneal, subnucosal or intradernal
thedwriingtscabt @mudcnlar ebadition srdfadiens tiksie. thheertain embodiments of
adm nistration is prior to a nedical or surgica
tHRITAEBEUY oF thd MvERIdnNoPtresiReE! $bventibh 6f § Hisghseisorder, or
procedure is tunor resection, 10 aneurysmrepair, or a

cofit?d)P %ﬂhaﬁ%&ﬁ?ﬁ o? YRREIn BF £ G Risstd) of ﬁfoﬁ?ﬂaﬂon of a tissue
t K p qare

enbodinents o e 1 nvention, the rhedica roce

ol 9B e S5 L S S5 o o,

.effect of inhibiting or delaying danage or death of a

gsgps, Or prEgEY are pat cefegEal. Ireratagn erbediments of thesetheds of the
activity can be agai nst various conditions, diseases,

inyeetiayefor treatmenbergaayentind of p diseswuksodderporesonflition, enhancement of
exanpl e, those described in section 5.5 . Tissue

fipicBo1e 6f dxeitalsle tibstiel yr mBYulbton SREIshé Frotdti¥ eitoRMle@eceptor

tissue, cells, and/or organs having a tissue
cRhPELGhs YRe4u¥ URGEARE, condition, or excitable cells, tissues, or organs, are not of
the central nervous system including, but not limited to, renal tissues, cardiac tissues,
endothelial tissues, retinal tissues, vascular tissues, lung tissues, pancreas tissues, bone
tissues, skin tissues, embryonic ';issues, fetal tissues, kidney tissues, striated muscle
tissues, liver tissues, gastrointestinal tissues reproductive tract tissues, or endocrine
tissues.

In embodiments of the invention for enhancing the function of excitable

cells, tissues, or organs, the excitable tissue is central nervous system tissue or peripheral

12
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receptor conplex, such as, but not |limted to, the
ti ssues of the central nervous system The term

WO 2i08mua4pr ot ecti ve cyt oki ne receptor conpl ex"PEFUSEH013099
herein 20 neans a conplex conprising at |east one
erythropoietin receptor and at |east one beta conmmon

ndreQeRySem tifge. t InSEHEINRYodEhéks tﬁé/%&iﬁheﬁl LEGBR Sfstem tissue is
conpl ex may contain multiple erythropoietin receptors

plg%ﬁix/taﬂrtis%t ?etﬁgf@fgggeér()‘?gﬁﬁhgrtﬁsueas wel | as other types

receptors as scribe erein in section 5.1.3 The

term"tissue protecti cyt oki ne receptor conplex ..
[ gana" nibrbedietts ot Bsrbvian forieahy AL pi pH i tisoase or
praotective, cytokine receptor conplex and activates_ the
digerdegpenlpmeingdhe mmetenrpBsrelles 64liH Gesucs GrEraas gy modulating the
inhibits activation by a know activating |ligand. A
activity ofie tigsustprotettives cytgiinkieneptoreeaior theadplimstratiogds dtal,
can be any type of conpound, such as, but not limted
topizal, patedcedniv, inpelbditk sinhsiatdn, na®il gRides al, ditgRBhdus, peripherally,
nol ecul es, or non-organic nolecules. Non-limting

in?réﬂ'f@ﬂa@,sslu@éut&ﬁe%ﬁﬁ %nbl?dfrﬁﬁs%ﬁfai' VB petifiteRe skRafIBEA or intradermal

conpl ex I'igands include 5 EPO, i ncluding nutants,

: i . . ) tive. cvi oki
w0 Bl e it e SRR BB AR bl epPor
exanpl e of a tissue protective cytakine receptor )
SR oG Tt Pt STDRE RSy Ao Al racsH e tumor resection,
conpl ex. The term "preventing a di sease, disorder, or
ANSHHEHM TCHAT, Qrecnsondey afjaryi §ypasherasadae, Ihferthén pmbodifpents of the
progress, hindering the appearance, protection
insgaions the mehcdiptacadure 10labor @ldetivergt i ng t he ener gence,
or reducing the incidence, of such disease, disorder,
or condition. Use of the term"prevention" is not

j that all patients in a patient
&Eggﬁhﬁﬁﬁﬁh nistered a preventative therapy wll
never devel op the .di sease, . disorder, or, condition
target ed %Pgﬁ@v@m 1B I (SSYCRIREEF Y HARHIVIH greé%rﬁ foihe effect of
_population will exhibit a reduction in the incidence
lngfblwn&oroﬂ@%@damﬁ@w degth ofp celbritssud, onorganr Tha Hegue grotective
15 many flu vaccines are not 100% effective at
acpivety eai beggdihat vhrioushwaditiohs distnges) sidesetdlat, egany awdohigssue
Prevention al so enconpasses protection of excitable

ddoh SBRURT exsiiflesthbkd @Acritbbdlilect@ints. £ ANTERRPrdtkcti’eRtiviY may be
patients and situations for whom preventative therapy

A Rl 505y PP
receptor complex, such as, but not limited to, the tissues of the central nervous system.

The term “tissue protective cytokine receptor complex” as used herein
means a complex comprising at least one erythropoietin receptor and at least one beta
common receptor. The tissue protective cytokine receptor complex may contain multiple
erythropoietin receptors and/or beta common receptors, as well as other types of
receptors as described herein in section 5.1.3

The term “tissue protective cytokine receptor complex ligand” means any

compound that binds a tissue protective cytokine receptor complex and activates the

13
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risk for inherited diseases, disorders, or conditions,

patients at risk for diseases, 20 disorders, or
wa@eendiosdias preci pitated by environnmental factPCBHUSIN/013099

portions of the population at risk for particular

di seases, disorders, or conditions such as the

céthslex blymhlblﬂﬁfa@mﬁ}on(vy 4 181%Eactivhtin gNegHnaN €Al “tisgid Ppeotective
systens, or those patients with genetic or other risk

&2@ e F o62PGd, 9fch aHbot Limited
C)%‘lgh b5e @%CP r % 4/%&%839%}5%??3@ " éidrgnﬁ]cnl Stered e
RO T B BTl PR e
at the sane tinme_as, and/or subse uent to the ons
Nep-lgpifipg g loqipeRe ProtssHve GHAFPF Bicerer C@RPEK 1S include
DESCRI PTION OF THE FIGURES 5 Figure 1 depicts the
EP@sinciuging mutapsnghemicsl veodiiestipns ot fiesws pEPISEtiecEytokine receptor
car banyl at ed EPO t hat denonstrate that carbanyl at ed
cdrhfdexibasglinpfragimerds therdolie ABBYReRxanfplgof 2tigdus pavesctive eytokine
presence of the | receptor within rat brain

rdUETHY @R@Slex ﬁ%ﬁﬂf 18 aB ARV s P@(ﬁﬁ@ RiriRd cqmpidxt i ssue

stained for the presence of the f9 10 Treceptor.

Figure 4 $ho e‘f) Xliﬁ ngdlg lerS Bl Qtlaik P ahsc‘aé!lgying
pr ese St

stai ned for receptor.

he ¢ reC| |ta t he EPO- R
1 0B, Bpddiing tﬁ% PIEESSS 3{%&?&%3? P %ﬁ%}oaﬁgam jphibiting
of the tissue protectlve 15 receptor conplex. Figure
orelgpigEnihe smsEgence. T e inedbe Baidsnennpb é@qhecbseras% ﬁhsorder or
normal and (3c receptor knockout mice in the presence
caiticah désead thd teEROprdveginnE i8nathovmnt twhiotpdy thep AB petfients in a
Western blotting of the cell proteins separated by

p&iny g@ﬁﬂitﬁﬂl d@lﬁnﬂl@ie‘ﬁed@?ﬁ@@exﬂﬁﬁ@ RRab)Y tilenéwRY HevkddPthe disease,
antibodi es. The top ge 20 shows that phosphoryl ated

dr%@xgl %Icnﬁﬁﬁ&?ﬁ} dtdll fof E}e% Txﬁdd bl a{ {P%Evpgerﬂtpogulg%n will
concentTati on ottom
Xt & reduefa &fl i e mc\{\ffi]ence ofnﬁmalsease disorder, or condition. For example,
many flu vaccines are not 100% effective at preventing flu in those who administered the
vaccine. Prevention also encompasses protection of excitable tissues. One skilled in the
art can readily identify patients and situations for whom preventative therapy would be
beneficial, such as, but not limited to, patients for whom surgery is planned, patients at
risk for inherited diseases, disorders, or conditions, patients at risk for diseases,
disorders, or conditions precipitated by environmental factors, or portions of the
population at risk for particular diseases, disorders, or conditions such as the elderly,

infants, or those with weakened immune systems, or those patients with genetic or other

risk factors for a disease, disorder, or condition.

14



were stripped and reprobed with an anti body agai nst

Jak2 to confirmequal |oading. Figure 9 shows a graph
w@bookiogramsl bi ndi ng affinity for BaF3 cel | s expP&rBs1004/013099

the EPO receptor. Ligand concentration in nM (Xx-axis)

Is plotted against 15 WD 2004/096148

PCT/ US20 01 tkaH Yadminifeted th ¢ctpmiction with” 91 tHeionBat-of theO
receptor expressing cells contacted with EPO receptor

mEﬂhQQé"é*ﬁhgfoeﬁM &@Mlﬁfs gpgomﬁb id:0o SRWEsane time as,

gr ap | i'gand bi ndi ng af t 7 cell
P
i ohf 33%@2‘%“1%3’11%‘%0 %ﬁxera%‘f %f)s%f)‘fer ST s

b| nding (cpm (y-axis) for UT-7 EPO receptor
expressing cell nenbranes contacted with EPO receptor

| i gands EPO £ P S

hi st ogr ans o%%&ﬁﬁ%@%ﬁ@gﬁzgﬁg{l&éﬁhﬁe

percent vgl une tocrlt and, . 11B,
 femgl o feER & Ao S aRL Ut of 2 esBineBlve & HEF R O nd

-axis), in mce after admnistration of contro
lated EPOrtha, depenstipls 4af catbemyiated ERQ dloﬁ%il%tlbé@:"@ the EPO-R.

(x axis). Figure 12 shows a photograph of the SDS-PAGE

gel wi th Bighos2 kipwsihelpessence qfitint 8 neceptorciiglin riti tyaine

13 shows a graph of the BBB notor score (y-axis)

meé@bemss.ti me neasured in days follow ng spinal injury

(x-axis) where five groups of mce, two wild 15 type

and thre I R

2P0, or cmniey PN PiRiIToR AT MR b Rt e b
10 relgéury The wild type group of nmice adm nistered

¢ anyl ated EPO exhi bited increased notor scores

t hroughout, the 42 days post-lnjury time period in

conpar i soHigtEe 4shovwst Fbanerdotipy of rit gping! 0943 dpiRestagned for the

hi stogram of the clinical severity nmeasured in area

pregengadethe GuregeptpAUC) (y-axis) and groups of mice

(x-axis) for the five groups described above in

Fi gur e 13Fighhe5shéws thepepgepitptiaf ofthe EPOdRIand B, ssceptor.

carbanyl ated EPO (colum 1) exhibited a significant

i ncrease Figupd bIhead th%%%?e‘hhﬁb’co‘ﬁﬁ%ﬁ&%ﬁoﬁ bf the ’tlsklf‘esﬁrotectlve
severity) 1n conparison to all other groups (colums

15 regep%r complex.

Figure 7 shows apoptosis in isolated cardiomyocytes from normal and 3,
receptor knockout mice in the presence and absence of EPO.

Figure 8 shows photographs of Western blotting of the cell proteins
separated by polyacrylamide gels using phosphotyrine (PY)-Jak2 antibodies. The top gel

20 shows that phosphorylated Jak2 was present in cells stimulated with EPO at 5 nM and

50nM concentrations. The bottom gel shows a control performed where membranes
were stripped and reprobed with an antibody against Jak2 to confirm equal loading.

Figure 9 shows a graph of ligand binding affinity for BaF3 cells

expressing the EPO receptor. Ligand concentration in nM (x-axis) is plotted against

15
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16 WO 2004/ 096148 PCT/ US2004/ 013099 5. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The present invention is

wa@looeot@ds t o net hods for use of a heteromnul ti nRECT/US2004/013099

receptor conplex that nediates the tissue protective
activities of tissue protective conpounds. The

bih@ME TEArAN(PHEY) fIEBaBTERPO RERPtIFRKPREING Sells@Bffatfell witCIHIPO
ti ssue protective 5 conpounds and use of such

regéiﬂ&olg%?l’ﬁs Eg()tarnﬁ%gxlﬁt%{%%%a?éd ppgvention of a disease,

I'sor r condi or use of such conpounds in

nmet hods fgr en cing the functi,qn of cit
ol 1's. i EleyEe 10356 gl of BiaoHhodihe ity GELT7 oo
provi des for nethods of treatnent or prevention of
mgmbEgsshadng BeddiQ recgitor ohigrnd ennsepfiationi AMVs epxiplgs plotted
conpounds that nodulate the activity of a tissue
agairst bindingdcpm) Gkicrig) foetdpT BPOooeptaexpessing agl] migmbranss
10 limted to, those identified by the screening

conedcpidsitlh EPOhecdpioraipahdEPORAad icabentlylpel BPGO provi des
for methods of enhancing the function of excitable

cells, ti | 1} e
oot "ol HEE L RO oo ARG ORI

ot Sk AP RRLBPREE oo P Tiog bR b i

i nventj on. e inventiqn al so_praqvides for t hods for
CORSERITAIOn g H&&é}/—&m»w fryceo%afjtei sdfRimis g ob cerlysucte), Epo,

cytokine receptor conplex by adm nistering a conpound
carbapylated Ny rad agploEB (arﬂg@%ed to the tissue

protective cytokine receptor conplex. The invention is

based on Fipareli3 slower a/pimtogragh ofithe $DS-BAGEgel AR a 103 KD

receptor fornms a conplex with 13c receptor within

mXlInaRbRICAIIR. and tissues such as brain, spinal
cord and heart. The conpl ex consists of at |east one

EPOR in g i I r.ec .
I addi 1 DigiPEeS Fo Hapl oflhe B39 byt by RRFRERLS time
t ransducj n receptors.nmm e used ingcluding, but not
mpfiRE e TS R el B i) asre B o e Wingwild

portions of other Type-1 cytokine receptors,
type and HireryS. Msgek-aut wierhadnaigistesed ethec8BS, EPO, gt carpamgylated EPO
etc., and orphan receptors, including, but not limted
mmediREfolIdiRG1g spiMaliinjuryt The Thkl type g od nmed ddmisistdred
the invention may use such tissue protective cytokine

cafbarhfl6RP BP0 0HHtedX RS edsed AfcIGYTofcR thrbtgitiut e 42t ays post-injury
conpounds that nodul ate the activity of a 17

time period in comparison to all other groups.

Figure 14 shows a histogram of the clinical severity measured in area
under curve (AUC) (y-axis) and groups of mice (x-axis) for the five groups described
above in Figure 13. The wild type group of mice administered carbamylated EPO
(column 1) exhibited a significant increase in clinical severity values (i.e., less severity)

in comparison to all other groups (columns 2-5).

16



10

15

20

25

WO 2004/ 096148 PCT/ US2004/ 013099 tissue protective
cytoki ne receptor conplex. Such assays include binding
wW@s®ays1t® identify conpounds that bind to a PCEHES®04/013099

protective cytokine receptor conplex or a |igand
thereof. The di scovery of the applicants provided the

nmeans to iSIPETAYLECBESCRIRTION OF FHE INVERTPONNAS
for use in treatment and prevention of disease,

di sor der sThexfidsdnt GBALid 19 AFre@sd Wembthads 7o 6LB&REroafultimer
excitable cells, tissues, and organs. Activation of a

re%égﬁﬁ%%nﬂﬁ&t Gt ¥<ﬁa{%¥‘d&kﬂs§uﬁe r%%@%x‘ré’&t&ﬂi@'o%sé@ rbiEatle

the“upregulation of t oduction of protective
i.nc

rotein | ydi ng, .but not. limied.to, ..nucleolin .
coffruE ettt vt sshebine mior thepyfich shib protective
(histoglaobin). In certain  enbodi nents of  the nethods,
COBIPOPAES FAISH O SehROSRONBEIN AR RbBIFEeRiRI f 2 Jizeapp disorder,
10 protective activity is assayed, the step of
orgesdifipmepriuse of siwhtdofripeundsanpustiradls ffor enhageing the function of
protective activity conprises detecting the presence

exoftatielce1BOtisdnes, Andl beza@el The invettnt Asopremides foremdtbodfof treatment
the nethods of the invention described herein where

orlr&RHBoRbPUISELsE Vst \ir (¥ndiBoRSSRYESinistdMheXloRidoRhds that
assaying the identified conmpound” for tissue
I ve actiyity C ise ect | or '
B T T AT LY s RS ARG, RiTBE S Mout o
.cytoglgbin. in, el |.. Accardingly, e .screeni . .
oo identi ety HissRGSCba Al ohfininyerdisge e invention also
protective activity may utilize detection of such
propdegier atetlepdsod cabansing the Bimelienselcoxsitaltle eellsy Eswps, ok organs by
receptor conplex and downstream regulators may be
adnsedtering assmpysndsahatdestuldty theiastiviey of Dtissat pyeective cytokine
compounds, including, but 20 not limted to, snall

refBprsdehiexd BEcHASO b@Gof Himitkh €o, FIER dakntiSicl 89 Mhd dck®ding methods
usi ng these assays can be used to treat various

of‘ét{/?é‘?ﬂv&ﬁtﬁﬂﬁ ’ﬁIel ifn@&tﬁ)ﬁ%s{ogﬁ%\?@%t @{ffdeﬁkﬁé ?Aggﬁ&[u\fﬁ#% St%le activity of

stens as well as thos er excil e ce

tissues, .and organs. 5.1 T | SSUE PROTECTI VE
o RO RS exsot Esemhive b aRapEbI B AP By ek o

in the nethods of the invention caonprises at 25 | east
megiatepey is dargpied fo tsdissie nrafgeiivegiytokingreerianeasmplex.

Various types of naturally-occurring, 18 WO

2004/ 096 1Hi%: RCHitidBA Ddved bBAROdiscovery by the inventors that EPO
receptor forms a complex with 3, receptor within excitable cells and tissues such as
brain, spinal cord and heart. The complex consists of at least one EPO-R in a complex
with at least one (3, receptor. In addition to the B, receptor, other signal transducing
receptors may be used including, but not limited to, the v, receptor and GP130, segments
and portions of other Type-1 cytokine receptors, including, but not limited to, GM-CSF,
IL-3, IL-5, etc., and orphan receptors, including, but not limited to, ROR1, NR6, HM74,

etc. The screening methods of the invention may use such tissue protective cytokine

receptor complexes in assays for identifying compounds that modulate the activity of a
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nodi fi ed, and/or mutant EPO receptors and 13,.
receptors may be conbined to formsuch conpl exes of

wo argiong4sunbers of receptors. Non-limting exedpUs®o©613099

ti ssue protective cytokine receptor conplexes are
descri bed below. 5.1.1 EPO-R 5 Mammal i an EPO-R nmay be

tig otedtivIS/toKiRS BtbploR ¥eiple@N SudtPiosdysahitAde Biadingeesys to
i solated fromnouse |iver, Tojo et al., 1987, Biochem

1d${tﬂ’g Qé(rflg%l,ﬁfgig ﬂ&%gﬁﬁ to a]tdsg%e ﬁéféc&@e Sihe %&FMW@E& dk a ligand

31 35; | mann

990 BI s_hu encao
tnepf TsafePaey 60K @%ﬁg&l@é%ﬁeﬁaﬁﬁ'ﬁ%%Cssﬁ?naﬂy
508 am no aci ds. (lher genom_c clones of 10 hyman
ety FETRAUDS {08 USE BTGP HAsd PEYENEyRkdiswge: isordgrs gnd
contenpl ated by the present invention (Penny and
coRditigas as weldas enbeneoamay of ¢xdtAlledells, Kisgpesindergatls, |
1991, Bl ood 78:2548-2556). The comon structure of
t hese EPQ\Givados bsi tisdfuepbsiadiivé4yrikineaecaptorccongséxhmasp lead to
in a signal peptide, about 226 am' no acids in an

th& ﬁﬁfe?&l 8libtb Bthe fRIRLAon @pﬁ’diectl ﬁkonﬁﬁicﬁlﬁg bt Aot 11m1ted to,
ane- spanni ng domai n, and out 235 amno acids in

m{jebin G4 ORLTR Thip SO ‘3%‘7‘9 ‘5\%%@ o0 ERBroghBRl): i cortain
enfexppontaag e phisiof F Mo depisted El?m?wvmheamwe

484 amno acids. EPO-R is commercially available from
PrmeBy RV écssaiednibe stoh of Pesaping|theidentiedananprasd derissue

bank accessi on nunmber M50459 and Swi ssProt accession
protenther acEYRP 8dmpA€es Tetscting the podseide@fRuukelinlin ihe celie

practice of the present invention enconpass naturally

occurri nggp o‘éiytéh’hfbﬁ{ldo@uﬁé}ﬂs b E1H0 AR o f T if%er®fonMeE@Ibed herein
and other mammalian EPO-R rel ated nol ecul es. In

wﬁ‘«—gg 'tlgéugl?arotgg ReRcfif fftﬂfsl %S/E&”thé Ste Gf”asﬁﬁ@ﬁé ltlfeeideﬁﬁﬁetdlﬁb(:c‘)mpound

present “i nventi on rotel epresent
roduct s Suc

nct i o al va ent
fof i PRI SERTIR, Santiet §%8°ta%o°aa%?a§uﬁ%m8mﬁﬁ%d&ﬁ¥el of
EPO- R and 25 chemically podified EPOR Mitant EPO R
ackiyljy ebRRUEPSIoRIBI8 CYESIobM 1A drdl ipepitkiaglndhe sergenyig methods for
- 2004/ 096148 PCT/ US2004/013099 del etions, additions,
idemtiflymgicnopeaviatstvidin tisspie ek ateaiiye fagigvinmpy otibzendgteation of such
conservative
upregulated proteins.

This tissue protective cytokine receptor complex and downstream
regulators may be used in assays to identify tissue protective compounds, including, but
not limited to, small molecules and biologics. The compounds identified using these
assays can be used to treat various conditions of the central and peripheral nervous

systems as well as those of other excitable cells, tissues, and organs.

5.1 THE TISSUE PROTECTIVE CYTOKINE RECEPTOR COMPLEX

The receptor complex for use in the methods of the invention comprises at

least one EPO receptor and at least one (3, receptor. Various types of naturally-occurring,
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substitutions of am no acid residues wthin and/or
adj acent to the am no acid sequence, but that result
w0 pooa/09dis ent " change, in that the change prodeCEESHE04/013099
functionally equivalent EPO R Such am no acid
substitutions may be nmade on the basis of simlarity
mddi¥idel, ped/a¥ intijant EPOre@ptas® httbB | reteptord ythiydieohibénddyte form such
hydrophilicity, and/or the anphipathic nature of the
co%ﬁlﬁ*:kgél@lsvérﬁﬁg hﬁﬁ?xgers 5 felacg RPP on-RRNRY é’i{an?i@éq{f%ﬁﬁ@r&)ective

no aci ds clude a I ne, |eucine, |Isoleucine,

val i ne rolin henyl al ani trypt ophan, and
CWﬁgPﬁF%ﬁ?%gfon$§¥§$mﬁ§%?¥gfdgg@ﬁb aci ds including
gl yci ne, serine, threonine, cysteine, tyrosine,
asparagi ne, and glutam ne; positively charged (basic)
5 1ampEwoaEi ds i nclude arginine, 10 |ysine, and
hi sti di ne; and negatively charged (acidic) am no acids
i ncl ude agpambiish BPO-R glaythanised acthél presihétivetionnEEBR BDNA
mut ati ons such as those disclosed in U S. Patent No.

t § i i
has?/\bé ﬁ%scﬁééd ?‘girfn ﬁggﬁ%ﬂ% ,S%So BYait '19%?, RS &HHm. 'HIYRRk! Réépk.O@%mm.

Furt ubl e runcate fornms of the

eceptor ntainin L ext,r I |ikn are
148 BRI C0h Bl Ferher s fih, FER, A I3 1E35T

such as those 15 di.sclosed in. Harris al. 1992, J. .
Wigkeimangyebt- 1969; Blgog 30:2¢xilY). &hipdpgrn @%@,@n@r §@ polypeptide

82:1713; and U.S. Patent Application Publication No.
chgipof 031t 6 &Da MW amd 13, abmtgqﬁ aminTlaeids.Jothereganomie cloges of

typically identified as a signaling receptor subunit

humas BPICxRatatdiat & béuaweslatelaidbkequbhecd aanalsd borlemplated by the
addition to these cytokines, the 20 receptor (e.g.,

preE%tSﬁvéiﬂ?i%ﬁ%Pér&? an@ -FOP%Z,%?;l OfrefSmeP anb 7480, WeARALY: 4123991,

een denonstrafed to EPO-R in certain instances.

. 3 . '
7§ 90BEENRY, TRELARBh Sl Gt (SO RGBS i
regi.on. .The, prese Lnvention is hased, in rt,. on.
aciERi e & Siegr ] DR PRY R e Apis prv oitie b dety about
the a,, receptor co-exist within several excitable,
23 egripe acidy i memprraetspiming dasaip; draboph 233rpaning agigs Hup
cord (see Figures 3 and 4). Applicants al so di scovered

cytopismoodphaEr €' Aofdreamd 26, WWY®R 00QNI61et8, 86:681-687; Jones et al.,
PCT/ US2004/ 013099 EPO-R and the 0,, receptor play a

1990 | Blobd) 7:31E%3) %hﬁﬁhﬁd’ipérgbt? 290 1t, GehbideNYEH™-8@). CThe mature
process of protection and repair of tissues that

hufrdh WRtﬂ?@t%ﬁl ERIBLEES RS 2SHIVELS-R B commercially available
from BD Biosciences Clonetech (Palo Alto, CA) and has gene bank accession number
M60459 and SwissProt accession number P19235.

The forms of EPO-R useful in the practice of the present invention
encompass naturally occurring, synthetic and recombinant forms of human and other
mammalian EPO-R related molecules. In addition, EPO-R forms useful in the practice
of the present invention include proteins that represent functionally equivalent gene
products. Such a functionally equivalent gene products include mutant EPO-R and
chemically modified EPO-R. Mutant EPO-R may contain deletions, including internal
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and 14). The fornms of f receptor useful in the

practice of the present invention 5 enconpass
woaa0402d18/ occurring, synthetic and reconbi naneCT/U82084/013099

of human and ot her mammalian /3C receptor rel ated

nol ecul es. I n addition, OC receptor fornms useful in
deletiBns, pdd@tibhs; enddidih$ ed i @E6AEIdIng \fesibh Prot¢ing loddenservative

proteins that represent functionally equivalent gene

subNHREHNS Df amitd b didRETduON@lthit BAM Ydla88H: t&ﬁi&%ﬁﬁ& 418 s&quence,
I / 3c cally

may I ncl ude nut ant receptor and chem
dified.j &g tor. Th . .
o 5 E0RP e P B REEPL BB Py vt
ddi tjops, .including additions yielding fusion .. . .
EPZ}& Stuigh atnigo s subitbopsmay Be piag en ShEbsHS ofnbaiR iR

residues within and/or adjacent to the amno acid
robeigshaige, wlubilityahydreghebicifynhydroghifieity, and/ea fhgemphipathic nature
resulting in a functionally equivalent (3c receptor.
of Metrasiddes/iByolved CBpteanmplennénpoinr (bydrophobid)aimihe asideiohclude
to, 1374N, FIA  AGA H544R, V449, A459D, L445Q CRM

' ajsd € ; ia efhbnine;
e S

. A T : .
poja} SElfkal s acttd mels i S roqyilE S9ng hogine
s, Jnd ghifingl el Hagtsd Cagoypping aols mii g oPenine
contenpl ated that other known sjignaling receptor .
lysing, amlnE@tlQme; e negptively ehargssdecidioramdep aqds inglude aspartic and
receptor and GP-130, and orphan receptors nay be used
glmamte ot GrthardmpwinRERRI outatisnsmich as Bhote BisGpsadcitif.8. Retent

the Heteromul ti nmer Receptor Conplex The, 6,, receptor

Nd. B1298,6341 EdodBipavdell By MR Drent iventi®CA&PIELS 1t was
previously known to bind with, i.e., GWCSF, IL-3, and

|L-5. Forpgitambbie (EndRSs Riis oftfle EPOEEDIS QoM bnly the

0 F receptorf, two /3c receptors, an

h F .21 2004/ 0 PCT/ 2004/ 01309
oxfriG T paingpaRe RIL SRR IE I i as BERerD TRHRpguch as those
Yut aka et al., 1995

.Wth the O ReieBtor. (Oigﬁlq . _ ,

disgiasedhay Harrisieh ghy 29 RdsBlokdriiens 38/ 119602: 10w, & Jomfisn k&3, Blood

al ., 1997, Blood, 90:1867-1873; D Andrea et al.,
8211998, angl US. Patent Applisation Beblicetion No62002083 h§d6ar | v,
5.1.2 . Receptor

The (3; receptor is typically identified as a signaling receptor subumit

associated with human GM-CSF, IL-3 and IL-5. In addition to these cytokines, the §;
receptor (e.g., Swiss accession no. P32927 or Genebank No. M59941) has been
demonstrated to bind EPO-R in certain instances. The conserved region of the 3,
receptor constitutes all or part of the extracellular ligand-binding region. The present
invention 1s based, in part, on the demonstration by the Applicants that the EPO-R and
the 3. receptor co-exist within several excitable cells, such as the brain (see Figure 2) and

spinal cord (see Figures 3 and 4). Applicants also discovered that complexes of the
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according to the present invention, the 0, receptor
forms a heteromultinmer with the EPO5 Rto forma
WO @818 ot ect i ve receptor conplex. This is beGSEUSING/013099
i mmunopreci pitation studies denonstrating that the Pc
receptor and EPO-R receptors coprecipitate (see Figure
EPO-R ahbitlge B rﬁ@dgﬁorﬁﬂzﬁ)} ££51¢ e mecepisad thadkpd exthie phlsdiegic
at | east one O R and at |east one (3c receptor.
prddesd & é’tlor%ld%gélp bEGsshél tﬁét%%f)Fes@thegé"@oxﬁﬂﬂ%ﬁéﬁsee Figures 13
protective recept 10 complex w Il include greater
@E one /3c receptor. Tissue protectlve recept or
an %BI ex configurations are aI so contenpl ated by the

present in ntlon hat i ncl eat er,

EPO- R, §ﬁ§ TR uﬁf‘r ?%@?@éga fiypresent invention

conpl exes cont errpl ated by the pr esent invention
en¢anepagelvatutally ospwTing: synihetic ead rasombmanrms gghuman and other

receptor2, EPOR 0, receptor2, and EPOR (,
manaaljings, Jeceptoe refatet] nsalgadasst dal additidn,(fiy redepton faimstseful in the

tissue 15 protective receptor conplex is EPOR {33

pra[cﬁ@@@f e re%%nﬁﬁ%rﬁfoﬁ%dl&ieﬁbr@téh@ tRat ré\;ﬁe%@ WhctibhglyRighivalent
wi t hout Dbei ng bound by any particular therory, a

ge@%ﬁ%ﬁ&? g@&gﬁﬂ%&&ﬂaﬁé ﬁﬁ'vglgnt% }dd%u%té‘?n ﬁ%ﬁﬁ& !m‘{ﬁant Be

und I SSsue ect Ive ece

co |nvoI i ssue protec ound fir

rod I i eI oSS HaP O P b eI Y qogiin
receptors blndln to the conplex. This depiction is

deletipes, ynclyding interng \ftelqsmn@r@édmvh depludipg gddi aﬁnﬁ:ﬁe]élmg fusion
ligand may bind to the tissue protective receptor

prateimp)| axoasedvative sebatitutamd iof amjnosicid tesidnes wihiarandéoo adjdcent to
reasonably envision other mechani sms by which bindi ng

th€ @in@ GeIdI sequdnte, Hif CIeR k&l CRAPRNT TEMn &€ rédulingf ifRdunctionally
(EPO-R and two 0, receptor) prior to binding the

ethlvgféﬂfjﬁc 1Edptor] Jﬁ%ﬁ%}ﬂeﬁﬁp‘c@&l 1¥Bﬁﬁ’é e Sre ot Ilﬂﬁteﬁ kES8PAN, FIA,

nvention, "1 nclu 25 receptors,

Aéﬁéﬁ%@{&%ﬁ%%@%%%t (5. SUSRBSSBAPTR, (PR s

CT/ US2004/ 013099 b d d al |
QUE: HAUTLIPRETR. Tl DORY S8R aRHtFeI812E BHUGHOBARIEL. (See R.T

t echni ques. For exanpl e, Erythropoietin binding

D’Andtpaend 3.5 Gande, 2990, Exnesimental Fevatolbgie?S: Qabﬁ%fﬁ)’e’dldrea et
(Barone et al., J. Biol. Chem 272:4985-4992). Such
alf lmmrrtmq.tm@ast. a084d95ta0p0;S¥nkihs & ., 1899, FCBl.AChein 2 7BB669-

used in the screening nethods of the invention.
8677).
Tt is also contemplated that other known signaling receptor subunits

including, but not limited to, v, receptor and GP-130, and orphan receptors may be used

with the present invention as well.

5.1.3 Structure of the Heteromultimer Receptor Complex

The B, receptor forms a multimer with many of the receptors it was
previously known to bind with, i.e., GM-CSF, IL-3, and IL-5. For example, the receptor
complex for GM-CSF consists of GM-CSF receptor, two §; receptors, and the GM-CSF
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5 5.2 SCREENI NG ASSAYS Ti ssue protective cytokine
receptor conpl exes, such as, but not limted to,

wo bawgeodescri bed above can be used i n screeni NBCHESHY$013099
to identify compounds having a tissue protective
activity. Conpounds identified in these assays nmay

ligdAad UlRtEP O Rehasdeth Khdwn &f fodm@uBRiptex with the G:Raedpton (See
tissue protective cytokine receptor conplex, or 10

Yuf@qléhalt €995 eBioRh&H A 'TB N RK¥s, Corhl W@G@tmcﬁﬁiﬁ‘sky et al 1997,

cyt oki ne receptor conplex Ilgand and the conpl ex.

add oun [ I h
=LA AR 8, LTl e 1o S
acc%%‘éliis%t‘;'h% e gR R vion. he SeseonoT B APCI PRy rbeﬁvat%e EPO-

variety of drug screening techniques. The 15 receptor,
R todommh asissepretyetiveiraceptarteomplexs tTlmgﬁ bapeday inpaURgPERCIpiption
solution, affixed to a solid support, borne on a cel
studigs ﬁamens]ratihg clat 6 B medeptoelahd ERO-R .redépmrmme:dpidxﬁe (kea drigure
screening utilizes eukaryotic cells which are stably
s)transformed with recombinant nucleic acids expressing
t he pol ypepti de or fragnent Drugs are screened

agai nst gﬂfsﬁlssﬁe}' @%‘E‘efc {rﬁe Bt éoﬁnﬁl ﬁﬁ'ﬂﬂl%% bi le%sq é)gé ?gglnﬂ and

assays. I'n vi‘abl e or
can be ,used for_ s ard bi.ndi.ng,.assa .
ot 520 00F 6 P eHOR BRSO o oD SHIRF RS it (e igetive receptor
bet ween receptor and the agent being tested or exam ne
complex viilingludg grraterthan Ape Burerenioratlissie pEata@ie re¢pptor complex
ti ssue protective cytokine receptor conplex and an
comugratporis ateealse¢dntérpleted \hlyithdprasent weichtidanthahinichude Igecater that
art. For exanple, see exanples sections 6 and 7
on®BPOMR. BZaMfled 804408 plctectNeTéddpRA Q4B 89 ntdiislatell B ke

protective cytoklne receptor conpl exes described above

préé&ﬁﬁ&én'ueﬂ Hbﬂ 1Bhitda t*aeEiié%/ iar re@é;it@%sEf’Q-R/ B,

eterm ne oglca act|V|ty, I ncl udi ng

recioly P%%E%ﬁt R i oFheidd '%3%2%S§§gc?>§§ ARG B Fsue

assays deS|gned tQ n atively d ter ne Ievels of
Projeqtive dereptor Spplek s B c%)ré;am qrma éﬂ figpe b s shown

as markers for tissues in which the correspondln

ther¢inswishgit beisgtbioved by mpoparticilsr thexskwraepessiblel ryecémplrselst&e‘dhlch
the(t?s:sil: Srrotective compound binds to the tissue protective receptor complex involves
the tissue protective compound first binding with the EPO-R and then subsequently two
B. receptors binding to the complex. This depiction is merely illustrative of one method
by which a ligand may bind to the tissue protective receptor complex and those of
ordinary skill in the art could reasonably envision other mechanisms by which binding
can occur — the receptor complex may be preformed (EPO-R and two (3, receptor) prior
to binding the ligand, etc.

The receptor polypeptides of the present invention, including full-length

receptors, receptor fragments (e.g. ligand-binding fragments), and fusion polypeptides
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constitutively or at a particular stage of tissue

differentiation or devel opnent or in a disease
wae@uedelaeand, of course, to isolate correl ati VECT/US2004/013099

| i gands. Met hods for perform ng the assays listed

above are well known to those 10 skilled in the art.

carF6 Slo@ACASn Gl ABY Bepibdtedt ot béllisactardigdo cvhidntivhal
limtation "Molecular Coning: A Laboratory Mnual"

tec ﬁEé’s F o?%lxgmﬁl%r Eﬁ@hll{g?(? o0 Chingﬁ%r Bigchts SRS EPO receptor have

r ook, T.” Mani ati s eds.

Met h d
SRR iSRS SRR At
and A.. R Kimel eds 1987. 15 In cert : .
corgRls df e fsteceier ra@éfaweéfm theescrarpsing ﬁ St s pagption
herein may be used to identify a conpound that
interacts with a tissue protective cytokine receptor

5.2C SN ERNINECAS G5 98YS may be carried out in the absence
of a tissue protective cytokine receptor conplex

l'i gand. Th&qkb gfo%c%% 'c?tﬂkﬁ&%%&gtor fc%g?e&@é'r@{l&l aéobﬂtq{o@ Bimited to,

of the test ¢ rrpound o tissu prot ctive cyt okl ne

s g R PR 78S a%é?*éxfee el LRRH SnblBhRfeve o

test conppound, is _ contact th tissue protective
HSUPHBRIFHEY e ASEEIRY- o ORBRIEHIC & d i serargeysqemt petdate the

one that produces a readout, such as, but not limted
activaty efot domplexr.gafbindite a hl@g@protfmtm extokine resepisizicpmplex, or

receptor conplex, transcription of a reporter gene,
mogialdte thedhiefaetion bDatissue pradedtive sy@kieateptirconpddxi igany and the

Such assays are typically perforned with a control, 25

coMPRk TR ad B0k, AP 3 AFbuNas [&éhtlﬁ&f‘ﬁﬁ%&%sfeﬁieﬁ R8vd 4 8RUE protective
protective cytoki ne receptor 2004/ 096148

acth US2004/ 013099 conpl ex. Were there is a
difference in the readout with and w thout the

conpound, . ound interacts with the ti
prot ect i G%“%W OHéS P@%‘%‘S‘f‘ﬂ}’ U B XCTPEURGEHTR Y néagy using an
Al ternatively, st andard | evel s of readout, such as,
EP@Litecerser-f4 igpenser qosnplexcin aplyof a varictyod dm&@t@nmgdl‘a@wquﬁé The
cyt oki ne receptor conplex, can be neasured prior to
recepior acipley enfployed it ssdietegtimodyeaithey be fige oksahetiong effpxedito a
conplex with the test compound, and the difference in
soli®agptt, Beheos aasll saffiRlor dstdiddiipRaceiinaie. CaRReAsH 6Bdug

be used to identify conpounds.
screening utilizes eukaryotic cells which are stably transformed with recombinant nucleic
acids expressing the polypeptide or fragment. Drugs are screened against such
transformed cells in competitive binding assays. Such cells, either in viable or fixed
form, can be used for standard binding assays. One may measure, for example, the
formation of complexes between receptor and the agent being tested or examine the
diminution in complex formation between the tissue protective cytokine receptor

complex and an appropriate cell line, which are well known in the art. For example, see

examples sections 6 and 7 below.
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In certain other enbodi nents, the assays of the

i nvention may be used to identify conpounds that
worayhadies i.e., enhance or interfere with, theCT/US2004/013099

interaction between 10 a tissue protective cytokine

receptor conplex ligand and a tissue protective

cyt oki ne The ¢iegieQroteOtiRp S¥okisiebeAsSayp ey described bb@e in

out in the presence of a tissue protective cytokine

sedtoh 8Pt €in ﬁgﬁ{%klg)be!ds%ﬁpass Q@d&%rn%ﬁ@bﬂﬂoﬁ@al%@ﬁ@zigg?%rluding in

specific t tissue protective cytokine rec

conpl-ex...l.n_such e dinments, the difference in,t .
a PRI PRyfoIF S5 e ToR M Blelr S i et (hitfging e
test conpound maybe detected. The ] evel 15 qf readout
labgleh TeaRERY) e 2B ATSERRCE & ﬂ%ﬂ%uf‘fe]ﬁ’td@t eelppt EpESES) 1
the difference in the |evel of readout detected with
prajeniivaicompoend indiclogiselituids, 9s tapkansifontisenes imwhiphdbence
of EPO, then a conpound that nodul ates the
cotredpending tissueqirotactivesougopndisqutievmtially ekprossed (ethept or
conplex with its ligand is identified. For exanple, if

conidtitutfielyf G partichldr 8148k oPfissué BEFRPtiaf6h 6F a&fékgp%@éﬁlt bSina
f d h a

Froman increase In readout 1 n the presence o

dis%gslmgal@ga%cg ggg%ﬁgcg L Dishg &o?ﬁe?)a?i@? Eighﬁdsd ependent on the

presen n agoni s Interaction
bet ween tjssu rat ecti ye cytokin ecept or ..conpl ex
and T ts MR 1PE Pordkrming fEaSSayfiria) Aoave i yrellioppdo those
difference in level of readout detected results from
skiligd incthe atls Raferenges disslpsingsuelhmethods meluslegyithpug Bmpation
wherein the decrease is dependent on the presence of
"Mekoplar Kidoniagr Ahiboratorg Manfial' il é¢dat @old Spriop Haghond @homtory
ti ssue protective 25 cytokine receptor conplex and its
Prdsk SSuhtbro6l, T Fiigeh arkdTe. Whhidad bay) 1989 &MENSQRodsn 25
WD 2004/ 096148 PCT/ US2004/ 013099 enbodi nents where

EnEﬂﬁc&%g?:d@ngi?e it&l\/ﬁ)léb%%‘@l?ft&g%?@&ﬁr ues'F%cgﬁﬁrgmrgss, ?ﬁrgg{, S. L.

rea be  present n a conpdun S no e
he.tissu r@tective cytokine receptor conplex
amg%dkrgngg§iﬁ$iﬁﬁgk'a compound with such an effect is
incorporated i.nto_the assay, then _a negative readout,
may i ndi dAFtaIRsmbedigyRise the@ssive AT thednvradion éswﬁfﬂgb?rem may
has 5 been identified. Any or all of these assays
be et touddntify e camppurdidapinterasts Witk adissusiirntsctiexeieline receptor
conpl ex are capabl e of being devel oped into reagent
cogphate Sach kishyd mapbe chfied oGRS shsehdeZafla iisu@proteetieat wbkine

and/ or clinical products.
receptor complex ligand. The interaction may be, for example, binding of the test
compound to tissue protective cytokine receptor complex or activity of a tissue
protective cytokine receptor complex. In such embodiments, the test compound is
contacted with a tissue protective cytokine receptor complex. The compound identified
is one that produces a readout, such as, but not limited to, activation of the tissue
protective cytokine receptor complex, transcription of a reporter gene, cell proliferation,

or a tissue protective activity. Such assays are typically performed with a control,

wherein the compound is not contacted to the tissue protective cytokine receptor
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5.2.1 Cell-Free Assays 10 The tissue protective

cytoki ne receptor conpl exes descri bed herein may be
wais@d/odqiagel | -free assays to identify conpoundBCTiES1004013099

a tissue protective activity. In certain enbodi nents

of cell-free assays, the tissue protective cytokine

corh?]‘éﬁpm’(ere fefink QXeFerdBok iRehd feB@orit MvithOdndividibu® the compound, a
attached to a solid support. The activity of a tissue

oSBT SERAREVE oL TR
oo AR St s s R B g

a tissue protective cytokine receptor conplex, and a .
of e HseeTIoler iy NG E RIS ES CaR @n%qaglgafgpmr to contacting
protective cytokine receptor conplex is added to
thetissaki prgteati sagokine tdveptoocomplex maihl the tadt eromriadeand the
containing the tissue protective cytokine receptor
dif€penek ex readbutlbafera and shadiddRivh, of tHeconpoant icamb usedi td édentify
for a nethod for identifying a conmpound that
Coﬁgg&k@;es a tissue protective activity conpri sing
contacting a test conpound with a tissue protective

cyt oki ne 14 ?egga?ﬁ Sthef %@iﬁ?ﬁm&}’ thgggsglyg %@%‘Sﬁﬁl’%n{l&i( ﬁ{:}?f{%e used to

f
tissue pro Ive ¢ I'Ne recep ex ac Y,
.. identifyin t est conpound which increases or
idcyf B comutisndn Bal BOMYISEr F: SUGRAATGPHPTe Ry b israction between
receptor conplex activity as 25 conpared to the |evel
a tigfuetpirelseiey eprytalking Yopepteseamnere ligandamd griissempriotsetive cytokine
activity nmeasured in 26 WO 2004/096148

recepiof tiBApe4/ S1d088aystthey bdseriedowtfin threpreente oDatissun grotective
and assaying the identified test conmpound for tissue

cylekie@6dehttR camblexilighnd,|siciRadEPO G aR afifhdly sPEGHY to MletiRSie

the ligand and/or the tissue protective cytokine

| .

prd EGERCPlokRRTR Blor bR, LA MybhAeh & he BATRAR the Love
compaound to the ligand or the receptor, Th i ndj ng

of FROgaR e tasBCs pRERERG R U tobrFomPoghd ey e AelEgted’ The lovel
Preferably, the test conmpound is previously |abeled .

of fegglout gap &iopnihsrommaredde tlat e abscasp e@ﬁaowéz/(tbsélﬁ@ré@ce in the
for labeling, such as but not limted to, a

levieliof needmei detectbd wothemd evithoubthercanipond isvdepérsiehogethepresence of
group contai ning sanme, or a nonisotopic |abel, such

EP&@5 tladh Ldvtyptand thatl ydubidsehe itdadtiondraftissncpioricti @cytokine

sufficient for
receptor complex with its ligand is identified. For example, if the difference in level of
readout detected results from an increase in readout in the presence of a compound,
wherein the increase is dependent on the presence of EPO, an agonist of the interaction
between a tissue protective cytokine receptor complex and its ligand is identified.
Alternatively, if the difference in level of readout detected results from an decrease in
readout in the presence of a compound, wherein the decrease is dependent on the

presence of EPQ, then an antagonist of the interaction between a tissue protective

cytokine receptor complex and its ligand is identified. The situation is reversed in

25



10

15

20

25

10 binding to take place, the reaction is exposed to
condi ti ons and mani pul ati ons that renpbve excess or

woe4epaas fi cal |y bound test conpound. Typi cal PgT/UB1004/013099
i nvol ves washing w th an appropriate buffer. Finally,
the presence of a ligand bound to the test conpound

emb6dithentsEikeré @l reSAMIPRUNEEEaVe Raddif. Fos&tienps, Qlreaiouy thay be
cyt oki ne receptor conplex bound to the test conpound

t
présecm‘%ﬁ{eﬁglsc% otnd bk fb 8?605?8{1 hﬁe‘ t%@u@%ﬂa%cﬂge t@%t%%llﬁg rr% p?tto

conpoun a e assaye . A err
{
cope o ; el @?f{pewﬁgﬂihgﬁé’g%%ﬁff%é ol fiiifne
EPO EPO '
assis ot hciiv gad av@%@g%&g&yéb%%%%% g‘ggg&?eé%ﬁggfw has

or a fragment thereof, and placed under conditions in
begghideiifidde i nt eracti on between them woul d nornally

occur, 20 wth and without the addition of the test

conpound Anktue afirad tindse adsalsathed wiideiagmmuk fretegtive cyEbldhe receptor

that binds the tissue protective cytokine receptor

coﬁpﬁnla%caﬁame% b@ﬁﬁﬂéﬁ&&béd%ioh@ag@%ﬂ& oPRK Bétdap fdrhe

presence or absence of test conpound. In a preferred

cmﬁlﬂ% %ﬂgn a%ﬁegéagclgﬂn é%&&tc?lﬁgppﬂoﬁﬁctg ormation and

ng assay Is carried out with one
or nnre conponents i mmoblilized on a solid 25
surface. In various enbodi nents, the solid support
5.2cbell-Bree Avshys S not restricted to, 27 WD 2004/ 096148
PCT/ US2004/ 013099 pol ycar bonat e, pol ystyrene,

pol ypr opyihe nigsucieotgetihl @ikingteaggor ¢unliples|destribeé herein may
dextran, nylon, polyacrylanide and agarose. The

be %b’éﬂ’lﬁ%‘éll%&faﬂs% & id@ﬁ‘tli?f%@tﬂ pRahAARVRRANSsue PRIMIADStivity. In
m croparticles, the inferior surface of a reaction

cerdint %ﬁxlboaﬁ&\f/éﬁtsagf c%ll%e%rag%etﬁe ti8 ?.tp?oteét&% cp{{ lﬁ?{% rat é)%lh er

reac Fon O SSU

co@gﬁaﬁem oy %e ?@ﬁ égcﬁli (rg\%itg rtB ééﬂ %émogn ractwlty of a tissue

non- coval ent attachments. In one enmbodi ment, the
profeativeleiokineragepier complexaney be measurechinguvgirichnofwaysc et
anti body. In another enbodinent, the tissue protective
exayplokaatwity nexydtthe canpqindis ability fe batdi atisscopriotastise aytekine
tagged with an epitope, such as gl utathione

recepiol 8bmbRk % ehe KiRdihg SHirifyaIf attiSnatbRehvesttoltife H&,@ptor complex
solid surface can be nediated by a 10 comerci a

an@é{ %bﬂn@ﬁhﬁq %tc)'eﬁﬁﬂ%nfb‘d‘&ﬂné?ﬁs Y sl robeRBOL Byibkidg receptor

ote

complex is added to binding assays in the form of isolated membranes containing the
tissue protective cytokine receptor complex.

