TI SSUE PROTECTI VE PEPTI DES AND USES THEREOF 1. | NTRODUCTI ON The present
invention is directed to novel tissue protective peptides. The 5tissue

prot ecti wgopeptiiokas of the invention may bind to a tisspeTpsesgosbiose
receptor conplex. In particular, the present invention is drawn to tissue
protective peptides derived fromor sharing consensus sequences wth
portions of cytokfIREUIEPRITFCTIVEPERTIDES ANDUSERYTHEREOERt i n (EPO), that
are not involved in the binding of the ligand to the receptor conpl ex,

e.g., to the EPO receptor honodi ner. Accordingly, the tissue 10 protective
pepti des of the invention are derived fromthe am no acid sequences of

regi ons of cytokine receptor ligands that are generally | ocated on or
within the region of the ligand protein that is opposite of the receptor
conpl ex, 4i , ally derived fromam no acid sequences of regions
of the Iﬂg%ﬁaT%iéﬁg%ﬁEﬁiat face away fromthe receptor conplex while the
ligand is bound to the receptor. The invention is further directed to 15the
consensus sequences,for use in_.engineeri a synthetic tissu rof.ective
peptide. These tis ngﬁsﬁtéﬁ‘fqn\t@ngse‘ﬁchgeé@g&%% s Rfa@cwea%?ﬁﬁ%s?h}:ehi ner as,
as well as peptides designed to mmc the spatial |ocalization of key am no
aci d 1 estigmedrotpethierpephidestaf haiaventionanay biad fea EpfusProtegiiisdecertorg. | EPO. The
i nvention al so enconpasses nethods for treating, preventing or 20

anmel i or atomglea. & patiselan thapresentipventinah is drawretmttissgg protestive pergides
aneliorating a tissue injury using tissue protective peptides of the
current deNesd i or SLine Vo8 R seghdRe WA FPARRE 5 BFbKIaE seckpor HpRRIICT N
excitable tissue function using tissue protective peptides of the current

| nventi oferyd(fy %B%%’gﬂéi%ﬁé?ﬁ@ , 1 QRA R FMOPreddn HRAGKEROYNR Poaddte thBIVENTI ON

Erythropoietin Is a glycoproteln hornone cormbnly associated with

t he mai nt enance of, hemat pck i d re. regcentl i e ction. Mature
human EPE?CS&(% PP lgé‘rﬁﬁ'i’ Oetée ifg?]rgﬁgpﬁc‘);r }5)5%1 odigr%g%dx %Cé%dlggl #bﬁhgélg%‘%r wei ght of
34 | , With 5 gl os¥g}nesidues c&ntri?g}i&% about .40 % of the weight of
the HBI ePiRtectveREPttseOhthedBYintion sHpsried tiogy theraing add SeEnes oL Fegdens,i a
their hydrophobic domains to forma predom nantly %hobular.structure W thin
an aqueog§cynking senepier licadsdhaiarn ganerally locpdmigon eiavithisthe regionmif ghe

5:861-866, which is hereby incorporated by reference inits entirety). The
i nvent i ohigaket proeesn thabimaphesiti eftioaeceptohamydex, tiai, arcageanamllz ciedsed fiamng t he
aqueous 10 environnent (i.e., away fromthe hydrophobic, globular central

core) nedinddcadid S&endek OF BGidRIvSf tHRERand PPotsianhAEactarwayefbra thedesémganed from
an understanding of the tissue protective regions that have been identified

by th i : : i it
hgr rmﬁaf\er OF%?WE‘EI@ the 11% dis boﬁrgl nﬂgQﬁgﬁc@ﬂgﬁ eI‘heglE%ﬂtﬁ)n% HirtRPiR A ed fon 1 S

regtl at es tocrit  throu Its role Iin the naturation

of erythr,oid progenitor cells into.15 .erythrocytes. EPO a an

ant 1 dpopRot RS TR R oY R b P E8us PR Bt ogen t or
cells, permt{ing progenitor cells to mature into erythr tes., Decreased
level s ofi heredisges Bf%gﬁe peRfides g9 lrtcﬁwd@ MRt REMeRSeR w?lié-uaﬁnnéﬁs of
erythropoietin by the kidney, which results in increased_ etythropoiesis.
G ven t hdesigied tRinimdy thespatid! lgcalizaithncd key hminmpad rasidues withial the fissve
erythropoietin, the |l oss of kidney 20 function, such as in chronic renal
fail ure, pfresativesedeptod digaedssed., BPaduct i on of EPO and

The invention also encompasses methods for treating, preventing or

20  ameliorating a disease or disorder and or treating, restoring or ameliorating a tissue

injury using tissue protective peptides of the current invention. The invention also
encompasses methods for enhancing excitable tissue function using tissue protective

peptides of the current invention.



often anema. Simlarly, anema may result from other chronic conditions,
such as cancer, or treatnents associated with these illnesses, such as
chenot herwipypomhdsalh directly suppress the production of PERPUS200#0f6tI al | y
avai | abl e reconbi nant erythropoi etin has been avail abl e under the
trademarks of PROCRIT, available from25 Otho Biotech Inc., Raritan, NJ,
and EPOGENBACKGROGUND O/ THAEJNVENTEON Thousand Gaks, CA and has been
used to treat anem a resulting fromend stage renal disease, therapy with
AZT (zidovudine) in 11Winfected patients, oncol ogy patients, and

chenot herapy. Cur r BijthiopaictinfeERD¥)d95 glyrbpdiein Jivinuneaoatnonly ARONESETM
(Anmgen, Thousand Oaks, CA), is available for the treatnent of anem a.

Addi ti oNnglih¥he %Q&%&xaﬁc&&mt AY S B8 SBcekl§ishhe hotIABSEMalife REABAOCT i t S

of patients undergolng surgery to reduce the need Tor allogenic blood

transf us;ﬁvi?lﬁi.fpﬁg{g Ct?ogl%}{)rgsef Eg% S elciiﬁeaid?ﬁ% £V HGRES i o? g@ﬂﬁ%{@ﬂht hat EPO

al so fun oC pcrnacrlne-au ocrine nma mnimze tissue
damage. For exanple, EPQ i.nprqves oxi c.cellul ar m.cr pronment and
decr eas e &YEPSIHIGS Frﬁ%‘ﬁgb'éﬂ)g %’é’&? ﬁgg%ﬂ%gﬁwhﬁ@%%%qlﬁwﬁ'r@@egﬁpgot h of
these activities are noderated, in part, through EPQ s interacti-on with a
speci f i c modgoulesiontraises fove bplicss thes inferpetoda thefr hydraphobig dopainsto 080 et i n
receptor ("EPOR') protein. EPOR is an approximately 66 kDa protein and is a
menber obredbmidtie globuldr strirctererwitkip rn aghens leyviratiment {Chdethanceibs 1 828
receptors that are grouped together based on the shared honol ogy 15 of

their extaa®dhet Biél. §888IgAS, whidh idledretscincs:poripsdisrefaenderinh és betidety). | L- 2,
L3, IL4, IL5 1IL6, IL7, [1L9, 1L11, granul ocyte nmacrophage - col ony

sti nul at g ;fRAGHEG dérﬁg(b: t@?@ ?15%326%&%%&%%&5&1&&%%@@& iqprb®y (G CSF),

| eukem a 1 nhibiting I'F), ciliary neurotrophic factor (CNTF),

h i i h I i : [ 1 ul
880Dkl Bk 1T 0SB bl B AP NG s acel Lol ar
R S LTAG ESRRE R AT L T N T S,

to be critical to the maintenance and the structural integrity of the

r ecept or $rateaiive sggionbet havg beet idewifindHuntbe ypplioath ed. pp. 524- 526,
Appilion & Lange, Ltd.; Caravella et al., 1996, Protein: Struct. Funct.
Gen. 24:394-401, edsmotdd abloiveERQ iswndpytentndoitp bomnaul tyte, BREOP eqeatlades in its
entirety)), and a Trp-Ser-X-Trp-Ser (SEQ ID NO 58) notif |ocated proxinal
to the tmgmaRk APdhgHaFabLR. in the maturationlof epavoiCiogenitir télleinydt hr opoi esi s,
EPOR functions in a manner simlar to other receptors within the Type-1

cyt okkne lohd.ac Bh a8t . ; 1 i BfO, binds to
L th o cHAGPHS. ERO e S bbb 00E Rt BRhlofpocrs

a prefor been determ ned that EPO

i nt eract 1 r af |k i honodi ner
recept or Ol Gr Rt s bt Bing 1R0RRoP bolls1E e AB TG kIR ITD TE
recept or _pi ndi site,(site 1 d a.low affm.ty receptor.binding site
(F e 9) Deprtasfleras Sefioe Stien Bioio drests ab et el laphid 0 1are
TKVNFY, SEQ I D NO 2, corresponding to amno acids 44-49 10, of iE(% | D NC 1,
and SNFLRghgpojetimbithekidnes, ddshyisemlirgn ippreased erysrppiesin g Given thatthe

kidney normally produces the majority of the serum erythropoietin, the loss of kidney

20  function, such as in chronic renal failure, results in decreased production of EPO and
often anemia. Similarly, anemia may result from other chronic conditions, such as
cancer, or treatments associated with these illnesses, such as chemotherapy, which
directly suppress the production of EPO. Commercially available recombinant
erythropoietin has been available under the trademarks of PROCRIT, available from

25  Ortho Biotech Inc., Raritan, NJ, and EPOGEN, available from Amgen, Inc., Thousand
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of SEQID NO 1; the sequences associated with site 2 are VLERY, SEQ ID
NG 4, corresponding to amno acids 11-15 of SEQ ID NGO 1, and SGRS, SEQ ID
NO 5, corW@MbPH§ t o ami no acids 100- 104 of SEQ | D NOPLT{((Hre@t (306l et

al ., 1998, Nature Structural Biology 5:861-866, hereby incorporated by
reference in its entirety). EPOR 15 honodi nmer activation |eads to tyrosine
phosphor yPals, 64 a1d hes feetl 196d tptroatainpmia tesulting Somsenslstageaanalidissasepor. e. g. |
Jak2 tyrosine kinases, that may in turn activate several different pathways
i ncl udi ngthefapy withahPT &zidoheline) ds HiHtinfbypted patieninlontlDg B phiiendss angpat hway, t he
Ras/ MAP ki nase pat hway, and/or the STAT pat hway. These pat hways trigger the
ant i - apopdueirotheraiC I RRBtIHQ obflhte@ kiiivopPietiSARANESPTR( Aniged] at ed by
20er yt hr opoi et i nw?IﬁCi ri to?e?ﬁrglgg,lww)gz, Bl ood999: 102- 110; Li \gnah g’t at,

143 2205, SRR g S TR eltmoy e SRR o ot ol

1996, _The Oncol Qgi st .1: 337-.339, eac f which is herehby.incorporated by
"ot of dncecaaangs e e e 10 tordilé heBentiegils ppel B TR BEREBR RIS

di scovered that the tissue protective properties 25 of EPO are nedi ated by
a recept o‘ﬁdtl‘?ﬁi'i‘e@@ﬁﬁﬁ’lf eﬁt‘ft“@‘?&‘}a@ﬁ@@%ut al so another WO