In one embodiment, the invention provides for a method for identifying a
compound that modulates a tissue protective activity comprising contacting a test
compound with a tissue protective cytokine receptor complex, by measuring the level of
tissue protective cytokine receptor complex activity, identifying a test compound which
increases or decreases the level of tissue protective cytokine receptor complex activity as
compared to the level of tissue protective cytokine receptor complex activity measured in
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For exanple, such an affinity binding assay may be
perfornmed using a tissue protective cytokine receptor
W@ oovplsm4svhi ch is inmobilized to a solid suppoP€T/US2004/013099
Typically, the non-nobilized conmponent of the binding
reaction, in this case either ligand (e.g., EPO or
theGRERRBBVE Bleqkt BBHEpoid, A€ adsByihg GRTAEMITIE tkst cbRPEIRDIOE Bissue

enabl e 15 detection. 'A variety of |abeling nethods are

LLabhenand may be used, such as |uminescent,
pK%%?bnopLopg, fluorescent, or radioactive isotope or

group cont ai,ni .sane and, nopi sot opi ¢, | abel.s, such.,.
as enzymes? 8113%3’&‘3% pesays ﬁ?‘g?rgtﬁ? gé“@%&@o‘?rﬁﬁ%{lﬁsu? REO‘%Cthe
test conpound is labeled with a fluorophore such as
cytpkifie rees B ROMBIKHF eRuyamter with ptestcompud wdrrcqndgipns that allow
Sigma Chemcals, St. Louis). 20 The | abel ed test
bindorgpduhetest ampougd telthediggnd oRtROrencpioar BhepindingomEP@ke place
pl us test conpounds, are then allowed to contact with
in édh@ticadrich Sodidaitfacel Tdeferabdy) dhd festtdmponad issdrbwvusly labeled for
specific binding to occur. After the binding reaction

L QAR 8 PO Tos1RE e, Gl 2% bRPHEdimited
dd?§§¥lconp%ﬁﬁggﬁgﬁe gg%ggg%ed by n%ans o#ia£%ﬁ¥ﬁbp%ﬂennle

rface. Atda t _of ..t he. hi.ndi .0
to, 3 RSieat AOERE e SR B Sy b e ora
noﬁ?&p@i@égtte hsgalg ?ﬁs &%&%I#\éﬁyg% %%@B% gﬂ'ng‘,ﬂ,aﬁg}l s&‘t%%ient for
_PCT/ US2004/ 013099 cross-linking, non-specific
bingdlittectoitdee nlaceathsi ragation isenpoagskio copdigipas andmanipriations that
anti body attached to the solid phase, interaction
rerh@tevexesssar hbgapetificdliydioand test ¢comepduindd Nypicphy.titiavolves washing
(such as biotin) and a |igand-binding protein (such as

witVanipProphiafd H\ﬁ&tr.aF'irﬁ'ﬂ?) thépicdilee &1 b PigahdBorif tb hPRARBmpound

and so on. 5 Preferably, the tissue protective

PR AR SPGB und
thegrgé%s}%t@lgﬁ& %y({e%g{ e receptor conplex (see assays

ections 5.2.2 ), or isolated
menbranes containing the tissue protective cytokine .
r ecept or 1t 8 gpmpgtitiorhyisding pssey+ tegicamipaundsyre pwayed 1§ their
protective cytokine receptor conplex or the ability of
abidity ®stisrophgpomhendecherbiddingtod thediganti(ggn dEPO) $s the tissue protective
protective cytokine receptor conplex (e.g., EPOtissue

cyPkide @6depit? cofiplexKiIbeled tigMidle. &£, 0D OX tarbBiyy e dETEGYasly be
inintact cells in culture or in aninml nodels

mixed with the tissue protective cytokine receptor complex or a fragment thereof, and
placed under conditions in which the interaction between them would normally occur,
with and without the addition of the test compound. The amount of labeled ligand (e.g.,
EPO) that binds the tissue protective cytokine receptor complex may be compared to the
amount bound in the presence or absence of test compound.

In a preferred embodiment, to facilitate complex formation and detection,

the binding assay is carried out with one or more components immoblilized on a solid

surface. In various embodiments, the solid support could be, but is not restricted to,
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in the presence and absence of the test conpound. A

| abel ed ligand (e.g., EPO or carbanylated EPO nay be
wonooemoamg h crude extracts obtai ned from such Pet/US2004/013099

and the test conpound nmay be added. Isol ated

menbranes may be used to identify conpounds 15 that

pollyeﬁlﬁél@ﬁé pm}ktyr&ﬁbepélwﬁﬁwleﬁé Pobgdthlvge, glsoitcoellereptdektran,
conpl ex. For exanple, in a 'typical experinent using

nyloﬁgécﬁ;/ﬁ:gyl ﬂi%raﬁﬁ%garogée | ’i‘% 3 oR CofAR ki &AddnYinclude beads,

neere ress t ssue protective cytoki ne

meg}%éﬂ%tgfrhlc%@)gﬁhﬁ% gge 1 {}%ﬂ g@ga%? ﬁf g?eag ?J?ssgld%l@( as a microtiter
assay. Label ed ligand (e. 12sl.- | abel ed EP

plakss dasbtube oF ﬂ@ehﬁ%ﬁl%@see\nﬁlealﬁawkww of ﬁéﬁ‘cﬁlw% protective
activity; specific 20 binding is determ ned by

cytobimpagdepton counplexbomathergoapongty, grartfeachisted ﬂlrwgél covalent or
presence of excess unlabeled (cold) ligand. The

nos-ebudiiR atthdmnemtd rlatoae cinbedeyngkhagtackment may beinlirext, i.c.
ligand may al so be reconbinantly expressed and

thribdH énz%ﬁglchéﬂ Aol In DRURY cADSAN Nt 9hd HRAE bidtective ¢ okme
conpounds that bind to the tissue protective cytoki

recbﬁf%? B&rﬂﬁlgﬁ e hg%aftlle% %gﬁgols 'gile t%%}ﬁwﬁheéry e 1@) g5s lcfe g@é‘l‘atathlone

conb y ex

-2 N ——

the tissue protective cgtoklne receptor conplex, can
copmergialy vailehle apdbpdyauch paaBnGSd(Sanp Egu@Bscas;cémollogy)
anot her alternative enbodi nent, peptides
cor r espoiidr expnipde,caeh am affimity bdlfdimgmsbjr ndy bg pecfoemnetsusaig a
the tissue protective cytokine receptor conplex, or

tlssidégir@t@ctWeQiyﬁﬂdi‘rﬁe ©6&Pt& dUnfjfle:0RRicAlis iMBbilized Ren Lliadupgbrt.
omai ns of the tissue protective cytokine receptor

Ty?%g? qﬁ ﬁ(ﬁ'pnggﬂ&%&g%l? Iﬁk‘ﬁ@oﬁﬁlelglrm actiore ﬁyﬁhw&gggﬁher

y conpoun e cyfoplasmc

the tis ot toki,ne.re
hg&%geiﬁﬁé B FEEL R B R LB oo U TG e Sagble
gnal transductign pathway of fhe tissue_ protective

def@yfﬂ@k. Axapiey oplabelpsmsthods arerpvaidehle ard may he aseds sacas

the reconbi nantly expressed tissue protective cytokine
lumimesent chibfopborsl xotescent, oatddéwhctive mowPE iod gempsontainang same,

such as a test tube, mcrotiter well or a colum, by
andaaifisotveic latelpvicht 8 ehbases drmiyehelnad prefcsrd eAlb®dligdnt ghe test

al ., 1998, Current Protocols in Mol ecular Biology,

cmhgbﬁhd% 'lﬁié}é@i Wig8 flubPbhorbhEeit SSfiudreBALBRIRY shatd\@ITC,

sayed

available from Sigma Chemicals, St. Louis).

The labeled test compounds, or ligand (e.g., EPO or carbamylated EPQ)
plus test compounds, are then allowed to contact with the solid support, under conditions
that allow specific binding to occur. After the binding reaction has taken place, unbound
and non-specifically bound test compounds are separated by means of washing the
surface. Attachment of the binding partner to the solid phase can be accomplished in

various ways known to those skilled in the art, including but not limited to chemical
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their ability to bind to the tissue protective
cytoki ne receptor conplex. Alternatively, the binding
w0 e@edans may be carried out in solution. |In tPCHUSHB4/013099
assay, the | abeled conponent is allowed to interact
with its binding partner(s) in solution. |If the size
crofi-fiflgheemsSspbfivaghesidnto laddatie duEsEp pita aticandith s antibody
bi ndi ng partner(s) permt such a separation, the

attat%ﬁg@‘g)%E Q8L FAus qn@%{iﬁ ﬁav}%ﬁn RAg A Stdoh& RriREBRlumeYartner

B
inding “redction through an“ultrafilter whose

or [Jo assaqge of unbound ] abel.ed co
(ol eBio bt SRR i atee HEPCE fsh TR SREEPAEY alhec v
bound to its partner(s). 20 Separation can al so be
thegehd ghasg. ¥4 s9Plany reagent capabl e of capturing a
bi ndi ng partner of the |abel ed conponent from
sol ut i onPrefereblyathe dissuerrotsotiye Giekinsteceer ginmplpnts added to
partner, a ligand-binding protein which can interact
bindirighhsgayk iy tiedofn 6F Intacs ballsahitasprds the tishee frbtediivigeytokine
partner, and so on. In one enbodinent, for exanple, a

recBtB8EorhpIRk Ak &8d4Ys R8s b ANAE sBitiond 3. PRI SbiSoIRRAGRmbranes
from a continuous phage display library through a

| u i ni.ng: 9 ) :
cof R e RO SR TR AR5 e
i g S e i 5 0 L e ool ot
stringency of the washing buffer, it is possible to
a ligpnd-H#sue protptitrg eytoliine resqpia ompigst (e FRAP-tiRsusingptective
affinity for the tissue protective cytokine receptor
cytokimp receptoPlampleik ¥ mlag be dsfayehint inmctad ls amcwame beinsanimal models
cloned and the affinities of the short peptides can be

in 1B PBeseRct HidlBSdncY of BRASL 8ROl A MDeRAl @&, EPO or
ol i gonucl eoti de can be conbined to test for even

cargé@gﬁed%ﬁ@;ré%j{ btk Brudb Qﬁrﬁétssoc‘&ﬁmgﬂ %l?lﬁ&tu:cy gells, and the

ne r or conplex or its conplex w

i gand. Know n } C m no. aci d_sequences .conf.er the
testg B bt 5o e pPBofBermat BE SRS AR FrubPSimas
receptor. conpl ex, conputer nodels can be used to )
tha geerestrwith the tisprearotesliveeyieians reerioheantler Forerpmplsén a
protective cytokine receptor conplex and the test
typteairppparinent Thing iseldt¢d membranes ecliemiag he génatioallpengiedered to
conmpounds which mimc those contacts. Such a conpound
expreys thaviesuepeote@i® cgtvking reyeptdr dohtplHe MVetbranpslcatte evested by

used therapeutically, having the advantage of being
staRfidrl S RRliquedshd &R8 iC a8 H Vb BTSSRy, Labeled ligand (e.g., I-
labeled EPO) is bound to the membranes and assayed for specific activity; specific
binding is determined by comparison with binding assays performed in the presence of
excess unlabeled (cold) ligand.
The soluble tissue protective cytokine receptor complex ligand may also
be recombinantly expressed and utilized in non-cell based assays to identify compounds

that bind to the tissue protective cytokine receptor complex ligand. Alternatively, a

ligand binding domain of the recombinantly expressed tissue protective cytokine
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I n anot her specific enbodi nent of this aspect of the

invention, the solid 15 support is nenbranes
w@emkaddieg the tissue protective cytokine reck@r/U82004/013099

conplex attached to a mcrotiter dish. Test

conpounds, for exanple, cells that express library

recERBP&IEpleR R acﬁcﬂgiﬂeﬁ%ﬁﬂe uaHe hr&eettlictdyerkind feaéptéd domplex, can

expression of the library nmenbers in the mcrotiter

be ﬁiéeﬁl?n el fnaIN ﬂﬁé@&?&nﬁ% ee;?y’s ng, L ehdrS1BHALGE &nﬁ&flment,

hucl e|c aC| deriva are harvested

pepgﬁas gﬂﬁ@% g)sgr%goﬁggofgggﬁg%ﬂ%nge é&%} l g}e F‘E}%%ﬁ@ p%Xtegt(i)ve
1992, B| oTechnj ques_ 13: 422-427; PCT Publ i cati ll\>b .

cytqiing pycepign sompley, erfusien BRASFHELEOHINDE HE LB %%85@6 nding
Finally, the |label remaining on the solid surface may

dotheing ef thetisshehyromniive aaking feoeptameednariek povpe Used ihaoreell based
For exanple, if the test conmpound is |labeled with a

asshy syataiorigenty tbimpoiunte e birdyto bl ¢sgesladniceitiet of the tissue
conpl exes. 31 WD 2004/ 096148 PCT/ US2004/ 013099

prov&'h'v? sﬁokﬂle‘féé Rrasepks; SRA cBRpHERE ey béledkilifty nRRdlate a

veri the abifity of a compound to blnd a tissue
h
PP B 27 LTSRS BB LR BB non

Iex and a tissue protective tok ne r or
celﬁwsql 855971 8 EEom AR B LSS USRI P \eRYe SHORE FeRler
protective cytokine 5 receptor conplex, In another
coraplewd attashedio a yadidspbsiwatn such veatesbiibe; micsptier Welher a column,

between the tissue protective cytokine receptor
by aeapd wxll knowh gaticsg m. the art ER© Aorsubal reb ahy1 998 cQuiEiz@)Protacals in
a test conmpound may be assayed in vitro. Known or

MBI Blol¥Rey Sroh aRiley & Sdns.aVeyl The tesiiReifoubddirs deddstayed for
the tissue protective cytoklne receptor conpl ex, or

thefr rl?ﬁdllftgwﬁfﬁh lﬂaeﬁ&f?é rotHef el C}t?tﬁﬁ%"r t%r ?I&ggﬁi' ve to

en nD ecu y bind to
thetlss r ot ect ctokl erecetor .C r.e .
[ dent i 11 AuteARSTY baa trarkios Ay, %8%@5@?18&0%05 In this
variety of ways. pproach is to |abel one of th
assgBripe Hdaled cRmPRNEH lse%lhaiweﬁ tg) é%t%T@P*a‘Blﬂé 1tp RGNS RATRERS)ip Solution.
together with a test conponent(s) under conditions _
If thhaiize diffavendes beliwegn the lauded onpement andadtsdepding pardrers) pgrmit
whi ch separates 15 bound | abel ed conponent from
sudhsipaehtibARE 66haEMBARAE BE actasvbdbyeassiBR@ Bitrprodudes of the binding
reaction through an ultrafilter whose pores allow passage of unbound labeled component
but not of its binding partner(s) or of labeled component bound to its partner(s).
Separation can also be achieved using any reagent capable of capturing a binding partner
of the labeled component from solution, such as an antibody against the binding partner,
a ligand-binding protein which can interact with a ligand previously attached to the
binding partner, and so on.

In one embodiment, for example, a phage library can be screened by

passing phage from a continuous phage display library through a column containing
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anount of bound conponent. In one enbodi nent, the
tissue protective cytokine receptor conplex can be

wo aivehd4eand added to a test agent, using condP€T/U8204/013099
that allow binding to occur. Binding of the test
agent can be determ ned using pol yacryl am de ge

purdid (8l S prlofecti¢ BBkRe ¢e¥ploR ¥&HpleR] dredradinétCoriodssm Clereof,
and absence of the test agent. 20 Multiple in vitro

linBRBB%%ohd B%h%g, g{?;lgtg?fﬁg?c Gy Bg@ﬁ@ﬁ'ﬁé e RHRRANEEH tha Wa¥hing

{0 assess a conpound oh a tiSsue

rotective,cytokine receptror conpl ex- L at.e .

oot ERo S B RorrAEE L o R g R pginiy for he
. detecting tissue protective cytokine ceptor conpl e
tisHEPrRIPRiye REISFHIN, COBPAG: Hgiage 159 fesL OB Ship ERIHGIR S e

a tissue protective cytokine receptor conplex, cel
clopedind the affimtics afghe shirt feptides Gaatbieancaspmd ghirgetly. Sequences for

upregul ation of a protective protein, e.g., globin. In
moe thag bee okgbreoleotiderent he donsbined to3est VD 20N hidheHa&@ity binding to

PCT/ US2004/ 013099 vitro assays described herein are
theRREEOFBRA IR0 kihE l‘bc%ﬁtbpbkﬂlfcigl@k of 0§ B&hpleR vath itd Mzand. Knowing

mcrotiter plates). 5.2.2 |1 -Based Aogays A tissue

0 i V- ' d

wHREARED W E AR e g BRIl R HEWERROESRRT
screen for ligands for the receptor | ex

oyipKap SRR CEDITL( QTP THAURI caBDe ey T, ey fhe molegplsr
ant agoni sts of the natural |igand. To summarize the

conipis betwigen thettissnempiech v exfoline espeptar eqmyples andstgdest compound.
encodi ng the receptor is conbined with other genetic

Thes! veittesdioss the dedigredf fiarpriotein exppa@ssls eihich mirgic, these contacts. Such
transcription pronoter), and the resulting expression

a cYRBbAA mBy hiketht 64né REHYiE ITAsd peblide ehd carfbe/@etl Bierapeutically,
encodi ng an EPO receptor or a (3 commobn receptor nay

U ' ansfect a
haﬁggt ce@%ﬁ\%\%&;e (ﬁ“%eﬁr%d?/fggft%gtr 51%#%%2:{831?%@ glﬁéease in the
met hods of t i nveption. ..The, use. of stabl.e . . .
Fanat or RhLimeDEsiar sRPacimitgs P Ei it BE iR duventin. thgsotic
and produce functjonal receptor are selected and ysed
sugiiortis gicansancs conipingrg) the tispePEPEtav ey ddng TegeRlpLeupRicx
as further disclosed below. 15 An exanple of a
attaabied ibagudotiter Hisl. Tost dotpoetndsy favgxamplenpaisibiattebpress library
nodul ates the interaction of a tissue protective
metnet brtecultBeeft @ider eondlittons alnd aHowiegpission of the library members in

the microtiter dish. Library members that bind to the protein (or nucleic acid or
derivative) are harvested. Such methods, are described by way of example in Parmley
and Smith, 1988, Gene 73:305-318; Fowlkes et al., 1992, BioTechniques 13:422-427,
PCT Publication No. WO 94/18318; and in references cited hereinabove.

Finally, the label remaining on the solid surface may be detected by any
detection method known in the art. For example, if the test compound is labeled with a

fluorophore, a fluorimeter may be used to detect complexes.
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t hereof conprises the follow ng steps: (a) contacting

a test conmpound with the |[igand and an tissue
wEe@ieediss/e cyt oki ne receptor conpl ex-expressiPOI/tsion4/013099

and (b) neasuring the |evel of tissue protective

cyt oki ne receptor conplex activity in the cell, such

that if whagoddnhavehssefs aatievisédytomaasifyadd verifylthe ability of a

differs fromthe |level of tissue protective cytokine

corffSRR 0 Bfrﬁt B G protdctive E%ﬁoitcjﬁg thepRp %&B?I%x,oﬂco thb@u14te He

compoun n a conpoun t nodul ates 't he
. dinteraction of 1 ssue -protect | '

R el R R A U
for a method for identifying a conpaund. t hat nodul.ates ..
cytolgng rqoeRtf eOTpRIGE dgend; 6T ROl ihe @&%ﬁb‘i e"’stlsé‘é%Prz?gf‘tcPﬁa cyfokine

test conmpound with a cell which is 33 WO 2004/ 096148
recEP WB2PER/ 013099 reconbi nantly engi neered to express

a EPO receptor or a O common receptor, wherein said

cell is Inansheembddimenh ofithe pedsenicineaitdncimbgadt®nnyetayeen the

nucl eotide sequence that (i) is operably linked to a
tissRE %ﬁ%&fve cHdtirlel rbdepRIFEOARTextorQigaRd®s, EP@Qﬂfc@fbaﬁl?rla@ed EPO)

EPO receptor pol ypeptide, neasuring the level o

: ! BT e Cvity 5

anc , BSpEorAi 8 Slay % SR o KRRt orSIRE i s e

i ncr eases. or. .decreases. the | evel of tissue rotective
assYRCLIRT MePeiTieRiREBE (e BR diotie haeErFYS §oling rotaf pompiex, or

relative to the level of tissue_  protective cytokine
fragmertp thareafopsice sondéitqngicopdupivastorbieding apd dsmmelecyey that

wherein the control cell is of the sanme cell type as
specificatig bindato hetidseelpmitdchive hptokims treaepiop camglexrage identifiest. The

transfornmed with a nucleic acid conprising a
twabSthpeidntiecat ®6 uasaiged iod viricty bSwaper@id ypptéhchiiotoddbdlone of

a pronoter, and (ii) encodes a /3 conmon receptor or a

thet%gygltﬂoﬁ&?cg’ W2t éin%g%iiﬁp@e%étﬁﬂe 14B8d P?d%@ A0 Sy %tﬂt %ﬁsgtt domRAlent(s)

conpoun a tissue protective actl vi .

ternativel cel.l s.based assa may. be used to..

undey RO B e GRndBRS e SRABrT A et f dgp Fhich separates
protective cytokjne receptor conplex. For exanple, a

boyndslabeladpyaprneakiion belad Gpmporign 2ad fhen teasire the
protective cytokine receptor conplex 15 expressini_

amowht ofdnetnd pempaitent, i Inyongfembledimeént.dhe tiprue peaiedtivg cytokine receptor
cyt oki ne receptor conplex, as measured by binding

coraplek thh Ye labeletl apd adddded aties agemy usinpecopioan deat aflowa binding to
reporter gene transcript, can be determned. If the

oc@f! Bhdivg 6f tht Rt hdcne b Y QiGslihdPusid Yy RBy1aRERA D hnalysis to
compare complexes formed in the presence and absence of the test agent.

Multiple in vitro assays can be performed simultaneously or sequentially
to assess the effect of a compound on a tissue protective cytokine receptor complex-
mediated process. The assessment can be made by measuring or detecting tissue
protective cytokine receptor complex activity, for example, binding of a test compound

to a tissue protective cytokine receptor complex, cell proliferation, cell differentiation,

and upregulation of a protective protein, e.g., globin. In a preferred embodiment, the in
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conplex differs, e.g., is increased or decrease, in
conparison to the activity of tissue protective

W@ gioekdai1es r ecept or conpl ex in the absence of tPEI/USHD4/013099
conmpound, then a 20 conmpound that interacts with a
ti ssue protective cytokine receptor conplex is

vitiloOd88Hyk deQeibed hBrefPirk PbifoHAGH iaREH ﬁlr&ig\ilﬁﬁtefoﬁﬁﬁﬁ(@.@% inf

the invention described herein above ere tissue

nﬁ&5g%gpﬁ&gﬁ cyt oki ne receptor conplex activity is

nmeasu eJi such activity is neasured by cel
proliferation or cell differentiation. In certain
enbodi nents of the methods of the invention described

5.2 CellrBas28 /advaye Where tissue protective cytokine
receptor conplex activity is neasured, such 34 WO
2004/ 096 MiBssREPIOHBSPOE 4ytOliRe 9&eptaec tompley maasuexpdeshal in a
the ability of the tissue protective cytokine receptor

cul GREPLAK ah@ the del1an SienWetledtot ScfeeH Foili @in€ls fdr'\fe fegéfkd ditnplex,
receptor conplex ligand. Cell-based screening assays

incﬁdgnﬁﬁg TnH%Rrél‘H ga?(g,tag Q’Je'll% 3?8&1&5 4He Qlﬁtﬁ%?rg%{g Iof ﬁl@tngﬁl?zﬂ H%tand

goni=s inc ng the nat I gan a
ant agoni st s_have. 5 _.enor nou tenti,al dn hothd
Titra andorRRGT R SRR Shoe elReAestt R prgene

as. receptor agonists are useful fo stinulatiqg ) )
engoilg the Fesepiohishombisdor dh Abst egetis glegintsdggyited fopits expression
vitro and in vivo. For exanple, agoni st conpounds are
(e.gis@frahscapticn ppomsen) sandfthe weliing dxpressiorcvdctarieingerttidanto a host
and nmay be used alone or in conbination wth other

cel YA GkEtRE Sncodiitt HOEPO R&epiop of £Plcatmdrietdptéhiaiy bssynthesized
commonly used in cell culture. Agonists may be 10

and‘dﬁﬁti% trafsfSRE f%ir frhcddde ¥ hBSQRALHROhE REcteF OMhir &0 Br Qe in the

evel opnent of EPO responsive cells (including, but
ot, | i-mit.ed to Lyou et | rived
mel@ios of MetiienByy B U o BiF b Bl SL bRl 023 o,
reagents for characteri zj sites. of |igand-receptor
i nteracti gﬁils het nyess ﬂ?éé&%t B Riﬁg?ﬁengﬁcg‘kﬂna]arﬁF%%rﬂr g peected
may find application in the treatment of neural,
anthesedtwigneneoe! & earichiad! noissiblesersening sustpws.yas derthayidisglsised below.
assays are known 15 in the art. These assays may be
based on Arexadaileef d cell-tdsedamstholddor ©ahtifyapoesepdund ahat
target cell. In one enbodi nent, binding of |igand

mdd8laes th&RR6t A A nh A8 b R QY ytbne kdt@pfol 86Hplex and a ligand
protective cytokine receptor conplex nmay be assayed in

theirébtf%gfnpﬁgég the if&lo%hg?t%ps: (a) contacting a test compound with the ligand and

 an tissue protective cytokine receptor complex-expressing cell; and (b) measuring the

level of tissue protective cytokine receptor complex activity in the cell, such that if the
level of activity measured in (b) differs from the level of tissue protective cytokine
receptor complex activity in the absence of the test compound, then a compound that
modulates the interaction of a tissue protective cytokine receptor complex and its ligand
is identified.

Another example for a method for identifying a compound that modulates

a tissue protective activity comprises contacting a test compound with a cell which is
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nodels. A labeled ligand (e.g., EPO or carbanyl at ed

EPO may be adm nistered directly 20 to an ani mal,
wowaoh/ogads wi t hout a test conpound. A downstr eaPCBEUS®04/013099

of the ligand (e.g., EPO or carbanylated EPO bi nding

the tissue protective cytoki ne receptor conplex, e.g.,
recbinbiia@tlP eRiREdrb P Q&iprése b EPI RLéfter Gitd O BomiRy réptor, wherein

nmeasured in the presence and the absence of test

sa1§ QP QUPHsfoRRAEd msagrgﬁgi?@%ﬁd cﬁkﬂﬁfmﬁg b Inﬁcl%@hMeﬁﬁeﬂc@ @hat (i) is

est conpound is a e genetlca 'y engi neered

t e the ti ssue ote recent
g BeSD Samsish oLih s BB l’ég? anoifl o receptor
EPO),. whi ch may be transient |nduce
polzfeeptrdﬁg@@aﬁ@nps:’rhqlsy@i 2#‘@%@6@@60’%"&@’%‘? &t liee%Pt%qomplex activity
stable. For the purposes of the screening nethods of
in theeelbridesifyingiartoss somppundsthal ideregses ot dgcregsch histleved pf gssue
maybe used including, but not limted to, tissue
protedtive cetokRlelrsceproroaiplexrctieity & thanell ydatste to ¢hd kvel of tissue
Manmmal | an cells such as brain cells or other cells

prdt&@;ve %%kﬁ%%eééﬁ%r%bﬁﬁ@& ROk P RlchMReE ML DEINAR] ESE Q\ﬂfe&ﬁn the
conp ex may be 'a 5 preferred cell type in which

S O B PSRRI o
RETAE A

human ceII In another enbodinent, the host cells are
linjsed mgrom@tqrsandiub amodes # Bsprmangserptesior gERQ repgptor

bi ol ogi cal sanple of interest. One skilled in the art
polypapbittier eal asgaying tte idedtifed dest campdurtdyfoes tisampritectiveedtivity.

in the nethods of the invention for screening or

i denti fy AQMRAWEES celCBhded agsw@ﬁlay sedsstry ieadidge ﬁ&in)ds that
express an EPO receptor, a, 6 conmon receptor bot

intbiacl Wi &Rk Me ﬁ@t@c@v@cﬁ&!ﬁ@ﬁc ;ﬁ&e&tngﬂe ﬂs‘?{aﬁ?g a test

receptor or conmon receptor pre erre
erive rom an, excitabl e

enbodj nent t St. ce

cofPOGiThERI iy chnFiERar ML isee Br G iane iy Cegwp?e’ﬁ :
derlved fron1an exci tabl e neuronal tlSﬁ

expispiing ¢alk gndghe actimityed thefissue potesitye cye ’@i&?‘tealﬂféo%l eXgas
may be neuronal, retinal, nuscle, heart, lung, |iver,

mdesaaépy banding afffinitgstellpeolifaritienair thoptessace ofidrepeater gene
medul | a, capillary endothelial, testes, ovary,

traR 0P, a6 be deteeminsli If thehetBig@TEid fissle pretdiive optokingSee@ptor
Further, non-limting exanples of responsive or

cofplxt LS, £8! IsSintR8deHd8 decrease, in comparison to the activity of tissue

protective cytokine receptor complex in the absence of the test compound, then a
compound that interacts with a tissue protective cytokine receptor complex is identified.
In certain embodiments of the methods of the invention described herein
above where tissue protective cytokine receptor complex activity is measured, such
activity is measured by cell proliferation or cell differentiation.
In certain embodiments of the methods of the invention described herein

above where tissue protective cytokine receptor complex activity is measured, such

34



10

15

20

25

20 photoreceptor (rods and cones), ganglion, bipolar,

hori zontal, amacrine, Muller, Purkinje, nyocardi um
w@ame/omdker , sinoatrial node, sinus node, juncP@DOS2004/013099

tissue, atrioventricular node, bundle of His,

hepat ocytes, stellate, Kupffer, nmesangial, rena
actBRtyiAGishdl is th BBARY of 1Ak Sissile! fro@btived3diehe receitesédnislbx to

gland (crypts), enteral endocrine, glonerulosa,

. j ; cul ar i ' heyte,
int BB Bhdte prctbd i cHlohg E PO RERLFY
pri nordi follicle,.islets of Langerhan -cel | s,
P cel | s Cellgiheed sFiskninzstasg afe usgR A sgRATng Bafiieofist and
PCT/ US2004/ 013099 _osteoprogenitor, qsteoclasts,
antBgaEgiEaRdss A GiRTARIRANG i tvRre] SRaGhEI A Eon St Sh Vi
endothelial cells. Manmalian cells suitable for use in
enaxpue pstendaltihbothiis yite prdoetid applicationek Camppuedspdentified as
conpl ex and transducing a receptor-nedi ated si gnha
recepiol BEtitehresiséfibfor shmelping peoliftratiemsid dsnelapinenbef target cells
receptor subunits used to formthe functional tissue

in ﬂfw@taﬁgti;il Yol REERLATHIE ABPhiScombIeRG &4 RsHIL & d®ponents of

I'nclude those of the class | cytokine receptors. In
ert ain od] f 4t ' ' B : .

i ruR3OEE WSty SertBo POFRLL B bonithod Pt eytokines
receptor to pe expressed. Wthjn a preferred .

and FBiAngR IR op PRe B Commenbaned Hil ot g gy be
sugﬁjieq hemat opoi etic growh factor for its 10 .

us¢fnloinj spegifiedllyrpromating the grew thraaflior develeprpentiorgh Osrespasive cells
lines of this type are the human TF-1 cell |ine (ATCC

(inthudingt biERot B3] tamervolae, habtt- i3 etined] IdetivadecellATiGCulture.
nunber CRL-9589), which are GW CSF-dependent human

AR fe GQIMH1 ds&%roh'r@a%ﬁts%i EHaRattdrivng $1¥00€1ipRA receptor
suitabl e host cells can be engineered to produce the

. a .re g i . .
ind T oS ERBE ap AL e lon Ry B4 abfRition n he
For 15.exanple,, t rine. cell |ine BakE3 (Pal aci os
treg P B et g Tekuial isqasys PP aHely SEaRHA: BBggpe known
et al., 1986, M. Cell. Biol. 6:4133-4135) or a baby
in thermst Srhepg ehsays mpBrhasedpn the deiectign oba biglegissldesperse iy a
express the necessary EPO-R and /3 receptor. The

targettdelr approach i s advant ageous because cell |ines can
be engi neered to express receptor subunits from any

speci es, It bfs elbodiMRhE BFidN FRigAl (ab., EPOI drakitanslated EPO) to

arising fromspecies 20 specificity. In the
thé;t{gstﬁgé Elg%éc\éige BRIk $scePlor ROMBRS 2y B Rs4Y4TBA it 54 8BS animal
models. A labeled ligand (e.g., EPO or carbamylated EPO) may be administered directly
to an animal, with and without a test compound. A downstream effect of the ligand (e.g.,
EPO or carbamylated EPO) binding the tissue protective cytokine receptor complex, e.g.,
tissue protection or cell proliferation, may be measured in the presence and the absence
of test compound. For these assays, host cells to which the test compound is added may

be genetically engineered to express the tissue protective cytokine receptor complex

and/or ligand (e.g., EPO or carbamylated EPO), which may be transient, induced or
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cl oned and used within cell lines fromthe sane

species, such as a nouse cDNA in the BaF3 cell line.
w@eiok/oddimes t hat are dependent upon one henat OPOI/E51004/013099

grom h factor, such as GWCSF, can thus be engi neered

to becone dependent upon a tissue protective receptor

coris@fRveXor dtaA8 dF ordife %@pgﬁg‘lﬁ %ﬂ&nﬂ@]ﬁ&mﬁft@é £t

Slmlarly, it will appreci ated by one of ordinary

1nvl%hﬁ$rl alwhidb Qﬁ'l@c?tof h&@Eﬁﬁé}ﬁ ng@@g&d@ﬁaﬁ&]pg 2 g‘ét ﬁ’ﬁft@@ fdT8iSsue

n ot her ce |nes t e trans In a

r .0l f 3. at,
culitgs g@@ﬁ AR se it e Seith ol PRl FR A Bhroigslts or
and Rc Receptor. Such. cells woul d preferab
other e [pqeat FEarBh e HBIaPTeiep VI OB TFaFRTgT CasR! Shiey bea
limted to, P-19, PC- 12, and astrocytes or other cell
prefemascellrtypmin which & GO qu Spoassivsefithacpreginhipveriian. not
limted to, retinal and heart cells. The presence of

both EPO and i,, Receptors in these cell lines can be
d using i nmunoprecipation nmethods well known
521’%{] (F%lggg of ordl nary skill in the art. Oher host

cells that be used..t o I inant | rod ssue
70 pr ot edt PoRTEgLiER AR ER, FEGE brtbinate Bi-AE e oy §iGrion
. screening nethods of the present invention_include
is pymenmadiap eell| 3 Mt retered smbgdivacnt. the Boss celbly %hunzaésceﬂ In
cells, 293T cells, HelLa cells, Hep& cells, K562
anafbéd enb@HBentethediost aslls apsrpeingary edlzisblattidrfeom 2 tissvs drodter
cells are imortalized cell lines derived froma

bidiOLE£l8amPledf intdrebi. WBnecskilfdd ih lthoirh ebulinshlizeakat différeat cell types
can be used in the present invention include, but are

caﬁ‘Qé uéédrﬁl RAmbEBody @lecﬁé it8htih fol §cr%éﬂ1ﬁé by 1d'eﬂtﬂi§f%ﬁ$ounds Cell

I's, bacteria cells, insect cells, or p ant cel

Pr ef ef
e g8 8@%@8%@?%% ?’?nseﬁ%ﬂ%f“g% &%mééf&%c%ﬁén both an
rodents (see, for exa [ Gene
EPQ} repetey af%ﬁ’n%lﬁ B&B@Qgé?‘i’i tor wabfg%f?ﬂewoﬂ/ﬁhﬁ gpmmogggeeptor. Ina
York, Freeman & Co. 1990 such as nonkey ki dney cell
prafemed embordimenithe host celVapietivebimm areitabledissicodn Mpreferred
CRL 20 1651); human enbryonic kidney cell lines (293,
emd83infbilthe tast @3s dedives feath ah ereithblcotieur@rabvisduei n
suspension culture, Gahamet al., 1977, J. Gen.

Virol., 35 wfy oﬁﬁﬁx\llnﬂﬁi@teﬁ’(ﬁmpl@sd@fé‘élt)&?h}esor(eﬁé'ﬁ%ble@é@@may be

AcceSSI on "No. chi nese hans
ne&r\éﬁﬁly re(ﬁ%lai, %@H@,&eaﬁ, lung, liver, kidney, small intestine, adrenal cortex,

adrenal medulla, capillary endothelial, testes, ovary, pancreas, bone, skin, or endometrial
cells or tissue. Further, non-limiting examples of responsive or excitable cells include
photoreceptor (rods and cones), ganglion, bipolar, horizontal, amacrine, Miiller,
Purkinje, myocardium, pace maker, sinoatrial node, sinus node, junction tissue,
atrioventricular node, bundle of His, hepatocytes, stellate, Kupffer, mesangial, renal
epithelial, tubular interstitial, goblet, intestinal gland (crypts), enteral endocrine,
glomerulosa, fasciculate, reticularis, chromaffin, pericyte, Leydig, Sertoli, sperm,

Graffian follicle, primordial follicle, islets of Langerhans, a-cells, §-cells, y-cells, F-cells,
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(CHO, Urlaub and Chasin, 1980, Proc. Natl. Acad. Sci.

77, 4216); nouse sertoli cells (Mather, 1980, Biol.
woReproeh14®23: 243- 251) ; nouse fibrobl ast cells (MTFUSNB) 013099

nonkey 25 kidney cells (CVlI ATCC Accession No. CCL

70); african green nonkey kidney cells 38 WO
ost@@@éééﬂﬁ@ﬂ%&egﬁﬂty%%ﬂfa&% 308mefrMERES, enddiGkirial, stem and

Accession No. CRL-1587); hunman cervical carci noma

hisih édifsLA.  ATCC Accession No. CCL 2); canine kidney
en&ﬁﬁ%é' NECK ATCC Accession No. CCL 34); buffalo rat

liver ce RL 3 CCGSSI . 1442); .
human | uh)ban&rg? @ Ceﬁwlg Ef,se,&g C %Erseisl\%tﬁg %LUS %g)ct_lve
human |iver cells (Hep G2 HB 8065 nd . 5. nou
CytRRIRFHETSFPION ﬁ%mplﬁémpé cme%e%ept%)wféﬁ? tated SihrlgRoinge cells that
CCL51). Suitable cultured mammalian cells include the
exp288-al lepa(Tae afithe eRptaBEbInitsBikd (o thie functipual tigg®)protective
and BHK 570 (ATCC No. CRL 10314), 293 (ATCC No. CRL
recéftéBcompieRh TNt 2tsubdnits nday iGelnde Wosebf tha@lH91 Zokih® rebkEptors. In
cell lines. Additional suitable cell lines are known

certdin Eﬁsoﬁmen@,rtﬁ‘ tﬁé/ﬁlvéﬁh;lneuﬁg 250 PréRiried 16 ABOS bAIPIbASHS bife
as the American Type 10 Cul ture Col | ection, Manassas,

speg%s Glﬂ:elrece;ﬁ t 8%!4&1%%? Wlﬂﬁ? %hqsé{t%%éc%mﬁgcph%m rﬁgll 18

€ 'yeas sec Sys n yeas
of vect ors cont ai ni.n itutive.or C
epsPgfGLEpS o0 RRGEDBIE SHPRER HerelOBREHO By EB SR BL S ae
baker's yeast), Schizosaccharomyces ponbe (fissjion
profideretion. [ eertain preferead; embogdimenip el MBP%OEJ@S)IW %R dhe human
(rmethyl otropic 15 yeasts). For a review see, Current
TFPr adlbiosd (A TCC MoinbeCRE-2808) aghthe YMIL-123 cild $ia¢ (&£8CC number
Ausubel et al., Geene Publish. Assoc. & Wl ey

CRINY$Y95 G BIOR @re GM-CE8; defsbraitht IRfma leukeh¥i Cell 1B RSB a@Brnative
and Secretion Vectors for Yeast, in Methods in

emﬁg@m\/%?i’fabfggést cgﬁk %f é)@é%%ﬁl@%@% \'C/%?I%Zi ffé\@cﬁecéa SK4ry Peceptor
sutgt iy g tan geinesF B b eoiotn Beabsrediayler 55 f%fpmase o

Yeast, Methods in Enzynol ogy, Eds.. Berger & K
exanaple, thpmaine call yine BaBp (Palaraos Mﬁpﬂtﬂeﬁ@%é&% Gl 4r1h7e?7 734;
Mol ecul ar Bi ol ogy of the Yeast Saccharornyces, 1982,
MéiHoksy-PreSot attahe t 986eMall Cell. Godld 6 3B 3-4d3 Panrladrabphewster kidney
Vols. | and Il. Fungal cells, including yeast cells,
(BERY cpidlihé 64t 8¢ irinst&tddsio @kprekeethg @B¢tssary EPO-R and 3 receptor. The

latter approach is advantageous because cell lines can be engineered to express receptor
subunits from any species, thereby overcoming potential limitations arising from species
specificity. In the alternative, species orthologs of the human receptor cDNA can be
cloned and used within cell lines from the same species, such as a mouse cDNA in the
BaF3 cell line. Cell lines that are dependent upon one hematopoietic growth factor, such
as GM-CSF, can thus be engineered to become dependent upon a tissue protective

receptor complex ligand.
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Saccharoi nyces, can al so be used wthin the present
i nvention, such as for producing 25 receptor
w@oiogpspss des, receptor fragnents, pol ypepti der¢TIERINE013099
or conplexes and for 39 WD 2004/096148
PCT/ US2004/ 013099 cel | -based assays for identifying

conpounds;rfiir &) 1trmﬂlﬂeaa§>9récia$&i@ e fRRdind6 skill Rktho ert that the
activity. Methods fo ransform ng yeast cells with

e e
t ent 311; Kavvas

o g3 1998 P T Bt g hihoom o
hargﬁggq%b ,%,%?Q,ax&f écgecggtgéﬂ SSuqha:xlegﬁ y«ou @I\%]Igm@g@e néér%nal cell

Transforned cells are sel ected by phenotype det er m ned
lingyintlndingsaiteot hiited bon Pk, PG binand lastratytag o edies celhiresdgmown
the ability to grow in the absence of a particular
to BEIEPOaBéponsive inclidinis; ibnepot 1Anipydabderetingl and bibant calls thidpresence
for use in yeast is the POT1l vector system disclosed

of JQ:]}{th KR SKE, R’éceﬁtjors it theze ca@hﬁ&t cal¥®e chnfddeBfsdlg Whi ch

lows 10 transforned cells to be sel ected by growth

il’ll?lélpﬁ%) %g ?ﬁ?on 1%9&185“&7919 kﬂg“\gﬁ th§§’é éfaoghﬁta srkﬂm‘fr Rt ‘Zirtfemd

use I n yeas OSG

gl ycolytigc e nes see, .e.q., saki

Dot ont NS Pebrey Tt Ren g e ﬁt%¥e%8]inbl A Prasuegizsono,

4,615,974; and Bitter, U S. Patent No. 4,977,092) and
projeatiyh sitolisieyeneptpsvanpleyearaised Babe serpening Jmsthops péihe present

Nos. 4,990, 446; 5,063, 154; 5,139,936 and 4, 661, 454.
invehdms inoluda bud arclifot $insteeris, Hybridombhsg prerBasitls, 293 ruells; @98 cells,

Hansenul a pol ynor pha, Schi zosaccharomyces ponbe,

HelKa G¥NE HRPT 8114, 339250l K| IBURNE NHEL e Fertd| entbodidérit] the Bost
i naydi’'s, Pichia pastoris, Pichia methanolica, Pi chia

ce]?suérla rﬁfn%ﬁgﬁzle'd c@ﬁ %ng@HéH\%ﬁ ity Bg&ﬁc% §§gea'cl ?&u@.\’ 3iili 3 e?host

use 1In resent I nventi on or exanp

cel?%tga%%g@%tgﬁa in tgﬁareéftgéﬁven %m'\é}jg{eolmt agg,not ilr%léf‘él tﬁ,%e)ast cells,
Aspergil | us cells m be 20 utilized accordlng to the
virgly-frfefedeclivrirasicgiacolls, mmsect callsr pheptegtls.-No. 4, 935, 349.
Met hods for transform ng Acrenoni um chrysogenum are
di scl osed®rdfgrr&Uumiammedian &bst, celliingludPdubare nblimited to those
5,162, 228. Methods for transform ng Neurospora are
defV&Llrs SUma)s, nhaRONiZrodbhtS(seBafoe Btanhkle, Kkid&, M3id. “Gene
St andard nmet hods of introducing a nucleic acid

TraRCAE BxPlesdiBh: X E8borafdtPManual”, New York, Freeman & Co. 1990), such

as monkey kidney cell line transformed by SV40 (COS-7, ATCC Accession No. CRL
1651); human embryonic kidney cell lines (293, 293-EBNA, or 293 cells subcloned for
growth in suspension culture, Graham et al., 1977, J. Gen. Virol., 36:59; baby hamster
kidney cells (BHK, ATCC Accession No. CCL 10); chinese hamster ovary-cells-DHFR
(CHO, Urlaub and Chasin, 1980, Proc. Natl. Acad. Sci. 77; 4216); mouse sertoli cells
(Mather, 1980, Biol. Reprod. 23:243-251); mouse fibroblast cells (NIH-3T3), monkey

kidney cells (CVI ATCC Accession No. CCL 70); african green monkey kidney cells
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25 host cells can be used. Transformati on may be by

any known nethod for introducing 40 WO 2004/096148
weEOnAEA4/ 013099 pol ynucl eoti des i nto a hoseCTEE1004/013099

i ncludi ng, for exanple packagi ng the polynucleotide in

a virus and transducing a host cell with the virus,

(VBRO- 10, ATCE Accéhsionlo. TR1L-163 DOhwiAue b olchd@rciddifa cells (HELA,
transformati on procedure used depends upon the host to

K i A t o i .1 .
AR AAEBASTReL TR P (RS OMTEE Rl i

s Al R P00, RSP BLLBLCAR BB g o

vari ous known nodifications thereof. er for
(Wil A4 HtE1 M erEIbN B (aékt75&sé1wgv@mllcig§{ép QZMW@; and
particularly into mammalian cells, include _
moyex tarmarg tinaeraglls (MNEF 8e4568nATEA! Arepssiphdoph&ilél). Suitable
nmedi ated transfection, polybrene nediated
culturad gfagahalian celty mcmde dst COSsli @Y CE Nac CRIpDFSA),i BIAK (ATCC No.
encapsul ation of the 10 pol ynucl eotide(s) in
CRI P&¥39R8 BERG 70 ATCC Nb R N0gE4) 998 AAT¢ONo. CRL 1573;
pol ynucl eotides into nuclei. Such nethods are
- Ko i b1 g~ I ta 445 . :
Gr%%ﬁln{l 2t) \eﬂw?%]rf) VIR, .593-% 197{7EC€¥1P§H€§. Bde%Un'é 1ﬁbfég§%rlmes are

s ar ose cell " types that” can be transtorne

transfected w t.h exogeno rown in cylture, a
Ko R ARG o g AV SR SO QPR ebAstect kg fee
cells. Eukaryotic cells, particularly cultured cells
Culiprengioliqetion| NiprassaspVar gani sns, are preferred.
Techni ques for mani pul ating cl oned DNA nol ecul es and
i nt r oduciOtherasefibeadasydiidhostvatar systematyy mflude yeast ehd mmsect
are discl osed by Sanbrook et al., Mol ecular C oning:

sydherh@ DRY W&l ¥ niBBeraIf vedioth &ﬂ.tainiﬁ%gﬂns‘ﬁlﬂﬂi\ﬂ%g)r et ble promoters
Laboratory Press, Cold Spring rbor, N. Y., 1989, and

R A R P LR OSSR SRR g ces

Transf or ned or,.tr.ansfected st cells, are.cuyltur .
poE Uiy e PG B anand i eeif b P it dropic
medi um cont ai ni n% nutrients and ot her _conponents
veaskuif PEATevaRY 845e Cyrrenichiotorols iia Malerudat Biplogy.cbel 2. 1988, Ed.
variety of suitable nedia, including defined nedia
Avanlobl ebad| GeemeeRiibdish.ahssoknfoWhil¢ynintdrecience, Gnd 3gEmart &t £k, 1987,
i nclude a carbon source, a nitrogen source, essenti al
Expréssion and Secretidrt Veot6rs fandedst, ie Metkodsg Bnaymelp gal Bds. B &

contain such conponents as growh factors or serum as
Grb &l €687, Acad. Press, N.Y., Vol. 153, pp. 516-544; Glover, 1986, DNA Cloning,
Vol. II, IRL Press, Wash., D.C., Ch. 3; and Bitter, 1987, Heterologous Gene Expression
in Yeast, Methods in Enzymology, Eds. Berger & Kimmel, Acad. Press, N.Y., Vol. 152,
pp. 673-684; and The Molecular Biology of the Yeast Saccharomyces, 1982, Eds.
Strathern et al., Cold Spring Harbor Press, Vols. I and II.
Fungal cells, including yeast cells, and particularly cells of the genus

Saccharomyces, can also be used within the present invention, such as for producing

receptor polypeptides, receptor fragments, polypeptide fusions, or complexes and for
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41 WO 2004/ 096148 PCT/ US2004/ 013099 Cul tured
mamal i an cells are preferred hosts within the present
WO poogfogdiasr. Met hods for introduci ng exogenous BIXEUB29040013099
mammal i an host cells include calcium
phosphat e- nedi at ed transfection (Wgler et al., 1978,
celCpased désay2for 1&%@1&% céffourfds ¥semod 918k, tisSimbiectiwed tokine
Genetics 7:603: aham and Van der Eb, 1973, Virol ogy
52: f j I
act 1@1 :l\éﬁﬁ%ds o} ?ﬁﬁé %ﬁ%géégf‘célw{mbg@ﬁo@ DNA]a%Q%_rocﬁk@@

o ﬁ 845,I / xtran nedi ated transfection

A t al.. .. Cu t t ' I
sSSP St o UG The S RlFB g o5
ro b T AL AL LB e

15:80). The production of reconbi nant pol ypepti des,
Noi #.87%008gWlshyep efot W SeBatemti Ny 50¥, t6 My gf ok HéS. Patent
receptor 10 conplex of the invention, in cultured
Noysus 07 SinTesmkfosmes cellset sdeded hyphemotypeldeterinined by the
Levinson et al., U S. Patent No. 4,713, 339; Hagen et

sel&dtable Hhagicer FangRbn NIy FrediBn&PEk the BBl {o8dro®tin #e abséhcdof 2
Patent No. 4,579, 821; and Ringold, U'S. TPatent No.

paﬁim@lgﬁ n%lfi nt %%., 1S u(': al ’p@fe%? gfeEtB?%Qeﬁ)g@f?}gQ gfrjﬂ;éﬁgf% BePOT1

are pr err as pronoters 1rom

cyto alovirus. (See, . e.qg,, Pat.en .
vedj SRt ot & St &1 (o P NB S o AE R Tale whis allows
fromnetal |l ot hi onein genes (U.S. Patent Nos. 4,579, 821
trapgfarnaedaeils o7y selegies bherowdfe Mosineass-ceaiesing media. Suitable
pronoter. The growth mediumw || generally select for
praxgdibis and tdraiimitony forhese éx gepshimabidy tamd dnDilcdlytic fwryme genes
exanpl e, drug selection or deficiency in an essenti al

(seBUd.£.1 Ralvaydii ah.Si Bate@ . ens99i 1 d : Rndshan £LEay.8bP&ent No.
mar Ker carried on the expressi on vector or

4 6<i9-9t75 AN BE:E %.'gln}gﬁe&t .nagt 984 hnd ABHA? d?ﬁ?ﬁ@éeﬁﬁsre%nes. See

“enbodi nent, Sta cel I "I'i'lnes cont ai ni ng

C truycts.of . LAt raked.f i.gh .

o R Sl o 20 St FIRP 536 8 a8 e s fpamation
Sgener ated by introducing a construct _conprising a

sysignetr gP1CE Vet drcluding Bapsegulampobagarple, SGizgraseaargryaes2
days in an enriched nedium and then growing the cells

powhe,Klgpregomyaes laatie K lupverTineces gragdlisablsalagariaydisi Ricitagpastoris,
reconbi nant plasm d confers resistance to the 42 WO

Picl) HesnmdBE, PeIib R NoAhSHARE Candida maltosa are also available for use

in the present invention (See, for example, Gleeson ef al., 1986, J. Gen. Microbiol.
132:3459-3465, and Cregg, U.S. Patent No. 4,882,279). Aspergillus cells may be
utilized according to the methods of McKnight ef al., U.S. Patent No. 4,935,349.
Methods for transforming Acremonium chrysogenum are disclosed by Sumino et al.,
U.S. Patent No. 5,162,228. Methods for transforming Neurospora are disclosed by
Lambowitz, U.S. Patent No. 4,486,533.

Standard methods of introducing a nucleic acid sequence of interest into

host cells can be used. Transformation may be by any known method for introducing
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selection and allows cells to stably integrate the
plasmd into their chronosones and grow to formfoci
wabioglodims t urn can be cloned and expanded i nt oPCEDE2004/013099
lines. Drug selection is generally used to select for
cul tured manmalian cells into which foreign DNA has
polP@RMeotidsEintEahosPe6l iflhlise of cXaifl® phokapbals polyhurlagide in a
"transfectants”. Cells that have been cultured in

wr%}ggﬁ{aﬁgﬁggﬁeao%?& P& #ah 8 {iNk %gggydi?&@ upfak&opke to

Interest to t progeny are
referr.ed s "stable transfec £Sae
polyieTiotign 185 BinsrirefyPineddsaBR 57 AHeBs s e RS <Sbe
trarl(sw@l i teg? Ntéagmg;l?a}% %%;%%%@@WSI ggééx(gé égrggsfécrg%lqé)%yncﬁre%lt S}%glge may
hypoxant hi ne- guani ne phosphori bosyl transf erase
be ¢Bripttad vking teSajdiamgibosphpgarecipitaion methad of Grahamak Van der
Sci. USA 48:2026), and adeni ne
EbpHoasptinol. 623wb | drahs b aias &nownmpodifications thefe®B0OtiEe nethods for
22:817) genes can be enployed in tk-, hgprt- or aprt-

int©8hdife rdc6RPERhLE g&wucleqﬁd§§int@wlis; Rtiahefly 1o hRsisdiAResls,
can bé used as theé basis of selection for dhfr, which

f
T e
e L T

Bercg, 1981, Proc. Natl. Acad. Sci. USA 78:2072); . neo,
polypudiertidetsh ey kpaseniesand déreetgnicrinigaiionefi the pelyguclentides into
(Col berre-Garapin et al., 1981, J. Mdl. Biol. 150:1);

nudeid Suyly methodk achwelbithews to esd eftsiidbim theathy gr onyci n
(Santerre et al., 1984, Cene 30:147) genes. A
pref er r edusRlI®RERRERS HBIHRE célP typedBREC A WO Brmed or
resi stance to the antibiotic neomycin. Selection may

: : el _
tra%ﬁec‘f&f i x%é‘h&{_lszl'l)y% ?B?ﬁr;iﬁ P?ﬁlg@, arfll 18OuBE 1 15 YRR cultured

ug, suc . Sel ection Systens may

. al so.be used t i ncrease the. expression Leve - 1
higfen QU o el ey S s s iy SRt g St mithicbifar
"anplification," Anplification is carried t hy
orgapisgy ¥ grafemers f Beohamues 105 mw%&t@gmd@ﬂmlswles and
| evel of the selective agent and then increasing the
intendpcing endgeneteDNA mtag zaety of hest kel arg disclostd by dbambrook ez al.,
produce high levels of the products of the introduced
Mdledies - Cléniah: Areberatast Mamki, b, € dle Spih@Blatbomakentors Press,
di hydrof ol ate reductase, which confers 43 WO

Coﬁnggﬁ{r%gﬁérﬁgr, REY 452004/10L3H08 er hESIRE @E@nt Brotocols in Molecular

ottexate. Oher drug resistance genes (e.g.,
BidlHLY, Tof Wi SRt FodlGfe., NY, 1987.

Transformed or transfected host cells are cultured according to

conventional procedures in a culture medium containing nutrients and other components
required for the growth of the chosen host cells. A variety of suitable media, including
defined media and complex media, are known in the art and generally include a carbon
source, a nitrogen source, essential amino acids, vitamins and minerals. Media may also

contain such components as growth factors or serum, as required.
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puromyci n acetyltransferase) can al so be used. In

certain enbodi nents, BaF3, an interleukin-3 dependent
wee@4Boqaed | |ine, which possesses the /c ReceptDUS1a41013099

be transfected with reconbi nant EPO-R. The 5 presence

of the EPOR can then be selected by resistance to

conpoundeuRued nisnaami dells btprefeffod Rbsts aitdinahie proseitn
(at 2 pg/nm). 5.2.2.2 BaF3 CeII Assays BaF3 cell

inv@r?t?d;ﬁ?’ SMQimfd or Mb‘aubﬁﬁg @xé één'ogﬁjNPf WitS RERLYIAR hbbadells include

ate e activit t1ssue protective cyt oki ne
o P PR PO LS o s

receptor conpl ex._can he rfor d as IIo
Pegggqn, 9% hLSemgft gﬁ?@llﬁe@e& Pood: G g’o ‘ayvet9ﬁ 3aV1f°1°"Y
medi um al one (RPM 1640, 10%fet aI bow ne serum nvi
52:466), elecipypouatienaNegman er afl, 108H FBO hﬁeﬁ‘ltll'r?éws)nﬁﬂAE dextran
nol ecul e, biologic or chem cal conpounds of interest.

mel[i&&df tiamafectiod QBubdl eeak hedd), CutrentPreteulsdn béoledidartBiddgy, John
15 The BaF3 parental cell line and BaF3 cells

wﬂéa,agaafs%as e Yiv15P; ROARsohBIBRcBBAEE R AE dyetson e

rowt h nedia’ (seé above) pel | ets resuspende
o F R TY °§5‘%8 U S
oo P SO bR ph A PSSR 8 Bt
|ncubated ina 37 C i ncubator for three tgo four days.
compplzy of theapventiogpreulirredinaramalign celle svdipdosed oy exRIgCHY
well and the plate is incubated overnight at 37 C

Leihsompéral.e¥.SaPatenedd. 47A13,889;fHagen esalgii.SpPaicm N dgesd, 30,
excitation wavel ength of 544 and em ssion wavel ength

Palffr ef 41,18, PASRWN G, T2} fifd RinkbBls US. [Patne ol 4,656,134, In
acti vi ty, the BaF3 cells shoul d proliferate when

e e R T
PCT/ 82004/ 13099 [ ] f h
ey EaEY s (Ecege B Ao R 4330280, Fhet ipbleiidfosy
0 nmut ageni zing a_cell | ine ex reSS|ngNthe rec%Ptor
ese frama metallothiongin genes (U.S. Patent Nos. 4,579,821 and 4,601,978)

and the adenovirus major late promoter. The growth medium will generally select for
cells containing the exogenously added DNA by, for example, drug selection or
deficiency in an essential nutrient which is complemented by the selectable marker
carried on the expression vector or co-transfected into the host cell.

In a preferred embodiment, stable cell lines containing the constructs of
interest are generated for high throughput screening. Such stable cells lines may be
generated by introducing a construct comprising a selectable marker, allowing the cells
to grow for 1-2 days in an enriched medium, and then growing the cells on a selective

medium. The selectable marker in the recombinant plasmid confers resistance to the
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under conditions that select for autocrine grow h.
(See W PO publication WO 95/21930). Wthin a typical
wpe@emotne, BaF3 cells expressing tissue proteRCT/Us2004/013099
receptor conplex and 5 the necessary additiona
subunits are nutageni zed, such as with
selectRhhmt bW eI BBl ategt bk plashed &b tseivdteothbsmes and
all onwed to recover in the presence of 1L-3, then

gro}{_ﬁx?rf.%ﬁg%cﬁ%ﬁ& i L WeR 1SR I HTkFattbd thtd beBiaRRd |

urviving cells are screened for the production
of a tissye protective recept ' 0
as by adb i LGRSk B lo, SRR Ryl b R ol
. or. b ssaying conditi oned dia gn wild-type F3
inte uiNeh IRFASBRRG hes P SRS r e G7YS f‘]i‘?é’ofrlé’&‘égi’ erred to as

5.2.2.3 Reporter Cene Assays In certain enbodi nents of
"trarséectamied n iGedln that bavesbeph gultered inf e Presencernyithetslecgive agent and

express a reporter gene are used in assays to identify
areCabigpoadstheigehe bf msuest pr thee progey amcieforietlite as "sTdbde

reporter gene is linked to a pronoter elenent that is

trah GERRAS I V& nhdbENES bRchi&if %ﬁi&is*&hﬁﬁ@dsd@?in’@l’tﬂ%hgt Hﬁﬁ! dot MRited to
e

assay detects activation of transcription o
t : 13 t
o SAGFple? i DR RERTRME 201, B7roets sy
i nvol.ve testing a .conpoynd f dul at i f, th
YRR BRI KOS DORY B P Pire SEYR RS SPi 062 Proc.
wherein the actjivated conplex results in 20

I \ {
Nagly 668 Scb U0k 45209 6 et Adspims phparhosbos Are s Lowaef dl.

The host cell also conprises a SRE pronoter el enent

. 198(eTedl2r817) pleret dan ba ehpliyied imte, igppe ot eprt-getle, redpectively.

expression of which is regulated by the

Aléd, anghdtaidlieiRkistiatd el used HE thettasib of kledtionifhedias evhich
gene product is either turned on or off (i.e. present

corgfgfslqglsciﬁgﬁce BmBh&&Re (Wighh bf &7 11980 aTRY Ka). $4. IU@% 77:3567;

n response to the presence of a conpound that
,activate he ti e, protective-&. i ne 25. receptor .
O BBl ok Sl BN BRE Y LSBT B S i
i nvention yet further provides for th for
to miyserhonglivacid (MyHiggn e beteal ¥ Pt Acqd. %&h Usa 78:2072);
protective activity, conprising contacting a test
neg,ovfpioly noh feistrbsistandeds the gminoglycoside Gykl8KCaberredagsamin ef al.,
conpl ex-expressing cell, wherein
1981, J. Mol. Biol. 150:1); and hygro, which confers resistance to hygromycin (Santerre
et al., 1984, Gene 30:147) genes. A preferred selectable marker is a gene encoding
resistance to the antibiotic neomycin. Selection may be carried out in the presence of a
neomycin-type drug, such as G-418 or the like. Selection systems may also be used to
increase the expression level of the gene of interest, a process referred to as
"amplification.” Amplification is carried out by culturing transfectants in the presence of
a low level of the selective agent and then increasing the amount of selective agent to

select for cells that produce high levels of the products of the introduced genes. A

preferred amplifiable selectable marker is dihydrofolate reductase, which confers
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said cell is transformed with a nucleic acid
conprising a nucl eotide sequence that 5 encodes a

w0 e@ane@ans gene operably |inked to a regul at or yPEr/88m04/013099
associated with a tissue protective cytokine receptor
conplex activity, identifying a test conpound that

resi st BS@SthoREx A8 COBRS @Rl BQsthdealened (el pantiedrug esifstance,
expression relative to the | evel of reporter gene

pmgg%ﬁ?&gmgﬁﬁggeggad QS% Eegus%gs ence of the test

oun assayl ng entified test conpound

for a tissue protect.ive tivity. Lkn.ceptain .
enbodi melt STt PRBSHIRIs TR 2 e GRS efbgnt g coll lie,
regul atory elenment is a serumresponse el enen The

whichRosseseny tae £d Reqeptor 5@ be ﬁw&ﬁﬁcaf‘éiswﬂ Fecsmmaﬁbﬁmf - The
identifying a conpound that nodul ates a tissue )

preserceed theBPOdt canvhey be sdeqied sy registrone tecednpupuads sush as zeocin
conpound with a cell conprising, (i) a nucleic acid

(at DM PRINY endCRIFPIlysin (gt 2ug/@iprter gene operably liked to
a binding site specific for a DNA bi nding domain of a
transcriptional activator, (ii) a first fusion protein
conprising (A 15 the DNA bi nding donain of the

5.23-2rBHE CRMASHS activator, and (B) a first tissue
protective_ cytokine receptor polypeptide or a
f r agment BeRa celbpssagnenay plsp pe dsedtiodentiy spwrowpdstiat snodulate
conprising (A an activation domain of the

thet actimgp of & psue padtectivte oytrikine merpt¢rRpmpleecond  ti ssue
protective cytokine receptor, detecting reporter gene
expr essi @ar egdnGle dbadssdyf to ttde forpepidietation 9 BaF 8 x glisods kighaling
detected in the presence of the test conpound differs

m&éﬁﬁg \fgcggg)ﬁ ggmg;&taaﬁ Re @t»ﬁesm%% TEURKESHI £95 Fefl %&Eéﬁg%ht 12

Nt he test conpound, a conpound t

) | at es tissue,..protect [RVZTP AV R ified
sl B B A RS C R b el pVRR et
vt may be used in reporter gene copstructs to .
so BBy, CHENCH1EDET 1) o MBIk s G e o chernica

protective cytokine nediated processes or
compoemisiofintenestofTherfotabrelume oflcathdiluiion shoyd beabewid 0931
pronoter elenment in this regard is a serumresponse

el ement , Thie BaRE passal cell fing aishBuF2tells4fan¥iec20 04thIEB48can
PCT/ US2004/ 013099 al., 1989, Cell 56:563-572,). A

thd¥ 6 P4shed 16 finef irSHe i SR (& BERS, %'Jam@s feSEbERTA SR growth
gene (e.g., firefly luciferase, renilla |luciferase,

N
BB S Bl 50l S MRS .
assg;eprlgte can then be incubated in a 37° C. incubator for three to four days. A 20 ul
aliquot of Alomar blue can be added to each well and the plate is incubated overnight at
37° C. The plates are read on the fluorescent plate reader at excitation wavelength of 544
and emission wavelength 590.

If the compound exhibits a tissue protective activity, the BaF3 cells
should proliferate when exposed to the small molecule, biologic or chemical compound
of interest.
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5 269: 29094- 29101; Schenborn and CGoiffin, 1993,

Pronega Notes 41:11). Luciferase activity assay kits
wae@4ooimer ci al |y avail able from for exanpl e, PEr/OS®EE013099

Corp., WMadison, Ws. Target cell lines of this type

can be used to screen libraries of chem cals,

cel | - condi fan@aEl i fbiihe tlmlm\otettmqatepbdmh@teml also be

sanpl es, water sanples, and the |ike. For exanple, a

1deﬁﬁﬁ§d?ymﬁﬁa! it 91;%% Je'll?gfé%ég&g 1?%/ i + for B & &31%1 Ytﬁﬂng it

ar ge that pro

ells are then us
unq P tﬁatasetmfvamﬁn%o R kB bR L r030),
divided into pools, transfected into host. cells, an
Wighip péwsed progedits, Baldralls expisriing Hssur RFRIeGtve dercpiar |°emplex and
are then assayed, wth subsequent division of pools,
thermecessanysiditiongisubsuitscart mutigegizedsach as wish 3yetlyimethanesulfonate
positive cells to isolate a cloned cDNA encodi ng the
(EMiSyamh cell abxhephbiswed o rep®iret @1 thg @nssndertdlILds thdnutanafegred to
not limted to, fluorescent protein (e.g., green

a cfﬂtﬁi‘%rn?e?i?lﬁﬂtlacﬁ r%tlil-i‘ atd TR Burvy@hg s drel %r@éféﬁ Fbr the tproduction
prot el n, uor escent proteln cyan fluorescen

of g gg%l?tp?dtec gzg: ergcl(e%ge tclgfﬁgﬁ?ggslfg%ﬂ% ﬁﬁg %‘%%ﬁ? %ﬁuble receptor to the
o BB PR ek BB E8 mr

hor seradi sh 20 peroxi dase ("HRP") and aI kal i ne
cellpryppissing ghe recomtory . Al ternatively, a reporter gene can

al so be a protein tag, such as, but not limted to,
nmyc, H's, FLAG or GST, so that nonsense suppressi on
I o h tide and the protein can be
52\%% ]t{ ogoel{'cée'{a ESSE%SA a wester npbl ot, or any other
i Mmunoassa Q de ta
are wel | }h( ort glegps ost'Efli n%t{tto gellg?#ﬁqi%%gp Qf‘glneered
2004/ 096148 PCT/ U82004/ 013099 The screeni . .
to g¥PIEsIE TEPRFISH EFBmAtE Uses BiRsts AR idepuly WP&PH@?W?@ asweétrotectwe
genes. Reporter genes may be obtained and the
actinitibse SEliedrepartay gencis limked trea promoierrelemens that iS teerpiisiyedaihe
met hod wel | -known to one of skill in the art. The
redeptordinkedipatbway@nd ¢heodssay detgnds dctivatj@nef teamsciiption of the reporter
obtained, e.g., fromthe literature or a 5 database
eﬁé,lch as GenBank Al ternatively, a polynucleotide
encodi ng a reporter gene may be generated from

nucleic agj gxefrﬁﬁg? aareﬁblllt&agtéhg sty E&istdrdt WO Bfethods of the

cont ai ni ng a

invention may involve testing a compound for modulation of the activity of a tissue
protective cytokine receptor complex, wherein the activated complex results in
production of a transcription factor in the host cell. The host cell also comprises a SRE
promoter element operably linked to a luciferase reporter gene the expression of which is
regulated by the transcriptional activator, such that the luciferase gene product is either
turned on or off (i.e. present or absent, or present in differing amounts) in the cell in
response to the presence of a compound that activates the tissue protective cytokine

receptor complex.
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nucl eic acid encoding a particular reporter gene is
not avail abl e, but the sequence of the reporter gene

w0 200k a nucl ei ¢ acid encodi ng the report ePCHES®04/013099
may be chemically synthesized or obtained froma
suitable source (e.g., a cDNA |library, or a cDNA
library T8caarafied ¢ fhitsPpréFideiol &ntetiad fdr idenefydigd| y
poly A+ RNA isolated from any tissue or cells

co@ i hioddifeld £ g%ﬁtse gfotgﬁ%)ac{g?/itﬁ CEmpARhE bbmaétid b test

e the nucleotl quence a reporter gene Is

det erm ned,. t he nucl eotide sequenc f r :
co B s S e R oo i ERBGT whorein
the_art for the .manipul ati.on of .nucl eotj de, sequences,
seig Cgll S gt (el D TN £Fi, PRBESIng pgcigphdssegence tat
mut agenesi s, PCR, etc. (see, 15 for exanple, the )
encaglehn repostst gansapetsdly linkeddorh remtatery ed¢ment pspgiated with a tissue
Mol ecul ar Cloning, A Laboratory Manual, 2d Ed., Cold
probeutive @ ytdkireatcdpadrapaipbaxyactiCiny,dd Spifying atiest bompoiv thaindcreases
Ausubel et al., eds., 1998, Current Protocols in

or %@rﬁé’s_@i ik 1&ePbPEYortck AN Wpredsich refRRING to IH¥ lewbERpEFtEr gene

oth incorporated by reference herein in their
|

exgr%g%&&ﬁfe?a&ed imh@@&gﬁc%to% tﬁeefagféog{&oqﬁ@ ea%d*a@atk,g% fle identified test

erent amno acl d sequence, exanpl e create

20 anmj po acid substitut.ions, deletians, and/

cofpedi 108 S e PR YR A ol SrERTLE P Pis 8f fagmsghps of the

_assays_descri bed above may be carried out_in the _

inveptemdhe tEulatary slemenpisst SR yespeRresie@ty £be prvsation still further
conplex ligand. In such enbodi nents, the test

praxidesdong metexdtdffidestifyisg e wempbatd that modidates atissuetphetective
tissue protective cytokine receptor conplex. In

acefy, @bﬁpﬁ&ihg coRBRR@ Aesticdmpbliied W QI delilicogPrising i ps@déic acid
descri bed above nay be carried out in the presence of

<ol SRy B8 £ B e by MM R S Bying fora DNA
.ERPO .l n .such.enbodi.nents,. diff.aereace.in the | evel of
vingigs BB O B ARER R aptrdien CHE RSP - Pre el RinaBlngs )
absence of the test conmpound y . be detected. The )
the R bigdingdomein pljhe awaph@wnggaféw%ﬁé‘é ({%& a?’ﬁ%ﬁwfﬂﬁ protective
the absence of EPO. If the difference in the |evel of
cytokiegeedpper pidipsptidaiond fragraend theiredfoand (i seopmbingipnipsotsin
dependent on the presence of EPO then a conpound that
cofpeisingt(83 ah hetiviatibe dambinT thé transattigione] qetioatecand/@) a second
cytokine receptor conplex and EPO is identified. For

tisSieAIBleBtivd Eytdiife redbfitb£iBRERNd RpbAMSenO bxfre@NSL ShdM that if the
det'ected iricreases in 'the presence of a conpound,
reporter gene expression detected in the presence of the test compound differs relative to
the reporter gene expression detected in the absence of the test compound, a compound
that modulates a tissue protective activity is identified.
Any reporter gene well-known to one of skill in the art may be used in
reporter gene constructs to ascertain the effect of a compound on tissue protective

cytokine mediated processes or upregulation of protective globulins. A preferred

promoter element in this regard is a serum response element, or SRE (see, e.g., Shaw et

46



10

15

20

wherein the increase is dependent on the presence of

EPO then an agonist of the interaction between EPO
w@anw4modlsssue protective cytokine receptor conpdEKS1084/013099

identified. 10 5.2.2.4 Yeast Two-Hybrid Assays The

"two- hybri d" system can be used to detect

al. PIRYECE B6868i52,)i Alpesfarsd RS dfRud®pyR@Sdene is a luciferase gene
Saccharonyces cerevisiae (Fields and Song, 1989,

(e. g?fg*ég@ lgﬁ?@%ﬁ%ﬁ%ﬁci%r%e, Frﬁ% Q¥ ¥tle ﬁl_c%gt%sé'ﬂge Ret ez al. , 1987,

ecause e Interactions ‘are

Cc i\n_yeast K t | nter-nol ecular tein
M CEFEER oS aerhERRien of e Gt Bk 180 8eeell B fipescence
physi ol ogi cal .conditions_ that m mc the cgndkékﬁps in
usifg methads knewp i thearhiegn Raumgartneriagt, 1994s¢. B em.
Acad. Sci. U S A 88:9578-9581). This assay utilizes
269:38094-22161 s SchanbporendfGaiffin, 4A%% Mrpmpgmbiptea 41 il at ouciferase
i ke GAL4 (Johnston, 1987, Mcrobiol. Rev.
acthiitydB Sy i fs)aré bomnghcidllyeaviallbige &ohi, dor exbmiphe) Ppomégai Corp.,
domai ns that have been fused to the two functiona
MaohSwWas, I%r%ét%@ﬁ GhEPSHRRApAGH IDERKE to deh@n PNARi BEbREicals,
omai n and The 20 activati'on domain. This is possible
ue t.o the hipartite t f [ cr bt :
colf Sl AtpBLRREb ungY bishud sef Sl ABTRERE, 4t tce
signifies that, the DNA-bi ndi an activatio
Fof GBI AP O G LR R s S5 oF i tpigat oell o
_in trans (Keegan et al., 1986, Science 231:699-70{&. _
idenkiéy eadls v orednce dbigenst. Rasdivecahs eteitlan wed o prodnees gpNdlibrary
nonitored by the activation of a reporter gene such as
in & henimadAngspeestibavedtsr, widbdris thededibtoqmmls, edansfécted into host
pronoter that contains a binding site (Upstream

celfiC b BtirB@eSeNid es ffoin We t2R9fcRAREABare then assayed, with
PCT/ US2004/ 013099 UAS) for the DNA-bi ndi ng domai n of

e | . N o . -
suldfudeh BAGEA B bANG o RBRIALE. qublIERE AT ASafBiositive cols
t known pr ins (Fiel and Song, 1989, Nature
to §\§%_1e2%§19§%gc}]8 ?nc‘f‘ofglﬁlgﬁ]i‘qdﬁ%fnant eracting proteins from
a population that would bind to a known protein
(Dur f ee dixagiples of geppriersaenss upsdide, butsue nefdgnite) gy flaongscent
et al., 1993, Cell 75:791-803; Harper et al., 1993,
prc@einl (e.25 :2885-fBbBeschitjpratkingt‘GEP”), ydlisa fluoi@edeint protein, red
74:205-214). Variations on the nmethods descri bed
flubeisedrd pfREiny Samtfhiorec it rdiein, arSEIYS flan@dschhprotdiB) beds
for yeast two-hybrid assays are well known to those of

ga%\gﬂ'tohﬂggésé’(g?ét?%g??,tbé?a[lglugé’iﬁnﬁ%séﬂ $6d-1hdah i, SR6RBHHeSicol

nventi on.

acetyltran'sferase (“CAT”), secreted alkaline phosphatase (“SEAP”), horseradish
peroxidase (“HRP”) and alkaline phosphatase (“AP”). Alternatively, a reporter gene can
also be a protein tag, such as, but not limited to, myc, His, FLAG, or GST, so that
nonsense suppression will produce the peptide and the protein can be monitored by an
ELISA, a western blot, or any other immunoassay to detect the protein tag. Such

methods are well known to one of skill in the art.
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Identification of interacting proteins by the inproved
yeast two hybrid 10 systemis based upon the

wa@ledogo9dlasr of expression of a reporter gene, tPEI/US2004/013099
transcription of which is dependent upon the
reconstitution of a transcriptional regulator by the

I nt er act TAOs@bediNPMRIHIIE bthe iSAAHON HBE EnddnmiRe ubpd fotiedr
the transcriptional regulator. The "bait" (i.e., the

rep%ir'tglzgeglteg 'R ‘1:%6'&‘ %&e%%ﬂ@éq@otﬁiﬁgfﬁ{cpﬁle ﬁﬁ&@éﬁtﬁ?& s%%lﬁérﬁ@ of the

i'nven n or erivatives or anal ogs er eof)
and "prey’ roteins, t tested for Pl to
cletsptsRferhingt B oY ana B kPSR & RS BL b alto s
fusion proteins to a DNA bi nding, domai n,, an ﬁo a
nueleefifle e Aha raPEEEN 206i1cpn Be ARRINeds g pBem the lijeratge or a
vice versa. In a specific enbodi nent, reconbi nant
databask syihcasl GénBankr iAdsratipekys s polgnudlegifisrenpeding deeporigngene
be used as the source of prey nucleic acids. In
magHRQlendrated FRne hikdeid facidorb aistitavlelsprey Ifepidnetconnming &
provided as fusion 20 (chineric) proteins (preferably

nu¥icERUNRSAREL paARLES SéRMcPberR i§ NbiRAIISHIE Mk Bt sequence of the
sequence) co I'sing each protein contiguous to a

B SR SR R PR Wi S i
oSS BT 521 B0 B DG TR e 25l

pronoter. For exanple, the DNA binding domain is of a
gengated &09y of pedlein aridapralerallypobi At AN A 18e)pted gy, tagy tissue or
ot her popul ation, the pre-sel ected sequence 50 WO
cel2DOpt0I6E 48 depditddI2A6)/ 8 0RCR Athplifisatéom. dondevth¢ ouclentide sequence
i nhi bitor domain of a transcriptional activator or

of b Mdjobef Béne i§ BSBREIMEY,8hy nuclddiRle s64li¢had 6f the Wﬁﬂ géleansy be
n e

(not as a fusion to a protein sequence) a

\ oo | _ . .
e A B RR o G e AF £ i BSBubof o PRSI
as to avoid false itives in the assay). The. y
sedipu@ns Forcnupinagt PREA lrstiSnes sl fr ke SR B ere. see
linked to a pronoter that contains a binding site for
for grampiea thsi tedinigyes dasarived fn Barabropk a&eli1899.d\glecular Cloning, A
activator (or inhibitor). Accordingly, in the present
Labetatvog Menutlh2d fide $nid SprivgHaibon Labirawicyy ¢Cadd Saring Hather, NY
protective cytokine receptor conplex fusion protein
anll AuBuli¥l eyall, ¢86.0T098; Clugreht Profds]stin MaenlaBibloky JohaWidey &

transcriptional activator (or inhibitor) which
SofE Y AlfiRh ofY bt HeBdotdie P FSRhA Mebin il e RRAIRS), to

gene. e
generate reporter genes having a different amino acid sequence, for example to create
amino acid substitutions, deletions, and/or insertions.

In certain embodiments, the reporter gene assays described above may be

carried out in the absence of a tissue protective cytokine receptor complex ligand. In
such embodiments, the test compound identified is one that interacts with the tissue

protective cytokine receptor complex. In certain other embodiments, the reporter gene

assays described above may be carried out in the presence of a tissue protective cytokine
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10 activation (or inhibition) of transcription of the
reporter gene occurs intracellularly, e.g., in
wpe@kaelas i c or eukaryotic cells, preferably iPCTEE1004/013099
culture. The pronoter that is operably linked to the
reporter gene nucl eotide sequence can be a native or
recB;ﬁcBr DethpéL lipi et asdPQ.hEh R epdbilients diftsnare iatid level of
the DNA binding site(s) that are recogni zed by the

oL 0 Rt PoRAl WHTe el I SRttt REUoRigbund ey
or | v, contains such binding sSi '

e ey SpERICT ] calGhbg SoPhkel T el SRS dFero.
actjyation hinding_.site of the desjre ne can be .

If the Aeteaenca iy’ éﬁ‘i’%géﬁ%ﬁc{lﬁt dsigeded Bith amﬂa%gwtéﬁg EEAPUa 1S
et al., 1993, BioTechni ques 14:920-924, Chasnman et

depsindent b@ghe pivstnce of BPO, thgn @l congroynd thagmedylates gherigéeraction of a
activation domai n and DNA bi ndi ng domain used in the

tissus pagteciie dyekide reoeptorvdoteplasasrideBEBO df idemtéfiesic rop ek amyple, if the
activator proteins, as long as these transcriptional

difRgidceal Rivel SRYRAsSENACRBIE iRirdfdbd B8 PreksERBDE hicBhipBiad,
activation domains. For exanple, the GAL4 protein of

‘ g 4g. ' |
o RIS iy B 300, FEbOLRR AT B it
b S B e B Sh ARl S GHY a
and the human estrogen 51 WD 2004/096148
PCT/ US2004/ 013099 receptor (Kumar et al., 1987, Cell

5.2521.4%3@951‘190-H5}Biﬁﬁ§s@§r{ﬁ5“ abl e DNA bi ndi ng and
activation domains. e DNA bi ndi ng domai n and

activati q‘hed%h?bﬁd”%?st@m%aﬁlﬂyu@é’@@ dekddt ioReih peotom
proteins need not be fromthe sanme transcriptional

int%%%i%rﬁﬁrg :ﬁ‘li,]e g}egst%a%%cﬁ'ig&gﬁ%vlcg{%ggéél@%ds é?lﬁl%ln Pdgol e

omain i anot her Specific

SoFBRSLEES, pRaTALE S5 RS elPhE E EA . rctons

activation domain is enployed. In a specific o
arecgeprsabdrEntin yeast. tee mbgrdsolequlauprotsin iprartiops detectgd in this system
1987, Cell 48:847-853; Ptashne et al., 1990, Nature
ocGrhGndaPp3Bibjogical tbrelifdhik thatmdinng thborvaditionsindmamimadian cells
acids 411-455 of VP16 (Triezenberg et al., 1988,

(CHRA282D991 2ré8 NAR Acalr RESUSLA a88:957895B1). SThie RSy utilizes the
251:87-90) 10 conprise the activation domain.
reconstitution of a transcriptional activator like GAL4 (Johnston, 1987, Microbiol. Rev.
51:458-476) through the interaction of two protein domains that have been fused to the
two functional units of a transcriptional activator, the DNA-binding domain and the
activation domain. This is possible due to the bipartite nature of certain transcription
factors like GAL4. Being characterized as bipartite signifies that the DNA-binding and
activation functions reside in separate domains and can function in trans (Keegan et al.,
1986, Science 231:699-704). The reconstitution of the transcriptional activator is
monitored by the activation of a reporter gene such as the lacZ gene that is under the

control of a promoter that contains a binding site (Upstream Activating Sequence or
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In a specific enbodi nent, plasm ds encoding the
different fusion protein populations can be

WO niogogiiged si nul taneously into a single host BPEI/US2004/013099
(e.g., a haploid yeast «cell) containing one or nore
reporter genes, by co-transformation, to conduct the

UADI8Ythe TNNANIiRE QoMbRLTithe triHsefif@dnaDaGivatdt, This method is most
preferably, the two fusion protein populations are 15

L Y e
Sof 5B ok PO B B BRI, SR o

transforned with a bLndin% domai n_f usji on expression .
that Biegid biad tq p keeep artsin DWersfidd) 12 CEHCHPEY Val 5503696 Gyyuris
i nhibitor) domain fusion expression construct
et ¢lpr@PrGdl! V5:29 bRk Hatper ar abpd9Bi Cell ¥5:8045 4816 d¥bilitekedt al., 1993,
both constructs 20 into the sane diploid cell. The
Celtg4t203 -1 1¥ipe Vafiatons@ashe siethdids demyibékhdraini foriy sty odlyybrid
transformation with the HO gene (Herskowi tz and

as p?ﬂ%’gﬁr‘?‘c}éﬁﬁ%ﬁ@fo&‘ yedsPBYIRbrid d24ysla3e whit&howh Ro fhose of skill in

odi nent, a yeast Interaction nmating assay

' I d ' di ff f h I'ls,
i G chsat A st Sl BB b Rl O oy o

cerevisiae. The host. cell preferaply contains at |east .
two r epoﬁgwlfgéfrﬁ%?ftm??cﬂﬁg?%@P%g%{b@gmprove yeast two hybrid
PCT/ US2004/ 013099 each with one or nore binding sites
sydtern i basedmpobthedictegtiolabgxprgssiog.of agepagter gene, the transcription of
transcriptional activator). The activator domain and
whAs ldiepetident womethereaomstieon qfarttanscrifftionhl repulator by the
proteins formed fromthe two respective popul ati ons of

intBraelié HStwoPiBtehisl Sdch fufll tHehs haebt the 'ufaﬁécr?%lafm' r8gd186r.aThe
strain, contains fusions of the |ibrary of nucleotide

w wSegu : w : :
gy R8s FIRSuthb ok Peoibion et AL R0 o SRIRY B bl gescnt iavention or
roteins expressed.in fhis, set of hpst cells.are .
AR B BTATEIBGRTD Ay TG CEAPBINGT Iegfear e dpteract
_Eéﬁnoter or _enhancer region in the reporter gene )
withothe bpigkrotemseare exueised awtusion nyelsis tha SNA bjrding dqspain, and to
exanpl e, the al pha strain, contains nucleotide
a temsergnioas! regalethry dorhain] wegectiely, dribeaversaaf DNA
sequences fused to the activation 10 domain of a
transcri ghiagpadifiaembydiniRht, rédontbisdde blolodica ibadiesenpressing

the present invention provides a nethod of
random peptides can be used as the source of prey nucleic acids.
In general, proteins of the bait and prey populations are provided as fusion
(chimeric) proteins (preferably by recombinant expression of a chimeric coding
sequence) comprising each protein contiguous to a pre-selected sequence. For one
population, the pre-selected sequence is a DNA binding domain. The DNA binding
domain can be any DNA binding domain, as long as it specifically recognizes a DNA

sequence within a promoter. For example, the DNA binding domain is of a

transcriptional activator or inhibitor. For the other population, the pre-selected sequence
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detecting one or nore protein-protein interactions
conprising (a) reconbinantly expressing in a first
weopdhaditon of yeast cells being of a first nmaERPCHYS109p€13099
a first fusion protein containing the sequence of a
tissue protective cytokine receptor conplex or a 15
is dofREVREE olifBibaeF d@Asindf DNAndripdbig adhvaomor inhiblted, respectively.
said first popul ation of yeast cells contains a first

! _ S
Th§ ;l{ghvigg&rg A8 RIMERS 0P REL ﬁ}gi% th Igryf&@m RaerREPARL 86

y one or re DNA i'ng sites recogni zed by

L d .DNA bi ndi omai n such, t hat ' ' f
DN b{harti gt oty (e 8 R 1A Boudl st b Bl ren do not
protein, sajd second fusion profejn conprising a
detegtaply dRtFiset GR AP toaRtad lSEGRSHRITT® P8 g 4j5ay Systom further
i ncreased transcription of said 20 first nucleotide
incinsigs e heporter pynernpgeably bnkedde paramelgr thet entamnabimdingsite for the
yeast cells in said first population in which said
DNAbindagaibnidians thei tpmbs@iptiohalsatidatbr fos intibicdr oAccherdingly, in the
sequence occurs in the absence of said second fusion
prRERTRIRd dfthe PREGIINVERRbA ISR 668 tifie pfotactive§Qkehe receptor
popul ati on of yeast cells of a second mating type
' A fd. & 3 rali :
oSO FTLITh 08 IR Lo RSBl pion
rotein, Tpr.i si.n .2 equence of a fra nt
sotfafardan RTE SR g e ISR BOU) Sardisioh P00 thpig gene. The
domain of a 53 WO 2004/096148 PCT/ US2004/ 013099
activasins €9t iphibiion) ohEansprpten of the {RROEAT e ogeyrs yafacghularly, e.g.,
domain is the sane in each said second fusion
in proktybtic of eljkanmtticreglls aireferfablyst cpldpultei on of yeast
cells with said second population of yeast cells to
form a thihegrérasiet tlat Ropefabli lidked €o reasportee lgkse nucleotide
wherein said third population of diploid yeast cells

se(‘g,@?%eaégﬂsb % e3¢ nQH—%&‘?\%[ )};rgﬁgﬁﬁ gg ﬁi@gﬁc%ﬁﬂéggqﬁeﬁéep KRbhe

pronoter driven nding site

DI £ R 51 e i o o P RO Pl i BRlef o e

second fusion protein result? in increased .
fusionyprotain pan benativeda the nreragiey (i the repoptss newpallrfoptaipssuch

which the first and second nucl eotide sequences can
birsking ¢ite( homnapenadivefte thenromaied  ABrdbvelytthe grasssiigtional

i ncreased transcription of said first and/ or second

activigiof Oindie SeRmfahe desited @emdly) cdrbedeleted ahd replaced with GAL4
interaction between said first fusion protein and said

biRBEPEs (HSkaR: B OfgRR P]?iog@clﬁﬁ@le‘:? TRegdprat Chiddeun er al., 1989, Mol.

I nvent i on provi des f met hod of identifying a
0 ) dul ates the activity of a tissue
Ce r%ﬁ%@??@%ﬁgégggine receptor conpl ex,

The activation domain and DNA binding domain used in the assay can be
from a wide variety of transcriptional activator proteins, as long as these transcriptional
activators have separable binding and transcriptional activation domains. For example,
the GALA4 protein of S. cerevisiae (Ma et al., 1987, Cell 48:847-853), the GCN4 protein
of S. cerevisiae (Hope & Struhl, 1986, Cell 46:885-894), the ARD1 protein of S.

cerevisiae (Thukral et al., 1989, Mol. Cell. Biol. 9:2360-2369), and the human estrogen
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said method conprising contacting a test conpound with

a cell of anodified yeast strain containing (i) a
woemkenilsgle sequence encodi ng a reporter gene PEEUS1084/013099

operably linked to a 15 tissue protective cytokine

receptor conpl ex-responsive pronoter and (ii)

recEpiBF 5 e al. ! 19BTUECIDE PORLINSYE hayd Sdphiable BRAMiAding and
conpl ex, and determ ni ng the Tevel of activity of a

actlyafigH Sorﬁﬁﬁ% eﬁl ev eff“fn?hilgqﬁ) ¢ SRY RivaRoPaSKailhat are em %loyed

measurin Ter gene expression, suc
n tbp 2@%‘?{}3@0 ensltr}ee\ég lnggl?.pp%?}ﬁgﬁt S e A egrell}%tﬁc;nvt s %/g{s]o(re 3 lﬂl a spec1ﬁc

relative to the_ | evel of reporter gen ctrvrt R
ctnb b ACRATH OF HEX Ao A IngIdemoi SGFOH: th gother specific
nmodul ates the activity of a tissue protecti ve
embydivienhe GAL4ept berpesosipplox visisVaAt(THipzanberps af. e XS Genes
conpl exes can be used in interaction trap assays (such
De@s2:730-042)exa0gtof, donivih isgsioydde dniaspédific embedingint, amino acids
1993, Cell 75:791-803) to identify proteins which

11@7%3 GALAQKROMY RDEY e@én 48384131@5\5 ipkyshh& B B, t199@ I@cftm%

|ng|nteract|on hi s systemrsanor

40203 e e A Sgﬁlﬁﬁb@%ﬂfgﬁ’%%vfﬁﬁ@&o“}ﬁ%ﬁﬁ
(R GERER GordehOris Redohna AL e Gt LeflaSHERSe 23 157-90)

that protein-protein interactions that result in the
compugige petiration domathe transcriptional activator

system can be selected for in cells Iacking |eucine

and to & psgsiicoemioddifsalgplaanidssindadieg thithifferent fusion protein

DNA- bi ndi ng domain may be the LexA DNA 5 binding

AR, cadB krftrdddSePitntad o] ?Qﬁk@ QNG ETRYst Bl Rk ¢ aa Hﬁﬂmd yeast
romthe B42 transcriptional activation donain

cel@nc%nﬁlrﬂﬁg ?Se orige reéiﬁjt é@ﬁeslﬂi’ S\& i nscfogr_ﬂﬁlonpfooé&ﬁﬁ&schggssay

enes n Le ng sehuences and
are activate the rec n.of a functi
foraieaepiolet Brenciin; s e e ion bt B Rqpaiftons are
systemis that the gene encodi ng the DNA-bindin
mtmﬂmtﬁrdnmrm% siggleseBeither hysmafingele.2 ?fer yeest qedlarer Gl %ﬁ}o’éﬁw(e g, of

i nduci bl e pronoter, such as a GAL pronoter, so that
manomnélianmetle) ﬂnaelsetthlg(tapﬁ ireay, penjugatimncoiimagdeid yeadueslla@f opposite

and non-inducing conditions. In a specific enbodi nment,
mdtig tfeE Have BY@ frdreforfied Wittesbiadiig doadirofusionekprissiog

a conpound that nodul ates the interaction of EPO and a
cohdiRHGrBERbESE h4€nid) and an activation (or inhibitor) domain fusion
expression construct (preferably a plasmid), respectively, will deliver both constructs
into the same diploid cell. The mating type of a yeast strain may be manipulated by
transformation with the HO gene (Herskowitz and Jensen, 1991, Meth. Enzymol.
194:132-146).

In a preferred embodiment, a yeast interaction mating assay is employed

using two different types of host cells, strain-type a and alpha of the yeast

Saccharomyces cerevisiae. The host cell preferably contains at least two reporter genes,
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cyt oki ne receptor conplex. A first population of yeast
cells conprising the first fusion 15 protein contain

wo b@4pguence of a first tissue protective cytP&I/NE2004/013099
receptor such as an EPO receptor, and LexA
DNA- bi ndi ng domai n. A second popul ati on of yeast cells

cachGUIH bifeCor thbR BIRERR Shids o 108 TN Aehding @sMsiink.8g oflaB42
transcriptional activation domain fused to the

trar?s%ﬂgg%‘f agﬁva@%ﬁ.g‘gﬂ%&t%t%? ﬁgm% n%ﬁ%l@ﬁ%iﬁdiﬁ? §bM8&in are each parts

;
receptor, suc commo he LEUZ2 reporter gene

nd a lacZ reporter ne are operabl dnked tpo. .
of s8R Ans BTy 56 S B rsers s by tlatiphe b bing, Qpe stain
that an interactjion of, said first fu§i on, garéot in vvit({n
of bost edlse fry sramplsihe 7 sEapcontaiag fusigns af the dibagx gfjnucleotide
transcription of said reporter genes. The popul ations
sequinese With he MV A diimdbing heméinoif enrapsaipsionsl agiieaten, sugh asrfGALA.
medi a | acking leucine, to select. The media contains
ThERG i protdias ageeyed & thssbiosfitedt dells bivacapatss eficeogmeding the
absence of a test conpound. \Were the |evel of
DNAJ%ﬁfcﬁﬁg%ﬁigésiaglé%ﬁxfom& o!renﬁatﬁ@emgwiﬁ eheGbpdite? 2eMonstruct. The

2004/ 0 US2004/ 013099 est conpound, then a
qs t I ' k - PQ: and
Seciég?‘lg%gou eS% ?18 ?tgg ﬁ?\@t e?‘?/‘?%’%? ﬁ%eﬂa{rl}z% ep algg %@Jﬂpamlg 21 X Elleé%&n

scdygoRs sBrodag Bision of & BBty PEDNA Soaineer Ryt e Reivation
Replication Assay" has been reported (Nallur et al.,
domemnt aNE@SQﬁII@IQﬂ@?/@éWStORes. 21: 3867-3873; Vasavada et
al ., 1991, Proc. Natl. Acad. Sci. USA 88:10686-10690).
I n this dasepedificembatimsti, thetpresentinveteontpravides 4 piethod of
factor in mammalian cells due to the interaction of
detteb‘tﬁlg oM érl%_ﬁbl%rpr&éfﬁt}ﬁbﬁ& nBasttiohd pérﬁﬁﬁﬂ% (M aédoﬁibilﬁ)intly
transcription of the SV40 T anti gen. I's antigen

¢ . i : . 0 fa
xRN Lo OB 34 AL PR R0 6
roach .usj.nqg mammal Lan cells is the 10 "Karyopl asm ¢

orqti AR TR NS SPa O Al Sl BpectiR VIO TEgeBl SPRRTEK of o
reconstitution_of a transcriptional activator ( Fe?r on

fragmen therephapd a PN binding| domedn, qvhergin saidigjast population of yeast cells
89:7958-7962). Reporter genes used in this case have

containls adast tuckeotjde scqumamediperpbihiinksddo eprerhoter driven by one or more
chl oranpheni col acetyl transferase, the gene for

DNA blindibg §iae eccvizhizge By 4 DN Girditg dengin secictbdi Aginteraction of
resi stance to Hygronycin B. In both of the manmali an

said 55 Bion t&}ﬁﬁgﬂx%ﬁf @ﬁ&gﬁd gﬁio%r&%ﬁ{, Q%id sB@ndifidsion protein_
reconstituted is a hybrid transcriptional activator in
conm@hgilﬂgtaqgnscriptional activation domain, results in increased transcription of said
first nucleotide sequence; (b) negatively selecting to eliminate those yeast cells in said
first population in which said increased transcription of said first nucleotide sequence
occurs in the absence of said second fusion protein; (c) recombinantly expressing in a
second population of yeast cells of a second mating type different from said first mating

type, a plurality of said second fusion proteins, each second fusion protein comprising a

sequence of a fragment, derivative or analog of a protein and an activation domain of a
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DNA- bi ndi ng domain is from GAL4 and the activation
domain is fromVP 16. A transcriptional activation
wGeyBnemias been described to isolate and cat ab@LUS2004/013099
possible protein-protein interactions within a
popul ati on, and allow the conpari son of such
trahd%ﬁFﬁ@fall bERGtdIeinWeBIah thwkcHeR1dnaloneis is(the sarCih each said second
Publ i cati on WO 97/47763 publ i shed 20 Decenber 18,

fusé%g]r))teilé ( rﬁ%‘ﬂ#ﬂ’é@@a‘f@ﬁ@t E%‘lﬁa’cﬁfn@f?fgﬁt 8ISHHR l§!éiﬁ%econd population

ecept or Assays 1n the -free an

cel ] - based screenin tho e i L1 o ahd ds
of it EE fatid B tPyliey PERpRET Fichlitsr Whilrold 422
be used, jn the assays to identify conpounds that .
PORRIRHATATAIRIAI YeapcheLls Eomshingp sepopi! SuSlEOtIecredicg @perably linked
cytokine receptor conplex 25 and its ligands. 56 WO
to 2pEaigselgn bgH RISAdTAdiog Stogcogmzasiy @#gBNAq’ewﬂl,ngtd@@am
i nvention provides for nmethod for identifying a
suchofpicuridtetdeaion o sad firs Susorpprotede withsaidyseokidnfasios peptiomesults
conpl ex, conprising contacting a tissue protective

in ftR ALk OGRIINCST sGRIBBEEN Miclebtifid deqRetdes BARhieh et MRl
cyt oki ne receptor conplex |igand attached to a first

(da Y f : nd
sorgP BhetBNud delptertls GRS Bho BT HRenk anf (SRl RRTRAM
._conduci ve .t o bi pdi renovi ng unboun material fro .
incFsed frangeb e Sist ETBenthd B GHRe sEBiric Berdhgfceting
detecting the level of  the first and second | abels
an jipfereetion batweerbsaid Hew dusiqiyapteinsansh seicbspcond BisiaseigHy
binds the conplex and if the level of the first | abel
decr easedn pe¢ embodinteot, thesinbentioh podvitésefof h methddadfedentifying a
where the labeled ligand is contacted with a tissue

coRp8liRCthhMAoSMhiek tHReactitiee ot Hlissao pRitetive QytokiiRireceptor complex,
condi tions conducive to binding in the absence of a

saih?ﬁ&h&@%%ﬂ?kﬁnﬁ&%ﬁ&ncéﬁlg QYA L:omgtguﬂﬂ'\pf%‘ AdeiTet £ fﬂoﬁiﬁelii_tﬁ:gﬁ strain

a cofmpoun s to a tissue protective cytoki'ne
receptor ¢ lex is identified. In yet another .
coBHta R IERE iy net Sibogpi tapehrhe BBty inked to o
.identifying a conmpound that nodul ates the binzin of a
e pEC oAt NG BRI ISP RRS YR RIPTIOGHTANE ) SXgERIEeS @
_to a tissue protective cytokine receptor conplex,
tisseryyetestivecyteking teceptaygcannles sud dpieonming the level okiotiwity of a
receptor conplex ligand with a tissue protective
tissue protective cytokine receptor complex by measuring the level of reporter gene
expression, such that if the level of reporter gene activity in the presence of the
compound increases or decreases relative to the level of reporter gene activity in the
absence of the compound, then a compound that modulates the activity of a tissue
protective cytokine receptor complex is identified.
The receptor complexes can be used in interaction trap assays (such as,
for example, that described in Gyuris et al., 1993, Cell 75:791-803) to identify proteins

which bind to a known protein to identify inhibitors of a binding interaction. This

system is a modified two-hybrid system, as described above which uses a LEU2 reporter
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cyt oki ne receptor conplex in the presence of one or

nore test conpounds under conditions conducive to
wheodiong48 and neasuring the anount of tissue pPOL/ESIDYVE3099

cytoki ne receptor conplex |igand bound to the tissue

protective cytokine receptor conplex, such 20 that if
gedd R BBk hu@éotiIR4BGLdntS BikBa RICRtr@SdrieY Berteydsalié Bond nucleotide

receptor conplex |igand nmeasure in the presence of
seq[g?&beg 0P gl pidRliEpldicth iﬁt@fmﬁ&{kdcﬁ%é}ﬁiﬁﬁh%hé FROd G AR

un I'Ssue protective cytokine receptor conplex

| i gand sured in the absence_.of. t one._ o mor e
wapBp T BRVAS v st o SRt o ron s gearlougRBigg o

bi nding of a tissue protective cytokine receptor
exprevrsneod A-gdlaiesidases RBe DNAbindinge@painyRayRea 1k et DNA-

receptor conplex is 25 identified. 57 WO 2004/ 096148
bink@E ddB200,4710 13D 8ctivatorcequeac amapiye dbtaireddran thend42

nmet hods of the invention described herein where
trafdchigtitigh] @btivatibh I50RININA & Prdchney 198, Qell 5¢ddaptldo). The

conpl ex contacted with a tissue protective cytokine

prc{)ng(&ﬁxgto? Ehe%gajteg chdRRehih BeiR Bt heqhRc/PRUAE aBfivated by the

tissu otective cytokine Teceptor conpl ex
| nd is asur e i nag.. [ r\Qt [ . .
recob R ore ST DRRRD BT et s RorD o PR iR of s syspom s
certain enbodi me f t.he_methods of the.inventian
o hecenD SEONTHEA DNACURIT PB4 TP ot is ¥IOE g Infiuence of

protective cytokine receptor conplex contacted with a
an dnsipde prioptosest sugh ag WAL peomeler pe Brat e@HBMAOTY fiestirin by

nmeasured, the tissue protective cytokine receptor
pesforipddarndet pdocing and abreieiicmgdohditidiang of the tissue

protective cytokine 10 receptor conplex ligand to the

tissue pnphepddifiCefbddkicnt tHeai8RhOveat d}ﬁlSViidés a method of
neasured by detecting the | abel attached to the

. . Lo L] .
ae P B TSP R SRISr TR M ey
d i bed h ' wh bi ndi f ti .
cySRBRGETPIAS ORISR o FLPBR B UM R oA SaE R fosion
tissue protective cytokine receptor conplex ligand is
proteiasaniagn the h‘@llteil@%@éa Prsbtiasye pratectivs cylpkyie Iaeepi@Eph 8t an EPO
conplex ligand is | abel ed and bi ndi ng of the | abel ed

redeptypamhdilExANRNA-sindmgpiontaic t Avsecayitpokitlation ef pgasbeells comprise
conplex is measured by detecting the | abel attached

thd @cbEfilsioh Pt Vngfiisingea BY2 ﬁkﬂlddﬁﬁﬁ@fa@ BétDratien dp@h fused to
ligand. In rel ated enbodi nents, the

the sequence of a second tissue protective cytokine receptor, such as 3 common. The

LEU2 reporter gene and a lacZ reporter gene are operably linked to promoters containing

LexA binding sequences, such that an interaction of said first fusion protein with a

second fusion protein, results in increased transcription of said reporter genes. The

populations of cells comprising the fusion proteins are grown in media lacking leucine,

to select. The media contains EPO and the assay is performed in the presence and

absence of a test compound. Where the level of transcription differs in the presence of a
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| abel is fluorescent. In one enbodi ment, the invention
provides for a nethod for identifying a 20 conpound

wo bat/omadkil at es the interaction between a ti SSRPET/US2004/013099
protective cytokine receptor conplex and a tissue
protective cytokine receptor conplex |igand,

tesCABIduRt el @ 86 RS burithattmbdii SUStheieRetion 6f &YEP®Iang a tissue
receptor conplex with one or nore test compounds, and

progégc"f’ni%{? gkfaﬁin'é!}@ce%tlo?%gﬁg%&?ﬁ gftéh%lggd cyt oki ne receptor

activi the activity neasured
i th f.th t t
B R e o G
o R OA PO D T OLB0 6F B 3.6, 19080 Ruclore Adids

conpounds, then a conpound that nodul ates the
Res. 12l 6¥847t385R; Vetawedrer thel 191s Bras. NpH ofessk Soie USyt kil $z86-10690).
receptor conplex and the tissue protective cytokine
In 1heC@RE,Ghe fROTNIRMIon dfgRBanssriptil@nfacior &thmainmatian tellsndue to the
enbodi nents of the nethods of the invention described
intQ8EEITof the thd RistRRORAH 19148 ¢S tHehBtibdtRAWT tRh Qi PEbh bEthe SV40
cyt oki ne receptor conplex. In certain enbodi nents of
t he h . ' i ri . her ej .
T lgelaoRish gl e i SFRE bRl T b AR Placmics.
recept ofr. canpl ligand...5.2.4 H gh Throughput, .
m@ﬁﬁé@ﬂ%aﬂg@aﬁ@ewgi‘@gpﬁ Biptoach UTRE MAmIUDRD cllis e
assays described herein can be utilized 10 in a high
“Kwyppf;gmmhtqmtmtsemhg@ Shalgey'| hetalsauses theasprnstifngion vba
identify those conpounds that nodulate a tissue
trapscpiptiohdl \aeticypdrafFearen eeals 1962, RrooiNak Axati SdityfSAr89:7958-7962).
nodul ate the interaction between a tissue protective

Repyli@idenss 628 SPIRN cA0 ARt EMclulenitd gedd haddingShéBacterial
protective cytokine receptor conpl ex. Exanples of

ehiof AR SLorTRINARE (nd ple (ARIDEHIRE foidhn TBE ang tho gone
5.4 below. 15 Hi gh thrqughput, sereeni ng using, | abgl ed
oG Glinon Mdamygh ot SFRE R al fiendr Pec:
the formation of specific_ functjonal sites, Functjong]
tragsoriptign éRqtordhat iraponsditeledisd Bdbrideranserptioap) astivatgningyhich the
wWth a drug and untreated or control cells to
DN Admdihy domeigds fooh GALY apd tith atsitvetson damaih éy frome/PMhek e
a specific functional site has
transcriptional activation system has been described to isolate and catalog possible

protein-protein interactions within a population, and allow the comparison of such
interactions between two populations (see PCT Publication WO 97/47763 published

December 18, 1997).