2007/ 019545PCT/ US2006/ 031061 receptor protein, the beta comon receptor
("Pc"). The EPOR/ FRecestpeveral knesiof evidancedsive seggehied tlavd®iChalso (EPOR) 2, a
het er oconpl ex (see infra) and is known to play a role in the protection of
exci t abl efuinttensdscallPee a paragrine- o2 he8 el 48 manichit¥Hssae darRigh. W1/ 49479,
filed Decenber 28, 2001, U.S. Patent ApplicationNos. 09/753,132, 5 filed
Decenber @8mA03P0 Aitond/sh88pRiR celtithiliclodiirdnmeR0md Rafhs@l Whi ch is

hereby incorporated by reference in its entirety. Al though Applicants had

establq s r { ' t ' . ective

pat h\lzlgys hﬁgg{a@%&%@c@g %’bﬁ%gl?% S:ﬁé%?&l?ﬂ%%%%.%@@éﬁhég%%%éﬂ%{: %’vati ng

| i gands for .the .receptors ti.l | unknown. 3. .SUVWMARY_10The present

| nvant; o PACtadA ol LOHERR SRGEERRT BUE A HATER AP oS UEHP SHEP ne. cel | ul ar
protective activity in a responsive cell, tissue, or organ, which

pol ypept i YRIBPIEsSAiRPAT Y the endhiopaistinreceptonrFROR Y nrplsine g@m%%n sequence

(a) H-N-(X)n-N2-112, wherein nis 0, 1, 2, 3, 4 or 5; (b)

Hi - Ni - ( X) appsximiatelybekBa proteinsmdis 4 membegof the diypsr]l cytokinelmegentor famdlyH |
wherein nis 0, 1, 2, 3, 4 or 5; (d) H-Nl-(1)c-Pi-H2, wherein nis 0 or 1,
or 15 ( e)Thisf&hily tgmpriéks Fepivhetheal ave @rouped tagetbler based ontthe gianedhomoidgyt 12 are
hydr ophobi ¢ anmi no acids, N1 and N2 are negatively charged am no acids, X is

any agg Noo@hkl extrdceilflaPddRhias arlindRidesiedeptdRtorthtdrRuRinlRS2, UL S SilW, BRI ged
amno acid. In certain enbodi nents, the peptides of the invention also | ack

o aci d. In certar s of the | Ta
2 Y ot pi oS IR TR el o B BB R M G e
[ ti st of . t , t han..15 t 20,

0. mor ¢t RERSE & e S Refing it R Kk Bhivivhe REFRLEY 7 ae b

| ess than 90 % .| ess than 85% |ess than 80%. |l ess than 75% |.ess than 70%
| ess thann%%@xfonh&éc@ﬁwgﬁ%tﬂmeﬁwnﬁ% G8Wh horgone gugh prajagiing than 45%
| ess than 40% |ess than 35% l|ess than 30% or |ess than 20 percent
sequence ¢ansenvied pxtuiceulangomeinof thesofecepiors hagiadensil pHapmsexiamaealy 800 nat ur e
human erythropoietin ("EPO') set forth in SEQ ID NO 1, wherein said portion
of EPID comhaionsids@ngaives fomrpesitiofallyrdonseraad e stedxsd wiridaesia thaamdinpept i de.

terminal region (Cys 294, Cys 283, Cys 248, and Cys 238, which appear to be critical to
the maintenance and the structural integrity of the receptors (Murray, 1996, Harpers
Biochemistry 24® ed. pp. 524-526, Appilion & Lange, Ltd.; Caravella et al., 1996,

Protein: Struct. Funct. Gen. 24:394-401, each of which is hereby incorporated by



In certain enbodi nents of the invention described herei nabove, wherein 5
the isol ated pol ypeptide conprises the structural notif (a)

111- 1\ 11-WVR2007M943, wherein nis 0, 1, 2, 3, 4 or 5 (eI LMHF1Equence
identifiers 6-11, respectively, discussed infra); (b) H-NL-(1)-P1-H2,
wherein nis O or 1 (enbodied by sequence identifiers 24-25 respectively,
di scussedeferdnca s itoentirety))Hindr Tp-Ser-XdTrp B2y (SHQABINO$S) mobif tpcated( enbodi ed
by sequence identifiers 26-27, respectively, discussed infra), HL and 112
may be t hgodmabtolife Rutknapitabhedanaino acid. In other enbodi ments of the

i nvention described herei nabove, wherein the isolated pol ypeptide conpri ses

the structural noti : ; s i | : 4
L i g b SrON Mo oo, 4

S
11111 ol i B0 VRS R ORIl 21
O 1 g e e PR Pl R i ogligisl g o O

(c) Li-Nl-(X)-N2-H, wherein, is 0, 1, 2, 3, 4 or 5 __and wherein N1 and N2
may the FRRinjeractsjithdheipriraselivlar dermainiof theclassier(FRORInhomsodimen seceptor

The i nvention provides for isolated pol ypeptides conprising the amno acid
moti fs dedztwddistiie regiomsonbe lighet eirface:a ighetfinity recopidrdvimdive bije dadkcut i ve
am no 20 acids within the am no-acid sequence of said polypeptide. In

speci fi ¢ Jp3anpesiihity REGRGAIAdIag vité [bite!2).s Taehadiowit seqhbitees BFBROI on
provides for an isolated pol ypeptide conprising the amno acid notif

H1- N1- N2- . - H2
(SEQ 1D KB Rp) B, TR, PR sy B o g B (s

o 137, ( SESHIIRGHL e EGRG SeQaB a3, Eitephnaipls pina R RIS ' )
L1 (SEQ 19548 10 NO-LbRaesusniss saseclaed W s 2 SRV LRRVOHR IBRCERG 1D

NO 19), 14-N1-X-X-N2-112 (SEQ ID NO 20), L1-Ni-X-X-X-N2-H2 (SEQ | D NO: 21),

| ., 1- N1- xoxespondiuz tepmamgaids Nol2of SEQIDNNOK, qnk SRERINSEQPIBENGEQ | D

NO 23), 111-N1-P1-112(SEQ ID 140:24), 1-11-N-L1-P1-H2(SEQ I D NO 25),

H1P1- N1- kidrieGeRding thanmde) geidy 1002 104R4F FROQ MD-NO(1SERedtbanet 2171 998ateen H  and
112 are hydrophobic am no acids, Ni and 142 are negatively charged am no
aci ds, X Stfucfityl Bidlopg 538910866, hedeby tndpiorited by nefeaielin iesnghtiRdty). SEROR
positively charged anino acid. In certain aspects consistent with this

en’bO i ne H i I | 1 j 3 j 1 nm{a‘t&rehaV| I’lg
e o e P B R e Proln Bl b

i1 er ent, IS OPRARER TP AR ShenhOKAEHE! JBFREE W SRISIALAb ol 1 L1

enbodi ment erern p% ypep € conprises a notif ving the

am no aci esjdyes NL angd N2, N1 and N2 the .sa . be ‘di fferent
‘negat i vel‘gfgﬂ?ﬁ?@gﬁwﬁﬁilﬂ udipg.for eﬂ‘?’f“&?h‘@? Pgﬁ%’&ﬂ?@’ﬁf’g?dggg%ﬁﬁi on

"provi des isol ated I£)0I ypepti des 15 wherein the amno acid notif is forned
due to t Hathypa the RasAgaR kinase pathsrayamdier the Sd& Tpatmyvey-+ Heese epthingys,
structure of a polypeptide, i.e., the amno acids formng the notif are
spati al | yigghrabeati-apopieie Enctidnemeressarydot ¢rytheontieniribhiona mediatetbure, i.e.
tertiary structure, of the polypeptide but may be separated by 1 or nore
am nggaci ghpthwigohdtin (KinetoRt kNEZ002aR10vd el 02- B litviahk eofl t1D89pBdiyymept | de
chain. In a specific exanple in accordance with 20 this enbodi nent, the

am no aci ﬁs(?ﬁg‘égo?%ﬁ%%{dé ig{‘ﬁa%b@,%rﬁféhﬂn&@éj} ye5291 33020 Rentyer 4ANG9GH1 2

anal ogous t i scuUssed supra, nay formas a result of the

conpr 1) MpeiSE 48 SaBE0RT R Pomirhner P B oo BPAIBRISELIaBPRMOERR RS 1 o
SEQ I D NO 11, , i, h i idresid N1 d N2, .g. (X",
foIQd suc hwéﬁhﬂ%?égﬂgc‘%@g@%e%%\%ﬁgils ?gg’g?&i gf:\é\ﬁ'? n Accgpdi ngl y? '? he( :

i nvention enconpasses isol ated peptides conprising the . .
Recently, Applicants have discovered that the tissue protective properties

25  of EPO are mediated by a receptor that comprises not onty EPOR but also another



amno acid notif 11N N2H2; HLINLIN214; LININ2HL; Il 1IN (PnPiH2, wherein n is
O or 1; or II1P1(L)nNI 112, wherein nis O or 1, which notifs are forned as
a result WO 2007@1¢38t i ary structure of said pol ypepti de. PICH/US300{081D61

enbodi ments, wherein the amno acid notif conprises N1L and N2, the tertiary
structures form such that the distance between the 5 carbonyl carbons of N1
and N2 i seceptortpreif, the betrocdmrbord\recpptof €3N Tha HERORAL Actaptatisin cntégst and
nore preferably about 4.4 Ato about 4.8 A In other enbodi nents, wherein

t he am nqo afd Kboidtimbr EPOR), $etddbeotisleRNGee iHRy) ol Y RidwviBlorigt aAfedéid or m such
ﬁl and N2 ‘are confined spatially such that the

that the di stance bet ween

char 9° SREBRIER oFcfigbIRsGASHEL £1 40 I0OTTtnd PETHE |5 DL veen
spat ol CONRHTALeAS el Blbip e SN0y S AR MRRE RTINS,

nore than 2 amno acids in the sequence of said amn cids formng said
el i x5 | iled Rerorhler 2020 Whed HERE.005. e btk 3 2002 racho attieh HIEIBYConpr | ses
Ni and P1, the tertiary - structures formsuch that the distance between

t he car bdngdrparateddygefsrenst imitsiemiretys Adthough tpphicants haddstablistedhatshefer abl y
about 4 Ato about 5 A and nore preferably about 4.4 A to about 4.8 A In
ot her eneehproris Sentiahfy e Hssireratsttivg Rthwayith itHese exqiableaissidk, thed Pi, the
tertiary structures formsuch that the di stance between NN and P1 are
CO”T'”edsﬁﬂahhﬂhhﬁe§&ﬁ&ﬁh§ﬁkm&QQbPﬂé&Qﬁm&ﬁpﬁéﬁhﬂPﬂMQﬁwﬁh, the charged side
chains, of the two is betweén about 6.5 A to about 9 A In a rel ated
enbodi ment, N1 and Pi are spatially 20 confined as a result of being in an
am no acid sequence that fornms all or a portion of an al pha helix, and may
be separ %ﬁﬂﬁ%IAR , Oor nore than 2 amno acids in the sequence of said
anm no ac?%s ornlnggsaid helix. In certain enbodinents, the am no acids
formng the notif within the tertiary structure of said pol ypeptide are

separgled. 1 om eachygl Helenbie ik SR A IINENARL ONBHHENAG 1B BlRE

residdes in the |inear amno acid sequence pol ypepti

ot her enbodi ts, the amng acids formng,the nmotif within the tertiary
ot uct ur ISP TP Re e ot 1 ASowRpaarah s PEOEAROTHER PAYPEPUARS 1 er ent
nunber of intervening am.no acid residues in the |linear i.no_aci.d sequence
of said FORATEFRIYacd ROHS RIS/ ORSARNIS SPHIENCS ) ﬁl@ﬁ%@@ >i de of
the inventions fornms a regular tertiary structure, e.g., a-helix or

13- pl eat eshstivatis 0.suéh3ihet S:t(apHsdhfE)eNofLiswhered «is OutidiBed pr 8s@hls t he
am no acids conprising said notif, and thus the notif itself, to the

i nt er f ac NP MS-HT, Gileidin § iy 0L OF B domds; (@eH atfu€bleP ey iwlensirpis 0 or E.or
presents the motif on the surface of folded the polypeptide. In preferred
embodisnentpH,PREL) et L HAWheréihYGs 0 6L$, £id WRReRE,YREI 46 sy@bphdiic kmuent i on
formin an aqueous environnent at physiol ogical conditions, e.g., PBS (13

| M NaF2R0t K320 TN M a B Akl o GrickOKTs BB GoRTBOH TBLS, 1 he

|nvePt|03 provh ¢ b pepti ez’conpr|3|ng thé a acid
ifi [ ' . g, ' I LEAKEAE,
SEQ 1 D N9 e o & FPRPTOROR R PR AR S B ReB et do b

( QAVEVWQGLAL LSEAVLRGQAL LY, S | D NO 3Q), peptide E,L15

(GCA_EHCSPRE%(W phsripygntiosalsq awéyﬁllqu%@f& quﬁutp:, ¢ 8 EP ORI 1€2%¢ SEQ |1 D

NO 33), peptide G (QEQLERALNSS, SEQ I D NO 40), peptide |

( CSLNENI GEQLoEiRiinNssherSEriihn aecigient. dadither eniodgpRibaissiaikdyl NVLTRTR, SEQ
| D NO 41), peptide K (VEIIVNAI QEARRLL, SEQ ID NG 35), or peptide L

(| CI REDL Taly=piNesl df thEvatkididdelsBdf no more than 10, no tharecthiurt b5, moentvedbarent s,
the invention provides isol ated pol ypeptides conprising 1 or nore, 2 or

more, 3 ojp, BPhE moffe fan F0Enin® adlls. "R Fher@ntHodiRERs, tBE isBRE fepffe BaslBENO aci d
notifs described herein. In specific aspects of the invention in accordance

V0 2007] DRSSPk DAL batD It B0 e i ARiAl e TR TR WPk, 57"

BT Fer oo Gb5h, Bl than 3506, 16 o s0%, T e 4506, 188 R Bk 108 bl &Y ™Y P€

35%, less than 30%, or less than 20 percent sequence identity with any portion of the

-5.



In certain aspects, the invention provides for isolated pol ypeptides

| acki ng an erythropoietic activity, e.g., increasing henoglobin in a

reci pi entwoBoosfoassabl y, the 5 isol ated pol ypepti des | ack potthsroes@esiosi ti es

i ncluding, but not limted to, vasoactive action (e.g., vasoconstriction),
hyperactivating platelets, pro-coagulant activities and stinulating
prolifer ainino aciddéqienps ofimeikORuasin te Oie¥th €SERYY/sef forth in SEQ ID

eryt hropoi eti cdependent cells (see, | enan et at, 2006, PNAS

103: 59650640 whBRIPHId potRhRPERPCn! B6 SAROGAMbY dilaifSbdillFdldues b Ot her
aspects, the’invention provides isolated 10 polypeptides at conprise at

| east on%qﬁﬁéﬁmgf protective activity. Such cellular protective activity

i ncl udes, I'Snot limted to, protecting, naintaining, enhancing or
restoring the function qr viahjlit a responsive mal i an cell, tissue,
or organ. Accor di ngPyertiig emaag%g?f,%ﬁ HB’eBP%Q‘?ﬁPHWi{/T};‘ﬁ?m@PVFSWBWP’@Ct ed to
the use of an_ isol ated polypeptide described herein for the preparation of
phar micedh¢ isalatednobmspiide eempriges 15 strustuealtotif, (At 4P - NegrHoewhemitiang, or
restoring the function or viability of responsive mammualian cells and their
associ at dsl0ckl2 8, 4 o1 3 Ganelsndicatisy seggeams. iddntifiess Gl bdesebideblyRlidchssetl igfi-a);
conpositions are for admnistration to a subject in need thereof. In

pr ef er r edbEHPDGI(IRAR SH,, Sihcfeifi YN @6} 1 (SmBodiBBPieqabitbe idiiFRIY5, a human.

I n other aspects, the present invention is directed to the use of an

In ot her _ _ ! e use 3
phar macedt e U el S Phe FREN T S BN PEy MEPhGREO RSBty o o

a responsj | SSUB~ I Njpur-y, for t rest orat i.o f for,the rejuvenation
of r eg po ger{\%élg% }délsl erﬁ?ﬁ?%r rqsg%%tﬁ]@r %cqsﬁgcgwgagﬁ‘c%dg&? Py Begl? t in need
thereqf. .1 n one ,particul ar_aspect, the responsive manmaljan cells and their
assoiﬁat éaﬁwﬂ?‘%lg aml%%%rég Inyothey eabrdiments eF thednvengion descyibed herginabevepy
virtue of a tight 25endothelial cell barrier. In another particul ar aspect,
t he cel | $vhereis hedaolaisd pahypeptideomepriseyibe 00510l 9B4EPEN HYAPE0OKDBRIBE1 bodi | y
parts are isolated froma mammal i an body, such as those intended for

t ranspl amwher@y . waly, 102, hcher 5; X Hpd €kRprhkEs wirrdie g pohsi Mer ¢l -Pr(I)i-Sssue
may be neuronal, eye (e.g., retinal), adipose, connective, hair, teeth,

mucosal , N)aHg MARSein §RADEY 1,18, arddl, m8Pbé Bigferdl hy&tobRobi il Facidieaht . | ung,
liver, kidney, intestine, adrenal (e.g., adrenal cortex, adrenal 5nedulla),

e HPTRERLRGIS g on AR B B PO ™
0 5 S M SR BB 20 P

junction_tissue, atrioventricuyl npode, bundle of H's, hepatocytes,

stel | at e[t E‘T“ iy 15 hegz%’lgr 4pr gir@i&l“ﬁgﬁ?it)!ﬁ]gll‘%a} Wg?rﬁm 150, Lo &r 4 0F $i 3,
goblet, 1Qintestinal_ gland (crypts), enteral endocrine, glonerul osa,

fasci cul atherein By japd Namay, the Brserar miay be giffarestimegativeliichyrsedaming asider m
Gaffian follicle, prinordial follicle, islets of Langerhans, a-cells,
13-cell's, y-cells, Thegetdntipn psivédgsrfogsolatedpolypeptides| cagtpsisingsheabinast s,
endonetrial stroma, endonetrial, stemand endothelial cells. These exanples

of responsidvgotife dbstribe@herelr@byvd, Mhidfdin did vfitifd sre FoehATRLsedufife RBRRONSI Ve
cell or its 15associated cells, tissues, or organs are excitable cells,

{1 55005, obfis AN affin RhGHEAGE b PBRLASRAEX L LA SEhLRGE {1 ssues.

In certain aspects o e I nventron, I'tab trssue I's central

ner vous i ri.pher nervopus sysfemtissye, ,cardi ac,ti ssue or

retinal t% ?’(‘Zotsﬂge([aacg W]&;{Egt&ﬁ@rwggﬁggﬁj? HFWQB?%B{%’H@SF g]%r a@elﬁ('?.iaf(?fl p?){yge}é oci at ed
[1s, ti , | . .hot i | ti , ,

Go t hey comprisihg the amifio acid motif H-Ni-N; 2R iSNGs), H 35 5, A (g o

NO:7), H;-N1-X-X-No-H; (SEQ ID NO:8), H;-N;-X-X-X-Np-Hj (SEQ ID NO:9), H;-N;-

K-X-X-X-Na-H; (SEQ ID NO:10), H;-N;-X-X-X-X-X-Np-H, (SEQ ID NO:11), H;-Nj-

25 N-Li (SEQ ID NO:12), H;-Ni-X-Ny-L; (SEQ ID NO:13), H;-N;-X-X-N,- L; (SEQ ID



20 predom nantly conprise excitable cells or tissues. The
erythropoietic and/or cellular protective activity of the isol ated
pol ypept iW© 2007/a1p535i nventi on in responsive cells may be peralszedsmdicand/ or
determ ned by any method descri bed herein and or known in the art. In
certain enbodi nents, the erythropoietic and/or cellular protective activity
i s det er riNAbIE) Hi-2h-XX-¥X-Np-oLgSEQID NO: PHoHhdT - B3b XK AR s (SEQED
erythropoi etic and/or cellular protective activity is determned in WO
2007/ 0195¥6R1H), HEA)ORL0XLROL- Ny T (SEQ 1D NO4ay, L Ny -H,-18 (SEedpaubad), gt
wherein the cellular protective activity is neuroprotection, the invention
provi des _ t viah Ugt 3 _salrd: £ o | f it [, R
N I N B RN IR B IDNOROL G Rixp@dGre |

contacting a test culture of “primary” hi ppoc | 0 ITh N "
hours. postRaTa NS PR i R e R R N P rebithca 1 n
ey I IR R T R

a particul ar. enbodi nent, the mammalian cell, tissue, or organ for which an
af or enent PoNedhi(8BRIDNO S atdh-P sLuNedLASBQIRNO: 2 avhdreindTesnddhord or

w il 10 expend a period of time under at |east one condition adverse to the
vi abi | i t yhyfrophobicahing atidsSNeandiN, aegegativiely dnegsddatiae avids,/X isHng amino

enbodi nent, the isolated peptides of the invention provide protection

agai nst amdd,dr; iPh QURA bined Rid, And PF EHLpdsivelycHasedl dniRg abitiOTh sotfdin .
conditions, provide for the restoration of, or provide for the rejuvenation

of tissue,Rpgs 96ns§sititﬁ Vﬁth&ﬂ{%(é&ﬁ%ﬁ . ghta\wﬁéfgﬁlgg% ﬁ%f&tw 66 9 mPRIRLe:

during or after such conditions arise. con s rnclhude traumatic

ypodth o BREAH LA SRR wT iR B ohl Py P Hp O RES et B ot o1y

be associ d wth chenot herapy, or radi ati on therapy. I n other enbodi nents,
the i sol a&@w&gﬁf %b“f ampig aciise e PHRT FISHS gensiytent avith is enghadimentand/ or
prevention of a tissue injury resulting froma disease or disorder, provide
for the 2wuhereisuthe isplatad peflypeptide eomprises faapotififavingjthe amirod asid widuesNSue and/ or
tissue function in a subject in need thereof before, during or after such
condi t i onandd¥i, S ardiNyeaathedameioo diaydrtdfsenthdgaiively chagehusid doijdsa sei zure
di sorder, nultiple sclerosis, stroke, hypotension, cardiac arrest,

i schenia, nyocar di ain didrahfiodffients, ihd ARBRIInPRoviaeesbRlcdlRyepidesof
cognitive function, radiati on damage, cerebral pal sy, néurodegenerative

Y POV AL IE, a0 el o o
Thcular  dBGAIEY SRR o ARRBEDE: Al DR P et s SEPE e FrigRHENYTIHEBat | L s,

pancreatitis, glaucoma, retinal ischema, 5 retinal trauma, cardiovascular

di sease, Q,féh%ll)%ﬁmm@ﬁ ariymgy be separatedbyil oamerey aminoasids, wighia theprithewase,

di sease of the urinary system disease of the reproductive system bone
amino acid sequence of the polypeptide chain. In a specific example in accordance with

20  this embodiment, the amino acid motif comprising amino acid residues Hj, Nj, Na, and
H; analogous to SEQ ID NO:6, discussed supra, may form as a result of the tertiary
structure adopted by, i.e., protein folding of peptides comprising, ¢.g., SEQ ID NO:7,
SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10 or SEQ ID NO:11, wherein the amino

acid residues between N; and Ny, e.g. (X)n, fold such that N; and N, become linearly