5.2.3 Ligand/Tissue Protective Cytokine Receptor Complex Assays

In the cell-free and cell-based screening methods described herein, ligands
of a tissue protective cytokine receptor complex can be used in the assays to identify
compounds that modulate the interaction of a tissue protective cytokine receptor complex
and its ligands.
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been associated with a tissue protective activity,

probes specific for such a site may be 20 used to
waledoeomilme t he status of the site before and aPCEUSHHNUQ3099

treatnment to identify a drug that alters the status

of the functional site and would, therefore, be useful

in cell, i b8S48podiREnOIRBIAVIRABH BFOVIdES foN@EMBY forl ilentifying a
certain enbodi nents, freatnment with the drug restores

coxgpc?lmdstflz?ct 6% @JSPE Bxeo{%clﬁ%té Rak rg’é g%rtcgmb%?t c SiNEEbdtdbting a

contr ol enl ssays € present

i nvention aI enco [ throu ut scr
tisH AN SV TR Eﬁﬁg‘ﬂ’ct% R b QAR R receptor
cyt oki ne receptor 59 WD 2004/ 096148 PCT/ US2004/ 013099
comph«m |he§tnch@ttach¢d {p a first belanddiiben v valemipa08pbef teehfompound
the systens described below nay be fornulated into
attdchtd to asecbhd fabehuhdec ediditiaspoadmivegtottindng rpmovieguinbeund
cyt oki ne receptor conplex, or lysates thereof, can be
malak BER0hE fisfuc\Rbicelive okimteatner @mpey and dvicetizss the level of
tubes, mcrotitre well plates bottles, and the IiKke.

the%@fﬁndrs%@&ﬁﬂtaﬁelg Hhel eié“ ééﬁ&gihﬁbélris PRRE{: #MEcompound binds the

alners and provi e.g., positive

cm@B{'t g oﬂ, |1fts tggge ﬁg‘aﬁ tﬁe I&%%lrﬁgc%latsr glelsa%lgn'@(% ﬁa% le\lpellI I“ ﬁ{esﬁrst label
i nvention may _be flrst timzed aon asrrall

where the 1ahe}¢dt1@@pdﬂw§eycte L3t # Rt SEtPRy oy ik fﬁ?@’ﬁ‘” complex
t hr oughput assays. 3 ASSAYS FOR | DENTI FYI NG

unGENVPOUKNDSS @mdﬁEﬁwmnmmmseIm of st cenpomdnfter removal
SCREENI NG ASSAYS 5. 3.1 Biological Screens or Assays

of Gaad Metgeridl ethen hiceshpbundihutcbinds tefaftiastic protdeiiss agokine receptor
protective cytokine receptor conplex activity or

coﬁ@ﬁﬁqyﬂgﬁnﬁ&ynd to nodul ate the interaction between a
tissue protective cytokine conplex and a ligand may be

tested f ﬁxé te%r}olfi%r %&%Bglﬁielny (%heliivgrft dnvﬂl&g%de%efog method for

protecti sues dr

activities e further ed n tro
1dqwfwn%aca@§a9€d R'th\?fl‘tﬂ'fl‘ﬁs ol g |PH%F@%YF|W‘§)T%‘}

ti ssue Eﬂotectlve activity include, for exa cel,
reqspteir icpmplexi ligand $e ajissue DEILECtiYE O IR RRDIR| r?ong%p‘?% 9%mp76$mg

detecting the presence of proteins or nucleic acids
cotffacthed dissad phytedtivesykinerrotaptdricomplert lidand evithex Bgstio protective

conpl ex activity, e.g., nucleolin, neuroglobin, and
cytokine receptor complex in the presence of one or more test compounds under
conditions conducive to binding, and measuring the amount of tissue protective cytokine
receptor complex ligand bound to the tissue protective cytokine receptor complex, such
that if the amount of bound tissue protective cytokine receptor complex ligand measured
in the presence of the one or more test compounds differs from the amount of bound
tissue protective cytokine receptor complex ligand measured in the absence of the one or
more test compounds, then a compound that modulates the binding of a tissue protective

cytokine receptor complex ligand to the tissue protective cytokine receptor complex is

identified.
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20 cytogl obi n. Neurogl obin, for exanple, may be
involved in facilitating the transport or the

WG bonoodies m st orage of oxygen. Therefore, oxygReI/US2004/013099
transport or storage assays may be wused as an assay
to identify or screen for conpounds which nodul ate
tissue prPéRin MBbodidtedlsiofitheafibthydd of thdivengbrOdisoribed herein
expressed in cells and tissues of the central nervous

G AT SRR SR oSG R T

prolgAly & Qing Focep BB GaPIER lge s tosBites, BB T3 Gl d tssue
Cyt ogl obi n may Play a simlar role in protection, but
pratestiag gyiekide deqertios complailigand 1y measyied use a issys prptective
| evel s (Pesce et al., 2002, EMBO 3:1146-115 1). In one
cytekine déaspior complekdigandropssificomtibpde | evel s of an
upregul ated protein in a cell may be neasured before
and aft eiin Eerbnémbodingntshd thedaathbls eftthe estentanmpesaribed leerein
a cell. In certain enbodinents, the presence of a
bRk BnAth IRl RER: RDRREVAERBKNE bdtehlod SoBpRE RbRGEY Sith a
activity in-a cell, be used to confirmthe tissue

may

. praot ive FRRY i I :

tse By e RE sk R e RIBRIE hoalEl, B luFBbrcctve
cells includi nmodul atj gn, of t.ranscri.ption . :

cyigkise deccator camplid izand jdebaled and pingding i S 5t wofectivg gytokine
cyt oki nesi s, nucl eogensis, signal transduction,

recgplop complox ligand edthp fissne pspteefiveciyiakina epenteromnley isgneasured
or replication. It can also function as a cell surface

byrdeteeptthe Dival Rivkhedal the sisaie pbdtsetiiepmytakind reddPasemplex ligand.
protein shuttle, transcription factor conponent, or

transcri ph c&fah efBPAIBERY of (R in¢tot QW Btha MigheRAbh désdribed herein
1999, FASEB J., 13:1911-1922; and Gnisty et al.,

aba*x?egxgher# g%negglép?%cﬂéﬁsHe ﬂrr%oiécgigé 8%8@16 r%z%gg&c gé@gﬁx%nﬁgtea vapi\th a

upr egu etecte cting nR
. levels corr onding to the protein in a [J).. The .
tshg By s gt eare reneios B Meaftn 36 posudPlyectve

bi nds a nucl ei ¢ acid_encodi ng the upregul ated, protein.
cylQiiei Tes PR iCOmPHKy 1g98A 45 lepelgd an Wpd@%aafrgveelﬁbw BE@CHO the

bl ot, Southern blot, array hybridization, affinity
tisgerppotetiogr apdyne weeptor ginplehistmeagined tiysistectiog the label attached

anot her enbodi nent, rapid and quantitative assay
to MeiseiBprof¥ctive cytokine receptor complex ligand. In related embodiments, the
label is fluorescent.

In one embodiment, the invention provides for a method for identifying a
compound that modulates the interaction between a tissue protective cytokine receptor
complex and a tissue protective cytokine receptor complex ligand, comprising contacting
a tissue protective cytokine receptor complex with one or more test compounds, and
measuring the tissue protective cytokine receptor complex activity, such that if the

activity measured in the presence of the one or more test compounds differs from the

tissue protective cytokine receptor complex activity in the absence of the one or more
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screening test conpounds for their ability to activate

a tissue protective cytokine receptor conplex can be
wepphoyads Such assays, as described for exanpP@r/Us2004/013099

U S. Patent no. 5,763,198, detect nodul ati on of

tyrosi ne ki nase or phosphatase activities involved in

testogHjRlnds, AHHGInfRANnd ¥had elodtimtRithdintdictionbesirdea the tissue
phosphoryl ation state of a protein 61 WD 2004/ 096148

oSSR AR B 18 STyt o oo

osphot yrosi ne ant i y an ody specific

. fqr. the.protein substrate. These assays may be
hgaﬁﬁé%f‘%@éﬁe ‘n a whole cell or cell-free system In

anot her enbodi nent, _.the invention provides for a . :
met hod f Bt cerigbhemmlbadimgnts of theimetheds of by wysptiondespribaderein,
protective cytokine receptor conplex and lysing 5 the
thecetmpotnd tiatletheitiseuayvetehiére ¢yfteking wsepionesuplex. frecertain
cyt oki ne receptor conpl ex has been phosphorylated. In
emb&linieafd ofmipodeiiodd of thé hevehii asdescribal Iectin wbo vy thekiomgpound
receptor conplex 1is precipitated with an anti-EPO
i | fe tdeeptBF BSihplek Abmsh. conpl ex i
]nnpgggﬁggk>'t&kgﬁ%MQﬁgi?phd%phgﬁaﬁ%si%e anti body for the
(3c receptor. Aninmal nodel systens can be used to
denonstrate the tissue protective 10 activity of a
5.2¢o High Ahronghput$eneeming Assays he safety and efficacy of
the conpounds identified by the screening nethods of
t he i nvefihe oell-Hesed ind adn-abld besed Issays dessbediberein can be utilized
identified in the assays can then be tested for
in Dhigh AroGghpud Edrinat tysctsnipraids i compoalds té alentify thyse of
ti ssue damage, di sease, condition, or syndrone of

cor%lﬁE;lﬁ{dﬁ $hat midieEEe 4 Sl YfotedVe 'E@Jco%irf‘er}%éiﬁ&rc%ﬁlp}l&( &Rt ioN

e tissue protective cytokiné receptor conplex

oupl ed.to 1 functj I t C .

mof R B8 Bt VA e SRR N e Syt igend
test the efficacy.of the cell or tissye rotective

andyg FisieRyOEFIEPY IR TePTRIRr CBHIT FARfdIbrytggs of compounds
exanpl e, protection against the onset of Acute.

thakrgrebé wesdtin highl thionghpit Bereening pesayeare disslosedhm seption adj Helow.
rats, restoration or protection fromdi m nished
cogni ti véiflutiebughpui scrednoe wingtabeled piobeshepndreaisad to identify
trauma 20 (Brines et al., 2000, PNAS, 97:10295-10672),

coﬁggurﬂfs%ﬁ“af’ﬁe@trthé {2 ati BRI VE SRt citR i@ onal e eMinetional site profiles
(Rosenbaum et al., 1997, Vis. Res. 37:3443-51). Such

el R SRR 35 e g ) ekl X Shatrl pels
iderntell%)(f:3 crlr%g(s: gnd drug candidates. Furthermore, where a specific functional site has
been associated with a tissue protective activity, probes specific for such a site may be
used to determine the status of the site before and after drug treatment to identify a drug
that alters the status of the functional site and would, therefore, be useful in cell, tissue,
or organ protective therapy. In certain embodiments, treatment with the drug restores the
status of the functional site to that observed in a control sample.

The screening assays of the present invention also encompass high

throughput screens and assays to identify modulators tissue protective cytokine receptor
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herein in its entirety. The in vivo tests descri bed
therein are directed towards adm nistrati on of EPQ
whowewsiigs a t est conpound t hat has been i dentiPCEUS1004/013099
have an 25 effect on the activity of a tissue
protective cytokine receptor conplex could be 62 WO
coﬁ@% hOBRAA 8n BEJdri28 YAHIOARQYDH odaASL NthE bpstets ddscabariselow
of EPOt0 test for tissue protective activity. O her
. e » .l .
o B3Rl cHEAEE TRl BN BIANEE R, ol i Hine
art. The assays, desi d to defermi.ne _the ti.ssue.
recpigE ERTRG B I TGO Core oS EATIA P RHE o Sa BT
_perforned in the presence or absence of a tissue .

m& Bibes mnigeotitieyy kplatesrhoglss: wid the e QI geasants epehainglyded
on whet her the conpound identified is one that )
in septmteamingaingrs hnd provided sith the bitpeg i pesidya eittiebsaneplep negative

conpl ex or nodul ates the interaction of a tissue
cortf N kaapley, budhetx kelheulnee aietial et Mht assals gltihd pessentdnvention may
tissue protective cytokine receptor conplex. 10 In
be Gk BE{iﬁiz%%%dd GBI RaRQHE.! QP& lutds P 2HE HRNQLAEE uy €or high
cytokine receptor conplex ligand'is added to the
assay. to further confirmthe nodul ation activity of a
ﬂH@gﬁBﬁbﬁﬁ@%h the interaction of a tissue protective
cyt oki ne receptor conplex ligand and a tissue
protective cytokine receptor conplex. 5.3.2 Cel
5.38A8SIANS ROFRYPEATIAVING'GOMPOYNES IOR TESIING €OMPOUNDS
IDENTIFIEDAN SERFENING AN Oped above in section
5.2.2.1 can be utilized as well. For exanple, BaF3
cells could be transfected wth EPO and 3c receptor
as di scussed above. Additionally, the small nol ecul e,
5.304 Biplggical §ereenp ot As§a¥8 onpound of interest shoul d be
bound to a biol qgjcal .marker such as a fluorescent ar
r adi ol ablCeanpandeidentified tq havepn gleqt op tistus RIPGREVeCysokine
serial dilutions of growth nediumalone (RPM 1640,
rectpl templexmotivitieosemypounds fonnd suinodulgierthe steractipndygtween a
L-glutami ne), and the snmall nolecule, biologic or
tissuRgrbteativecongionncenplbx nd tigatd mabe fesed formidsuerprotdetive
each dilution should be about 100 |.
activity, e.g., protecting cells, tissues or organs. A protective activities may be further

tested using in vitro and in vivo assays. In vitro tests that are indicative of tissue
protective activity include, for example, cell proliferation assays, cell differentiation
assays, or detecting the presence of proteins or nucleic acids upregulated by tissue
protective cytokine receptor complex activity, e.g., nucleolin, neuroglobin, and
cytoglobin. Neuroglobin, for example, may be involved in facilitating the transport or
the short-term storage of oxygen. Therefore, oxygen transport or storage assays may be
used as an assay to identify or screen for compounds which modulate tissue protective
cytokine activity.

Neuroglobin is expressed in cells and tissues of the central nervous

system in response to hypoxia or ischemia and may provide protection from injury (Sun
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The BaF3 parental cell line and BaF3 cells transfected

with EPO-R can 25 then be washed three tines in
w@eawbdvinedi a (see above), pellets resuspendedPCTUS2004/013099

gromh 63 WD 2004/096148 PCT/ US2004/ 013099 nmedi um

and cells counted and diluted in growth nedia to 5,000

et 8123003/ BRASAIZ: 15908-1 50U N Behidbes Q200 B TS Bafl. Ohérit E6:1932-1935).
cell's’ can then be added to each dilution of sanpl es.

:% r??ﬁi?}f) 38,1 aa%lﬁi%ﬁ%lé Hlf &t J%Hpﬁteﬁﬂrehé'éd% 3 Gaftet %/ of tissues

ee to four Ss. The cells are

washe t he

R e LSR5 550, 50 POUREFRRE o
t he bi omarker attached to the conp ?und of mterg}%.

inveptigt, Arg gve &oﬁwpgqlpt@@ pggglayn a 57l By beimpsaswgd bgtore and after
determne if a conmpound is tissue protective. In the

comtavtingtth¢ ideetiGebEst, compoonp umcelk Howertein cbodinenis the presence
protective including, but not limted to, tissue

of Pupregtihicd @répinCishotised with tidsuctprosetivt Rtilvivg &da bell, thdy. be used
Pat ent Application Nos. 10/188,905 and 10/ 185, 841, can
&ﬁlfﬁ"ﬁlttﬁ&ﬂﬁﬁq %%t@ctﬁ»‘é'atcﬁ@ilt@sgf@colfﬁpdﬁﬂker In a 96 wel |

ate el ght 2 serial dilutions of growth nedi um

aI one ( 4 0 oS |
pyr uvateRJpMeﬁ#I/g[l%ﬁ'lpl? Jceeh?lfrog“aadnq%ne?{%%l ni hg vve Féérﬁlceus
haye the tissu rot.ective conpound/ bi o
inclyH a8 BORY BR P YR BRIE oA i Saﬁﬂﬁsﬁ%@&dé%ﬁmtem
the small nol ecule, biologic, or chemcal 15 co
cylokiniesis.amileogensis, Bignal temedycting, appplogivandieed by 1 -en Su@hr@matm
shoul d be about 100 I. Once again, the BaF3 cells are
rerfeixditig, bnieplitdtvnp | lat@salssfudctsm soectlisnciaes machtat DHMEENA
to incubate. After an appropriate anmount of time, the

heﬁ@alsé PRAL ¢ Aampdsd, Bfotéth 3hn@itle afanséiiRidnbRctoeeshn eﬁt, or
luorescent plate reader or by other suitable net

trahé’mﬁ%&a‘i&ai B0 @&U&%&% d Bdlakd18 956 ¢l déf%ﬁB gf r1EFel‘915 59 £Snd

arnin rotec I've cdnpoun

.conmpound than t he readout of the
GIBIIS %5? b‘%ga E(ﬁ%g%}mlﬁ?ﬁﬁﬁ% sue protective
conmpound/ bi onar ker  then the conpound of interest is
tissue prspressionef anupregulaipd Protain mpibedstected by detecting
Proliferation/Differentiation Activity A receptor
mRNAfbests ofirdshending et piateiam i oell.nEhdhmRieA gébe hybridize to a
identifying tissue protective conpounds (small
proBY B8 EcifiPd1BL hds a AlEt adil cagRIMSiheuprepylaatd preteimel |

Hybridization may consist of, for example, Northern blot, Southern blot, array
hybridization, affinity chromatography, or in sifu hybridization.

In another embodiment, rapid and quantitative assay systems for
screening test compounds for their ability to activate a tissue protective cytokine receptor
complex can be employed. Such assays, as described for example in U.S. Patent no.
5,763,198, detect modulation of tyrosine kinase or phosphatase activities involved in

signal transduction by determining the tyrosine phosphorylation state of a protein
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25 proliferation (either inducing or inhibiting) or

cell differentiation (either inducing or 64 WO
wWQoMN0AE148 PCT/ US2004/ 013099 i nhibiting) asREyES2004/013099

Many protein factors di scovered to date, including al

known cytokines, have exhibited activity in one or

subSiPatE ugiﬁ% bR bntilBREPUBR 0] dntiBOEY hikPhrbdritidody ssifysior diechrotein

hence these assays serve as a convenient confirmtion

sub t&atg.yﬁ“gégellgsg?gya ibte3f)racti-g ingé:\hrhg I to¥11 Of cA11-6REPRMES. can

e evidence ny -one %? unmber of routine factor

5 dependent cell praliferation assays. fo | es

i ncl udi ng‘, HS@BO&P}W’{Q’ a5 Wﬁ?nt%rxﬂg\%, for %%4&1 Adl"%g

B9, B9/11, BaF3, MXO/ G M+(preB M+), 2E8, RB5, DAL,
contgsing Frel shat cxprosser Hipsue proteqtiveyIinafFCaiR PPg%and lysing

cells are cultured in the presence or absence of a
thetceli to dasempunahethmuthe dissueprotertiver cytdkine ieseniet eunplex hgs been

for exanple, measuring incorporation of tritiated

phdsbﬂéﬂgﬂtitdae Iafelbi¢d epibodinterits; e thssayrobet e cytokinbeeceptor complex
met abolic 10 breakdown of

is predifitapedX ; Ipd Ao dnkib3d P ant MBRMipitaedd @agilEuT®
AR Ryl bt v

sman,

5:.55-63),.. Fh tivi - [ ive
bt i rab e St SRol e APIERREE 10 be
nmeasured by hindjng of a onpound. or |jga .0 the .
(T sste pABRRHTHE! Sy 18 FaBEb R TE e figpp Drotectve
proliferation, cell differentiation, upregulation of
actpiitytofiarpemphand ertpdlemonstsaip thepafatwand efficamiaithe c@ppepnds
15 tissue protective activity. 5.3.4 Fusion Proteins A
identifiepbptheaxteeniag ethais of dreainvertmn describeg abser dltescompounds
fusion with imunogl obulin heavy chain constant

ideh8HLPRSthe bRy Sl iMerPhl fe6tell FRBIBBEIcaMRYiG Ny GsiAf ahidgal niodels for
constant region donmains and a hinge region but |acks

e |.ahl eq| : fUS| [

o iRl el . Bl s RAGRE o i < dhctude
portions ar disul fi de bonded. to ch ot her and.two

e SR SR TE TSE P Py s TR LB P BT led t
to each other. In accordance with the present

a finpfientlirealout sistamp SBelt 2 rpRfiggHe HIAU§es on the fusi on
shoul d include at |east one EPO-R extracel | ul ar domain
and one AhimAenegdlothateanteomsed t st thoafficacy ¢Libe oels opfissue
this type can be used to purify the 25 cognate |igand

prdtéive aolivity hn idéntEiRdicBmpobluidin@Eglayfol exdmple,prbieoiidn against the
signals in vitro by

onset of Acute Experimental Allergic Encephalomyelitis (EAE) in Lewis rats, restoration

or protection from diminished cognitive function in mice after receiving brain trauma
(Brines et al., 2000, PNAS, 97: 10295—'10672), and protection from induced retinal
ischemia (Rosenbaum ef al.,1997, Vis. Res. 37:3443-51). Such assays are described in
further detail in PCT publication no. W002/053580, which is incorporated by reference
herein in its entirety. The in vivo tests described therein are directed towards
administration of EPO, however, a test compound that has been identified to have an

effect on the activity of a tissue protective cytokine receptor complex could be
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65 WD 2004/ 096148 PCT/ US2004/ 013099 specifically

titrating out |igand, and as antagonists in vivo by
wa@eivisidaseri ng them parenterally to bind circReCHUB2994/013099

ligand and clear it fromthe circulation. To purify

ligand, a tissue protective receptor conplex chinera
adrhi®i e th $18cPoSEID kte6iot Bisib Pebtédtieelab@dnd Other gsays for

cell-conditioned culture nedia or tissue extracts)

C ) 1 1 o

g SRR bRy ABkicy 87 cbiBb bt SRR b IR of il i
h and ionic strength). The chinera-ligand conplex is
theapfe separated by the m xture using protein A  which

is imobilized on a solid support (e.qg., insoluple

resin bedbs pssayndesignga iidgterniine the tEFR RQIcGUYHzptivity of 2

conventional chem cal techniques, such as with a salt
corgpoypd iderdified wian bt perfbrmedah ther pragenveor alisenastrifgisaue protective

itself can be bound to a solid support, w th binding
cytakidle @cdpiod BorhPleg Aighh® depetlling Onalimiser thahdompoand Wdenkified is one

hi gh binding affinity are adm ni stered parenterally

thaf frtkacts Rt tAE figvud ?Fd{é@fve CHORABOPHToRIp 1A BrTRYENASthe
Injection). Crculating nblecules  bind'|igand and are

. .cleared. fromcircul ati j ' : :
i G SR A o B BB gl B IR s M E i proective
bound to a support via the Fc region and used in an
CY"E‘EIPSAG‘FBMPWP%%' A preferred assay system enploying a
| i gand- bi ndi ng receptor conplex  fusion Fr otein or
| i gand- bilmgértain pmbedimsntsaddiioas! tissegprotactivie egokine receptor
commercially avail abl e bi osensor instrunent
cotipleAdigred ¥ adBbdtonthe bssaBiofetheoconfiPnshe edalatioMadtivity of a
wherein the fusion protein is immobilized onto the

coPbiliceh B iefaBEEPSOL tisshe Protddtie @ftokite Fecepfit cbrpRRtligafid and
di scl osed by Karlsson, 1991, J. |mmunol. t hods

au%/é‘%&égg‘%&eo%@gg%%gg}ggp&,&q@%g%ﬁngr X\fle! ?1 [ éggg{/ai]ént Iy

attached, using amne or sulfhydryl chem stry, to

dextran fibers that are attached to gold filmwthin
5.3 haCdll Bindied Assagst est sanple is passed through the

cell. If ligand is present in the sanple, it wll

bi nd to tAlermarively té¢lreddihg akaags ptilitieg the cellsidistlgsal above in

change in the refractive index of the nedium which is
sedihect ed & 1 hBedss whllSHbf G, B RAdcdiid BE BRsFected

of the gold film This systemallows the determ nation

wiffleIQ(g and %91‘6%&;'(6{ A cﬁsc‘cusseg%bove. Additionally, the small molecule, biologic
or chemical compound of interest should be bound to a biological marker such as a
fluorescent or radiolabled marker.

In a 96 well plate eight 1:2 serial dilutions of growth medium alone
(RPMI 1640, 10% fetal bovine serum, 1 mM sodium pyruvate, 2 mM L-glutamine), and
the small molecule, biologic or chemical compounds of interest. The final volume of
each dilution should be about 100 pl.

The BaF3 parental cell line and BaF3 cells transfected with EPO-R can

then be washed three times in growth media (see above), pellets resuspended in growth
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WD 2004/ 096148 PCT/ US2004/ 013099 from whi ch bi ndi ng
affinity can be cal cul ated, and assessnent of

waemiohilesret ry of  bi ndi ng. Li gand- bi ndi ng f usP@mus2004/013099
proteins may al so be used within other assay systens
known in the art. Such systens include Scatchard

me@ﬁﬁl ¥id Selfs@oudiet ahdafaked @0g@tvth MebiantdiSi@oasells/moo yl. One
(see, Scatchard, 1949, Ann. NY Acad. Sci. 51:660-672)

L AL TSR Sl AL BB Bl P e T

254 A re tor Ligand [ S ro
sss ) g (BB B CCART RO BF Ol T et

fusion_protein is inmmbilized on solid support, such
are gheneeshied and thy piga ca tien b seag.on esg@afrégfg reggjel, @by other

cellulosic resins, silica-based resins, polystyrene,
suitzblesethpdicedbtont Ky olatket aitached tol thi eompeend off inferdsht

are stable under the conditions of use. Methods for

| i nki ng RihiyAaBpPkicdepetitivesabdydan bpmilized wrdstdenongifiamompound
the art, and include amne chemstry, cyanogen

is tgﬁﬁlﬂbr‘afecﬁ% | Wahé Qélnpé\ﬁtmé%s(%'}’@é& ]!t)cﬁirﬂ‘ 1&’1@\7&&6 'b\é %Tsé&rbrotectlve
activation, sul fhydryl ivation,

1ncg,¥é1d I d i t@?m %)1 Mlye é&?ecﬁ?ﬁ gytfnfnﬁgs 'a§ t }q%e \Msc osed in U.S.

gur e

flujds cont nd sed thro
Pate nmticanen Doy b eed b s Ra e ot b dugble bio
the receptor polypeptide. The ligand is then el uted
magigiing changes in salt concentration or pH to disrupt
| i gand-receptor binding. 5.3.5 Oher assays 20 One of
or di nar y isk b6 weillrplatheight 1 :2victibl dibtiognofgowilametiuer alone
receptor conplex of the present invention has utility

(RPIII 3648 18Y, 1 lookihe\WBruds 3 3Me1 dofink! 9@%@ M L-plufintied), and
to the Ligand-Receptor Assays disclosed in Current

the Jr:e)ﬁx%&&% \%OI:IJ%JVQ@%S?Q ﬁrot%ﬁi:ve cgm}gI d%%ﬁbﬁfaﬂ?eﬁ’tﬁgg%e protective
cogPAARYmaReT pod %%%‘ssfo?fﬁﬁ%%p%ﬁf? S BNR o phdtRel
woul d be beneficial to verify the result usin

compeundg interesbivAhoDeTasinypluge£egh ousen should b ibout 100 1.

Once again, the BaF3 cells are seeded into the plates as disclosed above and allowed to
incubate. After an appropriate amount of time, the cells are washed and the plate can
then be read on a fluorescent plate reader or by other suitable method to detect the
biomarker. If the readout of the plates containing tissue protective compound/biomarker
and compound of interest is less than the readout of the plates containing only the tissue

protective compound/biomarker then the compound of interest is tissue protective.

5.3.3 Cytokine and Cell Proliferation/Differentiation Activity

A receptor complex of the present invention may be helpful in identifying
tissue protective compounds (small molecule, protein, chemical agents) in cytokine, cell

proliferation (either inducing or inhibiting) or cell differentiation (either inducing or
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neuroprotective and tissue protective assays known to
those skilled in the art, such as, but not |imted

W 200496198 PC- 12, TF-1, and UT-7 cell assays. PCT/US2004/013099
Additionally, various in vivo nodels such as anim
nodel s related to spinal cord injury, ischemc stroke,

inlﬁleti'n@%l 8dsays. MEMEPIABIR GR torf @l cditeedodate, BiRthdRYES M

be hel pful in further 5 characterizing the tissue
C | . | -
o P o8 S mo B B rsa Rl PPk
NosS. %Q%&S% 905 and 10/185, 841. . ?.ST?.lﬁAssgxs #Bin%..t
asyaysyanfl Apnge (Hese 35EHYS ARV AT & SPheniany SHTBIRUGT Qg e agtivity.
to the use of host cells and aninmals geneticall _
ThergHREEP RICTBPURHCBR ge ¥idengsd br-agyne 8 ﬁfl@@gﬁwﬁy Tgptigg factor
ani mal 's endogenous a. receptor 10 and/or express the
dehendent Gl prelifsmtion agwiys rtceHlives inehndofe) witBgethlimitation, 32D, DA2,
transgenic animals may be used in nethods for
DANENT10, BaBoridyuBap3, v €o1G, M+ @ash Way)s 2BERBR MAUNDS, T1165,
whi ch activate neuroprotective pathways. Endogenous

HTAGALL Y qFe], QT AR QNIKC 2 Th&leIR11PSre@HHEA9n B presence or
i nactivating or "knocking out"” the target gene or its

BLATRE B4 465 DOV 0PGBI TS L0 S

inghb e Ion Q5B M AR g e 45 FolorBn SRY RieCipmGe Hetaboli
incorporated by reference herein in its entirety). For

bregkdaynef 3{4ardimethylthingok 2nybrd, dinhenylrtglsazofiamebroprde(MTT)
conpl etely unrel ated DNA sequence) fl anked by DNA

(Mmsmahof$3s]. timniure]. dviethg&hn 65+63). t Bregretivije néa (iesuelpestetthe
codi ng regions or regulatory regions of the target

cy @) re€ptortdnlexe g, anvdnislbtifdr nidahf MeétmehseRU ®StHifg of a
mar ker and/ or "a negative sel ectable marker, fo

: | t i i . .
COH@EI?(E Igtgltrl]gagl? tét) Eng tgﬁ&? @?g&rcﬁ§§c Qﬁ\r}% gercg?tgf g@@glgkﬁce‘ﬂ' p\fghferatlon,

nstruc

| ogous reconhination, results in.inactivation. of
ool R S P R A i o Bl B v ety or o
.Suited nodifjications to ES (enbryonic sten) cells can
uspe proeeve ¥lyder ate animal of fspring with an inactive
target gene (e.g., see Thomas & 25 Capecchi, 1987 and
Thonpson, 1989, supra). However this approach can be
5. 7498l 56h PPStein8 VWO 2004/ 096148 PCT/ US2004/ 013099 use
I'n humans provi ded the reconbi nant DNA constructs are

directly @%H@Bﬂof' ERERADGr domain can be expressed as a fusion with

immunoglobulin heavy chain constant regions, typically an F, fragment, which contains
two constant region domains and a hinge region but lacks the variable region. Such
fusions are typically secreted as multimeric molecules wherein the Fc portions are
disulfide bonded to each other and two receptor polypeptides are arrayed in closed
proximity to each other. In accordance with the present invention, the receptor
polypeptides on the fusion should include at least one EPO-R extracellular domain and
one 3. Receptor extracellular domain. Fusions of this type can be used to purify the

cognate ligand from solution, as an iz vitro assay tool, to block signals in vitro by
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targeted to the required site in vivo using

appropriate viral vectors. Once, (3c receptor (-/-)
whpmekoauwt ani mal s have been generated, the eREI/ESHVGN3099

of the reconbi nant (.3c receptor gene nay be assayed

utilizing standard 5 techniques. Initial screening nmay

sheribatignipatisfodt lipanSoaidng aatabbaikts 35 ahy By 2dRiniRERne them

techni ques to anal yze ani mal tissues to assay whet her

phfagkaBub bafd Jiﬁ%la%iﬁgqgﬁﬁkps&fd aens; bA%hd @i%&ﬂatRJnggﬁ; pull¥§ tigand,

| evel of nRNA expression o e transgene in t

attf.sﬁlsigétg&ﬁve‘tljageptt&r %ﬂﬁﬁgpéhﬁ;lpﬁga{ igi%ﬁi(iﬁidﬁgé s%@?eaq?oitaﬂ'%ipg the ligand

asse usin echni*ques
limted to Northern bl.ot analysis of tissue sanples
(G S o gt e ot Or (59 Pt g CPBR Ry B fecilitate
anal ysis, and RT-PCR (reverse transcriptase PCR).
S resspigT-dganst bindiag (ypispily neargehysiobgirad tesipmptuies pleandnimyic
al so be eval uated i munocytochenically using
staengitho dihe shinsgredighndcdroplet bethérBsepaateaiiiyothe iafS8ALE protein A,
product. In one enbodi nent of the invention, (3c
wheshepiramobilized ok B86lid Suppor Tt BBl o M Erebifiladd). FHE RYShd i
to identify pathways gﬁig/o:( ggnpoundsret hataiﬂvgﬁvegé}dnmthen
Ritddi o ' hiyl 0 ool
SR B ob o Rl R s R R Tt In the
adm.ni stered an.agent .or, force kno to cayse.tj ssue )
Mg o GBS bouBiiFS AP e e iR e and elution
adn%niste ed a _conpound and the tissue protective
cyped gyias ageve. { Hamegrsbitnbigh bindies ofSinity stawsininistaredoprrenterally
for determining a tissue protective activity are well
(e omninframubedas, $ubcttaseaustor aniciveramsphjestion). Slichlatag kedsules
are disclosed in PCT 20 publication no. W02/ 053580,

bintiilighnd and are ofepridaianl chyulatdEb EnRsthal ShidlogiBal grécesses. For use
entirety. |If a tissue protective activity is observed

inl d3sdyQEhB eki ' t bt 4 Led i

R aAT B, B Bt Akphdt e bR Hhed inan
ERP/NY then a conpound with tissue protective
activitiées dependent on the (3c receptor is

15 i dentifi ed. ﬁyrt&er investigation into the identified

f3c receptdTIGEBLAWEN FYHR stplqying 2bgandebipdingwesepivs gomplex

consi st _of 25 determining if the conpound binds to the

fuston prefeiape digard-binding teseptorntdosipder fragment GSes\Wommercially
2004/ 096148 PCT/ US2004/ 013099 identifying proteins or

aviaithble bicaersor irxstrampnte(EAbomm,)PHaﬁnidi@Bﬁﬁbﬁ%&ﬁl’iscataway, N.1),
exhibiting the tissue protective activity. Applicants

whotpialthe fisio proin & aeibaTR%d Shto' e MRHRRLFBALLPRY Ship. Use of this

10

instrument is disclosed by Karlsson, 1991, J. Immunol. Methods 145:229-240, and

20  Cunningham and Wells, 1993, J. Mol. Biol. 234:554-563. A fusion protein is covalently
attached, using amine or sulfhydryl chemistry, to dextran fibers that are attached to gold
film within the flow cell. A test sample is passed through the cell. If ligand is present in
the sample, it will bind to the immobilized fusion protein, causing a change in the
refractive index of the medium, which is detected as a change in surface plasmon

25  resonance of the gold film. This system allows the determination of on- and off-rates,
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for tissue protection my be present and that (3c
receptor (-/-) knock-out animals could be wused to
w0 pwedtdigiaat e such pat hways. 5 5.4 COVPOUNDS TheCTES1N04613099
of the invention for screening and identifying
conmpounds may utilize nunerous types of conpounds
ﬁ‘ohf‘&zhiéﬁ'bﬁlﬂim?é‘ﬁinﬁ?%aﬂ batd188afeq, andrmbdssiBtRF Holshiometry of
organi ¢ nol ecul es, non-organi c nol ecul es, pepti des,
bnﬂ%{ pepti des, peptlde anal ogs 10 |nclud|ng pepti des
ri sing non- naturally occurring amno acids, e.g.,

D-anlno C hor ous . anal ogs a
such as %L%ﬂ?ﬁrhﬁn R LSHEHRTetelns Ry %ﬁ?}lg “%ﬁg:‘wgmn Shid? assay
phosphori c acids, or am no aci ds having non-peptide

syqtemk 1inyfhe P Su@l@;ﬂ{gt%p@;@ge Seatehardygnalysis for determination of
phosphor ot hi oat es and PNAs. Conpounds that can be

birtdesg &tinkip (e dRmatahbide #1948 tAmd D YdAsad. iSoe d 11660«73) arkbcatenmetric
i nclude, but are not limted to, conpounds obtained

asﬁkﬂ@@ﬁﬁm@m bE] B91S8EiER®, 253t I35l 3ud; Oundinghdng bz al., 1991,
| waukee, W 53233) Si gma Chem cal (St. Louis, I\/O)

f 4 AG (Buchs, Switzerland) Fluka Cheni cal
Se hUé‘ﬁ'S g)lgaﬂkoma NY), Eastman Chenical Conpany,

F Ch I h
Fine et cala08ait SRR R i
T Corporation (C,ifton, Ferro Zolthac
of hsm)’fhﬁl@%prqi@wm&?lhéﬁg@%wlmw Py eads of

Germany), PPG Industries Inc., Fine Chen1ca|s
ag{1Phe, tcmwlghed FArdsE2g1a3s, Cﬁhﬂmstrseresmwﬂkqaamsgd resmsypaystyrene,
products nay be screened using the nethods of the
crdseti@Réd polyadriiahidh, oglike mathiaklthat dreistgislt ungdrahé carditions of use.
animal extracts. Libraries of polypeptides or proteins

M&ARGdBbP AnlBRe H§§/ﬁeﬁtfﬂe§ ResoRISAYSor® ark REowR B ﬂh@ \éﬁn hl®Rclude

For exanpl e, e test conpound nay be a snal

aﬂ%ﬁﬁ%ﬂ%&?g (rgg@gro(fmﬁ é’éﬁa?igg 4I(In glgfg gsuccmlmlde actlvefﬁon

or..a tlde s of f such nds
poHide AR SIS ENEAF VA o 8BS BatreE s Aty Aine. TBS HaqUingFedia
t he |nvent|on i ncl ude, but are not limted to,

will@enesaly be eenftzmradindls fogeratiacolummand diwidssontaiting igand are

passed through the column one or more times to allow ligand to bind to the receptor
polypeptide. The ligand is then eluted using changes in salt concentration or pH to

disrupt ligand-receptor binding.

5.3.5 Other assays

One of ordinary skill in the art will recognize that the receptor complex of
the present invention has utility in several well known assays including but not limited to
the Ligand-Receptor Assays disclosed in Current Protocols In Immunology, vol. 4,
Chapter 18, 2001, John E. Coligan Ed. John Wiley and Sons.

If the compound exhibits a tissue protective activity, one of ordinary skill

in the art would recognize that it would be beneficial to verify the result using one of the
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hydant oi ns, benzodi azepi nes and di pepti des; vinyl ogous

pol ypepti des; nonpeptidal 5 peptidom netics;
wobkigoeasdbamat es; peptidyl phosphonat es; peptiBP@I/US2004/013099

nucleic acid libraries; antibody libraries;

carbohydrate libraries; and small nolecule libraries

nedroPRdctiV GaM Sy protBAV e AE9F9 koWR t hBbEsKilldd i@th&81, -such as,
Exanpl es of such’libraries”include, but are not

e ti : p _ ey
b e e 1O T B, UL SRS, (B ion By, varko i
. 1991, Nature 354:84-86),. and caqnhi natoti al. .
Vg R iy S PR O S ESIPGH 1 FRah R B idchgpaipsiroke,
and/ or L-configuration am no acids, phosphopeptides
periphesalugrvedanage, angsthe hea andceyeo worldsdicdp st inrfaragm or
partially degenerate, directed phosphopeptide
chirhdtedring the tisseeprotectjve cGopgyndrisplated.aBuitabl®83vitreahd in vivo
72:767-778), antibodies (including, but not limted
ass*ags afe@isctdsed al U.STpanat Apslicatibk ORI Z07038,908 dnd 1/ TE5Y8A1C,
chinmeric or single chain antibodies, and FAb, F(ab')2
and FAb expression library fragnents, and
iﬁitope-binQ%gg 15 fragnments thereof), and snal
5.3%-4atssayd Usingdfcdznifcnoektad dmémals) n one enbodi ment of
the present invention, peptide |ibraries may be used |
as a sourlde isyentien plse selpiss kride ipef kaghcells and adingads genetically
screen for nodul ators of tissue protective cytokine
engiaeapd tr inhimipdréknock-eutd expressson ofithé ammabPP@idogeaones 5. receptor
protective cytokine receptor conplex. D versity
and/oPEQrbRShe BkGhin BSrebSiqQet AfutdmeibRa)0Sugh trRGRbhid @nithals may
or nonpeptide libraries can be screened for nol ecul es
. . . . r .
oo SR RS 60|k B o R B S i
the art that .can Be used, e.g., chemcally
aaé‘{)gﬁ‘? H%PQS%CFIV%Pg V&% reconbi nant (e.g., phage
display libraries), and in vitro translation-based .
li brari eEndpgenpys 82 ecaneraresioncan wolsdpdusgd by mactivating or
libraries are described in Fodor et 25 al., 1991,
“k@wikargpent? Bk tagEt Fehe;or He prymaer wsinglargetelid®inoldgaus recombination
354:84-86; Lamet al., 71 WO 2004/096148
(e.ECEd S5 (101E 611309985, DRfdre 3MNAL2B02 B T hBRa8d; Cddeddtistig7, Cell 51,
1994, Bi o/ Technol ogy 12:709-710; Gallop et al., 1994,
509-51YEHhGhPdn FREMORL! HelB3 (P393 ackiorwnillsTRYRborgled by
al.,” 1993, Proc.” Natl. Acad. ~'S¢i. USA 90:10922-10926:

rtgiph hoBlnp 15, 8Aef e pRiotey 56, F5higyaus reggaone cor
co&q%ie%glg ;uni]e? tg | (I:\le Sera%er?cte) %!aﬁl&ed by DNA homologous to the endogenous
target gene (either the coding regions or regulatory regions of the target gene) can be
used, with or without a selectable marker and/or a negative selectable marker, to
transfect cells that express the target gene in vivo. Insertion of the DNA construct, via
targeted homologous recombination, res1_11ts in inactivation of the target gene. Such
approaches are particularly suited modifications to ES (embryonic stem) cells can be
used to generate animal offspring with an inactive target gene (e.g., see Thomas &

Capecchi, 1987 and Thompson, 1989, supra). However this approach can be adapted for
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5 1994, Proc. Natl. Acad. Sci. USA 91:1614-1618;

Sal non et al., 1993, Proc. Natl. Acad. Sci. USA
wWO001TAS 11712; PCT Publication No. WO 93/ 202BCT/US2904/013099

Brenner and Lerner, 1992, Proc. Natl. Acad. Sci. USA

89: 5381-5383. Exanpl es of phage display |ibraries are

usdindfuhiane rdvﬁlegciﬂé Fec&n@fﬂaE{Dng%stm@ hRMRctly administered or

249:386-390; Devlin et a 90, Sci ence,
tar%eg%i ?:cge %e%glre(?é nS?t:ﬂé%n&sglggzgﬂpjépr?a%?%ral\]vemﬂé&h Mol . Biol.

57; 93, Gen 28:.59- 65; CT
Publ i cat | &ﬁe%r ‘:’Wf%z'/ %igo Oy SR iﬁ@‘ffslfeeﬁgenefg@g the
By way of exanples of nonpeptide |ibraries,
exfyessicd fdbe sicambiriapt B yec¢peiegens gy, bepssayed éltﬂlalrng standayd
Proc. Natl. Acad. Sci. USA 91:4708-4712) can be
techdigpés dnitiai screemdng Bapbe accomiished eS¢ Bhernplatanalysis or PCR
1992, Proc. Natl. Acad. Sci. USA 89:9367-9371) 15 can
tecﬁhﬁlﬁesbt@ aﬁﬁlzge arfiR RSueeHad¥RyewRdthér Mnobit-atiyoflthebndbBndiB gene

used ch the amde functionalities in peptl des

ha gn ﬁ@en lg%ll'b\flrﬂ{ﬁg etx? e?ﬁgﬁ bAhE tﬁn AEE e tﬁsubes of the

rans orne conblnatorla rary, escr |
Ostresh. et, al
tragSgehf PRy Ryl 2@@%@@%?%5{4’%@%@?%@ Byt are not limited
acconpl i shed by any of a varjety of 20 connnnly known
to N@ﬂh@‘&?lf’@é@ﬁlé % tlssup [§emplsp pbwnﬁé fromy Bheesmiaal, raiiuch
di scl ose screening of peptide libraries: Parn1ey &
hySndiz4tionk@gysisfehd RERSCR (evkrseBirasiscripigse 2AR). 23@nplseef fAc receptor
& Smith, 1990, Science 249: 386-390; Fow kes et al.
geﬂ@&%ﬂre@iﬂg—fﬁﬁﬁﬂj ingiyessoli evdRrattd Iimmubodpbthengicalty wing antibodies
1992, Proc. Natl. Acad. Sci. USA 89:5393-5397; Yu et

sp&dific fot ,Jtort?aﬁrsgé’i%p%& tStaudt et al., 1988,
SC| ence 41 5 580; “Bock et al., 1992, Nature 25

oot oen T8 8e SHEStialh: Sy inkdifon. B ReontiBlr 5850 ot ppimats

PCT/ JS2004/ 01 A, 1992, Nature 355:850-852;. U. S.
arpied M aRRYS tg 13@6‘%@@”@’@“%&“8%0%5 Bapyeligbin a iae
U.S. Patent No. 5,198,346, all to Ladner et al.; Rebar
Prefeqisis @ctivigo For Sxrwplse OB 61 AETEEDtaNG - PRI ia@malmay
No. WO 94/18318. In a preferred enbodi nent, the
bothodddndhisteral ar adenaod foscedmewartalchuse tigar damadgewg. esohemnia.
libraries, such as, but not limted to,
BJEiREIsAASPINGE Be all:RREERAIaESmpound and the tissue protective activity of
the compound can be determined. Methods for determining a tissue protective activity
are well known to those in the art and examples of such methods are disclosed in PCT
publication no. W002/053580, which is incorporated by reference herein in its entirety.
If a tissue protective activity is observed in the normal animals but not in the Sc receptor
(-/-) knock-out animals administered the same compound, then a compound with tissue
protective activities dependent on the Sc receptor is identified. Further investigation into

the identified B¢ receptor dependent tissue protective pathway may consist of

determining if the compound binds to the Sc receptor or complexes thereof, or
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t hi azol i di nones, netat hi azanones, pyrrolidines,

nor phol i no conpounds, and benzodi azepi nes. | n anot her
weredidremt , the conbinatorial |ibraries conprPGEUS2004/013099

pept oi ds; random bi o-ol i goners; benzodi azepi nes;

di versoners such as hydantoi ns, benzodi azepi nes and
idefliBERS p1dRIns o MYNAGPHI RS BREPYH HESin tHO Eﬁﬁfﬁﬁye?@hbiting the

peptidom netics; 10 ol igocarbanmat'es; peptid
. ey : i . S .
e RRANE P B G LSRR S v
oS ) DEPR S b AR S REBAR b Rpua e

Ru, Tripos, 1Inc., St. Louis, Mssouri; Chenftar, Ltd,
usagie devestigrie sich;patityaRar maceut i cal s, Exton,

Pennsyl vani a; Martek Bi osciences, Colunbia, Mryl and;

etc.). 15 1In a preferred enbodinent, the library is

presel ected so that the conpounds of the library are

nore anenabl e for cellul ar uptake. For exanpl e,

C e sel ected based on specific paraneters
S%mﬁg’gﬁ?@ﬁ% not limted to, size, |lipophilicity,

hydrophi L jcity, and hydrogen bonding, i.ch enhance

the | T kellhg aRagiodE o! BiRBtannS (Gortsendis g Senanagergpounds

I n anot her enbodi nent, the conpounds are anal yzed 20
mayytilige gemgions hdes abForapoungds inchiding Sior lintadios spall molecules,

conmput ation prograns. |In one enbodi nent, the
organithhoktdes, abn-oeganinmndleculps, preptidasy pdligeptides) pptideadnatdgs

present invention nmay be synthesized. There is a great
indhitﬁﬁ% p&piidefcaptidied hén-nieNgdcting aingsh @0k, Th8mino acids,

a

creation of large collections of small organic
pSRBRARShtoof e Skt o 8Pt B i

syntheti.c nethods applied to creagte vast copbi natori al
PhOSORPLF peids. SF A, 3SRy Podornpty fokagss whelsuioate desidss such
PCT/ US2004/ 013099 _ or in the solid phase, i.e., on a
as phgsphomtiperies anddNAY- phase synthesis nakes it easier
to conduct multi-step reactions and to drive
r eact i on€onpovodypthet ¢anrbevieditd dmidydentifesdddsethddsodegsibed herein
excess reagents can be easily added and washed away
cadfricBide S fArd @A Cintited t6f @Papouddd oistaipbdFenmCaRioRah@tiaBbource,
synthesis also tends to inprove isolation,
. G f . : ,
B2 L R (el (L IBS MO, Eluka

e stry supports a w der

Crifiid KB aBnE SRl SR BATRR! (YRS, NY), Bastman

Chemical Company, Fine Chemicals (Kingsport, TN), Boehringer Mannheim GmbH

(Mannheim, Germany), Takasago (Rockleigh, NJ), SST Corporation (Clifton, NJ), Ferro
(Zachary, LA 70791), Riedel-deHaen Aktiengesellschaft (Seelze, Germany), PPG
Industries Inc., Fine Chemicals (Pittsburgh, PA 15272). Further any kind of natural
products may be screened using the methods of the invention, including microbial,
fungal, plant or animal extracts.