25  adjacent. Accordingly, the invention encompasses isolated peptides comprising the



di sease, skin disease, connective tissue disease, gastrointestinal disease,
endocrine abnormality, netabolic abnormality, or a disease or disorder of

t he cent n&D 2007/q1e345pher al nervous system In still ot hePCaMsaHIcHBHLE, t he
adverse conditions are a result of cardio- 10 pul nonary bypass (heart-1ung
machine), as is used for certain surgical procedures. In still other
enbodi nmenamsinosaiddnotif BN N B AN Ly &1y Hy &4 No(h).P Ho.avieseininds Dax 1;

enbodi ment, the nmanmmalian cell, tissue, or organ for which an

af or ement g;0HgH (LN, ScheREPhii€Q of 5, WisieH nfXH £6 Sorded ab AGedidicENbOtertidri
certain enbodi ments, the invention is also directed to pharmaceutical 15

cOMpOS {1 RBNEERPLE halgpdiften ERIIBILIBAGMhROKALER ROLKREPId b f o

admi nidstratl_onhto a ‘! In need thereof In specific aspects |][1 ]
vent | ontapirote o o B BE IR b el T R s bR ST,

phar maceuti cal . conposi fions may be fornul ate or oral, .intragnasal,. ocular,
i nhal a i offaPony P4k S a}ndrl\ézclﬁaﬁ?utéféﬂ? ﬁ‘gﬂ}%g,f{, gﬁgwﬂy ah?iut';%%f@ gitat 20
adm nistration, or in the formof a perfusate solution for maintaining the
vi abi | i t yApdndoptegreferabliualout 64 Atazbent 48 A Inotherembadiments.cisseiniint s of
the invention the subject is a mammalian aninmal, preferably a human.

| n ot her maamecik] mbihlcomprizes NeamdpNavhe estiay setdtoeds fam fuwhithdt et disigneche
transcytosis of a nolecule across an endothelial cell barrier in a subject
in need thawes! NZanERYRY dhfifedshatiMlPiuchithR The ¢h 'ségauﬁb@,@t . &hg0nmposi tion
conprising said nolecule in WD 2007/ 019545PC171152006/ 031061 associ ati on

wi th an i&argﬁd%%eo&ﬁﬁ}sﬁénﬁét&m ﬂewse%}dggﬁ éeﬁ%iq%ﬁgt éﬂ@({) gjaaqa%a- In a

rel ated enbddi nent, assocration Is a e coval ent , a stable

coval gnt bond,. or on;coval ent associ atd on wWith indin iLte for,said
ol oclil . RbmGh &1 360 KR BB seBRaRf oo o hehufl P bR e kbfe
peptide of the 5 invention, as_des§%;bed Egrein aboye, is c a?l of
traver si npIHFPCERbRdoR1S Al orcaspartion phan alphpheli, apdigy be RERFIAtRRRY 1 $108

endot helial cell bather conprises the blood-brain bather, the blood-eye
barrier, wmhes thhoddoiesadids ipghheaquendeefishidoming agifs Fuming saibhadid -Iplothsent a,
bl ood- heart, bl ood-ki dney, bl ood-nerve, or bl ood-spinal cord bather.

Accor di ngrefatedarabatiments, wherkinghé amantdcotunotifermeprises ph aud Sedhatertizpl at ed 10
nucl eic acid nolecule that conprises a nucl eoti de sequence which encodes a
pol ypept i g chRBPfokSisieh tHatthe SRtaice beRRley fiapidrbttyd sarlegCoiethdmriehbodbove.
I n anot her enbodi nent of the invention, there is provided an isol ated

nucl ej< gﬂ&%%b&whregfe?ﬁmg% 11458 %o Bodi 8! 2ol dre gfufaam Bgﬁél.él A2toCDNA, - a
e sequence e

\r/]mUdﬁOti terrupt by introns, ‘or uninterrupte y mtronz),
pﬁi §peS?F@%%gﬁ%&hﬁ%ﬁ?ﬁxﬁéﬁﬁgﬁé@%ﬁb@% %%w%%ﬁ?da%é@fé% j sk s8EE nent
| nvent | oneiGUEy U HESr ST Sk TR bF G180 BHIGRAN: HE D 45 ooRL opt i el

expression in a particular host cell. Such preferred codons can be opti nal
for expr espatiahy syshdbatithe efarge sepaiation, e, t;ljpa‘:g%rged)aé@ ehaingnof thedwio is pammal |
fungus, or insect. 20The invention also provides for a vector conprising
t he nucl ebetwaei sbaubbScAkeaboling A.ninenteiater erhbalipenyNdesd Poareapatitiyr essi on
vector conprising the nucleic

20  confined as a result of being in an amino acid sequence that forms all or a portion of an

alpha helix, and may be separated by 1, 2, or more than 2 amino acids in the sequence of
said amino acids forming said helix. In certain embodiments, the amino acids forming
the motif within the tertiary structure of said polypeptide are separated from each other

by an equal number of intervening amino acid residues in the linear amino acid sequence

25  of said polypeptide. In yet other embodiments, the amino acids forming the motif within



acid nolecule and at | east one regulatory region operably |linked to the
nucl ei ¢ acid nol ecule. I n another enbodi nent, the invention provides for a
cel | conpWPHHPIWHHE expression vector. In yet another em®6dAISALG03106here i s
provi ded a genetically- 25 engineered cell which conprises the nucleic acid
mol ecul e. . WO 2007/ 019545PCT/ US2006/ 031061 | n anot her

embodi menthe terHarysihielure ofsajst palypratide are sgparetet Svn tachatiarby madiffergnpr oduci ng
the isolated peptide of the invention, described herein above, conprising
cul t uri ngnimbex offdérveniag hnsto acdd kesiximes i the tigea amind adid saietlcddfsaidul e
conprising a nucl eoti de sequence encodi ng a pol ypeptide of the invention,

under 5 cpsigh "daslﬁéérﬂaﬁbéﬁbérﬁﬁaeﬁﬂgﬁhei@ala@&%cﬁﬁbéﬁidé 8f fhe RERItOE foRfisla

recovering and/ or isolating the expressed pol ypéptide fromsaid nedium 3.1
TERM NOL : sef<hehsl " te ore .

"appr oxi %@%ﬁmﬁ%ﬁtﬁ%@& ?%"g'onj u%gP ﬁi&%&t%f %}}%e%%%g&&?%%arcgtogsaé%y nunmber
wthinil, 5 .or 10 %of the referenced 10.nu r. oo e term
o 1 st s reSent Bttt apE Rt i dBRRE e drus he gt it S by e

i nvention, means t%%n nistering a conpound priqgr to, at the sanme tinme as,
and/ or s At 1OE prateie sHHstEre wid the aduseus envignswnt ée., Pesents gimotEion The
term"am no acid" or any reference to a specific amno acid is neant 15 to
i ncl ude e gwEacey! delded thempglypeptide goprefened ambadingatsathe wartibryatructures
non-naturally occurring am no acids such as am no acid anal ogs. Those

ski || ed iof thtvpolgpdptidesibiihk homntibe fortrhinSindghiédtisleh Giforinieit aeiElSsidlelies S

ot herwi se specifically noted, includes naturally occurring protogenic

(L) - ami nocchgitibss, d £ PBS oPf b ANafIP 0L, 078N NS 5oy lay 3706l f i ed ami no

acids, including amno acid anal ogs such as penicill’am ne

(3- mgrcapt o- D-val i ng) 2 L.ng . n I [ m.po aci ds
suc hnelgg nor | euci ne@ﬁaegﬂé%@g%&%ﬁ%ﬁgﬁn@g’g pﬁ%ﬁ%iﬁéﬁ?@ﬁe@ pﬁ&&gp%%gperti es
known in the art to be charact.eristi. an anmino acid., used herein,

am no aci GSRIWHE th%a?lérﬁ’raé’éiﬂ’to ﬁsafw@?‘fﬁgrewgpye,terﬁ@@ppg@er acronym or one
| etter S%@:&JM?S follows; alanine = Ala or A arginine = Arg or R

aspar agi H&PPRIJGDSRMLERYBLEAKEAR, SEQ IAND32), peptidek ei ne = Cys or C
glutamc acid = Qu or E, glutamne = Gn or Q glycine =A@y or O,

hi sti di ne(I*HTMiPQ’I‘&VNEYW%MEH@, SEQI® NO:29), peptide Be = Leu or L, |ysine
'Lys or K, nethionine = Met or M phenyl al anine = Phe or F, praline = Pro
or P, ser(QRAV¥ESAVQGLALLIEXEDRGUAELTSEQIDNOI0Y,Heptitle® = Trp or W
tyrosine = Tyr or Y, and valine =- Val or V. Additionally, the term"am no

i d . f
aci d 169U1(GUPRUSLIENIS VPR HOVROSRASDINDIAY. Baae F (RmUNITTHIA, st e 0

the naturally occurring am no acids, bu have substanti a he

st ruct ur grofioay) aeHi i E‘ﬁiﬂ t ituted within a
pepti de, which r)’gl%ggl ﬁ%éﬂ@%}?o O&H%r Sﬁagﬁlﬁvllq?gyog’}se%ﬁ?iit he substitution.
Thus, for i ld ivalents c incl ude am no aci ds havi ng
‘si de chai (r(ﬁ%oi @lﬁ@@%@&@ﬁ%ﬁg@t@ﬁ r%ﬁéfepﬁﬁﬁhm so include rel ated organic
aci ds, am I The term"amno 10 acid" is intended to include
am no ac%ﬁ%t&gﬁgkﬁmhﬂe?mr BBRIPNO:413RepEideBi h t o anino acids and
am no acid equivalents. Amino acids nay al so be classified into the

fol | owi nd W IQEARRLbAYEQ D NG of peptits afKIRIDNTALTESSNFIHLSE®i no
acids: H's, Trp, Tyr, Phe, Met, Leu, Ile, Val, Ala; (2) neutral hydrophilic

am n@OacilNOG., Ser, Thr; (3) polar amno acids: Ser, Thr, Asn, Gn; (4)
aci di c/ negatively charged am no aci ds:

In certain embodiments, the invention provides isolated polypeptides

comprising 1 or more, 2 or more, 3 or more, 4 or more, 5 or more, 6 or more, or more
than 6 amino acid motifs described herein. In specific aspects of the invention in

accordance with this embodiment, wherein the isolated polypeptide comprises at least




15 Asp, (Mi; (5) charged am no acids: Asp, GQu, Arg, Lys, His; (6)
positively charged amno acids: Arg, Lys, His; and (7) basic am no acids:

H s, Lys,WBr2007/019545 As used herein, "excitable tisPOFUNeHIS106L SSUE
that contains excitable cells. Excitable cells are cells that respond
actively to an electric stinulus and have an electrical charge differential
across t héwe of tielaming acid mrtis describedtherainl abovs Ishid ahleastZ@ogaotils aldybedhpabl e

of undergoing an action potential. Such cells typically express channels,
such as vehmeagwtijar tdy mdyderdiffgehteiotitnd stretch channels, which allow flow
of 1ons (potassium sodium calcium chloride, etc.) across the nenbrane.

Exci Labl e {1 ssue | Ngh udasn BOANAL iieBRHPproRBE K6 18 BotyPlsh s

ti ssue. Excitable tissue includes, but 1s hot linmte rona ssues

Central néoomuopoRiZaREYEOE, RSk iRl R SRty PR L2 Cucn
ner voss i ARLIRRHIe: ook pthen v iAes TAaR e ae PBRCoT B G RoPa

channels along with cell-to-cell gap junctions participate in secretion of
insulin. M8 eXaeppngiiction) hiyperaetive) apiaéelcissmg@oam&mae@vibcm and tissues
that include nerves, skeletal nuscle, snooth nuscle, cardiac nuscle,

uterus, celimulating prodiferation andéorgmpdsyion aff thrombocyiesaind/or eetthropoieticf act ory
system auditory system etc. The term "host cell"™ as used herein

refers todefeadparcelic@ba Coethiretals gb@s,wmi@mmmmbh@w#ﬁicsg@rm d
nol ecul e and the progeny or potential progeny of such a cell. Progeny of

such a cebl @i iRntilAP 116 ek Asddlf, BRIAEE bloidBRMALd €0 i th the

nucl eic acid nol ecul e due 10 nutations or environ ences that may

occurian ' ner at i Qns. _orintearat.i on of t u ic acid

nol ecm e %méﬁ@?%{gg?mﬁr?ﬁ% agtiaér?g{r@e Cellular pl%techxﬁact}vgtgr ﬁgﬂc&hﬁ% purified"

pol ypeptide,is substantially free of ¢cellular material ,qr other

cont am naP{REHEP Aeiidnelndes byds gt imped o, priReting, Jpaiptainipg, SHAmRAng fre

protein or polypeptide is derived, or substantially free of chem cal

pr ecur sor Esringdkeiingiipreorarinkilitycofidssponniaimnaimsglianoetindssiie.cn orgie | anguage

"substantially free of cellular material™ includes preparations of a

pol ypept i decordingty, dhondvspead) the episeatdnvention padisdcta tb temealflaulislatednponent s

of the cells fromwhich it is isolated or reconbinantly produced. Thus, a

pol ypept i pelypdiaideidsscaibbd hedaid fok the dregeatiin ¢fjhbithaeuti®d e6mpbsilifiel fades

preparations of pol ypeptides having | ess than about 30% 20% 10% or 5%

(by. diy 2frorRtigRhaiffai ij@; ' - Lo as a
B B l‘)lalﬁ{all‘ﬁl)?é,%\%\% I3r stﬁ:Eﬁggltlé $God & ‘ﬁﬁl%lgﬂ( 5ﬂe§b%5§’i'v@

"contam nating protein")- en the polyp e 1's reconbinant I'y produced,

it is alsp.pie] L:al Ly f I i La, .culture
medi um re%r eserlllﬁ'é% he%@#ﬁ%%lg%églaed%%ﬁ%ﬁ%s’ agllrd O&%’gf Tﬁﬁeéé{%fﬂ&ﬁ%dlﬁe “he
protein pgpeparati.on. Wien the pol ypeptide. is, prodyced by chem cal

synt hesis{;heicfmﬁpgmﬁf’lésfaé?i%l%@?%‘ﬁ}'gélﬁ Jeet ipdegd Merrat Preger"@@ur sors or
ot her chem cals, 25 La, it is separated from chem cal precursors or other
cheni cal sSHPRERSEBSHRYBIPEE 3 mammal anippeeferablys 9 5USRECT/ US2006/ 031061
synthesis of the protein. Accordingly such preparations of the pol ypeptide
have | ess than abouln @BShaspaYs, thOgipscatirtvoytiatr iy divectglhto thefuse bfar isalated
precursors or conpounds other than the antibody of interest. In a preferred
embodlOne npolyeptidp deictidedhabint foetherprirativn dfadhafedcrtifeh] @6mpuditibh & thSAN
"isolated” nucleic acid nolecule is one which is separated from ot her

protection against and/or preveniion of a responsive tissue injury, for the restoration of,

or for the rejuvenation of responsive tissue and/or responsive tissue function in a subject
in need thereof. In one particular aspect, the responsive mammalian cells and their

associated cells, tissues, or organs are distal to the vasculature by virtue of a tight

25  endothelial cell barrier. In another particular aspect, the cells, tissues, organs or other

-10 -



nucl eic acid nol ecul es which are present in the natural source of the
nucl ei ¢ acid nol ecul e. Moreover, an "isolated" nucleic acid nol ecul e, such
as a cDNAwedoewal®s can be substantially free of other dREOTN/US2896/03ak06dr i al |
or cul ture medi um when produced by reconbi nant techni ques, or substantially
free of chem.cal precursors or other chemcals 10 when chemcally

synt hesi z &@dily pats ap dwilated fressroaamealian hody, spe & thesednieae! Fpasplatcodi ng
a polypeptide of the invention is isolated or purified. As used
her ei n i n ByeWway efwen-Hmitingsaxamplesy respodsive cllpo tiyprppdyes navenal,cym(e.got i f "
refers either to a set of consecutive amno acids wthin the amno acid
sequence atitdle adipbie) edriricttves haik tecth dhacoshl pandeds, @ldokiineg @at, yphakilaent

amno acids within the 15 tertiary structure of said pol ypeptide. Because

the ot i f gy iialb QeaRINAL 11, KithhirhesRBo iRl d o HdrBlaPbitek, balofhIng.

am no aci are adjacent 1nt escri may be separated by O,
1 or re,. 5, ar. npr. 10 or 5 or e Q. 2 j j.ds

i ©ni noc hansole Fab e, Suine Rl vt oy B Bliny BRoRER R BRLES,
the terns "peptide,” " pol ypeptide" and "protein" e used 2

| nt er chanduBPy DaRinyiHhg FARDIET STauRrSTE R e phfors oo Episaed (that

i's, having sone elenment of structure as, for exanple, the presence of am no
aci ds whi clen¢s); ganglien,diqlary henizostalfanasrine: Millen Batkinjeymyenardiyampics,

cyclized by the presence of disulfide bonded Cys residues) or unconstrained
(e.g., |ineske), shriatrial acde] simg nede; gmctibn tiswe; aiinvenbadimede shundiveofiddiss | de of
the invention consists of |ess than 30 am no aci ds. However, upon reading
25 the i ngiepitbegtes Sletitt] Rupfflomeldn E@,Ckeﬁﬂtégﬁﬁéﬁa\l\,ﬁthﬂmlﬁﬁﬁmitﬁtﬁ dobRt, it is
not the length of a WO 20%7/01954§PCT/ US2006/ 031061 particul ar peptide but

its alplit; I | VS r conpet e

w th he B kb e e, R e T e
peptide of .t he d.nvention. The {er " pepti " oPgly i "-and: ¢ protein”
al so ref er* G LIS %8’(14}& S;?Ftr?gf %%Fﬂobé%ﬁ%“ g"&ﬁﬁ?f’ﬁ%ﬁéﬂs‘i&g?‘)lgg&b@ 1ot
non-am no aci d gyoups, ile 5 sti|]l_regaining the desired functional
activity d& Langa %qsd%‘.ce&&‘?e@é Véﬁﬁ]isv%ﬁcé %é’s@ﬁ%oﬂ?‘?l?oéfosﬁ%%st?o?ﬁ}%(ﬁ?s@maI
peptides by the replacenment of one or nore amino acids with rel ated organic
aci ds ( suchdemetiBhytroramiendometridk sigm adeendptheligcellhe Thesg srpmples 6 or

nodi fication of side chains or functional groups. The term"preventing a

di sease, desgwonsiee celbyrare artly ilbistratiennia ome lasyech ghel @spdmsivercsBtor ithi nderi ng t he
progress, hindering the appearance, protection against, inhibiting or

el i m nat i n@sdchfeErBtRRESS, oPbrghRrhis ieREitdbliecdlCtisdaans 6 oghnsueh di sease,

di sorder, or condition. Use otg the term"prevention"” is not neant to inply

that all Wﬁﬁ&&ﬁh&dyb&ga%@ e BtabRORUIS R LiSRie@ A R lelsBebtfoPIE VSRnAbA Re

t her apy never “dev p the di sease, disorder, or condition targeted for

preventi o t_rath £ £ | A | i ] | Lt a
reducti on%lxﬁ%{ﬂee{li%ﬁ% i?strjceeﬁlgrgf %eftaﬁﬁ%%‘%e%@g%g&%% @%ér@erhrewdgﬁ S%%%rg'ixt{glg%ﬁ. For
exanple, many flu vacci,nes, are 1not 00% effective at Frlgventi ng .f lH in

t hose adm$rHEIEEEe PEtipaldissife Inanather pspeelythefesprasixe FEIL OIS 23505769 dent i fy
patients and situations for whom preventative therapy woul d be beneficial,
such as, nells.iispues; on araensiase noteriatie aells, Heoes of eraaRlAGEdPAISYcti viti es t hat
may lead to trauma and injury (e.g., soldiers engaging in mlitary 20

oper alongyredagieanthr coatnprice excitablacells opdssvent s f or whom surgery i s pl anned,
patients at risk for inherited di seases, disorders, or conditions, patients

at risk for di seasesThetir§ibdiRidlic 2aH/op @BIlilhd RORCRYEA IVt I etk iBylated
environnental factors, or portions of the population at risk for particular

di seases, (i i {4 i : hose
it akdSLRPAEE SO inRAEH k STEHE AR 8o BUAIfod and B Atbmini b} NODZ,

factors f Oarnyarlne (()jd 3eesgrslgéd I(ljelrgi%ralqg E)i' kl?g\?’ﬂ% Pnn’t Ie:téxl'tp M certain embodiments, the

erythropoietic and/or cellular protective activity is determined in an in vifro assay. In

25  other embodiments, the erythropoietic and/or cellular protective activity is determined in
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WO 20071019545PCT/ US2006/ 031061 As used herein, the terns "subject"” and
"patient” are used interchangeably. As used herein, the terns "subject" and
"subj ect SWOred74x9348 an ani mal, preferably a mamual i ncl PETAEH2806/08H6Pr | mat e
(e.g., a cow, pig, horse, cat, dog, rat, and nouse) and a non-prinmte
(e.g., a nonkey or a human), and nore preferably a human. 5As used herein,
t he t er mdhtiiz s8nesgayotleatrelaedzothodinent, wieréinitbscalutar prafettiverttivigf isrs to the
effect of inhibiting or delaying damage or death of a cell, tissue, or
organ. Uilegfoprotbdiimyheennaiiof prddides Toed agthoddf dedtagingwaidieivity o virocel |
tissue or organ is evaluated relative to a control condition In the absence
of a pepty i Walsl b ! ¥ J5s useful in
Bgﬁ@l ?fnﬁc‘ﬁﬁg 3.'1&@ Rhh@R of ﬁﬁﬁlg{g{ @3 cgt}aﬂiﬂél AGlkebYEw iR N-pethyl DS

various c I ons, ~di seases, organ, 10 and/or "ti ssue damage,
for exanple hose descr.i.bed J ct i.0n CRRTUR I @t j ivity is
specific quér{aﬁtt%%rlﬁs,m Rebde; %ﬁféﬂba& IRE [lg%é?(%?ne{élgﬁlﬁé'%@i@%g 0%? %?&ect ive
receptor conplex (le., .a respqnsive tissye cell_ _.and.or or ,

respeet i VORI S‘é‘"(hﬂha%ig thqﬁ?ﬁ Vr\%tﬂﬂp’i determipeddn siep b} i glegle ﬂ?ﬁ“g'ﬁ%epf@e ntral

nervous system In specific enbodinments, the responsive cells are not
er yt hr oc yaostrpk adisrd inghe shsehes ofiithreptide.the pentida@opresacs eeliwler preteefivor
conpl ex" as used herein neans a conpl ex conprising at |east one

eryt hr opaicéivityn receptor subunit and at | east one beta conmon receptor
subunit. The tissue protective receptor conplex may contain multiple

erydropoi etin recepmel pasthikt dnfhodHém) the Mana IR S6e8ldlorgdoni ts, as
well as other types of receptors or proteins. See WO 2004/ 096148, which is

nereby | nombRes ?}:{o?%ny%o%@d IBIALRGRID R B atd bdethiiHlvt EkdenddPofigiPr M e

t he perc two am acl d sequences, the sequences are aligned

for timal c at i . pur poses, The am aci d resi,dues, . ondi ng
ai ndltaci HPBOLT PROMEOLAEEE PHER SCISApARe dorReh ot s tronap s pidhf FRE;
sequence i s occupied_by the samg anino_acjd residu t he corresponding
posi ti on tiﬁﬁﬂ%»@éorgns@emnfa@a%%@égsw@ﬁ t, weleﬂ%iveﬂ@e $ical at
that position. The percent identity WO 2007/019545PCT/ US2006/ 031061

bet ween tiheertion psesjdeprotestion agaifistrodioo prayentioneofin tigsee injiryireradfingfem
positions shared by the sequences (i. e., %identity = nunber of identical
over | appi sugh pesditioren grovideaor thembseratibn ph o provids fkr heGejuvedationné tissvsodi nent ,
the two sequences are the sane length. In an alternate enbodi nent, the

sequencesyfd Rfuctnhéttisita JubjRot i rRbd thetE Okfbrd) Guying bhefigaiicle Bénditikdent i ty
refers to a conparison of the shorter sequence to a portion of the |onger