Libraries of polypeptides or proteins can also be used in the assays of the

invention. For example, the test compound may be a small molecule, an organic
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Conbi natori al conpound |ibraries of the present

i nvention may be synthesized using the apparatus
waele®enddiesl in U S. Patent No. 6,190,619 to KilRoOI/DS®D4/013099

al., which is hereby incorporated by reference inits

entirety. U S Patent No. 6,190, 619 10 di scloses a
mo?é’dﬁié“%%bﬁ-o@mﬁhyﬁcﬁé%@ | Pﬁ{i ki &hfles @flﬂirh!ﬁéb' dftsHctpf

reacti on vessels for para hesis of nultiple

COI%B%I%{dg ttlgag %QIFBQ H&Q&eﬁ %&or(fa?xce Wﬁﬁttﬁé hod% Qf ﬁ 11?\%n88n

n-one enbo I na

und rary, can e in s Iutlon
inchaeh B i bRt Srbaniids: Pl DR b eanesdesoREs e
et 15 al., which is hereby incorporated bg reference
hydanteing beeqdiasepines et dipedides e pemis pobpapiidgs; nonpeptidal
tenpl ates for solution phase synthesis of
pemtaivimiinetios; iodigodartmmaatése peptidyd phasphomtes; peptiddemiclyiventid hbraries;
permt reaction products to be easily purified from

antibyd§aib fibs! €561k fte Ubiatigs; ahH Ghtiall inhd16dHlélliB¥aries (small organic or
solldllqu|d extractions. The conpounds produced by

nofr- %é%ﬁln[@rgxpfeh@le 11b§a){—{é%ﬁ %&aﬁ‘l E‘Ffaﬁg? dhe, Vﬂdt are not limited

pr e sha orga

ound n.the librar f
to, K RORL P e ot sl et ef&én#?%% 33%%?%#3&%% et
nt hesi ze_ of corrbl nat orj al conpound |i brar.ies, alw d
al p%%ée Nate fedi 4801384 C?mbma@alal ¢henpiey- é%veéﬂnolecul ibrary
speci ali zed protocols for nonitoring the individua
magle @f - ehd/ar Lmehnfigetation swircchcpisaplkospiiopeptidéss(iohiahieg, bet not
al ., 1995, J.Og. Chem 60:2652; Anderson et al.,
limkf8%0, rdemb¥rg of fandoin RPaRBHY defdrlcedic, efiredfed phdPhdpeplide libraries;
O g. Chem 59:7955; Look et at, 25 1994, J. Og. Chem

Qer Li
o S, S NSy B i

{ S
to %%&;3{;%% nt%cloﬁ al, h&%‘%@ée% @%R Amo%ﬂl AIC ot f%%
antélpocfles i}gg%Agg ('3‘6”}[ A ,@E@Cé)%qéq%o% %?/%gﬁg%gzgvsagr?dvelp?top e-binding
Conbi natorial co ound_llbraries usef ul for the
frageenisdieredD) tand Spggsﬂégﬁﬂlc & inprgenicimaelcedes. be synt hesi zed
on solid supports. In one enbodinent, a split
synt hesi dn onetibodin@npsfihe presemfinwafian,giebtide Abdries xapnge used
solid supports during the synthesis, is used to

as B¥HU0E §f?e§t @nhpoRhdd ﬁ&aﬂfan%‘érﬂééwﬂﬂs%r&ﬁ f5PMb8ulBeRPI tsSue
(see e.g., Lamet al.

protective cytoklne receptor complex mteractlons, such as EPO-tissue protective
cytokine receptor complex. Diversity libraries, such as random or combinatorial peptide
or nonpeptide libraries can be screened for molecules that specifically bind to the tissue
protective cytokine receptor complex. Many libraries are known in the art that can be
used, e.g., chemically synthesized libraries, recombinant (e.g., phage display libraries),
and in vitro translation-based libraries.

Examples of chemically synthesized libraries are described in Fodor ez

al., 1991, Science 251:767-773; Houghten et al., 1991, Nature 354:84-86; Lam et al.,
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Rev. 97:41-448; Ohlneyer et al., 1993, Proc. Natl.
Acad. Sci. USA 90:10922-10926 and references cited

wao b@neva1ys Each solid support in the final |ibrearysivas013099
substantially one 10 type of conmpound attached to its
surface. O her nethods for synthesizing conbinatori al

19b1 N RleSS 4 %2 -S40 N1 SR YIBP PI4S BldOAP@J}&bIbg?ﬂQ TPOHYS Ga11§p et al.,

attached to each support, Will be known to those of
o 81455 8 2 Al P 0 pcs

g 0P 100 Ao el AaBsRboRl Ao G flsa = ' ©

avai l abl e and are known to one 15 skilled in the art.
916312 1440fp dtaughtenet ablel 911 Biotechatgyes tad]Fidayawickreme ez al.,
derivati zed plastic filnms, glass beads, cotton,
19p4. B v¢.ANdte Actsd. Sxol USA)Bdelnﬁézlhéa&‘,sSalmbu ai anla 1§eB ,sl?roarwatl. Acad.
pol ysaccharides. A suitable solid support may be

Sce ei®rved 1908-1 e 2 RETTSPlicstasi Ne.0wensh/aee12amil Brenner and Lerner,
suitability for various synthetic protocols. For

192%%@& Natl, %a@%'@%@é%@?%@% a solid support can
aresin such as p- mei'hyl benzhydryl anmi ne ( pMBHA)

resin (Peptid erntlon 20 Loui syi l.l. e
oy yr e & o it f‘%faasi Fe i %&c%rﬁmﬂh 1990,
Peni nsul.a _Labor at or|§?,, % i nclud g
Sc&%?%%é?%?%mﬁéhew% 16‘%‘3%%4 'Wpé@%qkw Aeelg 1992, 7.
am nonet hyl pol ystyrene,
MqldBrpétm ‘Hdr Y1 &adiedgya, QP%\Z ﬂehinmmyqleM@th 152:149-157; Kay et al.,
co-di vi nyl -benzene (e.g., PCLYH PE resin, obtained
1908 ,0BenANi28 93] anTRCAURYblicpidnyNol WE 949’$783118(dhbécﬁAm@ﬂt 18, 1994.
from Peni nsul a Laboratories) pol ystyrene resin

grafted vifRaparyei Rl libfarfés. a beh2olepine lib
2004/ 096148 BP9 YREILT sl ibuts, o bekmodienine tibrary (see

5 ot Hin (04 PR P E Rt BRI DB P 1R R o
st ReH g BB B %ﬂlsﬁ%ﬁﬁyﬁga&%ﬁﬁﬁﬁﬁgﬁgg%%sn)

solid supports via linkers. Linkers can be integral
cam Ak§o pa MﬁecngwbersQﬂamlesofwﬁwmthatwn phagedyiywhish the amide
noni ntegral that are either synthesized on the solid
fuosaijopalitiesan peptidea bhesibdeh peatathylhtedto gyuerite aickemldalik énssformed
are useful not only for providing points of conpound
coBibirREdHHR Nbrarp it BescEibbd By OVRRAI o/ P1Yo4aPese. Natl. AddOBENYSA
different groups of nolecules to be cl eaved fromthe
l{h el ort under different conditions, depending on
91?&9%&?& "of the linker. For exanple, linkers can be,

inter al Is%ree%gn% the ?Bpalnlels ga%l bey accgglgﬁs%ed by any of a variety of

commonly known methods. See, e.g., the following references, which disclose screening
of peptide libraries: Parmley & Smith, 1989, Adv. Exp. Med. Biol. 251:215-218; Scott
& Smith, 1990, Science 249:386-390; Fowlkes ef al., 1992; BioTechniques 13:422-427,
Oldenburg ef al., 1992, Proc. Natl. Acad. Sci. USA 89:5393-5397; Yu et al., 1994, Cell
76:933-945; Staudt et al., 1988, Science 241:577-580; Bock et al., 1992, Nature

355:564-566; Tuerk et al., 1992, Proc. Natl. Acad. Sci. USA 89:6988-6992; Ellington et
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10 nucl eophilically cleaved, photocl eavabl e,
enzymatically cl eaved, cleaved by netals, cleaved
w@ naendiggiuct i ve conditions or cleaved under ORCTHES1004013099
conditions. In a preferred enbodinent, the conpounds
are cleaved fromthe solid support prior to high
all, NoSL IR 355856882197, 9fp tté?,g NeOSROERES, U SNP&EAERb.15,223,409,
émbodi ment's, the conpoun$'o the' invention Is a
& I t oki,n a d
G tnel TG S Tt L e e o
0 of I pvent i iLhelude, put are not limted
2@??,%@313% %ﬁ'g?uplﬁgailoﬁg{]%\wgl%?lﬁ3%gt a, 1L-1, IL-2,
IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, |L-11, _
| L- 13, | Unppreferred gmbodiment, ghe qupbipatprial libsarigsrrelemaly exganic
neur otrophi c factor, bone norphogenetic protein-2,
5 mdbletde livarieg sgeload, buff wod fianitedao,| beargdinwepimes, risgremoids,
factor, epidermal growth factor, fibroblast 20 growth
thfad6Tidhors, HétBthidzhiRb) PetolialR¥t RorpBSER cddfduads, and
granul ocyte-colony stinulating factor,

be (ﬂﬁéﬁegﬁﬁééeﬁﬁ%{oﬁf&’ embb@ AL Jnﬂﬁh@BﬁathEs?fg&%ige peptoids;

ornone, granulocyte macrdphage-col ony stinu

factor, -hepatocyte growth factor, interferon-al pha 2a,
rand, PlosolEa e, REn Atz eings: AVepp g High ap Bydatitoint,
interferon-beta 1 a, interferon-beta |b, . . o
bepggdizzeninghanshdineptidepsinylageysieelypeptides; renpeptidal peptidomimetics;
insulin like growth factor-11, keratinocye 25 growth
10 oligacarbamatag pepiidyd phosphdnatpd; aeptidet nudteié¢ awed lirapies;tantibody
factor-bb, stemcell factor, 76 WO 2004/096148

1ivP&FTds USIZuh) 4200 8braries: r Osthbinh@eibDlibralidk e tHei¥Blves commercially
necrosis factor-beta, vascul ar endothelial growh

avéﬁé’&l@ (see, é.ﬁf@d)rﬂGegéxi, g"i’ﬁl:é’tﬁﬁ,' IEew K é}séfyﬁ [é;tsﬁieﬂ, l@l@?ﬁgﬁ,:@ﬂtﬁi’po&

ere t he conpoun a cyt’oki ne, cohpou

e i.nand | reduced, | ertai p._emhad| gent s r
1ot SF ERMBOUSE MR ki aTEhE: RufiE T PRetd sl goxton,
n enbodi nents_.of .t he t hods of the invention where
Peﬁﬁ%ﬁ%%@ﬁﬁ ospiengsy| (olyppie Magylands /¢l | ol ecul e
can be specific to an EPO receptor, such as those
15 avai | abl dnfapseiered epbodimepRélaceithranris praselectit gothai the
View, CA). Oher exanples of small nol ecul es include
cohiposadsthfshd filser) ara nfsrt divengbleforakliule2@iizke. ForARBnple,
Chem Soc. 124:544-555) and Boger and Gol dberg (2001,

coBipahdh aréBéled®dbasell 8Msp&bifdpara@élers shbh 8s, bulndt IR doeélze,
EPO and EPO Mut ants

lipophilicity, hydrophilicity, and hydrogen bonding, which enhance the likelihood of

compounds getting into the cells. In another embodiment, the compounds are analyzed
20 by three-dimensional or four-dimensional computer computation programs.

In one embodiment, the combinatorial compound library for the methods
of the present invention may be synthesized. There is a great interest in synthetic
methods directed toward the creation of large collections of small organic compounds, or
libraries, which could be screened for pharmacological, biological or other activity. The

25  synthetic methods applied to create vast combinatorial libraries are performed in solution
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In certain enbodi nents of the invention, the test
conpound used in the assay and/or the tissue
wEe@ieediss/e cyt oki ne receptor conplex |igand urRedUS2904/013099
assays for identifying conpounds that nodul ate the
interaction of a tissue protective cytokine receptor

or {AFPAEM e, 2 b, 63RohAALARE:, ISBria-phRRI ARl nimRE: filsaser to

) a nutant EPQ or a 5 conbi nat | F)n thereof. For
o BT BB 308 AL AU M50

U.S. Patent plicatio .. 10/612, 665 ich discl.ose
beaRE AT T5gRBH 4o B8 ea e R e P A AR e TSN Step.
i ncorporated by reference herein in their entirety.
Solgirphase isembatarial padhesisedscalsadoie imprrversolatnne U Bedtiogpnd
be used in the screening assays of the invention
screasing. Hyekvies itied moreAtadftAinabscdwtborPiliEsAphpnistay suppoNe a wider
PCT/ USO01/ 49479, U.S. Patent Application Nos.
variddy dB8rlie retfidnd Bhd 85liBplase WhériRkrgr € i ncor por at ed
herein by reference herein in their entirety). These
tissue p > Kl RESHrRY | At ainy: e
and/ or rgg%g§%ﬁ¥ﬁgex?gnctloﬁ&%%%$§§e8?%%?P?F§U%$HB9%E
ryt hr.opoi et i n-responsi vie .nm 4 .an | I ti, §SU nd
syng?%%g ’u ’\}&ﬁ?f&%aﬂpﬁ{ﬂ%% e:sc Vttﬁd 1 'rﬂ}e]'g.nl!(’)a}%er}tﬁfﬁ. t6;180,(6|é§§0 ﬁlcgm et al.,
neuronal, .retinal,_ nuscle, heart, kidney_25 cel
whiGhg 1Ei6bY JneomerapbhY teTats ipess/cutimsnal ot Jesst No. 6,190,619

Chemi cally nodified EPO nol ecul es that may be used in
distlesesrredyntinsis @pparhiws capabhit ¢fdiolding h phiwality of reaxtiepvessels for
eryt hropoi etins that have been altered by at |east one
paraDeli syhthatis onmaitiptodivaetohpoandwpdr feecanbibioe piolitetiies, of
and preferably as conpared to native hunman
coBpdifucopoi etin. The at |east one nodification may be a
nodi fication of at 5 | east one am no acid of the

eryt hropei et | . {f.] I O l,east
one. car BoRptuPRLEEH, fre B tIBElL b EBhRD By Han'
course, chem cal | di.fie O useful far e

syRbesirddn Sﬁ@?@?-ﬂ%v%é gls&{joﬁ?;{:‘rna‘ilji%t @afsﬁt Vo (s tgRoger e
conpared to a native nolecule, such as nultiple

al. ywlich icharehigcerporatas tatrefrsenseiin itp entitebh fagtureseompounds useful
mol ecul e, nultiple nodifications of the carbohydrate

as eardlatenfoo kolutien pirdse syithesioof @mHbirdatialdibearied. The template is
nodi fication of the am no acid portion of the nolecule

BB o Bl i o i
liqﬂﬂylﬁﬁiﬁ &r solid/liquid extractions. The compounds produced by combinatorial
synthesis using the template will preferably be small organic molecules. Some
compounds in the library may mimic the effects of non-peptides or peptides. In contrast
to solid phase synthesize of combinatorial compound libraries, liquid phase synthesis
does not require the use of specialized protocols for monitoring the individual steps of a
multistep solid phase synthesis (Egner et al., 1995, J.Org. Chem. 60:2652; Anderson et
al., 1995, J. Org. Chem. 60:2650; Fitch ef al., 1994, J. Org. Chem. 59:7955; Look et al.,

1994, J. Org. Chem. 49:7588; Metzger et al., 1993, Angew. Chem., Int. Ed. Engl.
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retains its ability of protecting, maintaining,
enhancing or restoring the function or viability of
w0 e@povdis’e manmal i an cells, yet one or nore prPOPES10EE13099
of the erythropoietin nolecule unrelated to the
af orenenti oned, desirable feature may be absent as

32.800P25 8@ quikbPerl ., 1 994, RabidVEoRlR CMass Spadt. 8: 7, €haref 8K, 1995, J.
enbodi ment, the chem cally nodified EPO | acks

Anf.réﬁeﬁf. %BQi ﬁ%ﬁil@' §I‘u[n%?élf’e§ ?zﬂf fs@ﬁ §8.@§cser%4rzﬁy; SlevBnovic et al. ,

iI'ncreased hemat otri opor esi's

oconstriction (higl ood pressure), increased

19%%&%"%:@5%@%?111'%%8géﬂ'vat ion of platelets,

pro- coagul ant activities, and _increased productign of

t hr onboc foedinaigia coppannt bipsjes ysgBl dprdhe magthags of the present

nodi fi ed EPO | ack erythropoiesis; nost preferably the
inv2tioheam teadyhthespeld 61 edidER@parte Idenoicthboflinadnk, agfplit synthesis

erythropoietin's effects on the bone nmarrow. By way
meBfodex praded] of kpafdtiagiagahliyingeeliid sgpoHPQuahg thegynthesis, is used

invention may be asialoerythropoietin. In another

to SHAERIE lfbﬁlﬁy%@%&‘nﬁ&hﬂcﬁ onediid islgg)r()ﬁ?@egfe. & Nexm ke rib%@,r(lhem.

y be erythropoietin or asia ythropdietin that has
been -t W th one r gent s.othihad. i
RGBS 00, B AGROSE! B0 09880026 e

native, 78 WD 2004/ 096148 PCT/ US2004/.013099 .
refénep%qsrc&sé fhetsip)- acgsspg# SHRPFHR 6%?9%{{ ihgmry ﬁasasu,?ﬁf@%arllye@e
enbodi nent, the chemcally nodified EPOis _ )
typeof eppphvishatashedto itssurfaes. pthotmethods farisenthessing gpmpinatorial
nodi fied EPO is an erythropoietin that has no sialic
libegiesl ofr®oied SuPorts,wikergin eheproddcteshstihed td cachisepport, will be
chemcally nodified 5 EPO is asialoerythropoietin,

kn&WRH (dMdke OF KAIETAME Yrt (EBé[TB%, Aiealp 8l Y90 OPRERIR &, 9V 1349-472).
anot her enbodi nent, the chemcally nodified EPO has 1,

2, 3, 4, 4, . 8 Q,.1; .shal i '
noi eti es A Ssélusg% h%rg} F%%F?}dsé)éﬁ%;wﬁ a% elagétr %ﬁ?%gdoél géjte?fr‘flfs? Qype of
are referred t herej n hyposi al oer yt hr Qpoi .eti ns.

soffd,Bypofiey R3GIeHA QAT BID CRERAER Tof ALl FRE e Knowh fo one
nodi fication of native erythropoietin, or nmay be |

skidld i1 the @rthPobid suprasisonclide lieq/ale wesin, derivized plagiic films,
does not sialylate the nolecule at all or only

glagsabédda) dogton) pihgticdieads, phiystyemng tbieadsy eluetinmgeld;mad polysaccharides.
asi al oeryt hropoi etin and hyposi al oeryt hropoi eti n of

A &iRbleyeBA kifPoramey beFdsAsEsh the Basit beaesiell chd @se@aANDitibility
whi ch the nol ecul es are prepared.

for various synthetic protocols. For example, for peptide synthesis, a solid support can

be a resin such as p-methylbenzhydrylamine (pMBHA) resin (Peptides International,
Louisville, KY), polystyrenes (e.g., PAM-resin obtained from Bachem Inc., Peninsula
Laboratories, efc.), including chloromethylpolystyrene, hydroxymethylpolystyrene and
aminomethylpolystyrene, poly (dimethylacrylamide)-grafted styrene co-divinyl-benzene
(e.g., POLYHIPE resin, obtained from Aminotech, Canada), polyamide resin (obtained

from Peninsula Laboratories), polystyrene resin grafted with polyethylene glycol (e.g.,
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I n another preferred enbodi nent, the chemcally
nodi fied EPO conprises at | east one or nore nodified
wo y®inssisesi dues or a nodi fication of the N 1BCT/US2004/013099
term nal am no group of the erythropoietin nolecule,
such nodifications as those resulting fromreaction

TENTAGEL by ARTTOGRE! ng?er,amﬁlﬁ%&l[ @‘éﬁn{ﬁ{y? &)BE/thétﬁgl%@ﬁmide resin

am no group w th an am no-gfoup-nodi'fyi ng ageht or

e . i h-ne 1 esi [ fied
HRARE} fon LR s Rl PR BRLRG sweden)
reduced. _In one preferre enbodi nent,, an
er yt hr op&t AMhemROgiMspis ) it Regsent My EURA. Sprapounds can be
succinyl ated or acetylated 20 at one or_ nore |ysine
attaphed prssadid sappqrtsémxlhtlé?rm hinkers|can iA dttpgrpl @iddfast ¢fdbe solid
enbodi nent, the |lysine is reacted with an al dehyde or
supped ot thgy sagde nibainfeprah that areréiter sydihesized phithesdlidysuppert or
then stabilized by chemi cal reduction such as by using

att& Rl ey anabnalydr I fekekOare LTI @A ohbydok ptoridalg héﬁiﬁsﬂﬁ“
resi due such as glucitolyl lysine, or which in the

co%@éx&éloafttacﬁrﬁéﬂ{% B s%ﬁﬁ%ﬁﬁ%di‘?%upﬁséfo? P%ﬁ%ﬁ%?iﬁéfgﬁgﬁgﬁﬁé of

yns rearrangenent orman a

| pha-am S r such.as . " .
melpia 1B e A TR BSyPrarL e differsp sphions, depending on
preferred . 79 WD 2004/ 096148 PCT/ US2004/ 013099 . .
thegigg o thetlinken e qryexpmpleg nlsgrs eambes Hiteraliangl cgfophpliqally cleaved,
car banyl at ed (carbanoyl ated), such as by virtue of
nuecleguhilically wicahed; yphotwckavabie, earkyitically bleayedatkedyed by metals,
aryl - carbanyl ated, or aryl-thiocarbanylated with an

cleal ddyindes Rayenat dndiopk o slesyednatier, oxddative conditions. In a preferred
aryl -i sothi ocyanate, respectively, or it may be

enﬁ%bf'}n%ﬁ ‘ilh@é’cin,?pcﬁﬁag glie\é&%a%lz& HoaAhP QiYd il%)p@ft prior to high throughput

ary carboxy I C acCl erivative, such as by reacti on

Wi t.h [ nhvdri de, succinic anhydride or phthalic
SR 9%??%%98$§0W%%St one |ysine group or the N-term na
am no group may al s be trinitrophenyl nodified by .
react | on IEGH egPoRimeR téwzteﬂ@gww S inyention ya cytokine,
preferably wth one of its salts. In another
Exenpled iofreytpkines, thiaheanbesisdd ésthaugrepringowiliade dné freatment or
reaction wwth a glyoxal, such as reaction with
preyieyitorainethogd dfthg invextbn dicludle 1t deonot gimicdso) .-t alpha Tin-1 beta,
the correspondi ng al pha-carboxyal kyl derivatives. In
ILansdd) er-1enhodirne nr . 4 ar ceme: a7y medir:-1 @41 BAOICan, Be12, 1-
generated by nodifying at |east one tyrosine residue

OB S Y R AP SELE G998l

r iodin
bet?a— nergg gro%&th

%]dtort, 8i1igr0yd1i1gl%ot?oq)hic factor, epidermal growth factor, fibroblast
growth factor-acidic, fibroblast growth factor-basic, granulocyte-colony stimulating
factor, granulocyte-colony stimulating factor, human growth hormone, granulocyte
macrophage-colony stimulating factor, hepatocyte growth factor, interferon-alpha 2a,
interferon-alpha 2b, interferon-alpha 1b, interferon-beta 1a, interferon-beta 1b,
interferon-gamma, insulin like growth factor-i, insulin like growth factor-1I, keratinocye

growth factor, neurotrophin-3, platelet derived growth factor-bb, stem cell factor,
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aromatic ring position. 15 As noted above, a tissue

protective agent useful for the purposes herein my
whaone/ 02148 east one of the aforenmenti oned nodi f PCHUSING(013099

but may have nore than one of the above

nodi fications. By way of exanple of chemcally

ned¥BEs Hc&ﬁ‘-a’ﬁﬂ%}tu%dr'ﬁe%@is Aot Bdts dabRiartefd btheliA B s\othaadter,

portion of the nol ecule and optional nodification to

b BB AR I B A B v, o
Coéﬁélggﬁg lﬁ?ﬂsc?l b?ai{lé%?{pgﬁg%g%l: cgftﬁiﬂ, embodiments, where the compound is

acetyl erythropoi etin, acetyl asial oerythropoietin,
a cyieking WyseaprarbsNHRAopoi et i n,
succi nyl eryt hropoi eti n, succi nyl asi al oeryt hropoi eti n,
succi ny| fy pobodihsetsyfthrcopetheds of the invention where the compound is a
bi oti nyl eryt hropoi etin, biotinylasialoerythropoietin,
smbll @id1enld) Yirsdn@d 0B b)eElE @R beipaRific to@dBR(Y tdeempRisath 4 those
i odoasi al oeryt hropoi etin, iodohyposi al oerythropoietin,

ava{}kaﬁfésfr+1ﬁ q(e%égtﬁ%{(@&%ﬁbﬂc?&%ﬁﬂfaﬁpﬂe%, ICA). Other examé)cl)es of

N-epsilon-c erythropoietin, N’epsilon-

2004/ 096148 PCT 04/.0 9
sm\égnbog%}l L %}}1(%/@8%% %?ci(gﬁ,e@tlﬁ r%;sé)g%olegg Ftna,l' (%91%2, J. Amer. Chem. Soc.
luci tol yl eryt hropai etin, _
1285553 Sdadeer st O iDers20}. Bioorg. and Org. Chem. 9:557-562).
gl uci t ol yl asi al ohypoer yt hropoi etin. These conpounds
are nerely exenplary of the nodified erythropoietins

S.Qf.ltllﬁ‘”od'iﬁb\ﬂeﬂ’b%d HPO Mﬁfﬁﬁ?i ng trivial names are

nmerely representative of the nodifications of the

nati ve enyLlfaRabdihoa TR Exidhthedtst BEBORARALRASh the

descri bed, fication o e amno group naybe
osPR apfHE LR 5P e RRA ARy Eartel iah il Mo g o

..instance of nitro- aor iodo-nodified, erythropoietins,,

idegfifying coppopnds thay medilate t%F EUPTRGiaen ofeUSsue RESTSRLE GHiokine
the foregoing is enbraced herein. The present

redepipe noinplex aafl ¢ digenbiharsef ichdrenuedllyymodidicd BB, ER@tant EPO, or a
conprising one or nore of the aforenentioned 10

combaiaticR thepddi Focatahpls U.SPaaatAisilicas@eNs.: i 188)205, which
invention, a nethod is provided for the protecting,

puBTdHRE 8k DOTEDO7ETIRAE AR R 178563 LU PatfP AbpReAtieh
viability of responsive manmalian cells and their

N 10/d2 %‘6? G diselo s‘te' c%%#l?&ll?%ﬁﬁ&?&ﬁﬂor%ut%% BEY 3hEWRAS are
aneffective anoun Of any one or nore of the

. af ti d ical | i fied EPGCs ]

mct%ﬁg{rgte %ylrg el%ncg eerg;nclg the¥r g&l%ty.l %uch chemlggllyamgglggg lajqu/or

mutant molecules may be used in the screening assays of the invention described herein.

(A4lso see PCT Application No. PCT/US01/49479, U.S. Patent Application Nos.

10/188,905, and 10/185,841, which are incorporated herein by reference herein in their

entirety). These tissue protective cytokines protect, maintain, enhance and/or restore the

function and/or viability of erythropoietin-responsive mammalian cells, tissues and

organs, which include, but are not limited to, neuronal, retinal, muscle, heart, kidney

cells or tissues.
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15 nodul ates the activity of a tissue protective
cytoki ne receptor conplex such as those conpounds
w0 deavddised by the screeni ng nmethods of the i NRENUSIN4/013099
In one particular aspect of the nethod, the
responsive mammal i an cells and their associ ated cells,

tissues o((‘ﬁémﬁﬁﬂ:ﬁﬁﬁ)dﬁ’g%t]%g Ih‘g)'[lechﬁs e mRHeUlsed %{ e R¥ethods of

virtue a tight en cell barrier. |

anot her. partigul ar aspec t he. i

e JRRBIRE PRl Y <BpREP G hrorioli B vt bS5 Mg BydR MRt one
Ei%gy, such as those i.ntended f.or trans | a or dt

mOgiHgRHORCARROMPArGs) fORRAUYE CrYHEARPFPINRL A §TERARP| B SOMPAE t
responsive cell or tissue may be neuronal, retinal,

natiyg dmen eryibegpeictinudge af lesss one wodifiaption maly|bejanedifipgion of at
adrenal cortex, adrenal nedulla, capillary

leagt R binédd adid of steeghropuiatiy mabdermbs, eas maslkficatiob ofietsigasb one
endonetrial cells or tissue. These exanples of

carbQSRPAS bV e &8} thpdictin MII&uYe, | OF stikdcathet@icallymddified EPO
particul ar enbodi nent, the 25 responsive cell or its

use@éﬁ'@ﬁi{h@ﬁoﬁ%g&%&&%igﬂﬁ%a 5%317{88)2 ﬁé@ﬁ&ﬁgﬁ% ccﬁff&{r&?&l $native
ol R0 R MDR e Sk SRR IR bt

articul ar . enbodi nent, the mamualian cell, tissue or
muliipdemof dicatipnsaf thecabdrdmia poyne @f diranplsailp,or b iast g
EPO, or a conpound that nodul ates the activity of a
motlifstien ofitheaeing swd pyitiok iofi therreclepilo rnd ainlpist ene modifiestion of
t hose conpounds identified by the 5 screeni ng nethods
the @hrboh §driafeMRMid106f thEBI616R 162 dTHe Uhsingdatlg neddifi¢BBO rhdladule
have expended or w |l expend a period of tine under

retegﬁ 1tse§ot?1|:it rGRAGHS hAthtAHME! SthahOnf BEredioislthd f(mgtfloﬁ be

ell, sue or organ. Suc condi tTons may | ncl ude

. fraumgtic in-situ hypoxia or ne I C [ .

viabi P Riehons e it AR, ¥ BB B Sl i b¥Rropotetin
dysfunction, qQr in-sityu tqQxin, exposure; the_ latter

molgeyleinrelaien & eaPRme ISR ERIS fPTGP THaycheAbE; oS compared
therapy. In one 10 enbodinent, the invention protects

to thg antiret molseulad Ve p preferoaidinaslimentethgichemipally sadeladdiRO lacks
pul nonary bypass. The invention al so provides for a

eryBaopsaing affedth ofl thd tiine use®wg i.ef) tnoreasbd emamdliif (endhrbpdesis),
that is i) an erythropoietin that |acks sialic acid

vasBBb Rt @Rn (Shig}l Adbd (eI ARGe8del b1dJiiredstrdk Byperhdtvksh of
or | acks It nked ‘car bohydrates; i1ii) an

R T

I .
prefcg‘z?lg’lty, the chemically modified EPO lack erythropoiesis; most preferably the

chemically modified EPO are devoid of all of erythropoietin’s effects on the bone
marrow.

By way of example, the chemically modified EPO of the invention may
be asialoerythropoietin. In another example, the chemically modified EPO of the
invention may be erythropoietin or asialoerythropoietin that has been reacted with one or

more reagents that modify one or more amino groups of amino acid residues of native
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one gl ycosidase; iv) an erythropoietin having at | east
one or nore oxidized carbohydrates; v) an
we@eoptlsapi et i n conprising at | east one or norBCT/US2004/013099
oxi di zed carbohydrates which is chem cally reduced;
vi) an erythropoietin conprising at | east one or nore
bielif @ QsFQBEPP&lﬁ' Sisti I UBSs préfelied @MbBAMALN QRO LifdnhiBall
emfcl;ﬁg 1rejlﬂsi%glat eag]% one or pzrofe%re nodi fied [ysine Y
. £S] S Or . a ifi.cation of the N-term nal am no
an%ﬁ%ﬁﬁwﬁﬁs?ﬂ@““§$§PﬁF8poietin nol ecul e; viii) an
erythropoi etin conprising at | east.. jf.ied tyrosi.ne
resi due D PR e‘ﬁh"%ﬂ?ﬂh F}@p%}eé’cl?%lyéﬁﬁ’ﬂiﬁ?@ﬁé 130 p@é}gpp%etm
nmodi fied aspartic acid or a glutamc acid residue; Xx)
that &as v yieke apdinstistiesc dmp prefemel anbadiment, tewbamidally modified
tryptophan residue; xi) an erythropoietin having at
EPO gasialengh@pbiztngirdupost eeefuably, kinn)n asialeerythroppetiret inn
82 WD 2004/ 096148 PCT/ US2004/ 013099 conpri sing at

anoth8P&HbAImERE HetheRicalll hRRSdd 9P haé 1118, 8ystd, mes, 9, 10, 11, 12,
linkages in the erythropoietin nolecule; or xiii) a

i e e e
it LT AT —

the chemically nodified EPO is capable of traversin
modjfication of RatiyeaarydErnoietiss pr may be phigined dyteressipn &t pystem
barrier can be selected fromthe group consisting of
whith eitiebr dbesaion sialylate éhre mbleowld abgléobenly pertiallplsmddateetiei s
barrier, blood-ovary barrier, and bl ood- uterus
erytRdpbiegih. Thbasiblvs/firopsictth 86d Ryp¢iatiesyth@boktia e Mial¢ntion are
nodi fied EPO or a 10 conpound that nodul ates the

emgEiLysagl, & LB  OLE B Rt sy

Ied by the
Scr eeni nmet hods.of .the i.nvention for i t
et hods 18PRT HoaEGir o b PoepbaliE oo i
preferred enbodi nents, .the . conpound-is i
compeisey & dagt ‘Pﬂecfﬁd?‘éﬁei%‘?dlﬁ?fp fysiop arsidigs nb BrAdHEGRHiSD of g N-
conpound is human asi al oeryt hropoi etin. The
termghdrangad Exoupwditlia essthEmOistan meletwde.svcl modifications as those
erythropoietin with 15 no N-|linked carbohydrates. The
resutfigireralrbaction dif thedglsiPepsilon prmefiegmbp yr e N-terminal amino group
erythropoietin with no O |inked carbohydrates. In one

witle P AdIndERbup- MRS HeA dr)éﬁeﬁ'fﬁ’.dil“ﬁé fdaERY lg:?ﬁn@fési_due or

erythropoietin treated with at | east one ycosi dase.
modiﬁe@ﬁgt%ﬂﬁi'hal amino group further may be chemically reduced. In one preferred

embodiment, an erythropoietin is biotinylated, carbamylated, succinylated or acetylated
at one or more lysine groups or at the N-terminus. In another preferred embodiment, the
lysine is reacted with an aldehyde or reducing sugar to form an imine, which optionally
is then stabilized by chemical reduction such as by using sodium cyanoborohydride to
form an N-alkylated lysine residue such as glucitolyl lysine, or which in the case of
reducing sugars may be stabilized by Amadori or Heyns rearrangement to form an alpha-

deoxy alpha-amino sugar such as alpha-deoxy-alpha-fructosyllysine. In another preferred

79



10

15

20

25

enbodi nent, the chemcally nodified EPOis
peri odat e- oxi di zed erythropoietin. The
w@eokogase- oxi di zed eryt hropoietin is preferabPgr/us2004/013099
chem cally reduced with sodi um 20 cyanoborohydride. In
one enbodi nent, the chemcally nodified EPOis an
emb&diMlelt, @R GhE Br ROBRAINEN Mind ghsu ¥ @XBhmIRLA (¥arBBmbiRted),
one or noife arginine residues, wherein Ris aryl or

Lkyl .poj . . ietin i
st S S AP kLS SRR Shpcibady Rt Bl cd o
ey e B Ay S e it e S Ve SR At tadoByanate,

reaction with a 25 vicinal diketone selected fromthe
respesitizaly. eloh glaytbemgylated by isastivg adiderebanic ga apygsarboxylic acid
2004/ 096148 PCT/ US2004/ 013099 cycl ohexanedi one. In
derivative,amoh heby wabioai with agetichrahgdrids, sedeinic andyidfide dr pirtalas
the invention is an erythropoietin in which at |east
anhydfide AN ldabtiellpSndlg@up or thRaC-t@thindl bimido group may also be
deoxygl ucosone. In still another enbodi nent, the
trinifF ?ﬂ&llﬂiﬁ@@g}rfréa%ﬁof—@@h' StriffirobBhXh BEPRAI Sictd) o BteF&HbS
C rising at Teast one biotinylated [ysine or
A N-termn m nQ, 5 group. Th ryth [ et e
with ok S5 s 58, 38 pighneh S Pperty Sae Kt A Seg oK
al so proyides fqor a chem cal | dified EPOthat is a
reacipwith g YONR) SheleAdrSRIRIRL orlorely b e | ysi ne
erﬁ;hropoietin. I n one enbodi ment, the chemcally
deoxygliicpsang tEf@mthe chrespondiog 2lpbp-carbouzalkyloderivatives.
eryt hropoi etin having at | east one carbanyl ated |ysine
resi duen hnvtisreidbedimdll, echendediBnhodifibd ECGr daartylgeheadted by
erythropoietin is selected fromthe group consisting

modilifl_f}dr@ f l'l@s%rfé@%ﬂ%@iﬂ@ Yoduet i e?ﬁﬁtlo?bieﬁh bP/ using an electrophilic
a a

epsi | on- car banoyl er yt hr opoi eti n; pha-N- car banoyl ,

ensi | on- | . ietin. .. P .
reagg}?tpﬂ%bﬁ? @gfxgcg ?#Dy d S:c:(? ﬁ%&éﬁ%ﬁ?g g:ﬂre t1|orr]1;or iodination, to modify an
N-epsi | on- car banoyl asi al oer yt hr opoi eti n;
aromatiGEMEOStoBanpy| | N-epsi | on-
car banoyl asi al oer yt hropoi eti n; _
al pha- NAsaokesrabgy dnadisshapiotaciive pgspb neatldfor fyedpyepgsenhersin
car banoyl hyposi al oer yt hropoi eti n; and
maydiapé at bt and afthy lafordmensined modifications, but may have more than one
car banoyl hyposi al oerythropoietin. |n one enbodi nent,

of tHehBo tdRBHFREliOns B Whrof HBHpM of Rni®ifessdiféd EPOs with one

invention is an erythropoietin in which at |east one

modiHkiB td &8 atifo hdld PEHoALThe hB1BMRELRE bptional modification to the

carbohydrate portion of the molecule, a chemically modified EPO is
carbamylerythropoietin, carbamylasialoerythropoietin, carbamylhyposialoerythropoietin,
acetylerythropoietin, acetylasialoerythropoietin, acetylhypoasialoerythropoietin,
succinylerythropoietin, succinylasialoerythropoietin, succinylhyposialoerythropoietin,
biotinylerythropoietin, biotinylasialoerythropoietin, biotinythypsialoerythropoietin,
iodoerythropoietin, iodoasialoerythropoietin, iodohyposialoerythropoietin, N-epsilon-

carboxymethylerythropoietin, N-epsilon-carboxymethylerythropoietin, N-epsilon-
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enbodi nent, a lysine residue of said erythropoietinis

acetylated. In yet another 20 enbodi nent, the
waeeuyhased erythropoietin is sel ected from t heCUS20p4/013099

consi sting of al pha-N-acetyl erythropoietin;

N-epsil on-acetyl eryt hropoi etin; al pha-N acetyl,

carb%ﬁ;%ﬁl@#\l{?ﬁbosﬁ“&%%ﬁd’pﬁéﬁh% TughbWlerythropoietin,

I acetyl asi al'oer yt _hr.;)%o: etin;” N eps: | on-
gluc%qg%giﬁﬁ%ﬁ?g@g_{)%fig’ggﬁ{fglés?ﬂ?%?@%?ggﬁ%h gyese compounds are
merel. BiSGRR L CL Bk TS STAP BBP i Gbp BreRionsvEhefopgeging trivia

25 acetyl, N-epsilon-acetyl hyposial oerythropoietin,
nam@ArD NP IueENRE Vedfithegraitasatiogpobihe patisn@ythropoietin
enbodi nent, the chemcally nodified EPO of the
moldcnlegmid arhersinbaforrdesdribeppthe hicdificanipn iof thegngno group may be on
succinyl ated |lysine residue. In one enbodi nent, the
one G bRIPPi%Lirhihol ghoriRlo Gisafd rbsidiest Hiethe N tEPmERN sinfifol giGup, or,
of al pha- N-succi nyl erythropoietin,;
in th u‘;’s%'c{a BPadAC 6t MF%&&@&@&%&E&M«%&@! BN Qe S5 € kR¥bine
epsi [ on-succi nyl erythropor etin;

. al pha- N-succi nyl asji al.oeryt hropgi eti,n: . . .
resicied Ay GAmERRIM T HE FuFkpg ISR Brditierein o TR Brogent invention
succi nyl, N-epsilon-succinyl asi.al oerythropaoj et iin; )
also gqnbyﬁgeq\phegug%l qulﬁiﬁ@ EPS, SERPHEAS BT &% mAre 0 the aforementioned
N- epsi | on-succi nyl hyposi al oeryt hropoi eti n; and al pha-

chenNeglugedifigations epsi | on- succi nyl hyposi al oer yt hr opoi et i n.
In one enbodi nent, the chenmically nodified EPO of the
met hods notdd} aspaceot the nveatio aahythbd dpeoeided fosithidpratecting,
| east one lysine residue nodified by a 2, 4, 6-

mair%tﬁhﬁfg? Erﬁﬁﬁ@iﬁg R ?‘éé{()frff@:tft%e iﬁlglbgoﬁgﬂ \ti%biliﬂr SNBspdRRE nadmalian

e rnventi o t he sa ,

M BRECEERESH, LRNRL oA Mo BRHARE vy oo

of inventi is. an erythropoietin if ' at | east
of angi Qe TR 98 eisdorgtentidnctcbpaialy et EGs Btp raRayma that

In yet another enbodinment, the chemcally nodified EPO
modplatasiike amitvitydé a tigsus moteetiveorytokdnarecentor epraper atdhrasithpse

whi ch an aspartic acid and/or glutainic acid residue
compseunds edutitifidd biy e @reeainganéthodsaef theinvonuash. dy one patticolar

with an amine. In one aspect of the invention the

aspedldMBe hidtlldy Ble8dPoHfve mammalian cells and their associated cells, tissues

or organs are distal to the vasculature by virtue of a tight endothelial cell barrier. In

another particular aspect, the cells, tissues, organs or other bodily parts are isolated from

a mammalian body, such as those intended for transplant or reattachment. By way of
non-limiting examples, the responsive cell or tissue may be neuronal, retinal, muscle,
heart, lung, liver, kidney, small intestine, adrenal cortex, adrenal medulla, capillary
endothelial, testes, ovary, pancreas, skin, bones, or endometrial cells or tissue. These
examples of responsive cells are merely illustrative. In a particular embodiment, the

responsive cell or its associated cells, tissues, or organs are not excitable cells, tissues, or
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20 Mutant EPO nol ecul es can al so be used, for exanple,
the tissue protective cytokine receptor conplex

wo p@angbimy be a nmutant EPO, which nmay be PCT/US2004/013099
reconbi nantly produced, conprising one or nore altered
am no acid residue between position 11 to 15 of SEQ

f NGcul
e EROFER  Limrhs le  LSER Byt

emt'rc@nret?’%h @%ﬂl@@ﬁ%ﬁ» 8%5&%2%%%%%8‘35&%?@%9“#% =

the tissue p |ve C ine
cwfnéia@lpf odi ﬁbﬁfﬁﬁ’ owg‘emamét A A PR 5 %N
alpered am no acid residue at one or nore of,the
profestivosytelgne tasepton pemplex SED gsphogercompoutyds identifieq bythe
33, 38, 42, 59, 63, 67, 70, 83, 96, 126, 142, 143,
scréehnihg M&Rodsldhe frb@ntiar, niayhe dantimistgead anttosethat have expended or
enbodi ment, the tissue protective cytokine receptor

w11P6Mﬁéh@é i BBkt uAdePk Rt FHRQoSEIEBR heVeig folike ﬁ@fbﬂh@y of the
acid sequence of SEQID NGO 10 wth one or nore of

celgggslu% glé E%ngu&b%}Mor{s @h&@&%g@gfgfg@%@go Q??{Etabohc

separat e sequénce | denti

n al ani ne SEQ ID 1
v fofnieihiaaredifatiu Reodriop Bebbbls RisthFopiaply oxin
NO 16); a serine 10 at residue 7 of SEQ |D NO 10
CXPOSIEE) %W@r mey)be aggpciadest with chrangtperppy P’E:Fii‘éhai‘@n Sreragpio Ipgne
NO 10 (SEQID NO 18); a serine at residue 11 of SEQ
embadiient, 1@ i BEGoh Proicrts a@)u;lst theradabrsa cordifonyresiltyg from cardio-
of SEQID NO 10 (SEQ ID NO 20); an al anine at
pulh@BigUspdss. of SEQ ID NO 10 (SEQ ID NO 21); an
alanine residue 14 of SEQID NO 10 (SEQID NO 22);

a gl ut aml‘ﬁe ﬁfrbﬁitlcﬁi als&ploYiies it a‘%fcreggﬁgn%tm th%pus(e§§%éﬁcally
NO 23); a glutamne 15 at residue 1 SEQ 10

A0 i S B A0
er %gg;pqgfggl t%“%ksé%@nf(g? Rtgclis(';g(lgé@ ng%&bdsrgtl?ﬁe l{ﬁi\a{]neerytthropoietin

glutamc acid at residue 20 of SEQ ID NO. 10 (SEQ |
haw@ a eedyicedgariohadiaie centent dyitrpaane Oﬁﬂatsﬁ@ryﬁlmm@tmmth at least
(SEQ ID NO 29); an alanine at residue 21 of SEQ ID
ond\ElycoblatGEQ drilerBroRetBavireg dt feisheneadr m@siodtidizedd of
SEQID NO 10 (SEQID NGO 31); a serine at residue 29

carQ(f)hydrates; v) an erythropoietin comprising at least one or more oxidized

carbohydrates which is chemically reduced; vi) an erythropoietin comprising at least one
or more modified arginine residues; vii) an erythropoietin comprising at least one or
more modified lysine residues or a modification of the N-terminal amino group of the
erythropoietin molecule; viii) an erythropoietin comprising at least a modified tyrosine
residue; ix) an erythropoietin comprising at least a modified aspartic acid or a glutamic
acid residue; x) an erythropoietin comprising at least a modified tryptophan residue; xi)

an erythropoietin having at least one amino group removed; xii) an erythropoietin
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SEQID NGO 10 (SEQID NGO 32); a tyrosine at residue

29 of SEQID NGO 10 (SEQID NO 33); an asparagi ne at
w0 e®iaua480 of SEQ ID NO 10 (SEQ I D NO 34); BCT/US2004/013099

threonine at residue 32 of SEQID NO 10 (SEQ I D NO

35); a serine at residue 33 of SEQID NO 10 (SEQ ID

RIS LG 5 R M it

mog%‘wozéﬁﬁ%&%f%? sseelsh) '0220‘5“9 "o NG 10 ?EESE.QD

NGO 39);._an as |ne at_resi I D NO.
(SEQ | D Ingsee d nteihs gheraically me 11?3@1’259&“5%}%611? gethods
NO 10 (SEQ ID NGO 41); an alanine at residue 43 of
of tBEQVEmiNNs asiglogstimopgieiior phynylglyoxakerdiepeistiat In another
residue 44 of SEQID NO 10 (SEQ ID NO 43); an
embsiiment, theabewicatly nesii fiedcERO iotapShi@ of Damin,g@n(eSE@hbﬁmwell
NO 44); an alanine at residue 45 of SEQ ID NO 10

barﬁéE@HeQnMeH&)ceu Barridk 3 BescMoted B6mdbEgrdEp @bnsHifagldPblood-
NO 10 (SEQ ID NO 46); an al anine at residue 47 of

bra éf}ggd— 379 gég%?gﬁﬁg@itbs@aé% éaplok)ﬁgv%a?ﬁelaand blood-

nlne at residue 48 of SEQID NGO 10 (SEQ ID NO
ue‘&@) AMEY al anine at residue 49 of SEQ ID NO 10 (SEQ
I D NO 50%96 a serine at residue_ 49 of SE<§§ NO. 10
(SEQ | D e inwentiop alsopropudsy fof ashemicatly medified EPQ or 31
SEQ ID NO 10 (SEQ ID NGO 52); an asparagine at
compingd ilat lodofat SEE hENVI® of w1s§135@oteglmytglg)le reggptor complex
al anine at residue 52 of SEQ ID NGO 10 (SEQ ID NO
such4} thode canpary i dentifitd bg $heliteechthgahetbdl dBhdavedfon BEQe in
ID NO 55); a threonine at residue 62 of SEQ ID NO 10

(n%%ds%f lﬂgenégﬂ thaﬁlssa%rér?tﬁrd'f%lenhefﬁh Frigeried é?ﬁbo%ﬁ@eﬁt@ th@

SEQ I D NG ; an al anine at residue 70 of

cortbualy 'f‘%l%%?‘@ﬁvoe%%g et %%M*a@ﬁ%?%ﬁ.cgﬁlpgﬁr‘fd B
resi due 97. of SE

esiglpgp T oRAGE rH PR D Ristor Y Pty thioppigin with
61 a glutamc aC|d at residue 100 of SEQ ID NO 10
b@é@eﬂaﬁ@hy@@)es dhe shemicaldy mrodified FRGisyueferbisEQ | D
NO 10 (SEQ ID NO 63); a threonine at residue 100 of

eryBiEGpdiQilN@ith 10 (-BEked darbéhydtdys, Iaonakbmbodiencat, thediethieally
101 20 of SEQID NGO 10 (SEQ ID NO 65); an isoleucine

moﬁfﬁeﬂ@(ﬂ}éean%hﬁf orliR thdat ISy ithL & 1edsPb#e F15coAas66)lh aAdther
al ani ne at resi due 102 of SEQ ID NO 10 (SEQ I D NO
emﬁg&meﬁ{,] the chemically modified EPO is periodate-oxidized erythropoietin. The
periodate-oxidized erythropoietin is preferably chemically reduced with sodium
cyanoborohydride. In one embodiment, the chemically modified EPO is an
erythropoietin comprising a R-glyoxal moiety on the one or more arginine residues,
wherein R is aryl or alkyl moiety. The erythropoietin is preferably phenylglyoxal-
erythropoietin. In another embodiment, the chemically modified EPO is an

erythropoietin in which at least one arginine residue is modified by reaction with a

vicinal diketone selected from the group consisting of 2,3-butanedione and
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al anine at residue 103 of SEQ ID NGO 10 (SEQ ID NO
68); a glutamc acid at residue 103 of SEQ ID NO 10
W@ SEQUYEMNO. 69); an al ani ne at residue 104 of PSEQ10D/013099
NO 10 (SEQ ID NGO 70); an isoleucine at residue 104
of SEQID NO 10 (SEQ ID NGO 71); an 25 al ani ne at

cyclﬁﬁéiaﬂ@ﬁoﬂ& SiOfet RfehdrRn¥ddintht ((REChdR A mbdifiedaPO of the
al ani ne at residue 106 of 87 WD 2004/ 096148

o SRRSO o SERR AR b FRAR i >

NO, 74); al.ani ne at, residue 107 of  SEQ | 10
deopgHgopBinn Sﬁh)a,no o1 g g the chemipally oA rd QT

NO. 10 (SEQ ID NGO 76); a lysine at residue 108 of SEQ.
erythoprietin mgeqbEeympyisg atlggst ommbigtinylpied lesing @Y derming gmino

of SEQID NG 10 (SEQID NGO 78); a 5 serine at
groupe SThtuar ythB@ oddtinSEe)etide b bd HbipBEQateld e@hrop®ietinan

al anine at residue 116 of SEQ ID NO 10 (SEQ I D NO

80); an BlsnidRioatalsoesoHis 628 cRémiSHR hodi¥ed HHD (hER a
ID NO 81); an alanine at residue 132 of SEQ I D NO

o5 oA e i i 152 o oxc
o S0 0 SER L LA B B Bt o

. isoleucine at residue 142 of SEQ ID NO 10, (SEQ.I D NO
inveggipn in#n eyirenicty bavingsat depst auecaghantytated fysigy resigug. dn@nother
ID NO 87); an alanine at residue 146 of SEQ I D NO
embb@din SEQhE Cati@nyB&d erpthropviistin iaseleded from the Zrovp cemisting of
NO 10 (SEQ ID NO 89); an alanine at residue 147 of
alptREQ dafd aBylek Pt poRtinPNNGsi1O arbambylepshropoiating stiaiNe
148 of SEQID NGO 10 (SEQ ID NGO 91); an al anine at

B e R
93); | ani t i.d f I 0 (SE
Bl T B P o B B 5

NO 10 (SEQ ID NQ 95); _an alanipe at resjdue, 151 of .
GM@E@Yi@%ﬁ?@p@% Pla?lwécar oylaypost appiqhgs Nefpstlon-
152 of SEQ ID NO 10 (SEQ ID NO 97); a tryptophan at

carhragyiytiu@osienfthispaetin adralpie-N-smbampyhd-egglpn- an
al anine at residue 153 of SEQID 20 NO 10 (SEQID
cari@oy¥d)posialvepftiappoietiat resi due 154 of SEQ ID NO 10
(SEQ ID NO 100); an alanine at residue 155 of SEQ ID

NG 10 (13FReleRbEImeHd khe cldmidhiBNinb8ifRl EPCEST MY treliRfls OF
SEQ ID NO 10 (SEQ ID NO 102); a serine at residue

invé]rﬁl(gn% af?g'?tﬂrppoietin in which at least one lysine residue is acylated. In another

embodiment, a lysine residue of said erythropoietin is acetylated. In yet another
embodiment, the acetylated erythropoietin is selected from the group consisting of
alpha-N-acetylerythropoietin; N-epsilon-acetylerythropoietin; alpha-N-acetyl, N-epsilon-
acetylerythropo- ietin; alpha-N-acetylasialoerythropoietin; N-epsilon-
acetylasialoerythropoietin; alpha-N-acetyl, N-epsilon-acetylasialoerythropoietin; alpha-
N-acetylhyposialoerythropoietin; N-epsilon-acetylhyposialoerythropoietin; and alpha-N-

acetyl, N-epsilon-acetylhyposialoerythropoietin.
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NO 10 (SEQ ID NO 103); an al anine at residue 161 of
SEQID NGO 10 (SEQ ID NGO 104); or an al anine at

WO e®iaiua4862 of SEQ ID NO 10 (SEQ I D NO 105)PCT/DS04013099
25 enbodi nent, the tissue protective cytokine receptor
conplex ligand is a nmutant EPO that 88 WD 2004/ 096148

PCT/ US2QQdé Qﬁ%@&@nen@ QRPN R Sally R0 @A BPacsHTths SHUAIGELs an
of SEQID NO 10 with one or nore of the amno acid

eryth{ E)%ieﬁ# %B%fn' ausg%ag a%ﬁ l%ﬁ& LQalSin d eh%dﬂﬂ&t%g

e t1ssue prot ectlve

okl ne | ex i tant tha
eryhioprnda s Riar ibe SEbn SSeiacs AP ENGtEE ke tgbggtin
with a deletjon of anino acid resjdues 44-49 of SEQ.I D
N-epsifgn-spgeinylersghroppicip o Pl Nesws ey mPnepsilpprsuqqradepythropoietn;
protective cytokine receptor conplex ligand is a
5  alpharNtsactinfRGelpbathropeiptin; despiloe-santingasigiodrysugpeinte aliyha-N-
SEQID NO 10 with at Ieast one of the foll ow ng

succififlaNUGRil6R-aadtinl1stilest ealpas-Nseen assi gned a
separate sequence identification nuber): i) an

succ@zlg?]%cssﬁaq%eggihg?]ﬁ% tfne gﬁéﬁoﬁ' %c&%ﬁhﬁo@@l&h%ﬁﬁngbfetlﬂcérﬂ Abha-
MR A S AP
e S AT S Bt G, S

resi due 103, and a serine at residue 108 of SEQ I D NO

10 invention ig &@wlmomtmwml at lepstamne dysins meidue moddied by 214 @, nd
an al anine at residue 52 of SEQID 15 NO 10 (SEQ ID

trinitAiBenzhOgulfoviic) acihsaM. dnione asplectr @Shelingedtddh, tlersabtlian) 4)é- at

residue 52, an alanine at residue 45 of SEQ ID NGO 10

mmt{ogg&ehgsd}{gna&]s&mnyl i) an alanine at residue 97, and
an alanine at residue 152 of SEQ ID NO 10 (SEQ I D NG

112) 5 X
duefn e e Y8 %hféﬁtéﬁéetchre%iéaé*’l&%%ﬁe?ﬁ@@*‘%&@%%of
al ani ne at resj due an
imvergion e R RF in wgh SblsPan ety S RP dtuitds Bidor
~ _and an alanine at residue 52 of SEQID NO 10 (SEQID
15 iodinpged. 114); x) an al anine at residue 97, an al ani ne at
resi due 152, an al anine at residue 45, an al ani ne at
r esi dueln5®t anathel embodimentythe ahemiesilylmediftd EHO 88Qe hixthods
NO 10 (SEQ ID NO 115); xi) an alanine at residue

of 1n%t1oﬁ s & @9tiR6pdbtid RSHIHLIL ard Bsdarthcad A/ dreplatami©sdidiHRidue is
5, an al anine at residue 52,
reacted with a carbodiimide followed by reaction with an amine. In one aspect of the
invention the amine is glycinamide.