Z_qug{sggg@ggﬁﬁgg?@&%{ﬂ%éﬁ%%@% AT Ryp ML mBRLSIX dyBliRtiLR! Seduence.

surgically-induced ir situ hypoxia or metabolic dysfunction, or in situ toxin exposure,

the latter may be associated with chemotherapy or radiation therapy. In other
embodiments, the isolated peptides of the invention provide protection against and/or
prevention of a tissue injury resulting from a disease or disorder, provide for the

20 restoration of, or provide for the rejuvenation of tissue and/or tissue function in a subject
in need thereof before, during or after such conditions arise. In related embodiments said
injury is caused by a seizure disorder, multiple sclerosis, stroke, hypotension, cardiac
arrest, ischemia, myocardial infarction, inflammation, age-related loss of cognitive

function, radiation damage, cerebral palsy, neurodegenerative disease, Alzheimer's

25  disease, Parkinson's disease, mitochondrial disease, AIDS dementia, memory loss,
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FIG 1 depicts the results of an in vivo sciatic nerve injury nodel to
conpare the efficacy of peptide J (SEQ ID NO 41) to the tissue protective
nmol ecul e WO 20ewtisHy| at ed EPO (CEPO), wherein peptide J, PSHYR263IML, is a
chinmeric peptide consisting of the external facing amno acids of helix B
of EPO (i.e., peptide G SEQ ID NO 40) conbined with an anphi pathic helix

f r om panceamyotraphiolaienalseictesis, rlRplvolign, TRrod disapderpanyisty gisordes, aitegipi ct s t he
ti ssue protective effects of peptides of the invention as 15tested in an in
Vi vo sci afiéficindkotder mptisny Creaiefeld-Takobhidseas:s bsain thspindl ghed teminzet oxc ner ve of
rats (n=6 per group) was injured and the animal inmmediately dosed with PBS,

or PBS coplalni biPs@l cheSHA6 BErt At Palhlaf dédeasiitian Ritaell®, EPO
pepti de A& %E%a?%a%g%,@gr’rcespondi ng to am'ano aciégg 1-% of SEQ ID NO 1),

peptide D _(SEO.]l D NG 4920 ' = 89 QID
150: 1) oPoRaR G er iR R B3N REA B rhRr BB ARRRR R RHAL KRS O e
on those anjno acids within_ Hel.ix B of.,EPO t hat .face outwmard f.r t he

gl obul &r E@ﬁ‘?ﬁ?a"ﬁ‘i@ FP\‘E‘E@@%I 3F% SAHIPUREngY dssHt Teﬁeﬁ\%ﬂm cf’l%e(r%r%nt, L e.,
present on the surface of the pol ypeptide, Additi ona{ﬂlg%l, .a 20- rrel:q

const r uct kiflnpy diseases disgasp obthe prigaBRysEs) diferse HhilrepindYch TSIk R8%h to be
tissue protective via another receptor was included as a negative control.
The recovéisgastr skin did@s20DNHEEDBABRETIiIhSS, @osdsibsibial discaseycnslpering he next 4
days denonstrates that peptide G SEQ ID NO 40, and peptide D, SEQ ID

NG 30, exBhfirnafityl esbolio bbicaialing ofh Hieiseion disobder ofithel centralumteleriplsaly t hat
is equivalent to or better than carbanylated EPO (CEPO). FIG 3 depicts the
er yt i 0poeiofs Bf[4E! 1 £l R dnflodBherEhd Re¥ndffiond ske BRI atio! 0

lack erytlutpoietic activity, as tested in a Ul-7 assay for erythropoietic
activity. The result f IS 10 g\ INr | tlher
pept i 31@ DP “@E@W@%@eaﬁn—gﬁméh&?? §%¥§‘/}? ﬁ%%%%fséﬁ(%l g%t%%c}}?gy Ifgt doses

up to 10, 0Q M ) FlG 4 depi.cts,the results of an | i Vo . assay
to deter m'SWg 05&’?&?‘]‘}3?‘1‘5@&?5? E%E@Jwgb"?%l% %E“’fﬁ??;\]?ﬁm t% %QW@taci ds
14-29 of SEQ ID NO 1) and peptide G 10 (SEQ | D NO 40) ~are erythropoiefic or
elicit nethempinpakan eell. itisens esorggn forsvhicipen afprmentionpd 590@&15{)%‘%@8 % t hat
nei ther protein increased henoglobin levels in the rats when adm ni stered
at 0.8 p, gbédexprds daf megkosub- cut aneously (s.c.) over the course of 130
days. In addition, neither peptide elicits an antibody response, in
contrast to the adnijpcgtdinteindoddientdMe ihbdrtion iSalde diredted tdgharmseeutisalof i n
vitro studies that denonstrate that peptide D, SEQ I D NO 30, protects notor

neurong aQghmskitki QA Fisiddue aroréiBaitibned isolated polypeptides for administration to

a subject in need thereof. In specific aspects in accordance with this embodiment, the
pharmaceutical composition of the invention further comprises a pharmaceutically
acceptable carrier. Such pharmaceutical compositions may be formulated for oral,
intranasal, ocular, inhalational, transdermal, rectal, sublingual, vaginal, or parenteral

20  administration, or in the form of a perfusate solution for maintaining the viability of
cells, tissues, or organs ex vivo. In related embodiments of the invention the subject is a
mammalian animal, preferably a human.

In other aspects, the invention provides a method for facilitating the

transcytosis of a molecule across an endothelial cell barrier in a subject in need thereof

25  comprising administration to said subject a composition comprising said molecule in
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FIG 6 shows that peptide D, SEQ ID NO 30, at doses of 0.1 ng/m and 1
ng/ M protects P-19 cells agai nst apoptosis associated with serum

depri vat i \¥R.200¥@H457 A-B depict the results of a m ddl e FEdyEEpW03H6d er y
occlusion assay 20 in rats. FIG 7A depicts a graph denonstrating that
peptide D (SEQ I D NO 30, corresponding to, am, no _@C' ds .5 -82n311; Sﬁqﬁl D NO

1) at a sissngiadionoeith arf isalated pepiide oitha Evention desgribed hereinghave & aFelgRd
infarct in the brain as robustly as four doses of 4.4 uyg/kg adm nistered 2
hours apasibodfhéat, aBoclstnnds a labile cowaleht bonds a stablesovalent| BONdsTANAMY det er ni ne
t he behavioral deficit caused by the m ddle cerebral artery occlusion. FIG

7B shows QRalhidsss dtfordeRA sindaigadiclfohaid arobdculerpr overrent s when
adm nistered peptide D, SEQID NO 30, at both a single dose schedule (1 x

4.4 ug/kg) and a muhrigph; tﬁ&f&%é@tQf{héﬁn\f’enﬁoﬁl%gﬁblatedpeptide of theFl GS. 8
A-B depict the resu {:45090 ggér)létlﬂ)n Vi assay of a di abeti c neur opat hy assay.
Di abetes .is induce

nducsa dnseees qeehedreip Aecth B ENREFkatklee fo RN UPREE © ©

PBS five tines a week_ at a_dos f.. Lkg: bw i.p. for L f two
weeks. * Bolntg rlvesdambntipenltecrsioin oell ortiet fomifee 4% PaPBEEPadler oF ¢ e
rats were observed. FIG B8A denponstrates that the rats tli)fatdgg V\AH: pepti de
D, SEQ | Dhibl@d-ayeltaticralic blaoddests heminty e binpdvesiasebaries bI9dgias % son to
the untreated rats. FIG 8B denonstrates that 10 hotplate |latency for the
treated rgbsdnegt, Histdeledneye bidoduerte of hlwodsspingheard beates., f urt her
denonstrating the inprovenent in conduction velocity. FIGS. 9

A-B depi ct the resuhbsoringlts 8 BRREL 6Xfthe lrvBhtidn, thereduyrevddedan sphatddy and

nephropathy with EPO Heli X B chinera. FIG 9A denonstrates that the animals

treatgd wth. i R 1i6d deubhce WHIEH @dco¥dn Polypebtidepr oved
I t%uwgﬁa?es@‘ééahé é]rg?%!lggt%gmf%?éncyeﬁgssay. FIG 9B dgbm)nst rates

15 re In a

nor mal || neeRR R ReSpRRGY dpayFHER pE o vas TR nTG S

depicts the effects_of peptide SEQ ] D, NO 30) .on retinal.|le

associated with di abbemaiheresm HEP%J??]@VF?% é“eﬁ%mg‘fla%‘? %%i%bﬁget%‘ pepti de
D 20 (SEQ ID NG 30) was able to substantially reduce retinal |eak ge in the
treated anicleicseid molecule that cempyises B nyslsotite sdanancedier & D ,gémcﬁfaﬁ ¥ (SEQ

I D NO 33) or peptide G (SEQ ID NO 40) on a nodel of kidney

i scheni a- sependdistenmptelity ifirgus, er teintensptedtbysntrons), Weich epesses des reduced
the injury score resulting froman ischem a-reperfusion injury of 60

m nut SRR cdrsidtiigl of the isolated polypeptidd-bf3he litventibmiss r at es
t hat ﬁe@gﬁyﬁlﬁst ratﬁi&i)on ntgf peptide F (SEQ I D NO 33) protects mce from

experi men . ' ar4 ; e iRCQBendd, Mdbiing tRAE nodel
t rgat ed wh?%?négé)ﬁ%gi ﬁgégg%%ﬁgfﬁﬁ%%gﬁg%pl %Elset he cli iri:lfgcal cour se

of neurol ogical function.i.n.mce. i HAARURS facilitat
encephal oﬁ%’l"ﬁ?c{ PUYPEP ‘&1385}%?531?2’&"# %g@&g%@dl%%?%ﬁgki%p. dai ??.1 e

Adm ni stration of peptide E significaptly .inproved | Qg ction
rel ative eptisghexnsessionip ﬁipéﬁ’rcugFéﬁ?tﬁﬁ, : JS.YICIP f)%éegfe? OQIS#J;&E’%%&‘ %(Ifag%gnd/ or
hind-1inb paresis, or slowrighting reflex; 3, paral 311 of hind |ljnb
and/ or paeepiessiof irf eetle of abpecies of planbdiagtegpmg Feas ﬁﬁ%ﬂ% > §W‘F%W“’8 deat h.