20 Mutant EPO molecules can also be used, for example, the tissue
protective cytokine receptor complex ligand may be a mutant EPO, which may be
recombinantly produced, comprising one or more altered amino acid residue between
position 11 to 15 of SEQ ID NO:10 [SEQ ID NO:1], position 44 to 51 of SEQ ID NO 10
[SEQ ID NO:2], position 100-108 of SEQ ID NO [SEQ ID NO:3], or position 146-151

25  of SEQ ID NO 10 [SEQ ID NO:4].
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an al anine at residue 140, an al anine at residue 154,
a lysine at residue 24, a lysine at 25 residue 38, a
wo y®itnes138 resi due 83, a |lysine at residue 24 p@mUS2004/013099
al ani ne at residue 15 of 89 WD 2004/096148
PCT/ US2004/ 013099 SEQ ID NO 10 (SEQ ID NO 116);

Xii) a hnysbier ahbb&siedt %@ﬁssu@ Iloye%wscﬁbkﬁle%&%r%&nplex
and a lysine at residue 8 EpQ

o) il s %lt%&%fa?ég%ﬂﬁs%ﬁf&@%@ e g
oo SRR, e A0 DL, S BB (L BRI o,

am no acid sequence of SEQ ID I\IO 10 with at |east one
126, #2.t148, 3 Iléﬁqlﬁé bfi.e6labid residue substitutions of
SEQ ID NOs: 106-118. The tissue protective cytokine
r ecept oin yeoampither dntgelidentstha tistitegmoteERO cyéoridnemmegeptor
conprise the am no acid sequence of SEQID NO 10 with’

compibx ligasltis @ nert&t Hﬂ@corﬁﬂkﬁﬁ@@th@&nﬁﬁtﬁﬁtﬁ@%eqden@e of SEQ ID NO: 10
substitutions, (each change or conbi nation of changes

with ogé Bleﬂ]pfégtgft l}%ﬁ&%ﬁﬁ;{é?@@%@a&l SRR hfeR8IYE B&% aSSnged a

entl an aspartl C acl resi

.gl ut.am ¢ aci.d at Sldu
separfge seaief ool Mg aagﬁg il St ® qfﬁ& a9
t hreoni ne at .residue 32 of IS NG, 1OHéSEQ | D NG
(SEQBBI}\IO i1P);)anteraag ey duca £ PHSER TIPSOyl (SER Ia Nipiting gerine
acid at residue 150 SEQID NO 10 (SEQ ID NO 108);
at redidye AoHFHQ ARNOaL (SEQ LIp 86D:dife; ar0soleurite ai regdined af SEQID
resi due 108 of SEQ 15 ID NO 10 (SEQ ID NO 109); v)
NO: 20 (SE@MDMeOAL 8)t g sérthecat tidrnd NSED HNING 18t (SEEEIDING: 39);
of SEQID NO 10 (SEQ I D NO 110) vi) an al ani ne at

S0 SRS MSTOIY T et

OfS%ﬁ@e%? e ?35‘?%%&4%”%6% il 1 oF SpLp S50 e D
NO: 3Dy 4 1S RUCEP| BERED Mo f%ﬁ%%@%@ aiésagutmme

i x) an al anine at residue 97, an al anine at residue
at resigize 140f SHQAPANO 10 (T Hd NQr24) anchlaminestansides b of SEQ ID
residue 52 of SEQID NGO 10 (SEQID NO 114); x) an
NO: a0 LBEQADATOr 23);, dprerdlglasine af residue]l 2df $BQITIMUINO1 5C (SE® ID
al anine at residue 45, an alanine at residue 52, and

NO: QG)S%%Mé)i@uﬁtat rQ&IRUS oFEBEEID N 100 NO IOLRCL SR al dRithiaic

an al ani ne at residue 97, an al ani ne at

acid bE&RLidHE2d BESEATDALBN L § BB OISO IS, Palafile at residue 20 of SEQ

ID NO: 10 (SEQ ID NO: 29); an alanine at residue 21 of SEQ ID NO: 10 (SEQ ID NO:

30); a lysine at residue 24 of SEQ ID NO: 10 (SEQ ID NO: 31); a serine at residue 29 of
SEQ ID NO: 10 (SEQ ID NO: 32); a tyrosine at residue 29 of SEQ ID NO: 10 (SEQ ID
NO: 33); an asparagine at residue 30 of SEQ ID NO: 10 (SEQ ID NO: 34); a threonine at
residue 32 of SEQ ID NO: 10 (SEQ ID NO: 35); a serine at residue 33 of SEQ ID NO:
10 (SEQ ID NO: 36); a tyrosine at residue 33 of SEQ ID NO: 10 (SEQ ID NO: 37); a

lysine at residue 38 of SEQ ID NO: 10 (SEQ ID NO: 38); a lysine at residue 83 of SEQ
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25 al anine at residue 52, an al anine at residue 140,

an al anine at residue 154, a lysine at 90 WO
wQoMN0AE148 PCT/ US2004/ 013099 resi due 24, a PGFUSMOE013099

residue 38, a lysine at residue 83, a |lysine at

residue 24 and an alanine at residue 15 of SEQ I D NO

0 Eﬁ% IN©: 44.(SBQ ID
D Nﬁ%y%? amr}gg %%g%%sp&aghegt #ééguﬁgzgif S:EE}SSI dffg) 83 (SE%

o4, b R AR SR, R By
ol TR ST St R

Iex ligand is a nmutant EPO conprisin | east one

NO: U?( 143 ancpsaatin goidat eesidusiddnd Ss‘iﬁbﬂ? NQithi0d8EQ
(each change or conbi nation of changes |I|isted has

NO: Benn alasingnectsidus épaf SEQ HeN0eh SEQEDNOI 43t amalanine at
nunber): a tryptophan at 10 residue 152 of SEQ I D NO

residddad SESEG IB)N@) B(BQSEC?ID A@Gnig)Lartdlatifs hides ddd4ABOSBO ID NO:
al ani ne residue 15 of SEQ ID NGO 10 (SEQ ID NG

[ SHe )
10(8#?"?%?01“@154? M SRR 4 (ﬁisﬁ@?@s WS%*{%.‘ REG
E of SEO.LD
an alfgge Qatdei@gcﬁ*%l &3 Sﬁ& ?ﬁﬁ) U e NP ltafee a5yt 40 of
SEQ 1D NO_ 10 ID NQ 41);. an al anine_ at reskrgEue
SEQ X3 Nyp: KHGSH )(asyeanmrf@dw9 2§§EQJP NPt REQHD
resi due 49 of SEQIDNO 10 (SEQ I D NO 50); an
NO: § 1y ephéemdalaine pigssidues Bof SEQIBNODI N EQ D (NG 2) DrNO:
35); an alanine at residue 133 of SEQID NG 10 (SEQ

asparh@n%@; reSidhe 580f SEQMTDINOAL0 (SBQIDNO383)0én Hatink Bt Meidud 62 of
(SEQ ID NO 84); an alanine at residue 147 of SEQ ID

SEQ g%\n?ol d h@@@lnw@p 4?% it %1'11@% fé?ndﬁ& 59 88 5HBED 1%8 19f(SEQ

0 (SEQ an alanine at resid

D NP5 paeingpl ?63%5@@8%@9“9’? A
resicib] of SROAPANONL) GEG QORI Tean sipHnspGeHignRel oﬁ%ﬁ’@@@o'

ID NGO 104 or an al anine at residue 162 of SE(%\I
10 (SHQ M ONO:(58 @mamgmme at 05jdueD6Hf BEL PANQ;dGi(EEQID NO: 59); an

alanine at residue 97 of SEQ ID NO: 10 (SEQ ID NO: 60); an arginine at residue 100 of
SEQ ID NO: 10 (SEQ ID NO: 61); a glutamic acid at residue 100 of SEQ ID NO: 10
(SEQ ID NO: 62); an alanine at residue 100 of SEQ ID NO: 10 (SEQ ID NO: 63); a
threonine at residue 100 of SEQ ID NO: 10 (SEQ ID NO: 64); an alanine at residue 101
of SEQ ID NO: 10 (SEQ ID NO: 65); an isoleucine at residue 101 of SEQ ID NO: 10
(SEQ ID NO: 66); an alanine at residue 102 of SEQ ID NO: 10 (SEQ ID NO: 67); an
alanine at residue 103 of SEQ ID NO: 10 (SEQ ID NO: 68); a glutamic acid at residue
103 of SEQ ID NO: 10 (SEQ ID NO: 69); an alanine at residue 104 of SEQ ID NO: 10
(SEQ ID NO: 70); an isoleucine at residue 104 of SEQ ID NO: 10 (SEQ ID NO: 71); an

alanine at residue 105 of SEQ ID NO: 10 (SEQ ID NO: 72); an alanine at residue 106 of
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WD 2004/ 096148 PCT/ US2004/ 013099 In certain
enbodi nents of the invention the conpound tested in
w0 b@4peqieeni ng assays above is an anti body. TheCT/Uszn4013099
may al so be an anti body specific for a tissue
protective receptor cytokine receptor conplex in
SEQI0NeEN NGEP SBWOIBY] ANesled@ne 4136584 YOGCSIHEQ MU NQO AL (SEQ
nmodul ate the interaction of a known Iigand with the
: i 1 { ! 2175); a leucine at
T e S i

scri bed her

. pr ctd f .SU [ ' The. ant i bodi

residfg B0 4 IRy OLF L6 TR g 8l Tt SinP L8Rl 78 et spG D N
The anti bodies identified nay al so be_useful for_as

10 (SESHHR D4’ Drany Heningatdrae ka@loftSrE&ﬂlPré\l@r 1 (SHQUR A gR); 2
of a disease, disorder, or condition. Such antibodies

seringrayregidot 4O of BEQ IEYMNONHY (SEQMID 01 V); podlgwihe atesidue 116 of
anti bodi es, 10 nonocl onal anti bodi es (mAbs),

SEQMDMOI z@GBED 1D INOES0) CarcdlbniBO sl residus 1 Tb£SEQADMNO: 10 (SEQ ID
anti bodi es, Fab fragnents, F(ab')2 fragnents,

. : R ' Nb gy :
s S PATSE EGA Dt A SLPIDISETD KOPHSE o i

0 SRESEOT08, 16 RO S A R S o o
o TSR TR B e SR e DS TR QW AR b o

conmpounds 15 on activity of a tissue protective
85); areiselsueine elresidiun d42 eﬁ‘é@é@ NOnph BHEQ ﬂgé\l @3 9uan alanine at
protective activity. For the production of antibodies
residap @43 6f SEQADaNO: $6 (SEQ DN § Ayparr dewpe at residye ddé oESEQ ID
receptor conplex, various host animls maybe i muni zed
NO: by ($BOEDINONSIY,; b lysib at rdsifilee 47 fo‘f'SE@% 1Y ]J:90§BEQNID NO: 89);
cytokine receptor conplex, or a portion thereof. An

T e L e

rith ' e art. Host .ani S i e
o sifaBaver NESTRE Il 13 niipsine Ripsifle 1B} 3 S 0 R s
nane but a few Various adjuvants may be used to _
ID NQi SR amelariee atrrpgidies H§ fAEQ Ha pnsl®, (SEQIRNG: #9); 3h alaméne at
host species, including but not limted to Freund's
residge 0P bESEQARINDS 10 (SEQRDNE@) 94)n2 ghutamhic geidsat sestdued SO of SEQ
al um num hydr oxi de, surface active substances such as

ID N¢2 10OSBO0A N6 D4R aRGlhide2 edidit3BIDf SEQ ID NO: 10 (SEQ ID NO:

96); an alanine at residue 152 of SEQ ID NO: 10 (SEQ ID NO: 97); a tryptophan at
residue 152 of SEQ ID NO: 10 (SEQ ID NO: 98); an alanine at residue 153 of SEQ ID
NO: 10 (SEQ ID NO: 99); an alanine at residue 154 of SEQ ID NO: 10 (SEQ ID NO:
100); an alanine at residue 155 of SEQ ID NO: 10 (SEQ ID NO: 101); an alanine at
residue 158 of SEQ ID NO: 10 (SEQ ID NO: 102); a serine at residue 160 of SEQ ID
NO: 10 (SEQ ID NO: 103); an alanine at residue 161 of SEQ ID NO: 10 (SEQ ID NO:
104); or an alanine at residue 162 of SEQ ID NO: 10 (SEQ ID NO: 105). In one

embodiment, the tissue protective cytokine receptor complex ligand is a mutant EPO that
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| ysol ecithin, pluronic polyols, polyanions, peptides,
oi | enmul sions, keyhole |inpet henocyanin,
walresvsaphenol , and potentially useful human aPfTIUS2D4013099
such as BCG (bacille Calnette-Cuerin) and
Cor ynebact eri um parvum Pol ycl onal anti bodi es are
Igﬁre HRIGNRS HS dRBRIENEL b Engﬁ) RO 1096l Shed B RGHof e ami
COMRETT ved from t he serabo? ani mal s i nmuni zed vvitr? arﬁ3 e
.,antj ge ch a i e ' recept or
amdEegﬂdggisﬁbeslt&é%ogﬁtoﬁﬁgfﬁjpﬁ X, lsgigéﬁlgéain#geni ¢ functional

derivatjve thereof. For the producti on of pol ycl onal
ant | bodiet apgilier epofiRents el Aiseave gaekine fegptor

above, maybe i mMmuni zed by injection wth tissue
comjplepligad iv e e TR they carkpiess thectsaipe geidsetpines of SEQ ID NO:
portion thereof, supplenented with adjuvants as al so
10 witasiadeidned of @miaroasd rd¥binecioaflof 8B IONOed0. whi ch are
honobgeneous popul ati ons of antibodies to a particular

ant i geng, dRYaene? RhdblRebnb hdidsub BFIGHE @ ylokale receptor
provi des for the production of antibody nol ecul es by

comRE HEBHON iy 100 B Bl WiCamiBIGER, <8 SERID NO-
and | stein,. (1975, ture 256, .15 495-497. and U . S.
10 wilbeag st of g BT Ri3E s B B SPRIaty i Psstened o
techni que (Kosbor et al., 1983, | munol ogy Today 4:
separate segaeneeddendificatiqroganbap): oig an perartic aeidat residne 45,0984 2g,
2026-2030), and the EBV-hybri doma techni que (Col e et
glutamhic acitl®B Fesidvieri®61od SEIQ IDANO: HO P EQ IBNOChV@et) Fihesparagine at
Alan R Liss, Inc., pp. 77-96). Such anti bodi es may be
residb 38/ thirfonuOd redidild 32 & SEEG I Nb:Udi (REQ G NOGM7)] iifFan
I gA, 1gD and any subclass 20 thereof. The hybri doma
aspaﬂ[c%ﬂfét'}gsi%ﬁbﬁél}%h&gmﬁ@éc?d LP¥GRLd 5 SBY 1BeNOYL 6 (38D 89 NO:

In vitro r . Production of high titers of

mARs in vivo.makes.this, th resentl refer )
o8 Rl RuTRETGh B, b Pl e e 8 o wo: 10
devel oped faor the production of "chineric nti bodj es"
(SEQRB VD) sl s A0Ngadan S tsgsidue ot SEQ ID
6851- 6855, Neuberger et 25 al., 1984, Nature 312:
NO:604SBQIPD Nék &1i@); et) aalalanineos sesidugt iddean Jadine 46zsidga 2. mp
splicing 93 WD 2004/ 096148 PCT/ US2004/ 013099 the
alanig@ Refesidie A5 af SBCEE N i10gEFQITDI Woul Bl )ptiipapalagine attresidue 97,
antigen specificity together
and an alanine at residue 152 of SEQ ID NO: 10 (SEQ ID NO: 112); xiii) an alanine at

residue 97, an alanine at residue 152, an alanine at residue 45 of SEQ ID NO: 10 (SEQ
ID NO: 113); ix) an alanine at residue 97, an alanine at residue 152, an alanine at residue
45, and an alanine at residue 52 of SEQ ID NO: 10 (SEQ ID NO: 114); x) an alanine at
residue 97, an alanine at residue 152, an alanine at residue 45, an alanine at residue 52,
and an alanine at residue 140 of SEQ ID NO: 10 (SEQ ID NO: 115); xi) an alanine at
residue 97, an alanine at residue 152, an alanine at residue 45, an alanine at residue 52,
an alanine at residue 140, an alanine at residue 154, a lysine at residue 24, a lysine at

residue 38, a lysine at residue 83, a lysine at residue 24 and an alanine at residue 15 of
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with genes froma human anti body nol ecul e of
appropriate biological activity can be used. A
w@ booawedies ant i body is a nol ecul e in which di ffeRCENS2004/013099
portions are derived from different ani mal species,
such as those having a variable region derived froma

SEQ'r@fNoelé(sE@ jichitete 1'%35*”5?1{) a 157&114@9&%&@&6 24 209818 am?\lgue 38, and

region (see, e.g., et al U. S. Patent

ool o o I
o S8 P SRR B

germfree animals (see PCT International Publication

the tisgie prgiegByelabgans reeeptpiemplre Hemede Aarant EPQ gub yomprises
According to the invention, human anti bodi es may be

the ausnd acdd dequanceel SHQ AD MNQ: hywiﬂs anhigast onenf theldpllgumgsimino acid
(Cote et al., 1983, Proc. Natl. Acad. Sci. U S A

resid@0 swbktifntdE$ 6] SBQ IDYNOE:arvst prsmi ng human B cel s with
EBV virus in vitro (Cole et al., 1985, in Mnocl onal

Ant i bodip
D o T

and my Fomr&laccf n%&d&tﬁ? seg Q/%;rfrcgﬁ @%g%)s 1& ’th %t%géls‘t op ¢ SFthe
al., 1984, Nature . 312;604-608; Takeda et "

follongiRgphangass i.aspbsisuionsy (caph phangg of FAMYERAER ?ﬁ%&eﬁls’fed has
nmouse antibody nol ecul e specific for a tissue

beenpssigeat 4 separatcaguencedgentiication muebsri) acasppitisecid at residue
together with genes froma human anti body nol ecul e of

45, aaf R dipandd stidataksigue 800 oSSEQ WDIYO cEN(SHG ID DO :UIBY ii) an
such anti bodies are within the scope of this

aspaf&ﬁféut 'r&'ﬂdue%@ E'me&hﬁ@gt @ﬁ&h@@ﬂbfeﬁ% B ROSP F{SEQ‘ ©edo:
(See U S. Patent No. 5,225,539 by nter)

107), JITARZRRYEGa o, %Eldué? s h{@ﬁ%nﬁ@ 48 oY A0 '1?0 §%@i/ﬂf‘ 0: 10

Ion In erru ree

(SE(SiSSi%-a{dﬁ,gllVf%ré]e ons i e;rees&%t}?gméo%rgﬁa( Seg]?lgt% ]gersrle ue?% 0¥SEQ
framewor k regi on and have been precisely defined

ID NQeld), (SEQELNAL 4895 1) PR élamnﬁeat eeidugidf endan alaningst residue 52
Interest", Kabat, E. et al., US. Departnent of Health

of SEQdDHNG= h0 ﬁ(giﬂbéﬂ)(m%;&)i) an 21Qdin\G: 6idas 096 IS lanine at
PCT/ US2004/ 013099 Briefly, humani zed anti bodi es are

residBis2Padyl b 8cieki@te 45 0PFROMDNORN0 §PEQ IBNOAVI INgvii)me
or nore CDRs fromthe non-human species and a

alanfno APRRIK oF SO ALRMR & HBUAR152 of SEQ ID NO: 10 (SEQ ID NO:

112); xiii) an alanine at residue 97, an alanine at residue 152, an alanine at residue 45 of
SEQ ID NO: 10 (SEQ ID NO: 113); ix) an alanine at residue 97, an alanine at residue
152, an alanine at residue 45, and an alanine at residue 52 of SEQ ID NO: 10 (SEQ ID
NO: 114); x) an alanine at residue 97, an alanine at residue 152, an alanine at residue 45,
an alanine at residue 52, and an alanine at residue 140 of SEQ ID NO: 10 (SEQ ID NO:
115); xi) an alanine at residue 97, an alanine at residue 152, an alanine at residue 45, an

alanine at residue 52, an alanine at residue 140, an alanine at residue 154, a lysine at
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I mmunogl obul i n nol ecul e. Such CDRS-grafted anti bodi es

have been successfully constructed agai nst vari ous
wa@piongeiigg for exanple, antibodi es agai nst | L-BCT/US2004/013099

receptor as 5 described in Queen et al., 1989, Proc.

Natl. Acad. Sci. USA 86:10029; antibodi es against the

. £l 0 - es Gk L 24 and
resiqE 2, B R R A HL SR iR ndsfue 34 and an

a3 Pl SRR RS Bl o, PR e fidue 24,
oGRS ot S BELLAL AL L SUREIRL D BN TE AR

_antibodies are nost preferred for 10 therapeutic use

xiii) jadysioeralriesidig 24 prdban alenipe atregidvg 4 SEQIBSYEY: BB SSEQADINE:
production of single chain antibodies (U S. Patent

118¢4, 946, 778; Bird, 1988, Science 242: 423-426; Huston et
al., 1988, Proc. Natl. Acad. Sci. USA 85: 5879-5883;
and Vr h@brdddg to ah8B8r addétWrehadddentiopd fieatSile morchite

adapted to produce single chain antibodies specific

r

eytolile rfecplch Suftpl3 1Rl R ol EPQREAPSHANING SR,
are forned. | i nki.ng. the a and |ight,.chain

folYif AR i e EU BURG Gra chaRERoR Fatu g chpees

. resulting in a single chain polypeptide. Antibody

listed hagheenrassigned a sepastfseducnss é&nﬁ 18alE3) NURReE): gdiypphan at
generated by known techni ques. For exanple, such

residued@BefiSEQ H2 NGt d OSEQAPeNQ098); amitapthetab residwe 12Gind an alanine
F(ab')2 fragments, which can be produced by pepsin

at refidge$5 b®REQY D NO: 20{$HQdPD MO| ErY)| s alafifle bihvesidad6 of SEQ ID
fragnents, which can be generated by reducing the

NO:%O?C&?E%@N@: 119963 @il R resﬁlébﬁ IS D RBROL F (SEQID NO: 16);

tively, "Fab expression I1braries my

onstruct ed (H .. . i 6RG 46: .
on oBSHEA SRR 4 YRR 3T 0 GROR §8L 32 B pllecg i 2 of
mpnocl gnal,_ _Fab fragments with the desir
sEQBRRRBTepQ BEN Db 68 o asrostsh USRSS HOTANEY 10 (SEQ D
Antibodies to a tissue protective receptor cytokine
NO:r480;e9m aaniso ayesiducshol SEQUDMNO: HE(SRQ P 2N 00; anctheaoaing at
anti-idiotype antibodies that "mmc" the tissue
residue@2edtIB ID N:elik (SEQCH NKi: 368); ot Gibpilioy at eextighlecd33 of SBYID
techni ques well known to those skilled in the art

NoASASEEIING SYUSE e IANSTRABRG! o ST O

84); an alanine at residue 147 of SEQ ID NO: 10 (SEQ ID NO: 90); an alanine at residue

148 of SEQ ID NO: 10 (SEQ ID NO: 92); an alanine at residue 150 of SEQ ID NO: 10

(SEQ ID NO: 94); an alanine at residue 151 of SEQ ID NO: 10 (SEQ ID NO: 96); an
alanine at residue 158 of SEQ ID NO: 10 (SEQ ID NO: 102); an alanine at residue 161
of SEQ ID NO: 10 (SEQ ID NO: 104); or an alanine at residue 162 of SEQ ID NO: 10

(SEQ ID NO: 105).

5.4.1.2 Antibodies
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5 I'munol . 147(8):2429-2438). For exanple antibodies
which bind to the tissue protective receptor cytokine

WO e@epans conpl ex and conpetitively inhibit theCHUSZI0HIG13099
of EPO or other known |igands to the tissue
protective receptor cytokine receptor conplex can be

used t 0 19eBR%iAERAIhertIbGhY RREnfidiAthe cBIBbend feX8d in the
bi ndi ng domain of the tissue protective receptor

1 ok| e i e .
soreb s AR ROL BL R ol Mpiyd B E5056 an b dfccifc for
t I |, ds.. Such t i Zi .

tisséere]é:rs _ep@{/%feg%’ggre é)@g)lh%%?pt:?ptg@gémlgy? ijﬂg srcgelfj:éﬁ{gna%says designed to
__anti-idiotypes can be used in therapeutic reginmens to
identidy eempounsls thatanqdarlate thelintgraton ofa krovanhgad widh thevisene

by adm ni stration of a conpound identified by the
proteetiteadsepodr dybkinemeeaitorroniat. Pessubelbbertinssemethods for the

protection, which nay be superior in conparison to
produt@oR bPERAlanABoMED VT htBYdids RRhiNE] bgaRd be useful for tissue

Alternatively, antibodies to the 15 tissue protective

profe&fsP e @%%ﬂgé‘ RlehBEEPTEY acQ P hsful 32hs ESRp@Rflds APthe

agonists o t1ssue protective receptor cytoklne

ecept or conpl ex act. vi can b ner at ed,... Such
metyfi iR G oo g pb Y AR S EeR PR b Ep A
receptor_cytokine receptor conplex and activate the
si gnal ﬁ%ﬁ@&t}b?%s Ray ingiudg, Bt af%l@tﬂ@@éeﬂtterp@waéﬁnﬂbodm
I'n addition, antibodies that act as antagonist of the
mondckguabargiboties {invds), dumphiged oychierie antdweiasosingle ehiiax
activity, i.e. 20 inhibit the activation of the tissue

antip6dibE Fab fRghRaBPF@b )2 Yifagkients, frsgeaitoprodacad Bxa Retldsression
be useful as a negative control in assays for

nbr%lgr,eﬁﬁd_fcu&t icGARANNATHENA aAPPHREDiRAIRg HAEhbME Bi’fu%f offthe

'ssue protective receptor cytokine receptor conpl €x.
Met hods. f.or ..a hng ...fof. S [ 84S
abolf: SurBRads 3R el R daPRAT R of Bhunplp cgppponnd
above. 96 WD 2004/ 096148 / US2004/ 013099 . 5.4, 2
soreRREFER T, &1 {ORA bR AREC4PT e e B ﬁﬁsﬁﬁ%ﬂﬁ%wmpounds
structure of a test conpound identified by the _
on astivip af a dissstpnetdetierrecapias ciyipkineticenpterpontdexien alissiapigtective
various nethods by known to those of skill in the art.

actibay. exanpl e, X-ray crystall ography can be used to
el ucidate the structure of a 5 conmpound. For a review

of X-r ayF&ths pRIGuOSARTMNIBERes $ebific to BlidfkgirbtetliveAleceptor
2002, Nat Rev' Drug Discov I(1):45-54. In certain

cyt(fl{ﬁ%o%g%ﬁ{a‘% ?omMEer%}iBR{‘l%st SRR RSP EniBed b HedtBh with an

tissue protective receptor cytokine receptor complex, or a portion thereof. An antigenic
portion of tissue protective receptor cytokine receptor complex can be readily predicted
by algorithms known in the art.

Host animals may include, but are not limited to rabbits, mice, and rats, to
name but a few. Various adjuvants may be used to increase the immunological response,
depending on the host species, including but not limited to Freund’s (complete and

incomplete), mineral gels such as aluminum hydroxide, surface active substances such as
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infrared (I R) spectroscopy or Raman spectroscopy) can

be used for elucidating the structure of a conpound.
wa\eooopries’ed Raman spectrometer is described iPCTBS2004/013099

Patent 10 No. 5,786,893 to Fink et al., which is

hereby incorporated by reference. Vibrationa

lysdlacathS pREMNIE PHIyER, PEIGSUbRY phitidRs SPdrhdlkiovs, RFRAY Gthpet
fashion to address single geads by integration of a

Vi si bl e,. : [ :
hemihielh G R ER Bd PR HRRE e ITHLBlgn oG5 SREPR HOQ oacile

5,581,085 t effner et al., which is hereby
Calmgiig; P’iaé’gl (EW%FEFEE‘HE@W’( s entirety. An

i nstrunment that sinultaneously perforns a 15 .

ni cr oscdisilxclondl pafifadicsiac heterogeraops BOMHARATS M aniady on

a sanple is described in U S. Patent No. 5,841,139 to
molSodtedered filom thetseratofiaginhas spuninebwibratetigdy such as a tissue

reference inits entirety. In one enbodi nent of the
prof¥eliNtOdcet Ay RokIGSreBEROSOOMBIES iof Al attigepfd frattidreDaerivative

beads doped with chemcally nodified styrene nononers

ther%gg [Fec%r El?et Ogl%%&i&l%ﬁ!ﬁbycr&apmodﬁ%%ﬁt SHRALRGLEN hSthbse

sorptio Ines in the vibrational (IR or

n). spectrum 20.by..net hods inecludin .. not .
dest TR RATE S oA B R Al do R heppor oytoine
Am Chem Soc. K 123:8151-8152. i t hods qf .
recept QONpAR, O poHtiAB dhegeqtasiop eafrenf%{s itbadipvandyay a1sq despribed
art, the library of conmpounds is prepared so that the
abogpect roscopi c pattern of the bead identifies one of
t he conponents of the conpound on the bead. Beads that
have bedbnsdpail ahishbdiess ahithrage hand gemeousaiipuldtipng of antibodies
bind a tissue protective cytokine receptor 25 conpl ex
to ictiﬁ’ar'aﬂﬁgéﬂ hleghebidifd ty afdgybc&@}ﬁﬁ hat§REGHEIB thed 7
2004/ 096148 PCT/ US2004/°013099 Ss spectronetry

progh?c'tl%'n’of g.h Cotd&%f Egﬂeé éo%l?ﬁl{l&ﬁ c(e}l%ﬁles iu W ﬁésé include, but

assiste aser esorpti on-1onizatl on

Fourier-transformion clotrgn . res ce (“ET- '
ore @R e e PHOPER aeritnt AF Babieh GrC SRR o atind 256,
conpounds that bind to a tissue protective cytokine
4954 prdb.% dlefsine Noahd 76l Lk HhethumpntBrecls hyhridomateglniqus
t he conpound. MALDI uses a pul sed | aser for desorption
(Kasbort diel.] 1983, Bnohuaolbgpoddy 4:172gKble amd] Y98, PramtNatiascad. Sci.
been used for the detection of noncoval ent

USARY\2008- Cafld-th&NB V-BysHdeedaaséh CoXES al., 1985, Monoclonal
(Guic-Sovulj et al., 1997, J. Biol. Chem

Anfifdiet R c el ﬁlerapy, Alan R. Liss, Inc., pp. 77-96). Such antibodies may be

of any immunoglobulin class including IgG, IgM, IgE, IgA, IgD and any subclass
thereof. The hybridoma producing the mAb of this invention may be cultivated in vitro
or in vivo. Production of high titers of mAbs in vivo makes this the presently preferred
method of production.

In addition, techniques developed for the production of “chimeric
antibodies” (Morrisonet al., 1984, Proc. Natl. Acad. Sci., 81: 6851-6855; Neuberger et

al., 1984, Nature 312: 604-608; Takeda et al., 1985, Nature, 314: 452-454) by splicing
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However, coval ent cross-|inking between the target
nucl eic acid and the conpound is 10 usually required

WO or4getiext i on, since a non-coval ently bound cREUS2004/013099
may di ssociate during the MALDI process. ESI nass
spectronetry ("ESI-Ms") has been of greater utility

the defibs fromUbag AABoGAYSleeie @6 ahtidedr spedifioing together
e%Becsause, unl i ke the MALGDI p??g%lgggﬂ,j ESI -g I\/Bspgeng?y;t égs

iR A AT oo e s
e A SRS 35 M B e

__(Sannes-Lowery et al_., 1997, Anal. Chem . .
diffeentmnanalspasys, such asithqse thering parrrblsAcg)R Ao Yedirom 2 murine
resonance ("FT-1CR') nmss spectronetry rovi des
mAhagha hemah ihinonoglpdin @pstasoEgios-(ses o kv 6@bPBIet gf srS- Patent
ion selection, and accurate 20 mass assignnents
No. @X@%i 517, &id Bbss.et 2000.S. Fateidso.Bi,ot6aoNnohich are incorporated herein
;8( 8y 349-356). FT-1CR has been used to study the
rae : i nogl ycoside antibiotics with cognate
byrg%%§ﬁgﬁiﬁ%§5ﬁg$§ﬁkNAs (Hof stadl er et al., 1999, Agal

22 :(rjn. gg[p %ﬁ %&%@éﬁ’f I&{Ji%% gg ;he%kfﬁenttig)ﬁg&?%?&%lﬁﬁf al(l)tp%:daees can
eSS o P g e he ET  GRgaon
98

cyt oki ne receptor conplex or a conmpound. WO
pubRE4/Daember R TA8M2 dieootiny®ohe Myeademhuae aBHbofigsgmay be
spectroscopy is not only the elucidation of the
used hfidl€dnbecobrfined Bpugieyinabhiybridosast(@etede by 183 aPioonNet.
the structure of the conmpound bound to a tissue

Acdl SLIETTE K G- BHIKD 0450) 108 69 RiaBEfofiRINR HRXnan BIEdNsiWIOEBRLVIAR in

can enable the disCovery of a consensus structure of

viz‘r%l r((é’?{é%? %C d19t8§ ah ﬁgfoccilctﬂa? Li¥odlbd (tl&c%rl\ghezg;ég Alan R. Liss, pp.

ec e "cytokine receptor conplex. troscopy

met hods can al so be.used t haragt.eri ze ¢ up :

77-Ohia S Be Bp R PraSHOB L P BEEE AR RAET SRfogson e
receptor conplex. For exanple, conplexed nol ec

al., 4 884 R0 Rtk Head 1591 AU EIA-LAr 181G SToN RIS Kb B Rgeatre
in chemcal shift, specifically fromdistances

31 2960Is 6032 d akisdang af. £1 W6aNatne 2T4:453-454)drycdsphiviRg s ganes from a

mouse antibody molecule specific for a tissue protective receptor cytokine receptor
complex together with genes from a human antibody molecule of appropriate biological
activity can also be used; such antibodies are within the scope of this invention.

Humanized antibodies are also provided (see U.S. Patent No. 5,225,539

" by Winter). Animmunoglobuin light or heavy chain variable region consists of a

“framework” region interrupted by three hypervariable regions, referred to as
complementarity determining regions (CDRs). The extent of the framework region and
CDRs have been precisely defined (see, “Sequences of Proteins of Immunological

Interest”, Kabat, E. et al., U.S. Department of Health and Human Services (1983)).
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10 approaches have been used in the identification of
smal | nol ecul e binders of protein drug targets
w@ Xaniomriaet al ., 2000, Trends Bi ot echnol. PCT/US2004/013099
18(8):349-356). The determ nation of
Sstructure-activity relationships ("SAR') by NVMR is the
Bn%ﬂ?,%un‘i@ﬁié@%ﬁ@édi%e destodyiesleciles fibGnsii@an species having
no

ecul es that bind adjacent subsites are identified

ondr bRy @I?gﬁ SLEBP{IH@ lnog—?nfﬁ'h%? 3@%%%@2%%“‘52‘%@{%9& ¥rom a human

protein er et 1-1534).

. _The i gn fromt.h und | equl.e is nitore
S T R e e L e T e
pul sed field gradi ent diffusioP ne sutenenisgé?bore,
conptyoted @gpinst VAHPHS antigept &dHfFH8MP %@@&dsﬁ@)a.gams QsgRfor as
for | ead generation by NVR using a library of small )
deseibedin @secnag abe 189 BroenVat). AksdcBeibb§A( %] 002 %antihodies against
1999, Chem Biol. 6:755-769). O her exanples of NWR
thereetlzatfacd feasptere@AMP AR ds Hexcribékin Ricelrharoner 2, 1 988, Neleye
but are not limted to, one-dinensional,

333.993.0iLIBAGES Adlinst hiaBifs B {ARIS4QMN, 19PUProdNFRNALRANALI. USA
NMR met hods as wel |” as correl ati on spectroscopy
" Y n .ear .- r . ", =" ) .
55 QRETH LB R s U S LTSl Emset bk p Teppost e
0 cQmpounds, ar I._known to .one of skill in th
ol o} 991 B NS Bty Gt SR B R G5 OSSP 1ot
mass spectroscopy, an advantage of NVR is the not only
therspeut¢ ned @dwimisof the structure of a compound, but
al so the determ nation of the structure of the
conpound Adteumadively, technigsasaiepertited foi the pegduokiomef single chain
receptor conplex. 5.5 THERAPEUTIC USE 5 One of
ant @i RS Seltdrt 419261708, Bird, 1988] StiéRe@adi £8-416 Huston et al.,
compounds identified by the present assays, and are

1088 Pl 1871, WAGH ARG Hhd &%5%%79!5@@5 HF&“WSP& ezpc{l.e‘@g N8 B34
ers, | e

vdari ous di seases, I SOr and condition$.

iLlled.in the. art uld al sp.recognj.ze t.hat. such
AL 451 S nanaa® ol Sndle Rt ERESoetif s e
ti ssue protective cytokine _receptaor conplex.. In .
profeqtivaTeeepts GotokiesCaptorCREIPIGYy BHPGTHANS theteaf abingls chpie
activity of a 10 tissue protective cytokine receptor
anigloodidseate famed dydulingtbe héayyand dighbehaeh fragmente afithia Fagegion via
or inhibits the interaction of the conplex with a
an @@ gbi@ bril i resutilgax a sBRldicaim poliybdptidand in vivo
techni ques that can be used for assessing the

t her apeutdfiyoR{ Gk M8 $ha? tecognize specific epitopes may be generated by

known techniques. For example, such fragments include but are not limited to: the
F(ab’)2 fragments, which can be produced by pepsin digestion of the antibody molecule
and the Fab fragments, which can be generated by reducing the disulfide bridges of the
F(ab’)2 fragments. Alternatively, Fab expression libraries may be constructed (Huse et
al., 1989, Science, 246: 1275-1281) to allow rapid and easy identification of monoclonal

Fab fragments with the desired specificity.
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for exanple, the conpounds identified by the inventive
assays di scl osed above are disclosed in PCT

wa\pplkioeass on No. PCT/ US01/ 49479, U.S. Patent PCT/US2004/013099
Application Nos. 15 10/188,905 and 10/ 185, 841,
i ncorporated herein by reference. The aforenentioned
conpoundantibléditd fol eikshy plobRtivEideesier oftoltihe redeptoe bbmplex can,
may be useful generally for the prevention,

in {HEHE Bgﬂiédcto%ﬁ%&&g@gigﬁigg}?g%ﬁﬂwéﬁﬁu “nintigatH¥BRufrotective

hurkan di seas _ t he central ner vous
BBt PR B PSSR SRR ARRe st m e
art QP pUTSFOEYE HoBi8e s,  SERr KoY/ eBa dussnoft, 1991, .

ki dney, urinary and reproductive diseases, bone |
Imuoisela 6K 8):34AM2 4583 e Heeexampimarntiboflies adichhind ¢ thedisaus

and endocrine and netabolic abnornmalities. Exanples of
profé&egive rgteptotl eytokink redeptonodbmpleriahé dompetitpredyt mbibitthe binding of

against and repair of injury resulting from trauna

EpN Jiigs khbivA Gighids 18 TR dsQ8 plofectine rddepion c {toR#B @88eftor complex
stroke, blunt trauma, 25 subarrachnoid henorrhage),

. c A £ One o g
et 08 15 G5 RS b et e P A R R e
prgn%rtli\ég 5&%{:@ t%{r ¥¥3fpgljﬁl§ Egct(ehg)g ES&%&Q?&E@;&%&%@L{@ g&f 1?e|utralize tissue
(nmyocardial infarct, chronic heart failure). In .
proyeative sesentor ciokineapespios sampleyiligandre rruch asulralizieg mtisidiotypes
i ncl ude hypoxic conditions, which adversely affect '
or Batcfraghéres of sush et idivtypes emn exused abtherapestianegimensttp geutralize
central nervous systemtissue, peripheral nervous 5

theSabik 8 MzdndS ShEch & HedblbwRed by sEbiRistatio® bl Hadmpowrilidentified by
such as, for exanple, brain, heart, or retinaleye.

thetTﬂ%&flso&feche M@nﬁ&rpﬁgyﬂ‘ﬁidggﬁ&hg F).kﬁé’ctm, YhghRi WAsipefior in

e Invention can be " used to treat or prevent” danage
to excitab

le tissue re ting.fromhypoexic..c I L
coaf o gl Biehfie e it B PN ERTS uhl s o he
. Non-limting exanples of such condjtions and . .
tise PEQIREH Ve TE €D QY IGHiRRACERAIOT GommiRX hahfan achreageuist Qe tissue

10 In the exanple of the protection of neuronal tissue
projedtivelrewgptes cytolieabteptoranmpirxagtinity pinebe gingtpted nipishrggbodies
identified by the nethods of the invention, such.
will didicloakk Bsuk ?fdtbtﬂ'ﬂfetrmtbr Whibkite reptor comphaxrand ucibvhie the
oxygenation of neuronal tissues. Any condition which

sigﬁlg &uéiﬁ? a@MAdy| AR 1ebptSt comPIGE Mnta@d AR Sltdbodies Y ot as

sulting Tn

antagonist of the tissue protective receptor cytokine receptor complex activity, ie.
inhibit the activation of the tissue protective receptor cytokine receptor complex would
be useful as a negative control in assays for identifying compounds that modulate the
activity of a tissue protective receptor cytokine receptor complex. Methods for assaying

for such agonists and antagonists are described in detail in the sections above.
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stress, damage, and finally, neuronal cell death, can

be treated using conpounds 15 identified by the
woreiohooilg4of the present invention. Generally redBUSBE04/013099

to as hypoxia and/or ischem a, these conditions arise

fromor include, but are not limted to, stroke,

5.4 raéteACAioS o OMe SIARDPAEA (Ympodidiat al oxygen
deprivation, suffocation, choking, near drowning,

car bon MeRe XirglSudQr 8kt BSmpSRIAchTRAI b the SerebiliAg!iRthods of
i ncludi ng surgery and radi ot herapy, asphyxia,
epi | A 18 L N [
theRca BT by B¢ BESIREET s s R 3R R B IR .
syndr hypot ensi ve shock, septic.shock,
For SaBIRS. St TPACTN AT R G DR Dbl s s phay
cardi ac arrest, dysrhythma, nitrogen _narcosis, and
compeiinsh Jgr eapviersof aiey coyatadlearaply srsar-g- Biwglelyepak 2002, Nat Rev
procedures. In one enbodi nent, for exanple, the
Drogpwondél))iddevt i fi ed by the nethods of the present
invention identified using the inventive assay could

be 25 adm bér&ieé@BodihRAR, Gibraidnflahbctffscé CREPARI hbOlimited to,
to prevent injury or tissue danage 101 WD 2004/ 096148

inf?a?gd tﬂg? g;ge%{rggc%g? Br RafSH shARGsddp9tdd Bkusell fouIttidatRig the

I SS mage Ior to, uring, Or subsequent to a

syr gi cal rocedyre or a di cal procedure. FEor..
strgShuT AT coutppBi o Gpirous RemarapeciioRieiads fsqpifed in US Patent

resection gr aneurysm repair,, nmedical progedures such
Noad. SRS EIRk S) oL aHBIChis herey inphrppmlesdty relrErogs Vibmgpnal

or delivery. O her pathol ogies caused by or resulting
mitrosenpy day poglepemed tn aviatinllyrasolvee fishisindo adduges single beads by

conmpounds identified by the nmethods of the present
inteFrdeon boNvisihld miteodcbpeimdspeviesdase, A aliswscafieinfaged o

as iatrogenic hyperinsulinema, insulinom, growh

spetlotidie 98t /b &NaYy.S YRGS, 1559811 (3310 Retber SR ABRD is hereby
ang certain tunors. O her pathologies resulting from