20 The invention also provides for a vector comprising the nucleic acid
molecule. The invention also provides for an expression vector comprising the nucleic
acid molecule and at least one regulatory region operably linked to the nucleic acid
molecule. In another embodiment, the invention provides for a cell comprising the

expression vector. In yet another embodiment, there is provided a genetically-

25  engineered cell which comprises the nucleic acid molecule.
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10 5. DETAI LED DESCRI PTI ON OF THE I NVENTI ON 5.1 TI SSUE PROTECTI VE PEPTI DES
The erythropoietic activity of erythropoietin ("EPO') has been well

char act erWw@@mW7934he art (see, e.g., Cheethamet al., 1PGE/USRBAC/03W6E uct .
Biol. 5;861-866, herein incorporated by reference inits entirety). EPO
initiates erythropoiesis, b i ndin 5.to the extracellul ar .partion of a
pr ef or med erythropoil'éf‘?%h?%“é‘gtﬂﬂ%%el?‘ VeRHAR Bt s for aumethod®fR) 2) in a
mar mer that bridges between specific |ocations on the individual EPOR
subuni t s. TeseEbinpdy produsingshe kselatnmryide of thedeveptipn.i dsaerihsfl herein ghasul ar
ligand are renote fromthe binding regions and face outward, away fromthe
conpl ex otomlpfisiag dulfitRERN2 mediomtaimsacpibamszinig ammcleitheidympldcaknt s have
determ ned that tissue 20 protection, as distinct fromerythropoiesis, is

medi at ed thifHEAg & nielRERdPIeqRéRR enédiiiy 4 BRIV ptide\ Tl Int8inStide®f an EPOR
nmononer i n conjunction wth another receptor,” CD 131 (al so known as the

13-co n s j . , . i X . cept or
ot or oai mer ARREHB A he plpitakiol oA il EodElid Shd B O IMAG 68
interactign is currentl nknown. .The instant invention discloses tissue
prot ect i vgxlffgiﬁfﬁggbpﬁgt?cre\iﬂnﬁ’\gnrﬁl?dﬁgnt hree di nensional structure of EPO
and in particular, fromthe portions of EPO facing away fromthe EPOR
binding sites, i.e., not interacting with, the classical, erythropoietic
EPOR ( EPORR2 TRRMENMHIIQGMOt Wi shing to be bound by any 5 particul ar theory,
the Applicants believe that this portion of the EPO nolecule interacts with
the tissue protective receptor and thereby nedi ates tissue protection.

The three dinensi Onéﬂsu%EdlH%ﬁ%&&m@agbbﬁt”%gé‘@r&m&we%ﬁéﬂﬁ’é’e@liﬂy Cheet ham
et al., 1998, Nat. Struct. Biol. 55 861-866, Hereby i1ncorporated by

AT s g A R A e S e

Bi ot eg&nol 0 I nformation as entry "I BUY"). The portions of the EPO

mol ecdt e PHEP*Face away from the nenbrane-proxi mal portion of the EPOR
honodi mer when bound_to said receptor (i.e., away fromthe cell nenbrane
when t he (EPCR)2hon€éﬁﬁ@m7@m§m@°@mﬁm@%ﬁ/’f@ébeé?méxt&flth? consi st of
the foll owi ng secondary structures: | oop AB (corresponding to am no acids
15 29-55 ofetlg@gof theNavertionmedans adnindideningspormpavgdipsioa bd, abthechuls G- B2 of
SEQ ID NO 1), loop BC (corresponding to am no acids 83-92 of SEQ ID NGO 1)
and | oop ehl/6cabsappanaithegohet afa dgede) dsorddi? ed@hditfonSEQ 1D NO 1). In one
enbodi ment of the invention, the tissue protective peptides consist of the

am no aci d sequencegheWrhESRARE hiid” bpaﬁyh%?&eﬁﬂestbia@]ﬁéciﬁé EMEd HcRBisPheabe EPO
nol ecul e. 20Not wi shing to be bound to "any particular theory, the

i : . o=t . . ¢ . . .
AP T30y BB IR ock RS BRG] A B GRA Aol SaREBPAIE .
Super fam APUAETEh g1 S ot THE U0 e o Bpalapiioa? ol i
characterized ,by, four helices whjch interact hydrophobically to forma 25
gl obul ar s?ﬁlwpﬂ & Wlgss pfhsrwisg ppesélcai i metedatisidgs patusaly oseilEsgs medi um

and is
protogenic (L)-amino acids, their optical (D)-isomers, chemically modified amino acids,

==X

including amino acid analogs such as penicillamine (3-mercapto-D-valine), naturally
20  occurring non-proteogenic amino acids such as norleucine and chemically synthesized

proteins that have properties known in the art to be characteristic of an amino acid. As

used herein, amino acids will be represented wither by their three letter acronym or one

letter symbol as follows: alanine = Ala or A, arginine = Arg or R, asparagine = Asn or N,

aspartic acid = Asp or D, cysteine = Cys or C, glutamic acid = Glu or E, glutamine = Gln
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WO 2007/ 019545PCT/ US2006/ 031061 ternmed "external | y-faci ng". Unexpectedly,
the Applicants have determ ned that nore than one peptide derived fromthe
ext er nal |YOf28¢¥H85450rti on of the EPO nol ecul e is ti ssuePSAAIS36G6/03EI61 A
further surprising discovery is that peptides derived fromportions of the
EPO nol ecul e that are buried within the EPO (EPOR) 2 conpl ex and peptides
that 5 mey QlglyeineorGlyiar Grdvistidimes= bfis er it inolopainesills asildehdine sileasrL. or 2 are
al so be highly potent in tissue protection. To account for these

di scover ilgsine ADp orddvhethjprigmos ddt baM, phenydslafine =Riteior &, prodine = Rrber Pi ssue
protective receptor is due to an appropriate, spatially conpact charge
conf i gur alehiRD=Wet bi 8, thRBnRER: THT, G3BGphANETIE br W, ibsiag SPRlor 1 ange
configuration is enbodi ed by two di'stinCt structural notifs: (1) two
negati vel y.char \: i | A% . nked by
hydr ophob‘u}laélﬁgm"ﬁag%ﬁ?d%ﬁi&g?n )&% t%g{sfa@@é aé‘%ﬁ%@%ﬁ?ﬁ%s ‘?’i _éﬁﬁ%‘; ¢ and
acidic) amnp aci.d i di at el dj acent to ane another,.and .fl anked by

si ngl 3 hﬁg%%%ﬁﬁgﬁe%ﬁ@ggw eaxﬁfitﬁ%ﬂagga@ypg@pt e TUBRA AT rB@i‘%‘i’l{;@ﬁ%‘f‘a‘ t hese
charges may occur via the |inear structure inposed by %epti de bandi ng,
i.e., theubstantisilythe simietuse of an prinaArid sHekibat hor cambsBibsl a

pol ypeptide chain, or 15 alternatively, proximty can al so occur via a
spati al rpeptidé,oviath retdhet iekinlogidal activity despiteshe fulistibitisPOThos, dondxempls, ot her
related type 1 cytokine nolecules) inparted by the protein's tertiary

st ruct ur eamine @cid ehhiivaRnl a8 Redladedmiab atids Biwng MNdk chais hoiifiéatioheobound to
any specific theory, Applicants believe that, in general, this requirenent

dictates fhdtuforl SRHAPIAIEENEIRABRICRIN il bPHR ifked RG] Qfniinar Y
structure (e.g., helices or pleated 20 sheefs) that provides for the
requiJ.ed spai. al | [We] f_ 1. (- a ! b i the two
negatliovel"ﬁ??cgﬁaﬁlé nsdggfr%lsiS %rl%ﬂléic%ia%&gﬁ%? S’ﬂm'? %‘8 %’og? ??e\fg{n arﬁsgd‘r?]eegg%?r\%goglngo no
acid). A sinple .exception s a.linear,peptide wherein the.amn cid pair
is i mmdia&?‘é‘F’)?c‘Qﬂ?%‘i O 3Gt %vaé?nﬁ%r%q 1458y @]ﬁ?lp’? 8@5'“?1&6& Hﬁ?? @wi npar t ed
by the peptide backbone. Accordingly, the structural potif (1), Is

enconpas sieowinggroupsesis eanmenrtydknewndnithroart €l Hhyssophobicanaigo agids: His,

H1- N1-N1-H2 (SEQ ID NO 6), or by a linear sequence of am no acid residues
wher ei n Nlrpaitgr, Rie,dviet, Eepdic Ml Alg; (2) ngytra} hydrophilic@mine asids: £yisnSer Teni ng
residues, e.g., lii-NL-X-X-X-X-X-N1-H2 (SEQ ID NO 11). For

ti ssue pr@Yyeelat fninotdeRlspBér Thi, AshaGhe ()aiidienegpitidelyrchatged andyaididd: | y
oriented such that the carbonyl carbons are about 3 angstrons (A) to about

S A apartsg ,tdgﬁ,g(g?&@ﬁgéa arARBYiad: Ash, GIaLOML 1.9s,ATi8A®) F@Siﬁﬂﬂy BRr8er ef er ably

about 4.4 out 4.8 A apart. This can be acconplished in a nunber of
ways, for £ lse., JiRG e ?1@ 1 i .ds ..l sinple linear
pepti de (see,ggglfig'.%g%p@g’ da gg%g‘g | gagasﬁlé’?ﬁé’who, Table 1) or for

pepti des that can form al.pha hel.i x,. charged . amn ci ds_separ.gted by an
i nt erveni ng am no afg?' qu%&ﬁr‘?ige e(“élgaé’l,le fssyo” mEgng HSpYe aa%&gaﬂilésp?ﬁ%ggﬁﬁ, SEQ
101D NO 33, Table 1). It is_to be noted.that tertiary structuyre (e.g., an
al pha hel §olls; xcitapigicglis #ecele et Wéggnd@éHV§V§%albsleFﬁﬁ*ﬁéFlf®éPW§rha¥%n pepti de
is within a specific mcroenvironnent, such as at the extracellular-cell
surface ndedfrical ehirge diffexedial seress tBeiy celtular meabrangy. ofxditablegelloae117, her eby
i ncorporated by reference in its entirety).

20  generally capable of undergoing an action potential. Such cells typically express

channels, such as voltage-gated, ligand-gated, and stretch channels, which allow flow of
ions (potassium, sodium, calcium, chloride, etc.) across the membrane. Excitable tissue
includes neuronal tissue, muscle tissue, and glandular tissue. Excitable tissue includes,

but is not limited to, neuronal tissues such as tissue of the peripheral nervous system (ear

25  and retina) and central nervous system (brain and spinal cord); cardiovascular tissue such
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Further, tissue protective activity is predicted for peptides that contain
15 pairs of charged am no acids such that the charged side-chains (either
positi ve WRRHEYAT4Sve or two negatives) be confined spatRCAVTS20¢64346d hi n
about 6.5 A to about 9 A of each other. This can be provided for in an

al pha helix by the charged pair being separated by one oil tﬁ? am no aci ds,
whi ch wi | 4s the osllschf thohearirrndaissacipsed nayvese anbglandylar tisgue Biehag naPANETCES e of
the helix with the required about 6.5 A to about 9 A separation. A non- 20
limting ekxesm-gpetakiehckanpelptiohg with dedibtoccellrgap ¢wictions partigipate IExanpl e 2,
SEQ ID NO 33, Table 1). One skilled in the art can devise a tertiary

St T uCt ur esdofiioh @ idGRA! AR ckEblary liioTekétdble tisstednchdes Orpahd andtisshes
appropriate three dinensional | ocation of the charged am no acids, as well

as the degj f t 1] Qafdiad ©8sci6 RAdrad,iceral t hin the
pepti de. ﬁ\?\%*ﬁ@‘&?iTﬁ%i%@ﬁ%é%@%@%%%ﬂa gI'he spatial distances
bet ween the carbanyl carbons,of. any to,am no i : ween_the side

chai ne of n%?“%%t%ﬁ%alaﬁ?}"g?r%ﬁe a,é)é%&tg%sygfpngzay&?%?ﬁg% h%t\{/:\h in the art
or described herein, For exanple, where the thee-dimensional. .structure of
the protein is knowhhe e ‘hescgd’ §%B§1d§le}'%r"’(§?rs %ﬂlﬂﬁ%&@ﬁaﬂ%&%@ﬁt he
spatial distance between 5 two carbonyl carbons within a portion of

i nterest thnsfaitet] with aeucleiasidmolsahiownd thaprpaenyrrpetantial pragenysefaych ay
otherwi se art-accepted, three-dimensional coordinates of the am no acid
resi dues i:éu.smiogergmﬁéuemaeéu irialy @oeBé ideiiiheil e theatent eall tlansfeetddomish thet ruct ure
of the protein and, therefore, the portion of interest is unknown, or
wherein a ﬁéléi'c%ﬁﬁlﬁﬁ&g@&lé Bud P RohSorc@REbiteierintaseds tat iag otaadhi ngs

her ei n, wﬁose three dinensional structure 10 is unknown, the charge
separation of two side. ' S | ' ke yRehst dup car banyl
car bom mf?%??fﬁg%géneg‘:ahﬁ?l?g{éﬂﬁ%ggé%e eéﬁ?%‘%lggaﬁlgﬁg%ﬁ% t hree- gi nmensi onal

structure predicted by protein nodeling software as is known in the art.
Non- | i mi t BRYP®%anpl es of such software are MOETM by Cheni cal Conputi ng