. excitable nal. ti ] '
GRS R A TR DE W oS o
.Ssei zure, disorders. O her_ treatabl.e conditjang and ..
GRS A ) 4B IoBYORF BaGE ShAlafiE 882 cBmbl S dgcaged in US.
such as stroke, nultiple sclerosis, hypotension, o
Pateat Noa% 84kt #to, Sosfekivé nhewhish dy kasehseincempratedsyireference in its
di sease, cerebral palsy, brain or spinal cord traunma
entiiteBS ek rirbadinage of theahatbod, esmpofindsagnsitnthesized on polystyrene
function, nmenory | oss, anyotrophic |ateral sclerosis,

beS dopE® wikh TREARA Ry nf)deRdHdtiBA% monomers such that each resulting bead
has a characteristic pattern of absorption lines in the vibrational (IR or Raman) spectrum,
by methods including but not limited to those described by Fenniri et al., 2000, J. Am.
Chem. Soc. 123:8151-8152. Using methods of split-pool synthesis familiar to one of
skill in the art, the library of compounds is prepared so that the spectroscopic pattern of
the bead identifies one of the components of the compound on the bead. Beads that have
been separated according to their ability to bind a tissue protective cytokine receptor

complex can be identified by their vibrational spectrum.
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15 retinal ischema, optic nerve damage resulting from
gl aucoma, and neuronal |oss. The specific conpounds

w0 deavddised by the net hods of the present i nvRCI/US2904/013099
may be used to treat or prevent inflammtion resulting
from di sease conditions or various traumas, such as
physi cal Was®kpdehemetl(.y., bRBHSPeny 1Bﬁizaﬁi@‘[ﬁ(“lEglﬂ) abd edntrix-
traumas coul dpl nclude angitis, chronic bronchitis,

asst lﬁge?td'egdrg%oﬁ) &»%E%HME r‘MAiDI’E)h FHﬁ?éerﬁs%Qm%ﬁ Qﬁ?dl&tk&

oner ul onephritis, ic neurrtrs, tenpor

I THEN R —
fascilitis, hepatitis, .and necrot|2|ng enterocoI|t|
thatrhind ¢ AbisetRroteaidvr DTt rpentaroqrar! o elpcidpiingihe sefiture of

i nvention maybe wused to treat or prevent conditions
thegfommemdd.danage to, retinal tissue. Such disorders 25

i ncl ude, but are not limted to retinal ischem a,

macul ar A¢yeDEhedsiaqulsed éidenfr ddsdrptidmefthe ionkGAd WHme-of-flight

2004/ 096148 PCT/ US2004/ 013099 retinitis pignentosa,

andy 3BT ARk e ed rf&t thE 8BREHDA ofMOREEVaRAE HRIGA. amino-acyl-RNA
retinopathy, retinal artery bl ockage, retinal vein

oA L SRS FPIE B b
B b R BTy s

5 resulting fromradiation danage to excitable tissue.
usyliyequiead for detpatipnosingereneroppwlandy bodatheompley ny disseciate

net hods of the present invention is in the treatnent
dunhg theuviad @Xdipmocesoi soni ng, such as donoi c aci d

shel [ fi sh poi soning, neurolathyrism and Guam di sease,

amyotr ODfEsq nhadb gse@troﬁl@irg (ERISMSayhsBrEK bNG@aXeSutility for
di sease. menti oned ove, the present Invention is

stuﬁ%x?]% ghrc%?al%ﬁt ﬁ&e%%ﬁf&?ﬁlonégedagféghhfllk@@le L IN2 ?ﬁrocess ESI-

resent 1 nvention use I n en ci ng

XCi t bIe ue n.a nmanna
MEHfdkAS: FaloedRt s YHLUED 1 PeBPRgRon R ek BLo0b, Trends
~descri bed above. Various diseases and conditions are
Bigigehngb| 18349 240 nEat-Mishaspeen psed testudydhe eomplexgsiipenped by
this nmethod is useful for enhancing cognitive function
HIVrT 4t ipeptideoammretens wiin theCDARIRNA (SamesHiLowasee! dlh 8%/, Anal.
uses of the present invention are describe in 15
Chktr, 6bgn30stas) bel ow and i nclude enhancenent of
| earning and training in both human and

Fourier-transform ion cyclotron resonance (“FT-ICR”) mass spectrometry
provides high-resolution spectra, isotope-resolved precursor ion selection, and accurate
mass assignments (Xavier et al., 2000, Trends Biotechnol. 18(8):349-356). FT-ICR has
been used to study the interaction of aminoglycoside antibiotics with cognate and non-
cognate RNAs (Hofstadler et al., 1999, Anal. Chem. 71:3436-3440; Griffey et al., 1999,
Proc. Natl. Acad. Sci. USA 96:10129-10133). As true for all of the mass spectrometry

methods discussed herein, FT-ICR does not require labeling of the tissue protective

cytokine receptor complex or a compound.
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non- human manmal s. Condi ti ons and di seases treatable

or preventabl e using conpounds identified by the
woreaohooig4of the present invention directed to PEEUS2004/013099

central nervous system include but are not limted to

nood di sorders, anxiety disorders, depression, autism

20 att ean‘H@lVﬁ!ﬁﬁgé?bﬂmﬁléé@Eécﬂfb%édﬁytly n6i &0y dereludiddlion of the

cogni tive dysfunction ese conditions benefit from

trl?&ltﬂ% %‘fg &)o&fld %9{‘5 oble dcefé?rﬁﬁﬂaﬁﬁn o EXHRRErubiuROs RE éompound

reata n aécor ance e teachlngs of the
SR LT -

_subarachn0|d and aneurismal ble hy | ve
disgpiesEx Of & ePnsERYS EUSHIq AR, cog@ﬁﬂn q@h Pfo Céﬁ&%ﬂw 1. figsue
shock, and sequel ae of various 25 encephalltldes and
pratentiva gitokthegecdptor corytgxl e, connective tissue
di sease-related 103 WO 2004/ 096148 PCT/ US2004/ 013099
cer ebri t INMR spactfosaspy mpthisds énhaiso hesessd knchavateerize compounds
prevention of or protection from poisoning by

thad G a%§&¥dtét§w1tﬁlaqtbs@e%p£féeﬁv&cﬁ&hﬁe sdeehiof EshpleR! Sendxagple,
neurolathyrlsn1 and © Guam di'sease, anyotrophic Iatera

CO%PL&? ?GCPPQ rcléllngec‘ ?}&n’f’mgd §§Z g’lazﬁrtat%f}’ @&%ﬁ%%}mmggs in chem1ca1

or e IC or emC|nJury

lrradiat : si,ckle cell crisis;
S Iy G G aRebiRe g P ES @noefl%ﬁ#e%ﬁ*% @ased
usi ng conmpounds identified by the nethods of the
approachen hayabasntusedhin the ideatifipation o smallinagleene bindems jof protein drug
of either a hereditary or acquired nature, which are
tarpéte (Xawiseer of., 2000 Tretdy Bidtectmot. AIBER)i 343 560li $hadesrmination of
typified by neuronal injury and death. For exanple,
strh&h&hacﬁ'vﬁ? B8t ¢8R YDy NENIROLs itHd fiht fiRtiRATal NIVER Basbribed

is characterized by progressive visual |oss and

in %?c%% 11‘18?1%@&‘1? fuenhg a@%&%@?@sﬂ% 2R 1&’&&1{16? '?)2' éwo -dimensional

ese case tirve mtoc

abol ismfails to supply enough h ener
1}}5"5 SPecti@g (e st DIckeln (SAKEDRIA1s h%E Seiears AT E5Hel 134). The

An erythropoietin receptor activity nodul ator
signpl from ks borrai holegule isnmonitied by emphoying lynedfroadening, transferred
m tochondri al di seases. As nentioned above, hypoxic 15

NOBNSHE 283 el efsledny didfubatm@XeichBlsqMdosg U999, Gt Opin.
exci tabl e tlssues i ncl ude, but are not I|n1ted to,

Blgtsglﬁﬂg%l 1t0|n%{s z %&%@nﬂr 133 YR nerBfb P RIVR uSRE%AMRary of small
molecules has been recently described (Fejzo et al., 1999, Chem. Biol. 6:755-769).
Other examples of NMR methods that can be used for the invention
include, but are not limited to, one-dimensional, two-dimensional, three dimension, four
dimensional NMR methods as well as correlation spectroscopy (“COSY”), and nuclear

Overhauser effect (“NOE”) spectroscopy. Such methods of structure determination of

compounds are well known to one of skill in the art.
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tissue. In addition to the conditions described above,

t he conpounds identified by the nethods of the
w@em@gmenti4d nventi on are useful in the treatnentPCf/US2004/013099

i nhal ati on poi soning such as carbon nonoxi de and

snoke inhal ation, severe asthma, adult respiratory

di stress SARiIEND HREBpecBBEtopHOM Jiamage ARNIMRITsAuShétdbnly the
Further conditions which create hypoxic conditions or

elu%aggg{ﬂ &F th@%&&&ﬂiélﬁ%%nﬁ?&ﬁh& Aok S1sb HRSUBHRIRDR o WlRture of

ycenm a that nay occur In inappropriate dosing

encopanrn o Rt SR RRE Rl BPRRERCT < i cn

are believed to originate from 25 excitable tissue
damage are treatable using conpounds identified by the

5 gthoRla pEUTIEUSE04 WO 2004/ 096148 PCT/ US2004/ 013099
present invention. Chronic disorders in which neurona
damage i ©refotdifsyardl mahe anhiotld fet@liAEMAt Rinpounds identified
prevention by the present invention is provide

byitﬁlacggﬂége%t 945;9; 84 See Lﬁ@m\%é 18 abButtd ForCRdbt b Bt JRPENRARon of

syst em and/of peri pheral nervous system I ncl udi ng age-

rel at.ed |1 oss af cognitive fupcti nd.senile .
vaREheiRases. GRPORTSCALLSCRdHtions: Ogp Mg MutR Al widuld plsg recognize
di sease, Parkinson's_disease, denentia, nenory |gss, )
thas syeh qospeuBds eandiegised tachieys modulgiionoh pdissie pissire cytokine

t uberous sclerosis, WIlson's D sease, cerebral and
reqeptog cemplen e Is cqptadm embedimepts| of yhe iGuention meduleting theyactivity of a
body denentia, prion diseases, such as spongiform

tis@rGeeaieatdkitsteceptor confplexita v dthietak bh adbspase] that
Hunti ngton"s di sease, myotonic dystrophy, Freidrich's

enfiR¥ & iARMitO i hteRlcB%h 88 the%%n%i?éxl Wik a BehhESf 16 cbRphQ. Both in

Tourette's syndrone, selzure sorders such as

Vity® ﬁrlldez?zs alioqg%pgﬂ{eg gk;kjaﬁg?r? k\% %%‘a Il g‘SQ%S?lglrg’th %%ﬁa%?ﬁ%cmﬁﬁﬁiaﬂons of,

or “spin enentia, al co

auti s retinal ischem a, | auconm, autoponic
fort GRAIPIG, FhechosmOy B deniihechy f%s PREpErS S Aysahep eged gpove are
di sorders, and neuropsychiatric disorders that
disclaspdittePC'h dpplicasiond¥o AGH/LSALHOT ] S diiers ipplication Nos.
schi zoaffective disorder, attention deficit disorder,
10088190% ihd 10i186,8derincorpprateddepsie by raferehée.di sor der ,
mani a, obsessi ve-conpul sive di sorder, psychoactive

subst ancerygsfordins SR TompdidsaidntifRa byGhélhnetHods bf thas
wel | as unipolar and bi polar affective disorders.

T A L T
prophylactic treatment of human diseases or disorders of the central nervous system or
peripheral nervous system which have primarily neurological or psychiatric symptoms,
ophthalmic diseases, cardiovascular diseases, cardiopulmonary diseases, respiratory
diseases, kidney, urinary and reproductive diseases, bone diseases, skin diseases,
gastrointestinal diseases and endocrine and metabolic abnormalities. Examples of use
include, but are not limited to, protection against and repair of injury resulting from
trauma and resulting inflammation to the brain (ischemic stroke, blunt trauma,

subarrachnoid hemorrhage), spinal cord (ischemia, blunt force trauma), peripheral nerves
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the Anerican Psychiatric Association's D agnostic and

Statistical manual of Mental Disorders (DSM, the
wore@t/ogdns ent ver si on of which in incorporat edP¢EUS1004/013099

by reference 20 in its entirety. In another

enbodi nent, reconbi nant chineric toxin nol ecules
(sch@ERENIifijir ldvdbbti O R&irepdtlly, cafpabtintislegndrome), et ¢nbsudar

delivery of toxins to treat or prevent a

edegllﬁ(@!o éruf ere,%his( oSiraRI B@rct, %M%Hi(ﬁﬁ?a&%ﬁﬁ‘é). IApaMidudl, such diseases,

uch as subacute sclerosing

. encephaljitis. 105 \W) 2004/ 09614 4

aiskRES GRP e gt e SRR PRAs T aveaR ecteb P Otttabte
non-limting indications as to the various ndi

tissugR SHFL %@@%@Qﬁgﬁ%ﬁ i g cpp pRRAES B S, periphetal ervous
aforenentioned tissue protective cytokines. Cell,

systéns siswicopr @pdiruisste onresinalGinggé sucbmsoier granenie.drgipplcart, or
organ atholo Heart |Ischem a Coronary artery di sease

retihaldlye, Thbrefné,che Smafduads ideatifibd By themethodi afithe invention can be
infarction Dressler's syndrone Angina Congenital

usd¥6 _rtfeafj«'brsfﬁ@@e%t Yahysd t8lex St QEMO r@hﬁh‘hé f¥nh RFpERdE@tonditions in a

angi na Cardi ac rupture Aneurysmatic ept al

forat i 0 wiaciing _ )
w0 00 b as KRR BRasimpls of v copditions nd
SRR i AR Pl A SR cular o

In the example of the protection of neuronal tissue pathologies treatable

and preventable using compounds identified by the methods of the invention, such’
pathologies include those which result from reduced oxygenation of neuronal tissues.
Any condition which reduces the availability of oxygen to neuronal tissue, resulting in
stress, damage, and finally, neuronal cell death, can be treated using compounds
identified by the methods of the present invention. Generally referred to as hypoxia
and/or ischemia, these conditions arise from or include, but are not limited to, stroke,
vascular occlusion, prenatal or postnatal oxygen deprivation, suffocation, choking, near
drowning, carbon monoxide poisoning, smoke inhalation, trauma, including surgery and
radiotherapy, asphyxia, epilepsy, hypoglycemia, chronic obstructive pulmonary disease,
emphysema, adult respiratory distress syndrome, hypotensive shock, septic shock,
anaphylactic shock, insulin shock, sickle cell crisis, cardiac arrest, dysrhythmia, nitrogen
narcosis, and neurological deficits caused by heart-lung bypass procedures.

In one embodiment, for example, the compounds identified by the
methods of the present invention identified using the inventive assay could be

administered alone or as part of a composition to prevent injury or tissue damage
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Congestive heart failure Left, right, bi-ventricular,
Car di onyopat hi es, such as systolic, diastolic

WO ciospadig c famlial, infective, netabolic, SPCI/HE§M®04/013099
di sease, deficiencies, connective tissue disorder,
infiltration and granul omas, neurovascul ar

resﬁ/ﬁl‘ﬁg ok Fikie oﬁﬁ%tﬁﬁr BEHERe duMbeSHiioro, durligdPedudbsyuekdad a surgical
pul nonal e Bl unt and penetrating trauma. Toxins

proggc‘ftﬁ'!a Fa h%[.géi g Yoced(RS CHb Ak atdhRE rsﬁt%{?:%lb]?x'ac gc{dr%ify 1n|%:1ude tumor

Secon ary npressi on SIC néss nuscu ar
ey PR T S SR Ao P LSRR oA
L S SN 08 8 s, B

Envi ronnmental lung diseases Ischem c |ung disease
hypaglymsnas whishiot irsateble using compounds identified by the methods of the
present invention include insulin overdose, also referred to as iatrogenic
hyperinsulinemia, insulinoma, growth hormone deficiency, hypocortisolism, drug
overdose, and certain tumors.

Other pathologies resulting from excitable neuronal tissue damage include
seizure disorders, such as epilepsy, convulsions, or chronic seizure disorders. Other
treatable conditions and diseases include, but are not limited to, 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.

The specific compounds identified by the methods of the present
invention may be used to treat or prevent inflammation resulting from disease conditions
or various traumas, such as physically or chemically induced inflammation. Such
traumas could include angitis, chronic bronchitis, pancreatitis, osteomyelitis, theumatoid
arthritis, glomerulonephritis, optic neuritis, temporal arteritis, encephalitis, meningitis,
transverse myelitis, dermatomyositis, polymyositis, necrotizing fascilitis, hepatitis, and
necrotizing enterocolitis.

The compounds identified by the methods of the present invention may be

used to treat or prevent conditions of, and damage to, retinal tissue. Such disorders

include, but are not limited to retinal ischemia, macular degeneration, retinal detachment,
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Pul nonary thronbosis Interstitial |ung di sease
| di opat hic pul monary fibrosis Congenital Cystic

WO pino%i1lgs Cor pul nonal e Trauna 106 WO 2004/ 09BAEBS2004/013099
PCT/ US2004/ 013099 Cell, tissue or Dysfunction or
Condition or disease Type organ Pat hol ogy Pneunoni a

ret@0R Pigth€ibda0 bifieridddlesticlrenopafiyS HypURichside fetinopathy, retinal artery
traumatic, burn, aspiration Sarcoidosis Pancreas

o QUACELNS DAELERETR S, bR Bty [l Ture
Brocr | ne b satpa by artapRRRS I FER L RE e ethods of the

el RS ST SRt o s iy
Hyper par at hyroi di sm Hyperthyroidism Calcium

resntige deimiradiatiohsleplage tescxaitalblo tissret dnfusther viglétyiof itereoynpounds

identified by the methods of the present invention is in the treatment of neurotoxin

poisoning, such as domoic acid shellfish poisoning, neurolathyrism, and Guam disease,

amyotrophic lateral sclerosis, and Parkinson’s disease.

As mentioned above, the present invention is also directed to compounds
identified by the methods of the present invention for use in enhancing excitable tissue
function in a mammal by peripheral administration of a tissue protective cytokine as
described above. Various diseases and conditions are amenable to treatment using this
method, and further, this method is useful for enhancing cognitive function in the
absence of any condition or disease. These uses of the present invention are describe in
further detail below and include enhancement of learning and training in both human and
non-human mammals.

Conditions and diseases treatable or preventable using compounds
identified by the methods of the present invention directed to the central nervous system
include but are not limited to mood disorders, anxiety disorders, depression, antism,
attention deficit hyperactivity disorder, and cognitive dysfunction. These conditions
benefit from enhancement of neuronal function. Other disorders treatable in accordance
with the teachings of the present invention include sleep disruption, for example, sleep
apnea and travel-related disorders; subarachnoid and aneurismal bleeds, hypotensive

shock, concussive injury, septic shock, anaphylactic shock, and sequelae of various

encephalitides and meningitides, for example, connective tissue disease-related
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Osteonyelitis Avascul ar necrosis Trauma Paget's
di sease Skin Alopecia Areata Primary Totalis
wEemengany Ml e pattern bal dness Vitiligo LocedT/E804/013099
Primary generalized secondary Diabetic ulceration
Peri pheral vascular disease Burn injuries Autoi nmune

corbibitities 8hot ﬁel?isg Bther usds HRAMR PEevIhiiOWoLor, préifeeticrafroind
arthritis, onerul onephritis, Angiitis Langerhan's

poigéérﬁ{el% rgg%‘l%l%‘é{o%ns%hge Hb@r?&gé&d lenirih g&tsoﬁﬁ%’neurolathygiscr:n, and

_ I'njuries, ctions, ar coi Si ckl
ol 55 o A EETERL AR Bt b
treagtlmgeg::st[:)tr %fc’n%’olic or ischemic injury; whole brain irradiation; sickle cell crisis; and
eclampsia.

A further group of conditions treatable or preventable using compounds
identified by the methods of the present invention include mitochondrial dysfunction, of
either a 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 substrates to fuel the
metabolism of excitable cells. An erythropoietin 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 compounds identified by the
methods of the present invention are useful in the treatment of inhalation poisoning such
as carbon monoxide and smoke inhalation, severe asthma, adult respiratory distress
syndrome, and choking and near drowning. Further conditions which create hypoxic
conditions or by other means induce excitable tissue damage include hypoglycemia that
may occur in inappropriate dosing of insulin, or with insulin-producing neoplasms
(insulinoma).

Various neuropsychologic disorders which are believed to originate from

excitable tissue damage are treatable using compounds identified by the methods of the
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Arteriosclerotic retinopathy, Hypertensive

retinopathy, Retinal artery blockage, Retinal vein
whbmskeages Hypotension, Diabetic retinopat hyPCEHOS004/013099

Macul ar edema Enbryoni c and Asphyxia fetal disorders

| schem a 107 WD 2004/ 096148 PCT/ US2004/ 013099 Cel I,

prebdn® fRnB6n. NyBloHRdiicdderd in ©hidd inkin@naladantigs éemeollypd end for
organ pathology OCNS Chronic fatigue syndrone, acute

whxngga%ggnng E%’ ?rg?éfrﬁ%ﬁiéﬁ?b@fgre@&ﬁ inVHHBEH ASHTBVRAEd SNl iRSders

ocution Encephalitis Rabies,

o S BE R H JEA R i e
rela\é\n@é{%gé %I\g%ggfg:éagc?ﬂagég ?5@@%%%6111:&0&11%11% ggzuarg léic’s%fders,
Alzheimer’s disease, Parkinson’s disease, dementia, memory loss, amyotrophic lateral
sclerosis, multiple sclerosis, tuberous sclerosis, Wilson’s Disease, cerebral and
progressive supranuclear palsy, Guam disease, Lewy body dementia, prion diseases,
such as spongiform encephalopathies, e.g., Creutzfeldt-Jakob disease, Huntington’s
disease, myotonic dystrophy, Freidrich’s ataxia and other ataxias, as well as Gilles de la
Tourette’s syndrome, seizure disorders such as epilepsy and chronic seizure disorder,
stroke, brain or spinal cord trauma, AIDS dementia, alcoholism, autism, retinal ischemia,
glancoma, autonomic function disorders such as hypertension and sleep disorders, and
neuropsychiatric disorders that include, but are not limited to schizophrenia,
schizoaffective disorder, attention deficit disorder, dysthymic disorder, major depressive
disorder, mania, obsessive-compulsive disorder, psychoactive substance use disorders,
anxiety, panic disorder, as well as unipolar and bipolar affective disorders. Additional
neuropsychiatric and neurodegenerative disorders include, for example, those listed in
the American Psychiatric Association’s Diagnostic and Statistical manual of Mental
Disorders (DSM), the most current version of which in incorporated herein by reference
in its entirety.

In another embodiment, recombinant chimeric toxin molecules
comprising erythropoietin can be used for therapeutic delivery of toxins to treat or
prevent a proliferative disorder, such as cancer, or viral disorder, such as subacute

sclerosing panencephalitis.
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1SUE RELHCS ! %%*ﬁﬁ?a Striated muscle Autoi nmune disorders

Myast henia gravis Dermatonyositis Polynyositis

Myopat hies I nherited netabolic endocrine and toxic

ed dissue ir gke Dysfunction or Condition or disease Type
organ pathelogy
Heart Ischemia Coronary artery disease Acute, chronic
Stable, unstable
Myocardial infarction Dressler’s syndrome
Angina
Congenital heart disease | Valvular
Cardiomyopathy
Prinzmetal angina
Cardiac rupture Aneurysmatic
Septal perforation
Angiitis
Arrhythmia Tachy-, bradyarthythmia | Stable, unstable
Supraventricular, Hypersensitive carotid sinus
ventricular node

Conduction abnormalities

Congestive heart failure Left, right, bi-ventricular, | Cardiomyopathies, such as
systolic, diastolic idiopathic familial, infective,
metabolic, storage disease,
deficiencies, connective tissue
disorder, infiltration and
granulomas, neurovascular

Myocarditis Autoimmune, infective,
idiopathic

Cor pulmonale

Blunt and penetrating

trauma

Toxins Cocaine toxicity

Vascular Hypertension Primary, secondary

Decompression sickness

Fibromuscular

hyperplasia

Aneurysm Dissecting, ruptured,
enlarging

Lungs Obstructive Asthma

Chronic bronchitis,
Emphysema and airway
obstruction

Ischemic Iung disease Pulmonary embolism,
Pulmonary thrombosis,
Fat embolism

Environmental lung

diseases

Ischemic lung disease Pulmonary embolism
Pulmonary thrombosis

Interstitial lung disease Idiopathic pulmonary
fibrosis

Congenital Cystic fibrosis

Cor pulmonale

Trauma
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Ok ni cal |tlsehwiipidgerapd The present invention may be
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LRAY ]

Rependuqtive t]i FEER anpl es, whli FHo%F e provi ded| as exenpl ary

%5t the irvention. The folﬂb“?ﬁr Pl examml es| are
presented in order to m)rehr', ,,Lguonm[wﬁgg;ra[e t he

Rl Te IEMJ{I’M‘h EFléhé of{the Tnventromn. [They shout d-

N no way rued hovvever, as |limting the

—broad—stope of trTelnventlon 20 6. EXAVPLES 6.1

EXAVPLE 1, cONpETY ! edﬁg% BLLSSA TR, GRREHohL 4 merely

bi ndi ng assay descri oW NAs
r ba

LB e 3 PR L 0 B TR B

det ermi ne whet her carbanyl at ed EPO conpetitively
of therirpsentinventennA zosing gahisgnyaotioygopaall DAY iss Preventative,
bi nding of rhEPO to the EPO-R Wth binding of rhEPO
thergpeutie, deR@pRylavéat treateeni bf the dongerudrickeefinedinical trauma or of
Inhibition of the proliferation is indicative of

hufRAREchdds V Préve il thifap o or pedphiyhetip te@anat o dissses,
conpetitive binding assay, erythrol eukem c UT 7 5

di ?&elé? T( %5% WRioay of a(?IrI] %gﬁ éﬁg'%]sg I\}él@ﬁ%lgrsgsu are contemplated.

were o V\BI g,

Prg\ﬁa PR EHESTRERE (rarrop Sl PR Fughot é’?ﬂdﬁ“’ns

(1996, Henmatol Oncol, 14:137-46) over 4 hour s.
wlv@rhqveraeweblam cORpeREnt A PIONiiedo *?56Vﬁ}é%°1h%f dherpgevtic or

quantitate the living cells. Signal to noise ratio of
prophylasis apatneent S tiseasndlisirders ar tondisionsenclading but e limited to

concentration 10 of carbanylated EPO and rhEPO
théletharhighadphthaBnicotadipadsaait, @ardiopulihboary Crensiendny akidoey,
urinary, reproductive, gastrointestinal, endocrine, or metabolic component is provided.

In one embodiment, such a pharmaceutical composition comprising a

compound that modulates the activity of a tissue protective cytokine receptor complex
can be administered systemically to protect or enhance the target cells, tissue or organ.
Such administration may be parenterally, via inhalation, or transmucosally, e.g., orally,
nasally, rectally, intravaginally, sublingually, submucosally or transdermally.
Preferably, administration is parenteral, e.g., via intravenous or intraperitoneal injection,

and also including, but is not limited to, intra-arterial, intramuscular, intradermal and

subcutaneous administration.
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response curves using at |east 6 drug concentrations.
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whidh Wit Havedlebss essatilished dlrtngaths ayyal devedeprbdre pooeihets typually
assay wt h bot h carbanyl ated EPO and r hEPO di d not

m?ﬂﬂ;i fid ot R3FRr{ afitblal B6:04 phRfabd@idal conffdRBE Further
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Menbrane proteins of rat brain cells were isolated t
adupénigtrationew fé@milmmwggtéorep@cwé@peh@nw@cwngtan@asﬂihé%t@ns and
either the / receptor or the ' receptor associated
othwir fivtdrk wRlidpeeinf to affeetabptificady afadponistered phivenhecuticiRagents.
menbrane proteins were isolated using the foll ow ng

THRE Sefiedise &%a%e Sl bd\@ezidea B@R dingad thejulBtet@Tti®l fradtfioner
protease inhibitors (25 g/m Leupeptin (5ng/m in

o O 8, TS, B
3,.800 . '
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centri fu ed at 14,000 rpmfor 30 mnutes at 4 C Thg
pel | et RIpSegt PVERIAngnEEbR beticn yadarsinod By esfasgrice to the
hormgenl zed in PBS contai ning

following non-limiting Examples, which are provided as exemplary of the invention.

The following examples are presented in order to more fully illustrate the preferred
embodiments of the invention. They should in no way be construed, however, as

limiting the broad scope of the invention.

6. EXAMPLES

6.1 EXAMPLE 1: COMPETITIVE EPO BIOASSAY

The competitive binding assay described below was performed to
determine whether carbamylated EPO binds to the EPO-R. UT-7 cells which express

EPO-R were utilized to determine whether carbamylated EPO competitively inhibits
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1% Tween - 20: drops of reagent A of the kit

Wér &f&&e@w@&&ﬁ%ﬁ?%n&l‘g%xﬁ%ﬁg latedOap@l X wel |, 2 drops

reagent cubate for 30 m nut es

o SRR B SRR LR 105 e

nenbranes F

roomtenperature then washed 3 tjnes for
regpsetivahy. (HhenxhEPBSvas agmimgicead asorell aﬁméh%h %te(lf EBD and

solution fromthe Vector Peroxidase Substrate Kit DAB
thEROdvest bbibadcampomtediat the egsay.edarpamytabyssERP aBuref dgmonstrated
Stock Sol ution added to 10 ml distilled water, m xed,
nofefHcOOs cdDAR o Bf@stkonSelet tWhen uséd atdtbreaded copentrhtidhgdr ogen
Figure 1 shows the concentration of the test compound (thEPO and
carbamylated EPO) on the x-axis, plotted against cell proliferation on the y-axis. Figure
1 clearly shows that the presence of carbamylated EPO does not impact thEPO’s ability
to stimulate the proliferation of UT-7 cells within the assay, since the competitive assay
with both carbamylated EPO and thEPO did not exhibit a decrease in cell proliferation,.
These results suggest that the carbamylated EPO does not bind to the

classical EPO-R dimer complex present on UT-7 cells.
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Per oxi de Sol ution, mxed) just prior to adding to the
blots. The blot with the substrate 15 was then

WO pyloadiesl at roomtenperature for 10 m nutes PCT/USL004/013099
the col or devel oped. The blots were then washed with
2 changes of distilled water. This procedure was al so

6.2 ENEAVIP R3] WESTERNBYL.OToOF AT BRAIN MIEMBRANE
speci fic subunit (T-20, Santa Cruz Bi otechnol ogy,
Inc., Sama@bfaitdellsGaye bddneshbRaud bs rdspelisiwvt e ERMaMehtbirine
the f3c receptor and f3c receptor specific to 20 IL-3

préﬁﬁﬁg of f?ﬂﬁﬂfa'n{ L8 Wdte gs%iat R ducrBlide WRAKARGS EP’@ EdpShsie cells

ot ographs of polyacrylam de gels of t he

xSRBS R P A Ry

The second gel shows a 70KD protein that corresponds
CORPORHE form of the Oc receptor specific to IL-3
receptor protein. The results clearly denonstrate the
Mghedsence 25 of the ac receptor (band at 130 kD) in an
eryt hropoi eti n-responsive cell (brain). This 113 WD
2004/ 096 R3 nfReabriifsAR 013 130 Kol dtednkingths doldmsing ptdtatolaRat
ti ssue protective cytokine receptor conplex may form

bréuﬁ W RbMog&itkdd RHY @&MAningipRGease Qﬁlﬁblﬁﬁ@(lﬁﬁg/ﬁﬂ Q,reﬁp@ﬂ!ﬁﬁ

receptors are present in the nenbranes.

ey AL ORI P T

to test far the esen recept oLs.
200 o magEtices fese Sgs dharoeatuged o S0F508 émn?ﬁe%fd“ C.
in paraffin. The errbedded ti ssue was then section

Thegunerytantip ghessollpaed atd Siphapgentripgedptd 4 Mmpe far ﬁ% annutes at
10 using anti-f3c receptor antibody (K-17, Santa Cruz

4°Bl. oflegefiof egylting from, is Semttifgation js tén h(ﬁhggﬁméze@ is RBYscoataining
phot ograph the sectioned spinal cord stained for /c

thé SfofRkOmhitiioR Snd@ Y4 Tritdn DECEP! Dhis ABibopaYes is Theh Sikthbmcentrifuged
i ndicates the f13c receptor is present wthin the

at g?,lopﬁ(lgprﬁ ®5:hBo Jéhﬂlws%t o ?hﬁﬁfg SR A8EARAN Clonthifd B8 Sndifbrane

stal ned areas o

proteins.

The membrane proteins were then separated by gel electrophoresis. The
membrane proteins were blocked overnight with 1X casein (Vecfor 10X Casein Soln.,
Cat#: SP-5020) at 4° C. Using a Vector Avidin/Biotin Blocking Kit (Cat #: SP-2001)
avidin and biotin blocks were generated. An avidin block is generated by adding 2 drops
of avidin per 10 ml 1X PBS-0.1% Tween-20/1X Casein for 20 mins, rinsing the block
briefly, and then washing the block with 1X PBS-0.1% Tween -20/1X Casein for 10
mins. A biotin block was generated in a similar manner, by adding 2 drops of biotin per
10 ml 1X PBS-0.1% Tween-20/1X Casein for 20 mins, rinsing the block briefly, and
then washing the block with 1X PBS-0.1% Tween -20/1X Casein for 10 mins. The

primary antibody (Common 3 Unit K-17 (Santa Cruz Biotechnology, Inc., Santa Cruz,
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15 sectioned spinal cord denonstrating reactivity wth
the anti-(3, receptor antibody. This finding suggests

w0 b@4pvs@asence of tissue protective cytokine reRPE€pUSI004/013099
conpl exes in spinal cord tissue, since (3c receptors
and EPO receptors are present in these tissues. 6.4

CA?MXWM% B200YARERduBhEA FdrONa St AERSInRtofiyRrhareRAGEMBTIARS Adre
0

det ermi ne whet her EPO receptor and f3 receptor are

the%ﬁ?éllgé@fcﬁlq ik Bor QNGiIRBRIAS with 15€PBS-0. 78 G&RIA20/1X Casein,

odies were used to copreclpitate conpl exes from

A F5 b e P L SO 3B A RS 5,

ol yacryl am de gel s _and Western_hlo e per .
PREGOD b LGP0 ditiesn e By i 12 Hat Do vebs ARLR Tsein
114 WO 2004/ 096148 PCT/ US2004/ 013099 The )
wais pefopedefoir piboar dtonomfternheraPo- Fheblgclowas thea aysslaed 3 Hmes for
P-19 cells, neural-Ilike enbryonal carcinoma cells, was
10p€ihE esdtedith NXEFBP0d&nTeewm 120, theinythe oash theAAB réagent was
Jubi nsky et al., 1997, (Blood 90:1867-1873). Using the

préfatddaAhePRSREL fiiviech 02(?:t2rtﬁo§se&fefﬁﬁé8ht ASofABSEi e d0 m1 1X PBS-

bove in section 6.3 . Immunoprecipitates were then

) | i . : )
o GRS 5 B S ptor s
MR N s e b R RN

EPO-R and 0. receptor antibodjies. Lane 1 shows the
for Hyminugesyt roomhepRAsBES, Blonarashed 3fimep dorgBaninuiss eapfpwith 1X
absence of EPO on a western blot with the ,3 10

- PBR04pt Bveantd0b Athy sibsmje subadidnhfeorEfE Recdor Pdroxigase Substrate Kit

(bottom. A band representing the (3c receptor can

DABSR 0111166 waRe a8 PréphRd e drdpfof BHfRO Bitick IF9hitidn added to 10 ml
appropriate band, top). The arrow on the top gel,

disthRh Wer‘,’%%rdéll g{_@g PAB @t&@tgo@ﬂ%, i 9_%9’&% &fgf‘ydro gen

position receptor mgrate if it wer

AT T M T .
S e o5 BB oet. o
blgti\\/)veerr: tehen washed with 2 changes of distilled water. This procedure was also
repeated using a primary antibody for the IL-3 specific subunit (T-20, Santa Cruz
Biotechnology, Inc., Santa Cruz, CA).

The results indicated that both the 8, receptor and S, receptor specific to
IL-3 were identified in rat brain cell membranes.

Figure 2 shows photographs of polyacrylamide gels of the separated
membrane proteins. The first gel shows a 130 KD protein that corresponds to the 3.
receptor. The second gel shows a 70KD protein that corresponds to the form of the 6.

receptor specific to IL-3 receptor protein. The results clearly demonstrate the presence

of the 3. receptor (band at 130 kD) in an erythropoietin-responsive cell (brain). This
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I mmunopr eci pitation, the band (bottom indicates the
presence of EPO-R in the sanple i nmmunoprecipitatied
waigiongodie j 3, receptor antibody. The first arPCMUSI004/013099
the bottomgel, stained wth EPOR antibody, points
to a band at about 103 kD that was identified as
firldek bdts thaeetisous pritective cyllmWicepidieoiflantap ormVin Giain
thgé %%il:gt om gel , st gipdned Wi ty%mzo EPg R anti bodyy,a poi nt's
g
col G FBEIN, Bhe T EE PSSy B bR e oty B hembranes.
that EPO-R and ,6, receptor forma conplex in cells
where both receptors are expressed. Finally, conplexes
6. WERRBANVDIINE ¢ : IMBUHRIOBIS TOCHEAG TRYF DRBe REGERRDR IN RAT
(conpar sPIdAe CORM Lane 2), suggesting that EPO is not
necessary 25 for formation of a tissue protective
cyt oki ne Aegtepimi cardrpdien. waskidnodin 20040 86M1AS the presence of .
PCT/ US2004/ 013099 6.5 EXAMPLE 5: APOPTCOSI S I N
re&epRIL OWOCYTES WTH AND W THOUT /¢ RECEPTOR Apopt osi s
I N cardi omyocytes was induced in wld type

M%t%gg onmyocytes fromnormal nmice and in cardi onyocytes
$ chain knockout (-/-) mice to determine 5

whet her (3c receptors. played a role jp the praotectjve

net iy Te B B tel Vit imeyeherdh ikt ditg: Sbe

apoptosi s. Met hods Cardi onyocytes were isolated from
enghjedfed tisgup avas Jhaam segimed 66 m@s’i\&leoﬁectlm ofapinahaerdtyeas then stained

conmon beta chain knockout 0. (-/-) mce (Robb et al.,
usir@Omti-R. rbtopt@. antibOIKS1 A, S22 OB Bi6elR)olegy, das,dyantze@ruz, CA.

(Fiordaliso et al., 2001, D abetes 50:2363-2375).

Apopt ot i cFigaké 3 RV PRsosBshERGeENbred Gpinal dodd stathed for B,
staurosporine (Sigma, 0.1 in the presence or

| t
R A R A e S i
.a 2.0f Figure 7) where apoptosis was not induced.

W%‘Bﬁ IR QR i nduced in wild type and (3c (-/-)
cardi onyocyte cells (Colums 3 and 4 15 of Figure 7),
wi | d typeligired shrpesy photespphy of #clopeup phle slincdrargapof the

or carbanylated EPO (Colums 5 and 6 of Figure 7),
seaiiehed sspihiabegrd cgmenstesiting réastivite withdbe ae Sofecgray antibody.

This finding suggests the presence of tissue protective cytokine receptor
complexes in spinal cord tissue, since (3, receptors and EPO receptors are present in these

tissues.

6.4 EXAMPLE 4: COPRECIPITATION OF EPO-R AND ¢ RECEPTOR

To determine whether EPO receptor and (3, receptor are associated with
one another in cells, receptor antibodies were used to coprecipitate complexes from cells
that express both receptors. Membrane proteins from P-19 cells were separated by
eletrophoresis on polyacrylamide gels and Western blots were performed to stain for
EPO receptor and (. receptor.

Methods
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(Colum 7 of Figure 7). Followi ng 16 hours incubation,
cells were fixed and processed for in situ detection
wo@Rooknagaent ed DNA usi ng TUNEL (Roche Di agnostPCHYS2080013099
The results are shown in Figure 7, which shows the
percent apoptosis (y- axis) in isolated cardi onmyocytes

from nor made igehnogfecipRGBH 6f thk BPCKR Ui I, e eptor flom P-19 cells,
presence and absence of EPO (Columms 3-7). The percent

neg%g-ggcg StnBryofht datc ﬁoxﬁg LleHnS(’: fbﬁgf)%ﬁfeﬁtﬁ a%ﬂ&c@’?ﬁchﬁla%%rotocol

0SI's “was i nduce e presence of EPO

di d.not signifi-capdl vy, gi t: .

onffpgn iy S o 7 B Pt s B b B i pecific o

t he absence of EPO (see Colupms_3 and 4)... 116 WO
th@meqptgrgmd@scrﬁ@ﬁ/a@syfe)@@eeti%@é - HpRupY %lPﬁa@wa@stPen Tun on a

that the tissue protective activity of EPOis )
poliepsiiyheide gebad thansfreddyc¥esi¢rnang sipinedspigotntippdiehepssific for

cells. 6.6 EXAMPLE 6: DONSTREAM KI NASE ACTI VATI ON VI A
EP(HEcEROrs MA@ RPIeRobs. To det er mi ne whet her EPO and

car banyl ated EPO of varying concentrations were

capabl e ofighRosIaémes Q%érﬁ%%ﬂo'fitHbas%ﬁllg@&tdo‘i/rhﬁMnbﬁecipitated
cells expressing the EPO receptor, EPO receptor

R S ek s e of o
G2 A e 0, L 6%

carbanyl ated EPO at_different concentrations. ,
regeptonaatibedy o) par theyBRO A antiboady (bgttopes t4s pAndyreptasentipedhe Se

cell lysates using an anti body recognizi ng
retepta@sian eleptip dp kesnydrathe gelak@w(o¥atitekta appivprintednead, togk elhe
stripped and reprobed with an anti body agai nst Jak2 to

arfRNbh ﬂ{@tslg Eaﬂ, stain@@&ithd3, rddepior abiliody, Hlaates\isSp@sition where EPO
bl ot s of e cell proteins separated by

) e ! % | |
AT 05 RS Beatstcuonei
ingRtoprecpitation of the EPGR thnShiclthcB bEHPY dl'a FESbict Wit the .

receptor antibody (top) and the EPO-R antibody (bottom). Lane 3 shows reverse

immunoprecipitation, the band (bottom) indicates the presence of EPO-R in the sample
immunoprecipitatied using the f3; receptor antibody. The first arrow on the bottom gel,
stained with EPO-R antibody, points to a band at about 103 kD that was identified as
nucleolin (see Example 10, below). The second arrow on the bottom gel, stained with
EPO-R antibody, points to a band at about 68 kD that was identified as EPO receptor
(see Example 10, below).

The results suggest that EPO-R and 3, receptor form a complex in cells
where both receptors are expressed. Finally, complexes were formed whether or not
EPO itself was present (compare Lane 1 to Lane 2), suggesting that EPO is not necessary

for formation of a tissue protective cytokine receptor complex.
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50nM concentrations. The results suggest that
car banyl at ed EPO cannot i nduce downstream 20
wa@edswadison of the classical EPO receptor honoPCTES2004013099
cell s expressing the EPO receptor. This suggests
car banyl at ed EPO does not bind to the classical EPO
6.9 ESEQVPL IS RBOPAIOSISHIN CRRIBIGMYRAEYTEHOWITH AND
CELL- BIW%@?@M@EWm ne whether cells
O recept or

expressing the bi nd EPO and carbanyl at ed
EPQO BaF%P%?{O!Sg iﬁ%gﬁid}%ﬁc a%s%&@e@ﬁﬁbﬂh g yocytes

bi ndi ng nty was sured in a conpetitive

bi ndi ng_assay.. 117.\W) 2004/096148 P 0 .
B YOS "0 L P EI O 0 1P o B SRy Hita 18 determine
unl abel | ed EPO and carbanylated EPQO, r ctiv .
whsihes B Tocsar 8R334 01 R prol RSB ATy PO BRRUrY Gl preventing
menbranes were washed on filters and counted for
or delapmgnpeomosind 125-1 EPO in a gammacounter. 5 The
receptor bound fraction of radioligand was plotted as
Mébodd 125-1 EPO agai nst graded doses of unl abell ed
ligand. Figure 9 shows a graph of |igand binding

af fini ty dpdioR3bsyteeivbR isdlxel 8of Athet MaldEHe CETBDEOI29Sy or
Li gand concentrfation in nM (x-axis) is plotted agai nst

stern”xgét&%d(c%Pxﬂ%?xf %!ét%ﬁ;?x\ gﬁ@%(ovﬁf@-@;@éfgﬁs% O 41, 1995, PN.A.S.

expressing cells conta recept or

MUCH SRR, Ok L

wher eas _no carbanyl at ed EPO bi ndi ng was .det ectebl e. .
Aprmoticessl|deathiwasiipdiced by drcubabRgiE R PAriEpS1gMas)-h M) in the

conpetitively inhibit binding of EPOto cells '
presepeessibegnct b eryERGpoiete (t0Ong/nilp Wikl tEpe\wRLE: (8-) dgridgmyocyte

MEMBRANE ASSAY To determ ne whether cells expressing

cell§ SerdPEdonftbls Eéaumelpmrz 6lf Figtire ) iw@rd=iopeusts was not induced.
car banmyl ated EPO, UT-7 cell menbranes were contacted

A%gpté%ﬁig g&t’:alg tulid\l/lg@(gﬁlnﬁ g'pg'sagg ')(/?Q 8/ 55 antpoc YRS B ASHILRHs BRAnd 4
of Figure 7), wild type cardiomyocyte cells in the presence of EPO or carbamylated EPO
(Columns 5 and 6 of Figure 7), and f. (-/-) cardiomyocyte cells in the presence of EPO
(Column 7 of Figure 7).

Following 16 hours incubation, cells were fixed and processed for in situ
detection of fragmented DNA using TUNEL (Roche Diagnostics).

The results are shown in Figure 7, which shows the percent apoptosis (y-
axis) in isolated cardiomyocytes from normal and . receptor knockout mice in the
presence and absence of EPO (Columns 3-7). The percent apoptosis for §; (-/-)
cardiomyocyte cells where apoptosis was induced in the presence of EPO (Column 7)

did not significantly differ from the percent apoptosis in wild type and S; (-/-)

cardiomyocyte cells in the absence of EPO (see Columns 3 and 4).
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Met hods 20 One hundred m crogranms of UT-7 nmenbranes

were incubated 30 mn at roomtenperature in 200 ul
weBB4mpdils 0. 1 nM 1251 EPO and graded doses of PCT/US2004/013099

unl abel | ed EPO and car banyl ated EPO, respectively.

The menbranes were washed on filters and counted for

nmenbr ane Theuesitd d5kefiRbtithe fissiia praenivetaetivity[éfEPO is dependent

receptor-bound fraction of radioligand was plotted as

L st doses of unl abel | ed
Onﬁ?yg@%%‘.]“%éﬁgﬁ%@%%ﬂﬁ Shevs E%CT/ US2004/ 013099 The
UT-7 nmenbranes bind EPOwith an affinity of 0.1 -0.5
nM In contrast, no carbanyl ated EPO bi ndi ng was
6. ELBCLERLE Bi BONENE0 R OEIAN S BTV TR VB ATBHREPO
af fi ni tREOWPTARY? cell nenbranes having the EPO
receptor. Ligand concentration in nM(x-axis) is
pl otted To dgainisd whéitheli BRO aadpodrbéyykateds§P@ of vasjimg EPO
receptor expressing cell nenbranes contacted with EPO

coh&nBREHs Wérd ARskD1FEIGh@iEn € A6 et ietsEREivithhia ceBs ettpréssing
I ndi cate that carbanyl ated EPO does not conpetitively

I 'JQ ot
o R0 Tblopr t D PRy Sk ks Sy R QS R o A8 Prek it ofan
HEMOTQCRI T _AND, HE LI 10 W a C
sl ) RaitienP B B kP B PR BT D PH Qe AP e EPO-
whet her carbanyl ated EPO or asi al oEPO have the sane
Methodsr opoi etic capabilities, i.e., increased
hemat ocrit and i ncreased henogl obin, as EPO Mt hods
15 M ce VBaR#3/BRDORCtedld wene stavelated byl Gmin. with BRO opeabamylated
wi th 509/ kg of EPO  carbanyl ated EPO and asi al oEPO

EH®&t diffeRakSoncSekdtitnh e ARGl fnrof (e ad aralyzed by akesterh otting of
hemat ocrite were determ ned by a henogl obi nonet er

ceglsl. él@estl{sﬂlg%}a(aﬁéf? c}y) re gﬁ%g%ﬂﬁﬁ@g&%ﬁoﬁ%é@%@ i(belyak2).

I"'eXxus un I sof Fura st hesi igare 11 shows
M?llﬁl %a% { fere s%gpple%l%hd ?eep%att)e v(rftﬁ a1|1 gﬁ’t%o%y%%aiﬁgt%ﬁﬁ ?odco%ml equal

loading.

Figure 8 shows Western blots of the cell proteins separated by
polyacrylamide gel electrophoresis and stained using PY-Jak2 antibodies. The top
shows that phosphorylated Jak2 was present in cells stimulated with EPO at 5 nM and
50nM concentrations.

The results suggest that carbamylated EPO cannot induce downstream
activation of the classical EPO receptor homodimer in cells expressing the EPO receptor.

This suggests carbamylated EPO does not bind to the classical EPO receptor homodimer.

6.7 EXAMPLE 7: BAF3/EPOR CELL-BINDING ASSAY

To determine whether cells expressing the EPO receptor bind EPO and
carbamylated EPO, BaF3 cells were contacted with each ligand and binding affinity was

measured in a competitive binding assay.
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20 percent volune of hematocrit (y-axis), and 11B,

henogl obin | evel s neasured in concentration in nv
w@e0and@Eys in mce after adm nistrati on of cone@DUS2004/013099

(vehicle), EPO, carbanylated EPO, and asi al oEPO

(x-axis). The results indicate that carbanyl ated EPO
Mdthslisasi al oEPO adm ni stered to m ce do not induce the

increased hematocrit and henogl obin exhi bited by m ce

which 2 Oy L91aBIBAFHC atd@rbamylated
car banyl ?t’e %%%b%?gﬁg%%%%eﬁg@gt 119 WO Ay

004/ 096148 PCT/ US2 0130 di | i
BECh PPy HEIRIBT RO 0O BOR VR i oy g g anes
we?é@é@eﬁe@;fﬁﬁlgegé m&uzwg{fﬁégg@g?a%\é%w g%ﬁ?ggésig%;’ammacounter.

asi al oEPO do not bind the EPO receptor and therefore,
The aeneptor bopad fractten ofgrdieligand oasmiestedasbernd £35-bEPEpgainst

6. 10 EXAMPLE 10: DETECTI NG THE PRESENCE OF NUCLEQOLI N
grabed dpseeaifpiniabtilahligimiing Western bl ot and the Oc

receptor antibody described in Exanple 4 above was

further gnghdzechowsh RasH bRl biddiey MELGIHR BaF3 cells
correspondléirﬂg to the #?3 KD band sdt}ggvm in?Fi gure 5

ol B350 G, RO b LB gt
.. P19 0
o PR B SR ey e el e

10 ng/mM EPO or saline (C_for 15 mn, then detached
re¢eptar digpndsgEReA angd pabamylsied B dn for 7 min at 700 rpm
and resuspended in lysis buffer (TBS with protease
i nhi bi t orBye BafvB/EPO-R ctils hinidtERO st anwkiai6) ofi about L aMa
final concentration of Ing 15 protein/m. CaCl was

Wi &89t cathniged BRPOSHIRAUAE Sias deeteblee hi Results indddatecthang
were avoided, to maintaln protein interactions. After

ro . £ S . _
caff e SR RS NP DR ETL L G LRI RO D B bxpressin the
EP:sl(ﬁ?har ose (Pharmacia, 10 mcroL drained gel/m) for
%EPP50m t enperature to remove non specific binding.
The supernatant was then incubated with protein A
Sepharose (10 microL 20 gel/m) previously coupled to
6.8 TEXAMPLBEGY U7 MEMBRANISASSAYIree tinmes with lysis

To determine whether cells expressing the classical EPO receptor dimer
bind EPO and carbamylated EPO, UT-7 cell membranes were contacted with each ligand
and binding affinity was measured in a competitive binding assay.

Methods

One hundred micrograms of UT-7 membranes were incubated 30 min at
room temperature in 200 ul PBS with 0.1 nM 1251 EPO and graded doses of unlabelled
EPO and carbamylated EPO, respectively. The membranes were washed on filters and
counted for membrane bound I EPO in a gammacounter. The receptor-bound fraction

of radioligand was plotted as bound 1251 EPO against graded doses of unlabelled ligand.

118



10

15

20

23

buffer. Either an anti body agai nst beta common chain

(K17, Santa Cruz Biotechnologies) or a mxture of two
wapoboodiees agai nst EPO R (M20 and h194, Sant aPCTZUS2004/013099

Bi ot echnol ogies) at a final dilution of 1:200 were

used and the incubation was run overnight at 4C.
ThENOt-@inferdbreRRan ®EROLSaHs yEhity bhen Weshedd Hhicestrast, mes

with low 25 detergent lysis buffer (the sanme as above,

SRR SRS 0 2
e e R

[
sanmple b and run on

a 10% SDS- PAGE..  The 103 kD band was exci s from .
i ReS JB e B T RRiPT g B R OD ot gy otted
in 25 mM amoni um bi car bonat e/ 40% et hanol and washed
aguinstbinditg paudptaxis) orldF-dEHeecppior exnragingggell membranes
acetonitrile. Proteins were in gel-digested overnight
coffactd® &ithi EFO treoepor ighids @Rty and ddaobrsydateWNEPCat  a
concentration of 12 ng/m in a 25 nM ammoni um

bi car bonajiR/ i a6EERO Hat EdrBariPlatediEPD dRepiot demp@tiBely inhibit
fingerprinting (PVF) was performed on a Broker

.Ref | trix-assi :
vifiae FEE O R Sl P e R PO reeemtor dimer g
a- cyano- 4- hydr oxyci nnam ¢ acid (Broker Daltonics 10
Billerica, MA) as a matrix. The mass spectra were
6.2 XANPLE 9¢ HEMOX @CRITAND HEMQ@GEQBULYNSst andar d
pept ICONOENTRATIONS: bet ween 1000 to 3000 Da. Data
generated were subjected to database (NCBInr) .
sear chi ngviusivige admiriQaed BPOVRgicabdified EPO to determine whether
(http://ww. matri xsei ence.con) and Profound

ca%%ﬁg@%éé BPOVr SRR EhhwthEdind e@’[ﬁr&%i&% caﬁé@bﬂi?iesl i, . increased

rypsin cl eavage and a mass tol erance of O.

Da. SS,spectr try was sed to determne the
1“?3@%%&??d r%ﬁ%f@%??%g“ﬁﬁ§%§g¥u|ts suggest that the

P19 cells expressing the EPO receptor and the

tor that forma tissue protective cytokine

receptor conplex produce nucleolin in response to

adni ni st rifideomerefinjBR@] intiagenaustyd tmewseraveskovidys Quatkgef EPO,

the SDS-PACGE gel with a 103 KD nucleolin protein
cafbaney1@dd EPO £ndlakidPEdr 4ieckSPEbiAim RERby1bbikdeicanMafibies and

RECEPTOR KNOCK- QUT M CE

the hematocrite were determined by a hemoglobinometer using blood (<50 pl)

withdrawn from the retroorbital plexus under isoflurane anesthesia.

Figure 11 shows histograms of 11A, hematocrit levels as measured by the
percent volume of hematocrit (y-axis), and 11B, hemoglobin levels measured in
concentration in mM (y-axis), in mice after administration of control (vehicle), EPO,
carbamylated EPO, and asialoEPO (x-axis).

The results indicate that carbamylated EPO and asialoEPO administered
to mice do not induce the increased hematocrit and hemoglobin exhibited by mice which

were administered EPO. This suggests that carbamylated EPO and asialoEPO interact
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Spinal cord injury was induced in (3c chain knockout
(-/-) mce and normal (wild type) mce to further

w0 poedvdlgmt e the results described above in  PCT/US2004/013099

cardi onyocytes from & knockout mce and to determ ne
whet her (3c receptors played a role in the 25

diffeR %tvhﬂﬁe;en@ 1 Mbd ¥ QHImfaRsdA QI KW WheRoRdinddny i the
121 2004/ 096148 PCT/'US2004/ 013099 Met hods Spi nal

ng?ﬁlglﬁfltgj llégtﬂts"@' ofvgrbmn %S%S}zscheé@l‘eﬁ‘lﬂtsacoﬂﬁ%fth&%Efb‘aﬂlylated

protoco ar oo Act a Neur opat hol

ch5pb PR s bBE b g B TR e

excitable cells, 5 tissues, and organs using EPO and
eryrapaiafc aFRdtieeS ERQeci fical |y, C57/bl6 (wild) or Oc
receptors knock-out (null) mce of 8-16 weeks of age
wer e used. Each animal was confirned null by PCR

6.0 %x% ot 160 g@;@tmé THR PRESEN S oFSPUCREODINT Y

Ive groups of m ce each contal ning

4-9 m ce. Tﬁlé &?ﬂﬁ L%En%"wlegteﬁmg MdGhe B%céaﬂ'ﬂfneﬁ'rtlbody

groups of ng splna |njury,

wer.e .an the i sofd ur rnal .core
B I M AR A

T3 and a 2 nm stainless steel_rod was appll t@ﬁé
coeprendingfo fie HIRD bandpbewa 1 Elrgunp 5 ﬁ%&%@sl a) fr analyzed

renoved. | nmediately follow ng ury, a single dose
toafetermirtsahydentiy cEIa@oﬂmprommhat ha precipitated irethiispgples.

group of null mce, a single dose of EPO was

Machodgi stered to the 15 second group of null mce, PBS
was admi nistered as a control to the third group of

nul | m cep)@cehis R gHRALL00f 096 @Jrﬁﬁlﬁﬂéeaih%@néf’é% WRgium. They

adm nistered to the first group of wild type mce,
weregreﬁﬁﬁ é{}g{ufg) xgg/ E]gé) &B %11%@{1@%911 %nhﬁﬁ qfx&g%étfgceh ?%é/ tapping on

thg ‘Zﬁf’ Séﬁlgqé)gr rfﬁgi at %ﬁg}%?l:ag ﬁeglllsjepf% 111) 951&1—%@&@2@%& wit protease

Beatti e, Bresnahan (BBB) scale is a 20 21-point scale
inhibitorse 2miMh § a6 b rl ¥ TrignncandrIeNB4Mde givel adidrsrsenasniratien of kng

commonly used to neasure of functional recovery
protdid/o GgChwasnpdesan imlthertysis uffebhandBBiSzaparerortexing mere avoided,
sensitive for detecting fine notor deficits and al so
toARHBBAESotNEIGHE RS OTA fTef N SIaY oPddbeis b§ centrifugation for 10 min at
120000 rpm, the lysate was incubated with protein A sepharose (Pharmacia, 10 microL.
drained gel/ml) for 1h at room temperature to remove non specific binding.

The supernatant was then incubated with protein A Sepharose (10 microL
gel/ml) previously coupled to the antibody for 1h and washed three times with lysis
buffer. Either an antibody against beta common chain (K17, Santa Cruz
Biotechnologies) or a mixture of two antibodies against EPO-R (M20 and h194, Santa
Cruz Biotechnologies) at a final dilution of 1:200 were used and the incubation was run

overnight at 4°C. Protein A sepharose beads were then washed five times with low

detergent lysis buffer (the same as above, except 0.5% Triton and no NP40) and bound
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spinal cord injury. BBB notor scores were plotted
versus nunber of days post injury for all groups of
wapionmd@a4s Cl i ni cal severity was then cal cul at eBICT/US2004/013099
nmeasuring the area under the 25 curve (AUC) of the
pl ot of BBB versus nunber of days post injury.
pré&bind vfené di§§96%édb’9y thé 2ddiVibh 3984 1186 LAT 2x Laemmli sample buffer
PCT/ US2004/ 01309 val ues anong groups of mce were

wiﬁ}ﬂ?%}/b% d Eca;gﬂo&ﬁhﬁéi ah@ruflbd f §6e6sS pATSEa bar graph
S the tl

oW ng I'nical severity val-ues for each group
was gener.gt results. confir ' : :
car ?i 0 {ry ggﬁf’f@: é‘ﬁf %lda‘fac?gpﬁgbs_ﬁ(g grts 1 @%‘iﬁ??ge Bl ei :s;[%llrjl gd gel, destained
protective activity of EPO.is ndent —on :
forpjeasaEbingtS MbampaRpR Bicarbanaisi o Ghaiod and,y aphedyyifiye

are shown in Figure 13, which shows the BBB notor _
segusmtiel ifgreasing perventagesoftacatenitnledBpseinblv ISR Bgi-digpsied overnight
(x-axis). The wild type group of mice adm ni stered
at et anmltaipeic (PRhepahMailisen W) at £ asiedntmaicorofsi@argas] in a 25 mM
t hroughout the 42 post-injury tinme period in

anfROM AR BiORbdRt 4% ALRBAItGIE QYRS on. TRPtiAE ik Sn@dr B igVIPME)
in Figure 14, which shows the clinical severity

Wi RRL b B KRR B b b 12 o LR
1.ni stered carbanyl ated EPQ (colum 1) . exhihited .
OB oo Rl S e et By §i (Ralef Ditonics
I.e., less severity) in conparison to all other .

Biélmé@qa MAres amakixp Thy mashepegha wistotxiernally ealibgated with a mixture of
adm ni stered EPO (columm 5) exhibited very high

7 stedaad péptidesinctherpangt botwden 1800 t3 M0 Dy MaipgeneTdied were
results suggest that a j3c receptor is necessary to

suBfdtel (6 dhtabast INCRIEY ke chifp ading a@proghichd Mascbd treating
injury. The invention is not to be limted in scope by

(hgtE9@?&8%Jt%ii?ﬁcﬁeﬂpg%rﬂ}aﬁ{cﬁﬁfoﬂﬁ%g{(ﬁ@ﬁﬁgﬁ%l.?&l&fe@le}. %@Egﬁg)ving

ustrations o vidual aspects of t

i hventi o and functionall ui val.ent t hods _an
G wnsL gt pnd patast iR RD 2B, NOER pfffometey was
| ndeed various nodifications of the invention, in
usgdiin deteningthendandity aAbWCleli®  descri bed herein will
becone apparent to those skilled in the art fromthe
f or egoi ngThaieswtsi spegeshthah theaOoslianexpresyingrthoERGstecapierrand the
nodi fications are intended to fall within the scope
B.@Ecephte tiend Peaire tssuk pratectivil dytokifeaeespt@oaipl@dprodne micleolin in
are incorporated by reference herein in their

response to administration of EPO. Figure 12 shows a photograph of the SDS-PAGE

gel with a 103 KD nucleolin protein circled.

6.11 EXAMPLE 11: SPINAL CORD INJURY IN 8¢ RECEPTOR KNOCK-OUT
MICE

Spinal cord injury was induced in 3, chain knockout (-/-) mice and normal
(wild type) mice to further investigate the results described above in cardiomyocytes
from (3, knockout mice and to determine whether 3, receptors played a role in the

protective activity of EPO following spinal injury.
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25 entireties for all purposes. 123 WO 2004/ 096148
PCT/ US2004/ 013099 WHAT IS CLAIMED: 1. A nethod for
WO d@anddiys ng a conpound that nodul ates a ti SSURCT/US2004/013099
protective activity, conprising: 5 (a) contacting a
test conmpound with a tissue protective cytokine
Mégs@ptor  conpl ex; (b) neasuring the |level of tissue
~protective cytokine receptor conplex activity; (c)
dent 1 1Y1 Qfiudl bR MROYBIoMYGh nliBE 1ERSE Sadfication of the

decreases 't eve I Ssue protective cytokine

recept conpl activity a reg. he.l f
PSR s TaroRae (b ot i el CBRE FRalErl The g
neasured in _the absence of the test conpound; an d
preduesy p gninpd modishibpt wassed & tesigrgdnry of g’r’im@g%’s%ﬂgblg s,
protective activity. 2. The nethod of claiml| wherein
tissues, aridsorgengprsitgeltR( wad earbakylatedrBRQ pBpecifientlyl €X7/bipgwild) or .
activity is neasured by nmeasuring the binding of the
redetdrs RAGEKOOUANEID) rhise of Bdsueeckpbdhgcwereased/ t Bdchrmimal was
receptor conplex. 3. The nethod of claim2, wherein

colhi;iz%né@ﬁ&u 69 PERUAE I Jf 3¢ @Etaaitd i @ld8il ORpinbEinjury was

bel ed test conmpound to the tissue protective

BRI SR S RPEAES, Do S e
a“gﬁ”gg Eroins 8L Hﬁce%@sptﬂ}rﬁ s g,r%p@ﬁ%%é@h@%yed with

~measuring the binding of the test conpound to the

isofluraneeandy noreel Pere tayReRIFRa PG A pedony myvas gerformed at
net hod for identifying a conpound that nodul ates a

T3 irsba2 npn Gtairdéds\seehoidi wistappliec orthe dsiarvgith PHgiaals of force for 4
contacting a test conpound with a tissue protective

mintRkinAehdnaesBlyed. conpl ex- expressing cell; and

Immediately following injury, a single dose of carbamylated EPO was
administered to the first group of null mice, a single dose of EPO was administered to the
second group of null mice, PBS was administered as a control to the third group of null
mice, a single dose of carbamylated EPO was administered to the first group of wild type
mice, and a single dose of PBS was administered to the second group of wild type mice.

Animals were then assessed for 42 days using the scoring system of Basso
et al. (1995, J. Neurotrauma 12:1-21). The Basso, Beéttie, Bresnahan (BBB) scale is a
21-point scale for testing normal overground motor locomotion that is commonly used to
measure of functional recovery following spinal cord injury. The BBB score is very
sensitive for detecting fine motor deficits and also assesses the degree of recovery after a
spinal cord injury. BBB motor scores were plotted versus number of days post injury for
all groups of animals. Clinical severity was then calculated measuring the area under the

curve (AUC) of the plot of BBB versus number of days post injury. Clinical severity
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(b) measuring the |l evel of tissue protective cytokine
receptor conplex activity in the cell; 124 WO
wQoN0a6148 PCT/ US2004/ 013099 (c) identifyi nBCHUS®E4/013099
conmpound whi ch i ncreases or decreases the tissue
protective cytokine receptor conplex activity as
valftd ra’Hf?)Bg %r&%s GhibEWele MhlybiPstitecallp oL di€loieriBesCatid@kian graph
recept conplex activity nmeasured in the absence of
the tesi . co und; aToR t he
shopifig, FFﬁgﬁgk%ﬁgﬁggﬁ%%gﬁg%?éf@ga???ﬁ e ggggéctive
activity 6. The thod of C.aim5b,, wherein th
tissue protEewlinge EIP(‘? SN PRARBRSFYIE ST %?(({]S%g?%t et 3t/he
is nmeasured by a cell proliferation assay, (. The . .
tissnepiotaptive a@natm@%mﬁﬁ@mi@ph@l thepreserce lofrs perRRT iy animals.
engi neered to express at |east one EPO or 0O common
The @6t ¢ shovliDinSFigihe] Jrstidushofvs ChaBBBMoteh e¢ast (iy-a%ig) versus
cel | endogenously expresses an EPO receptor and is
timb A8 T NBHind i hfirP(RAGE)e The adidkype groupDif agc@administered
nucl eoti de sequence that (i) 1is operably linked to a
ibitdd inERERAST18: RoRRAMPBAKAE RS 4 post-injury time
°“€%ﬁ§g%%??ﬁgeﬁ6§ﬁ#%ﬂﬁﬁgthod of 8Iain17% v\/hereihptheJury
cel.l endogenously expresse d
perfad ip SREPGRH HALHE B et a7 6B G e LFRBALEa hen
nucl eoti de sequence that (i 5is bly linked to
ShaaveghoABNIEH SCERTI 1T EBOR BLEgBras) B Erols of
pol ypeptide. 10. The nmethod of laim8 or 9, wherein
mideh(g-axix)| ot wdkl typegeonp of mceksiniistpred eprbarmdated FHO (column 1)
species as the cell. 11. A method for identifying a
exiPMIOL I Bnitibait indrdased El$nical sbwsite vilued Eet, ilass saxctityiiny,
conprising: 20 (a) contacting a test conpound with a

cox‘éﬁ%lsoﬂ’% Gl oftRer %ﬁél?mo'ﬂﬁﬂﬁé A5LNTHBSRAPDT nlufl reisP b@fmiddted

receptor, ein said cell is transforned with a
e o ST A BB S g . o
resgﬂgglfggégﬁhzgfac cgg%gg)rr g%%é%qﬁo la%@?@%h%iﬁ;ré@%%i?%?ﬁe%tio? $pO in
conpl ex
treating injury.

The invention is not to be limited in scope by the specific embodiments
described which are intended as single illustrations of individual aspects of the invention,
and functionally equivalent methods and components are within the scope of the
invention. Indeed various modifications of the invention, in addition to those shown and
described herein will become apparent to those skilled in the art from the foregoing
description and accompanying drawings. Such modifications are intended to fall within
the scope of the appended claims.

All references cited herein are incorporated by reference herein in their

entireties for all purposes.
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25 activity in the cell; (c) identifying a test

conpound that increases or decreases the |evel of
WO e@ges14Pr ot ecti ve cyt oki ne receptor conpl ex BCT/US1004013099

inthe cell relative to the level of tissue

protective cytokine receptor conplex activity measured

in a control cell, 125 WO 2004/096148

PCT/ US2004/ 013099 wherein the control cell is of the
W@ggﬁ We as the cell of step (a) and is not

§ With a nucleic acid conprising a

nucl eoti de sequence that (i) is operably linked to a

pr onot nd, (i..). encodes t . -
1. Bor agepbrBR adgiping R RSull iy HPRRRe AR @iy sctivity
co ind for a tissue protective activity. 12. A

met hod for identifying a conpound that npdul ates a )

ti sée peotesingpdesicompprnd with gAissyeirptgetiyggytokine receptor

contacting a test conmpound with a reconbi nant cell

t hat"BSFesses a (3 comon receptor, wherein said

cel (b)i s meansingrihettvel dfhissuaproteetive @ytokind Gecepiopromspley

a nucl eoti de sequence that (i) is operably linked to a

prof@t@®; and (ii) encodes a EPO receptor

pol ogep_t id%ﬁﬁ{}‘ix?%a PRASIh) R Wi B¥RhsQlor UESEMRs the level of

protéctive cytokline receptor conplex activity in the
cel Lissuppyotbetdmrtdytokimgreeeptastomplerpastinity eh aempared émthedevel of
or decreases.the |level of tissi{];e %5.9rot ective

LUV

cyt SRR eSO TSP aoTep] PFgSiggst {r the absence of

rel ald 48§ cbRipblisd;lagiel of tissue protective cytokine

receptor conplex activity neasured in a control cell,

whe(di n tseyingribe slentdfi¢d testsonporndios dtucqapiect ygretiyyy.

the cell of step (a) and is not transformed with a

nucl eic acid conprising a nucl eotide sequence that (i)
2.is Thpereidyof daitetwherei fhe tispegroteetint qytokinereceniescanplex

3 C t | t.ide;., 20 d (d j
B e
pr&‘é%{vlgicy%ki&%ece%tmoﬁﬂﬁeﬁ°r i dentifying a conpound that

nmodu es

a a tissue protective activity,

3. The method of claim 2, wherein the test compound is labeled and binding of the
labeled test compound to the tissue protective cytokine receptor complex is measured by

detecting the label attached to the test compound.

4, The method of claim 2 wherein the tissue protective cytokine receptor complex
activity is measured by measuring the binding of the test compound to the tissue

protective cytokine receptor complex.

5. A method for identifying a compound that modulates a tissue protective activity,
comprising:
(a) contacting a test compound with a tissue protective cytokine receptor
complex-expressing cell; and
(b)  measuring the level of tissue protective cytokine receptor complex

activity in the cell;
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conprising: (a) contacting a test conpound with a
ti ssue protective cytokine receptor 25
w@e eovplos4expressi ng cell, wherein said cell i SPCT/US2004/013099
transfornmed with a nucleic acid conprising a
nucl eoti de sequence that encodes a reporter gene

ope bl Yidehitffith 4 Rst BnifodHi JhRIhinletdts ot dé&&%@é ﬁfemsue
gﬁa t1 gsue pr ot Sect I ve cyt oki nlg r6eceptor l e

act protdcyive Gﬁ))kmd egvepioy PW@PEXtae‘SYltBC@ﬂﬁ@@mﬁlaedt uaathe evel of tissue
|ncre§§?s or creas s the

oo PO TR Tk T R e coMBlc ey Byinppeossifed HRRL HEnflhe st

repor
eXpE&ﬁﬁélﬁlﬂ afeasured in the absence of the test
compound, and c) assa 3? the identified test

confundassaying fari tb@; islsnfified test qopposag {fQr & fssue peagefigse activity.
2004/ 096148 PCT/ US2004/ 013099 14. The method of C ai m

13, wherein the regulatory element is a serumresponse
6. el effbamettod.of Klaie howheseinitertisshe proteptiye @MWW@CW%&COWI@X

ul at es tectlv ctivity, conprising: 5
ac"t"é?”ﬁ&’??%‘éﬂ% 81%1 FEHPLL n@?vvl th a cell conprising:
(|) a nuc:eLc aC|d sequence conprising a reporter gene
ope [ to.a bindi te s I
o1 nd PR s R ERURT L SRR sp o Bt orpress
at lfehit%hefEP@& &ﬁxﬁh@ﬁfhc@ﬁtﬂml sing (A) the DNA binding
domai n of the transcriptional activator, and (B) a

first tissue protectlve cyt oki ne receptor polypeptlde

8. OF apf hAGERIYE A188E 20k herdidhé bdli dndd g&RueRtxbskedtn EPO
protein comprising (A) an activation domain of the

redeptan sud 1S|citamefﬁaahedamth\aaumlelcamd eca)lplam@,&@ sneleetidpssgguence that (1)

cytok| ept or t
is (? %tﬁiz hpkegetﬂ & pé%? g 1) gnrofles %% %gﬂlpl%?x rgce&)léogg) ygeptlde
gene expression in (b) dlffers relative to the
' ep?lr te%geﬂgoecﬂ?f Claim 7, wherein the cell endogenously expresses a 3 common
receptor and is transformed with a nucleic acid comprising a nucleotide sequence that (i)

is operably linked to a promoter, and (ii) encodes an EPO receptor polypeptide.

10.  The method of Claim 8 or 9, wherein the nucleotide sequence is derived from the

same species as the cell.

11. A method for identifying a compound that modulates a tissue protective activity,
comprising:
() contacting a test compound with a cell which is recombinantly engineered
to express an EPO receptor, wherein said cell is transformed with a nucleic acid
comprising a nucleotide sequence that (i) is operably linked to a promoter, and
(i) encodes a 8 common receptor polypeptide;
(b)  measuring the level of tissue protective cytokine receptor complex
activity in the cell;
(c) identifying a test compound that increases or decreases the level of tissue
protective cytokine receptor complex activity in the cell relative to the level of

tissue protective cytokine receptor complex activity measured in a control cell,
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expression detected in the absence of the test
conpound, a conpound that nodul ates a tissue

wEe@ieediss/e activity is identified. 16. The nepdiDUSWH4/013099

any one of Clainms 5, 11, 12, 13, or 15, wherein the

cell is a 20 prokaryotic cell. 17. The nethod of any
on ew%reﬁ'{(ﬁ’lb WBntrol celt ﬁ Hhe datne Q11 thBe adhRIcEI1 Bf ke (?Qﬂnﬁ is not
is a eukaryotic cell. 18. Teherrehod of laiml7,

whetrensforiieed veittk anydeic ecideiompirising annelaetide pequenceghatfhds
met hod qf .a one of ai .. 1 12, 1 -
ety iR R ot e ke b B sadiiondedhRor polypeptide;

oneggpeceptor of the tissue protective cytokine
receptor conplex. 20, The nmethod of any one of dains
5, (d), 1assayiBg thsridewifiediestspmpowed OB RItsfus profgiy activity.
cell. 127 WD 2004/ 096148 PCT/ US2004/013099 21. A

nmet hod of identifying a conpound that nodul ates the

12.act Avintthodfforddentiying a compound ihabmeguletes adispueqaptesiive activity,
COIf}glﬂngl ex, said nethod conprising: (a) contacting a test

13.

B8nd with a cell of a nodified yeast strain

coniai ni Renthétingd BHELEPLIAEWHRGUSAREbIRNT @Il g1t axpresses a 8
reporter gene that is operabl}ér 5 linked to a tjssue

pr otemmiongeesptaskivhaeinagainelis Hansipmsed willyapuslgls acid

pronnt er. .an il.)q€ Ny : i

s TR P sb AR R e AR e, e
| eVQi'i)t@i‘coaé‘std E/l:’(l))‘edgf)toapbiypsptﬁiepr ﬁt elct i ve cytokine
receptor conplex by pneasuring the |evel of reporte
genédexpieasssig the Ifvel effissug pr%ququ: eyteking fecep g Ferapiex

genﬁct?\ﬁ{e}ji\ﬁitﬁé/cllf" the presence of the conpound 10
i ncreas€s or deéreases relative to the |evel of

repge)t er idmnidying hitast tgmpourkiibatahaeasegor defcraases the level of tissue

conmpound, then.a conmpound that .nodul ates. the.actiyi

of aretﬁ%vl?éyt%r&rs&etﬁvéoeﬂ%%%{éﬁv i s e LA g Vel of

| de%%&é r@étect%@e cyfoliRd £2e&bthOonysienhd ity ifeaBuea P ¥Bstrol cell,

that binds to a’tissue protective cytokine receptor

c omlexein cteengomire] el is of the same cell type as the cell of step (a) and is not
transformed with a nucleic acid comprising a nucleotide sequence that (i) is
operably linked to a promoter, and (ii) encodes a 8 common receptor polypeptide;
and

(d) assaying the identified test compound for a tissue protective activity.

A method for identifying a compound that modulates a tissue protective activity,

comprising:

(a) contacting a test compound with a tissue protective cytokine receptor
complex-expressing cell, wherein said cell is transformed with a nucleic acid
comprising a nucleotide sequence that encodes a reporter gene operably linked to
a regulatory element associated with a tissue protective cytokine receptor
complex activity;

(b) identifying a test compound that increases or decreases the level of
reporter gene expression relative to the level of reporter gene expression
measured in the absence of the test compound, and

(c) assaying the identified test compound for a tissue protective activity.
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15 (a) contacting a tissue protective cytokine
receptor conplex with (i) a .tissue protective
W@ gioekdai1es r ecept or conpl ex |ligand attached to BCT/USHD4/013099
| abel and (ii) an equival ent anmount of a test
conmpound attached to a second | abel under conditions
14.CONGHE h}eh ddb a8l 19 wiPdin SRR BRAA s HRERI Rlsponse
fromthe tissue protective cytokine receptor 20
elemenpl ex; and (c) detecting the |evel of the first and
second | abels wherein if the second |abel is present
t he conpound binds the conplex and if the | evel of the
15f i r 2t mbthbé lof idbatifidss esompduatlitha maluldtes 4 Gsseb poftedtive activity,
first |abel where the labeled ligand is contacted
CORPRHIE ti ssue protective cytokine receptor conplex
undef)y copgdhihbi@is: ¥e GaipdHAd WethlaelliBBiphgingh t he
absence of a test conpound after renoval of unbound .
mat er i al (i)t hen mclsimgsoliseduensaicopipggtagepontgr gepeoperably liked
protective cytokine.receptor.conpl Vil s identifd ed.
23. A net hod F%Plbf@g}% ﬁltfefpﬁcdﬁ%?ocr &nﬁﬁlgﬁ‘n%nﬁlﬁgtdggﬁt%@uﬁa es
the bindi ng ofiradsdripishid aciéht@r ot ecti ve cytokine
receptor conplex ligand to a tissue protective )
cyt oki ne (Heceptfisst fugionpraisin cemppsngi(Ag theDNAgnding domain of
2004/ 096148 P - [ j
protective Cy%{#’%@ﬁé@%@f@o&%@%@@@?%gg%t&ﬂ% %B{gﬁﬁ%e
ti ssue prot ectdywkimyreedptoreolypepidosr chagrhent theredfhand
presence of one or nore test, conpoun under . .
condi t i ol corfdigeqnddusign quﬁapﬁampaﬁ@gzgy apagiivatiop dopa of
amount of tis : ' ' : ;
5" gand boundt SR RATFIEY SR KA ) £REDhE foe R Gtive
recept or conplogiokireuredeptdrat i f the anmount of bound
tiSSﬁf protective cytokine receptor conplex |igand

meas$th ed qu?CEIB%’ TPyt FLC P Ne anount of bound
sull Bt tl%rlﬁéh&%r' 268e EYJrOdsi R8N (BB RLRTelaB OITR 18 répodidNkne

measur ed t he absence of thHe one or nore test
expespoudetssted hethe abseoonplibatest tranparedud eerepounddhyimeiulgges a

sSle Folcb iR BRI SRR EqeY ! okl ne Teceptor compl ex

16. The method of any one of Claims 5, 11, 12, 13, or 15, wherein the cell is a

prokaryotic cell.

17. The method of any one of Claims 5, 11, 12, 13, or 15, wherein the cell is a
eukaryotic cell.

18.  The method of Claim 17, wherein the eukaryotic cell is a human cell.

19. The method of any one of Claims 5, 11, 12, 13, or 15, wherein the cell
endogenously expresses at least one receptor of the tissue protective cytokine receptor

complex.

20. The method of any one of Claims 5, 11, 12, 13, or 15, wherein the cell is a BaF3
cell.
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10 ligand to the tissue protective cytokine receptor
conplex is identified. 24. The nethod of C aim 23,
wob@reval4g he anount of bound tissue protectivePCHUSI0DHEL3099
receptor conplex ligand is nmeasured using a tissue
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any livkesl tofa teisaé piotBtivakdeking recRRIor PREiex gEHasYE promoter and
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AR R e e T

proyct i vetemitindkd the lévRLePiceivite ofplissueipsotodtrsiuyekinyyreceptor
detecting the | abel attached to the tissye protective

cyt 6RIMAkEX by areasBiing hepewek of Tegaiier. S8y SXBIRESI¥Ret hod of

d ai . rei b, I,Sti r

et P i HEIEYT o bl B oBi BB B 2P hcapound

i Nt @casisedr deeteasmrelativd foshel kevpr aftrepdrier geny salvityen the absence

receptor conplex and a tissue pro tiye cyt.okinhe.
r ecegfle_rcor@@ue%%&cq%%ﬁuthﬂé &?Pdﬁlfai?snté? a%% ity of aissue
CO% e&dtﬂ@ cgtoﬁdr%%@ep%&*oﬁﬁﬂéx\ﬁ@ idoptigkane receptor

co X Wi th one or nore ‘test conpounds; and (b)
nmeasuring the tissue protective cytokine receptor

20T E RGN AR MR B g e protestivg cyighine
redeptot bymgiekf @msprigimgn t he ti ssue protective cytokine
receptor conplex activity jn the, absence of the onhe. or.
or 68 o BB HESC PIREFUY® CYGHSSURCFRIT AP TIRIY I )2 tissue
the boks A i SR ARERIINE hife 1566) akd
recg%?%?ﬁ%g%#%%gg%gﬁg&?ﬁgﬁg?sg%% protective cytokineagéé
r ec egtivelegbamdunt of i deshdorpound eteélfeddd a secapd, labrh ander conditions
net hod, of an .o(ﬁe of Cains 1, 5, 11, 12, or 28,
whe CERFPEYFSOINURE e ot ective cytoki ne recept or

COMPBEX %&hbwh%mbmm&em%&y tiidsudpidkdctios ajtokine eceptor
cell" " differentiation.
complex; and
(c) detecting the level of the first and second labels wherein if the second
label is present the compound binds the complex and if the level of the first label
decreases relative to the level of the first label where the labeled ligand is
contacted with a tissue protective cytokine receptor complex under conditions
conducive to binding in the absence of a test compound after removal of unbound
material,

then a compound that binds to a tissue protective cytokine receptor complex y is

identified.

23. A method for identifying a compound that modulates the binding of a tissue
protective cytokine receptor complex ligand to a tissue protective cytokine receptor

complex, comprising:
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30. The nethod of any one of Cains 1, 5, 11, 12, or

28, wherein the tissue protective cytokine receptor
weeovplosd4tact i vity neasured is the ability of tPET/USRSUE3099

protective 10 cytokine receptor conplex to interact

with a tissue protective cytokine receptor conpl ex

I gand. Rhiachhe a RS bt otanse fkefthaddmpléx lifandhith a
12?@:3, 22,ac_or§%8,_‘lv\é/‘n¥g?ei ﬁ% step of ass% ing the
i detissiid protectiverpyiokithefregeptor sempleprin thegirpspace et prg qrynore test

conpri ses . detgecting.t he rese ) leolin in the

cel fOmPENG ‘.m(%ﬁ 801?@??116309 °8$ ucéﬁey&gbﬁ%&%%n%ﬁai ms 1, 5, 11,

12, (b? 3, Rdasufihg A arvbrait ofF fissub grat@ivealtokiesaydpngr dohmplex
n

identified compound for tissue protective activity
c ontigdnd deupd tosibie tisgredotepii T KARP r&ﬁeﬁt%%%é@a | evel

suc it ¥ B prEPUA LR oo P X R Btf nl gond

meX¥descEintb} difets St eheparndat bif beundcjssok protectize epfokine receptor
conplex is in saluti

conppleigangumaasiss n e Appucss T e I A Fopa s e a

| | ; btokihe RedePlor complex
coSShATHIEABILOK. BRSS! BBt bl daapikcomy
liga@inp chendssuaiotsctise chtokinemelieptpr spmalextis degtfipd.ot ect i ve
cytoki ne receptor conplex ligand to a tissue
protective cytokine receptor conplex. 25 36. The
24 met Madnethod diChiAB23,0rhe2én thwhemaint of beunddigseripigtective cytokine

MCUETE T AIIT AR TR SN

: F QKA . tor conmplex. 130 WD 2004/096148
hg%%&%%ﬁ@%é%ﬁ%%gggg 37. The nethod of any one of C ains

1, 22, 23, or 28, wherein the tissue protective

cyt gk - i L kR )redeptd@Rompl
25 St R LR S0 A AD REARE By S ORI redcpicR fomplex
liga@ is 2beledrand®indihg vEihe tishe frotsstive qyrakiectacomor eopplry Hgand to
thed P ssE HY O PP IoR o e BT as e BB REghe el
attUARH & ﬂle_ttﬂ&etr#%%ieﬁy@é?}géﬁﬁé }eBptoF ¥Rl EghRE €pt OF

conplex is | Ized to a solid surface.

26.  The method of any one of Claim 23, wherein the tissue protective cytokine
receptor complex ligand is labeled and binding of the labeled ligand to the tissue
protective cytokine receptor complex is measured by detecting the label attached to the

tissue protective cytokine receptor complex ligand.
27. The method of Claim 24, wherein the label is fluorescent.

28. A method for identifying a compound that modulates the interaction between a
tissue protective cytokine receptor complex and a tissue protective cytokine receptor
complex ligand, comprising:
() contacting a tissue protective cytokine receptor complex with one or more
test compounds; and

(b)  measuring the tissue protective cytokine receptor complex activity,
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40. The nethod of Caim 39, wherein the solid surface
is amcrotiter dish. 41. The nethod of C ai m 39,
wob@nedddg he solid surface is a chip. 42. A nerdDUusI004/013099
identifying a conpound that binds a tissue protective
cytokine 10 receptor conplex, conprising: (a)
such Ak AGhé Adivity rSsku©a 1P 08y itk tlonathleitigarchrbieovaigytokine
tissue protecCtive receptor conplex fragnment
recegnmmoirxgﬂwgac@wny mthe abprcEPOtheame ot 10T Ie5t eraapqugis then 2
onai nd .at .l east .one. 0 .c : :
corgipd dut PRSIk R R IR o RSP pRlctive oytoking receptor
corffled affPihk GisSie ROk ttiveadViolkife {ebgptorsmylagligmdds identifed.
conpounds fromthe solid support; (c) identifying the
conmpound attached to the tissue protective cytokine
20 eCeRt REthe@IPheXohd GODRIRhs 1,5)¢h, 1) at 28, wirpiaubdtissae pebtective
to the solid support is identified as a conpound that
cytbikine secepfoncarplex actprivris srcagsed y &l H’@h%‘é%‘é%’t Jrce
..conpl ex. 20 43. The nethod of any one of Clains 1, 5,
dlf%ie%i“é?“'ls, 15, 16, 22, 23, 28, or 42, wherein the
test conmpound is an antibody specific for the tissue

protective .cyt oki ne cept o oyl : .
30,51 TR misHiBa3E o0y et GRRREY S, )37 Th 535, Hgeik e MK Horective
cytbkiBie k&@Shtor 6GAPIRK ALtiVity 1aBasardd ib dibyability & € tfsste protective

tissue protective cytokine receptor conplex. 25
cytbkiga rrEeptos complex g iieractayithm {isyg @f?i?%%ﬁ?ﬁ‘“f regeptgricomplex
12, 13, 15, 16, 22, 23, 28, or 42, wherein the test

ound is a snmall nolecule. 131 WO 2004/096148
E’CT/ US2004/ 013099 46. The method of any one of C ains
: 11, 12..13, 1 2; 133 , A : '
311 e Toe B a0R anF B CHmp 5T 113028 or 38, WO € ep of
aséﬁgi%g P @bRifMG chmpound for thdue rdteclibe activity 28mp#iSes decting the

42, - wherein the test conpound is a nenber of a
praspieafyuclsolipgin thpeelhet hod of any one of Cains 16, 22,

23, 28, or 42, wherein the tissue

lig

32. The method of any one of Claims 1, 5, 11, 12, 13, 22, or 28, wherein the step of
assaying the identified compound for tissue protective activity comprises detecting or

measuring an increased level of activity of neuroglobin or cytoglobin in a cell.

33.  The method of any one of Claims 1, 22, 23, or 28, wherein the tissue protective

cytokine receptor complex is in solution.

34, The method of any one of Claims 1, 22, 23, or 28, wherein the tissue protective

cytokine receptor complex is in a cell.

35.  The method of Claim 23, or 28, wherein the compound inhibits the binding of a
tissue protective cytokine receptor complex ligand to a tissue protective cytokine

receptor complex.

36.  The method of Claim 23, or 28, wherein the compound enhances the binding of a
tissue protective cytokine receptor complex ligand to a tissue protective cytokine

receptor complex.
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protective cytokine receptor conplex ligand is an EPO

49. The nethod of any one of Clains 1, 5, 11, 12, 13,
WQ@304096142, wherein the conpound bi nds the tiB&IES2004/013099

protective cytokine receptor conplex. 50. The nethod

of any one of Clains 16, 23, 28, or 42, wherein the

37, COMpRLAGIRY %@ﬁny érﬁ)e 6f@lafrh§i5 ue, ps Qir@@t WM@reﬁVt‘h@ Kis$iR protective

receptor conplex Iigand A et hod f or i denti fying
cytekinemgeepinticarhpiex nowadted mssta) ¢a) ssarea palbsveteeeve activity
in a manmal, conprising: (a) administering the
compound to a first animal imediately follow ng
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of the same injury as_j
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cytBkk ?&:%t}%?? nﬂaﬁ h@ﬁmﬁ@ﬁﬁ%@&) LRMRlsfacesuch that if

recover e injury differs in the animal of step
(a) as conpared to the animal of step (b), a compound

golha t 1 i Winki¥rdtiSer dish.
i detg QB%%C? a 0%3%91";3«3 %éﬁﬁgﬁ%?lgﬁﬁfﬁéf%\f nt|é)1r]€averft ilsng a
di sease or disorder in a hunan conpri si ng

admni st er | unt of a
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protective cytoklne receptor conplex to a human in

,nee of .S 1

o ool el s RS Rt ovn

g@ﬂé&ﬁﬁmﬂ&oﬁgﬁs@ZOOM 013099 53 The met hod of claim

wherein the di sease or disorder is.a.di sease or
d| sm)der comtactie wiEsteompeyne wdihiadigaadbinding tissyg protective

met hos g{o? oﬁ@ﬁ?%gﬂx%n{ %%ﬁ’s%?%ét%bs%n@ﬁf@t@@pfor%ﬁlréc%llular

ti ssue rgan rsin

adnmidehsiredndng last dierfentba adckytoe é;tmellwler domaintfussfl taan F,
conpound that, 5 rmdrl at es the activity of a tissue

pr offAemeREARGhedoRsolid SUPRYE 3l ex to a human in

(o)  removing unbound test compounds from the solid support;

(c) identifying the compound attached to the tissue protective cytokine
receptor complex fragment,

such that a compound bound to the solid support is identified as a compound that

binds to a tissue protective cytokine receptor complex.

43. The method of any one of Claims 1, 5, 11, 12, 13, 15, 16, 22, 23, 28, or 42,
wherein the test compound is an antibody specific for the tissue protective cytokine

receptor complex.

44, The method of any one of Claims 16, 22, 23, 28, or 42, wherein the test
compound is an antibody is specific for a tissue protective cytokine receptor complex

ligand.

45. The method of any one of Claims 1, 5, 11, 12, 13, 15, 16, 22, 23, 28, or 42,
wherein the test compound is a small molecule.
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need thereof, wherein said enhancing the function of
excitable cells, tissues, or organs results in the

wenwanoasent of associative | earning or nmenor yPCIi$1904/013099
the proviso that the conpound is not an EPO 55. A
met hod for nodul ating the activity of a tissue

46. PT OFREIENSd oY hipkbiEoff @aRE Dr5, 10, 0ONB] B¢ 16/nXR 2B 128 42,
conprising admistering a corrpound that nodul ates the

whereini the topt camfipesailds ¢penildeéx to a human in need of such
treatnment or prevention, wth the proviso that the
conpound is not an EPO. 56. A nethod for treatin

47.pr eThmMetl@da)fdnysemsd@wmﬁ by dér13,a3al hd e, @érr%??:l%l"' A9

whEipeet fripdiaan: mpgtsso! hfelod for enhanci ng ¢ e

function of excitable cells, tissues, or organs in a

8.0y 1 DRy ORI BRBPIEBHGRLRS 16 22 himinot HBa el e e
progé‘gtin_ggﬁ%teﬁﬁe?éceﬁfo@b&ﬁp@%h gaid isath EFD. S5 Wher ei n t he

identifred by the nethod of any one of
clainms 1-5, 11-15, 21-23, 28, and 42. 59. The nethod

49.2 Of %ﬂé( H%ﬁx%d%‘f afil ghé%f é?am?@ 5,94, 12113528 W4 Sherkihe

'S an 0 anti body Specific for the tissue

compcmrﬂdimd/sethe fissmk preestveeytaiinecompiecongdex. The net hod

of any one of clains 52, 53, 54, or 55 wherein the

conmpound is an antibody is specific for a tissue
50.pr o8¢ et dwftaak ione of @lmps 06, 2308p) @¥2| hearsth the comphend binds

nmet hod of .any one of clains 52,. 53, 54, or 55 wherein
thett}?éu%ﬂﬁﬁﬁﬂﬁ?jcﬁgklge TeSRRIOT CorBPisE digdd pept i de, or a

menber of a library. 25 62. The nethod of any one of

clalns 52, 53, 54,.or 55 wherein conpound b
lto ﬁh@eﬂlpéi%rédﬁiﬁ%ﬁ“@étai g1 %Q}aﬁgmp@é@ﬁ@a}ss egﬁve activity

48 PCT/ US2004/ 013099 63. The net hod
mélfh any b%glﬁ%%%%lal ms 52, 53, 54, or 55 wherein the

conpound (a)enhadmérsistetieg tetcowipbyndfo 4 fmt ariim@hbnmediately
protective cytokine r etor conpl ex Th

of any one of f@&"&’l’lﬁﬁ 115@ oR0f agmyugy, Vé%er%é}l‘e ﬁ? fuﬂgla
conpound i nt @hASIASu EXbrbdi8s Qﬁ‘ééu‘é 'p?d’te@tfvet@ﬁﬂdiﬂeﬁr% tor
protective cytokine receptor conpl ex. 65. The nethod

of any one of complexga®P, 53, 54, or 55 wher ein the
compound ({))S administering the compound to a second animal immediately
following infliction of the same injury as in step (a),
wherein the second animal is deficient in expression of a tissue
protective cytokine receptor complex;
such that if recovery from the injury differs in the animal of step (a) as compared to the

animal of step (b), a compound that modulates a tissue protective activity is identified.

52. A method of treating or preventing a disease or disorder in a human comprising
administering a therapeutically effective amount of a compound that modulates the
activity of a tissue protective cytokine receptor complex to a human in need of such

treatment or prevention, with the proviso that the compound is not an EPO.
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adm nistered in conjunction with an EPO 66. The
met hod of any one of clains 52, 53, or 56 wherein the
waele@easa4or di sorder is a nood disorder, an aPXI/E82004/013099
di sorder, depression, autism an attention deficit
hyperactivity disorder, Al zheiner's disease, aging, or
0
LV T ESHOUSE UAh 5 Welchy e ¢ifclEe (TR 008030 o B E Rlorder of
onﬁﬁmumysﬂmmb&thmpDX|a sei zure di sorders,
neur odegener ati ve di seases, neurotoxin poi soni ng,
mul tiple sclerosis, hypotension, cardiac arrest,
54 adi Atnhethiod foi ehiypoigyhe finatiob8f extiteblar bl tsies,amor e in a
of clains.52, 53, or 56 wherein th di sease or
hugpagomarising aduupisiehng adherapqugraly atfecgye ampuntpfafennopnd that

m@ﬂlﬂat@@ﬁleoafct&ft}?bf@ugéae otectivh c?@kﬁ‘ﬁ% EbrtcgﬁlpgédcstS%siﬁnﬂaﬁ in

di sor der a neurod generative con t|on
nmétthﬁmcbfothﬂem saidbénbahangihe ﬂlmilqmmfre&dlﬁ@émmiht fissees, or organs
Alzh imer's di sease, r ki nson'.s

rogHiG i i R pestieaf et R or SAETRAP Wi Ehe AT (et the

cofpdand eyEditth&prge-rel ated | oss of cognitive function,
menory | oss, anyotrophic |lateral 20 sclerosis, selzure

di sorders, alcohollsn] agi ng, or neuronal Ioss

s55The Reidech R nfikl ‘t’i?g i acﬁ'vﬁi/ BBa Bésue r&%@te fveﬁzgﬁdm‘?é' l%bébtor

t he di sease or diso a neur onuscu
compdeuinaa hwoarg |ct>mpnsmg' zdmiﬁn‘Qem doanpdund| thatmmatilatksethe iactivity

neuro s ul ar .or scul ar condition is. of heart.
of BTG 3 nsBb SR ise GRSt 0 BYSBis9 Wit (heaViso that
thge&fﬁggkug{ls@eyarpgpoof clainms 52, 53, or 56 wherein the
di sease or disorder is of the heart. 74. The net hod

of claim73 wherein the di sease or disorder is
5660NgLHhdiN&d R abhtind & ﬂré’xre%tmg QRRAIYordidordef idh ﬁﬁﬁ%ﬁ comprlsmg

i schem a, myocardial ‘1 nfarction, angina, congenit
modiating Hlishus pedestivp nmkmnmemepmlemaMumnr upt ur e,
angiitis, arrhythma, tachy-bradyarrhythm a,
supraventricular, ventricular, conduction
S7abnoA medthed fos entmpomgrthé funstiorcof gueitatiln ablds, tissues,Rirwngans in a

and penetratin
human &)mpnsmg mo&latmg a tissue protective cytokine receptor complex in a human.

58.  The method of any one of claims 52, 53, 54, or 55 wherein the compound is
identified by the method of any one of claims 1-5, 11-15, 21-23, 28, and 42.

59.  The method of any one of claims 52, 53, 54, or 55 wherein the compound is an

antibody specific for the tissue protective cytokine receptor complex.

60. The method of any one of claims 52, 53, 54, or 55 wherein the compound is an

antibody is specific for a tissue protective cytokine receptor complex ligand.

61. The method of any one of claims 52, 53, 54, or 55 wherein the compound is a

small molecule, peptide, or a member of a library.

62. The method of any one of claims 52, 53, 54, or 55 wherein the compound binds

to the tissue protective cytokine receptor complex.
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75. The nethod of any one of clains 52, 53, or 56
wherein the disease or disorder is of the eye. 10 76.
wab@4ostiod of claim 73 wherein the di sease orPdi/Es200€013099
is optic neuritis, blunt and penetrating injuries,
i nfections, sarcoid, sickle cell disease, retina
63let athem@Bthod of @APEHAOS iRt 53,54 8t $NhedeiCthe Bb@pound
macul ar degeneration, retinitis pignentosa,
enhipness ithsaqtivityof thertissparptectiye cigldae tesaplioy eomplex.
retinopathy, retinal artery bl ockage, retinal vein

bl ockage, hypotension, diabetic retinopathy, or
64vac ulke methedw! anyorrerof chiimshat hbd4oor &Y wheneButhe compound
ner.vous

. inqhe exci e..tissue i.s central

infOEFEAel BE AT Sab% b S S Prebi mlex. g
The method of claim 77 wherein the peripheral nervous
ystemtissuye.s placent.al _,t] e tinal tissue, or.

6% ar df I Rd 08 o B S R ot G BHEoBY g FaRgur is

adp@inistted Brbonfiinchén WitBheBPG.he administration is 20
oral, topical, intracranial, intralumnal, inhalation,

parenteral, intravenous, peripherally, intraarterial,

66U bCPﬁ@l‘ﬂ%?lBﬁ of b 61%&6{'5(,%11'1'@52, Nt 3BSHH AR %Sdéseagl% Cér disorder is

subnmucosal or intraderm adm ni stration

a mepd digotster.aamangiety diforderadepreSion, BatisneAn agfentin difsitei n
npBfacfil HisSief it s Bt defad slEnesivs o SiinBo

wherein the surgical procedure is tunor resection,
T oc DHPEOY 28 iR 688 P46 beT P OStHR O Hiiggse flisorder i
cahbe! BEhIPRAL SeifirdidiBoRiraVR8ii8 H oL dnBR1ivE HisE ks, leBo®FHH Boisoning,

i s chendt herapy. 83. The method of clai m 80 wherein
mykiplanslarpsis, hypoleasion, saidiad atest, rafiating, pvkyppglycedin.

68. The method of any one of claims 52, 53, or 56 wherein the disease or disorder is

ischemia or stroke.

69. The method of any one of claims 52, 53, or 56 wherein the disease or disorder is

a neurodegenerative condition.

70.  The method of claim 69 wherein the neurodegenerative condition is stroke,
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, aging, or neuronal loss.

71. The method of any one of claims 52, 53, or 56 wherein the disease or disorder is

a neuromuscular or muscular condition.

72. The method of claim 71 wherein the neuromuscular or muscular condition is of a

heart tissue.
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73. The method of any one of claims 52, 53, or 56 wherein the disease or disorder is

of the heart.

74.  The method of claim 73 wherein the disease or disorder is congestive heart
failure, coronary artery disease, ischemia, myocardial infarction, angina, congenital heart
disease, prinzmetal angina, cardiac rupture, angiitis, arrhythmia, tachy-bradyarrhythmia,
supraventricular, ventricular, conduction abnormalities, myocarditis, corpulmonale, or

Blunt and penetrating trauma.

75. The method of any one of claims 52, 53, or 56 wherein the disease or disorder is
of the eye.
76.  The method of claim 73 wherein the disease or disorder is optic neuritis, blunt

and penetrating injuries, infections, sarcoid, sickle cell disease, retinal detachment,
temporal arteritis, retinal ischemia, macular degeneration, retinitis pigmentosa,
arteriosclerotic retinopathy, hypertensive retinopathy, retinal artery blockage, retinal vein

blockage, hypotension, diabetic retinopathy, or macular edema.

77. The method of claim 54 or 57 wherein the excitable tissue is central nervous

system tissue or peripheral nervous system tissue.

78.  The method of claim 77 wherein the peripheral nervous system tissue is placental

tissue, retinal tissue, or cardiac tissue.

79.  The method of any one of claims 52, 53, 54, or 55 wherein the administration is
oral, topical, intracranial, intraluminal, inhalation, parenteral, intravenous, peripherally,
intraarterial, subcutaneous, intramuscular, intraperitoneal, submucosal or intradermal

administration.

80. The method of any one of claims 52, 53, 54, or 55 wherein the administration is

prior to a medical, surgical, or natural procedure.

81.  The method of claim 80 wherein the surgical procedure is tumor resection,

aneurysm repair, or a coronary artery bypass procedure.
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82.  The method of claim 80 wherein the medical procedure is chemotherapy.

83.  The method of claim 80 wherein the natural procedure is labor or delivery.
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