G oup (Quebec, Canada) and Mdel er by Accelrys.(San D.ego i £.0rnia).
Simlarly such predif iiselated’ %‘fmm&% pelypsnt SI‘@@FW@%’eﬁﬁ?ﬁf@ilﬂ%f ed
conpanies as well, is also known in the art for the design of small
mol ecul es naseria o7 othecamtimighting proteins fremdheeall ordissng squpee fiem gyhich Yigsed upon
t he teachings herein, would be able to make small nol ecul es that enul ate
the di scl gseinSrpuBipuitide iBUedifel, or substantially free of diemiczhpracatsbss asotherri ng or
chinmeric peptides can be designed that mmc 20 the critical spatial
proxi ghti %ﬁeﬂ&%&fw&%h&%%ug SRRz, AR 1Aighass “wbsusially fde efteltalanci ds.
The present 1nvention is, therefore, directed to novel tissue protective
pepti des, | Akt d0 BRBalallahs EP1bdtfoptilE BPwhich U pIFbertabiid Sephiatla 11 gger
Sredtt on: nt 1 nven 3

ti ssue pr e"prese n also relates"t0 the use of tissue

rotective fra nt s f her..type 1 . i ' -0 ut not

Fi mted tdrORP ﬁﬁﬁ%%’@?ﬂﬁ% Pgﬁ‘ﬁéalés %5%@%&%#?%3@&4*%% a‘%ig‘cfl ( G CSF) ,
interleukin-3 (1L-3), Thronmbopoietin (TPQ) E”Fréﬁlmt al includ

2007/ 0195245mbupedisEhes 2 gelypentide that is substantially free of cellular material mcludes

preparations of polypeptides having less than about 30%, 20%, 10%, or 5% (by dry

20  weight) of heterologous protein (also referred to herein as a “contaminating protein™).
When the polypeptide is recombinantly produced, it is also preferably substantially free
of culture medium, i.e., culture medium represents less than about 20%, 10%, or 5% of
the volume of the protein preparation. When the polypeptide is produced by chemical

synthesis, it is preferably substantially fres of chemical precursots or other chemicals,

25  ie.,itis separated from chemical precursors or other chemicals which are involved in the
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Neur ot rophi ¢ Factor (CNTF) and Leukem a Inhibitory Factor (LIP), that are
structurally honol ogous with the above noted externally-presenting am no
aci d sequ&Oes7/@bs4EPO and/ or contain the structural notiPCI/ERewrEHet above.
Further, the tissue protective peptides may be chineric conpounds based 5
upon structural notifs described above conbi ni ng non-adjacent structural

el ement s symthesiaof theeprplieiss efedondinglirisneh preparstiens ofithe polypephide havg ks thame
applicants have determ ned that the addition of an anphi pathic peptide

hel i x to 4toat 2086y20%0108d, 396 (e deyeseipht of elsmsical peequesoenaryconfpouhds bert i de.
Additionally, the tissue protective peptides of the present invention 10

include fugh e REBSAFSSintcRsH! I ﬁ%ef‘drfb@ehﬂﬁdﬁﬂéﬂ@,i poypeptld@f ofth®ingentice € of
t he above noted peptides, or with a related or unrel ated nmacronol ecul e for

specific lgﬁfea as native EPO, insulin or leptin. 5.1.1 Fragnents
A. EPO de%?\%?%[e%‘ﬁ € Fragnents 15The present invention relates to novel

tissue protective peptid hat.in one enhpdi nent.are ¢ i

fragmehts of the a olsé?%%ﬁf s@ﬁﬁ%@é@m(? ecl%%df °‘a%¥“%1k?§ds ?e%(g)%t%qiﬁé&f%&eeé

di mensi onal  structure of the EPO protein, and,in particul ar, re derived
fr om t hoseucleig pejd enelecubgswhigh F‘WQ’%%&V“@%H@%SWIE% Bpﬁ‘a?lﬁg"c i tes and/ or
the internal portion of the EPOR honodi ner. These fragnents are derived
from t he @0leculel dddragveER®. ‘Ysolaied lmusdeic adijl majeguiedBueinas acRNAmelgrulp®eni on of
hel i x B (NI TVPDTKVNEYAVKRMVEVG, SEQ I D NO 29, corresponding to am no acids
38-57 of mEQbklanfiilyliee ¢f20thés-dethulat materiah) ot calture inediioh when produced by

( QQAVEVWQGLALLSEAVLRGQALLY, SEQ I D NO 30, corresponding to am no acids

58-82 of QR HIRNediniqiRdorsdbstantRP it bfRherhitsl HredtrbsioBr 6BBSEEMIAds of a
small WO 2007/019545P%T/U82006/ 031061 cysteine 1oop and a p-pl eated sheet

GCAEEIFSL VP . i ) h 28-47 of

(SEQ I Nowﬁ% ;-h“?ﬁg%é‘p I (%&f ]lr}%%ﬁ flg%gﬂrbg’a%?%ﬂ’%c%és}% rggltie 1?%1%?2arrpl e 20
FIG 1 d Tabl t hi bi.t ti, tect] ti .

Stnexpect BHOJECTRDTERLS BELS PR FIHREBEEPTEh ont of t he EPO mol ecul e

that are buried and other. peptides that include porti or]s of, t he bindi ng

sites to (EPOR)2 ar Asapebhereiadn eeferegeciord %P%Wﬁgwﬁrm zél?epéld&ég? fe

consisting of the N-termnal portion of Helix A (APPRLI CDSRVLERYLLEAKEAE,

SEQ | D NO'Bgiif aefersesfhentti mept o censeesiva@indeo acidawihingrepminonoidi yeapenpe

contains a portion of EPOR binding Site 2 10 (underlined) is tissue

pr ot ect i vef the pelypepiidel chaih @iddor tabhlset dfiinekibyadiarent ithmoprcialsariten dfe Site 2

am no aci ds does not account for the tissue protective activity, as a

pepti g Copgd$ kiiduRfofald I AkbHge. WBechBsche aff nfdyWe forrh VAL 5 I GaARRIa T TCC,

SEQ I D NG 33) " and Iacoki ngr@mﬁﬁg acids 11-13 of SE% ID NO1 (Le., VLE; the

site 2 anj pds - ar ' f 1 Jadi 5 ERRd RoliPgaFBOR di ner,

(EPOR) 2, mlrésgﬂlg?ggl%t%?ﬁsl Eﬁgm%%?gﬁ%gﬁs\?fga t se%ﬁé@a%p%‘g&%s and Tgt; I eag al so

Elliott et al., . 1997 Bl ood_89:493, .hereby jncarpor e inits
sepﬁﬁgﬁc} lay O1ROLE, BIDE mo&ﬁgpfr %06%11 5t qt gfuprg o?h6 %r R%ré ShilSRER

entirety)? a

within the linear amino acid sequence of the polypeptide.
As used herein, the terms “peptide,” “polypeptide” and “protein” are used
20  interchangeably and in their broadest sense to refer to constrained (that is, having some
element of structure as, for example, the presence of amino acids which initiate a B turn
or B pleated sheet, or for example, cyclized by the presence of disulfide bonded Cys
residues) or unconstrained (e.g., linear) amino acid sequences. In certain embodiments,

the peptide of the invention consists of less than 3¢ amino acids. However, upon reading

25  the instant disclosure, the skilled artisan will recognize that it is not the length of a
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mutations wthin the erythropoiesis binding sites that abolish

erythropoi esis do not nodify the tissue protective properties of EPO (Lei st
et al. ScWe&RHR7412H34) 305: 239, hereby incorporated by r dEE520e5/03061t s
entirety). 200ne of ordinary skill in the art will recognize that fragments
of varying | engths can forma tissue protectiyve peptide, alltho h the
fragnent partigflefpeptige hul itsadility i, bind adifsprpigtsclye Feﬁel?t@hbq’:ﬁl? CEaRvRer,
judicious selection of other nolecules for inclusion, e.g., D-anmino _acids
or pol yet éyhgstewithyixobindinilof aglepiidedesaibediercin that distingyishes dka peptidpept i des,
but with enhanced biol ogical half-lives. 25A. Structural Mtifs WO

2007/ 019545 RIS 0PRé RAH8 Sdeptide,” “polypeptRiegtintli“padtbin’” alsheefentd owi ng
structural notifs have been identi Pi ed that trigger the Tissue Protective
Receptor cg Hﬁ,éslﬁgé cdrtdinfh oY iR Rts R OiHeP HpREHMD 4ol Shroipt,uniale Mot i f

A'). 5In't ructur not pepti de possesses two negatively
charged ami.ho, acid ich.can be separ 1) ' fl anked
by hyd"ﬁj opﬁh&emmﬁnf i,emg{rggﬁmgﬁpﬁtaﬁt}ﬁ I(ia/ttat%% gﬁ%glﬁe;%@er%g\%%@gtﬁ? e ﬁ%e:r (al)
HNNH, (a2) | ANKNI-1; 10(a3) 111\ H; agﬁl BNI OCXNH: . ( a5). . El NE: - or
(a6) HNX) %s@@mﬂ,vemalepemﬁfl%ﬁo%@é ﬁ?ﬁa%w&lb Q5 ¢ 0P ?‘z)iés vﬁﬁ%c:‘ée?he
moder at el y hydrophobi c am no 15acids: glycine, proline, cysteing, tyrosine,
and t rypt orgaaic,actn dsushes 8ADA)y amine sridgiaryhelien Gifhe prbstiBifopor sadydcatignani ne,
val i ne, isoleucine, nethionine, |eucine, phenylalanine), N represents a
negat i vel yf sibaclgdsh @fimoional gloapich as gl utamate or aspartate, and X
represents any am no acid, although preferably a hydrophilic one. In

The term “preventing a disease, disorder, or condition” means delaying

10  the onset, hindering the progress, hindering the appearance, protection against, inhibiting
or eliminating the emergence, or reducing the incidence, of such disease, disorder, or
condition. Use of the term “prevention” is not meant to imply that all patients in a
patient population administered a preventative therapy will never develop the disease,
disorder, or condition targeted for prevention, but rather that the patient population will

15  exhibit a reduction in the incidence of the disease, disorder, or condition. For example,
many flu vaccines are not 100% effective ai preventing flu in those administered the
vaceine. One skilled in the art can readily identify patients and situations for whom
preventative therapy would be beneficial, such as, but not limited to, individuals about to
engage in activities that may lead to trauma and injury (e.g., soldiers engaging in military

20  operations, race car drivers, etc.), patients for whom surgery is planned, patients at risk
for inherited diseases, disorders, or conditions, patients at risk for diseases, disordets, 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

25  disease, disorder, or condition.
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certain enbodi nents, the flanking hydrophobic am no acids are the sane. In
ot her 20 enbodi nents, the flanking am no acids are different. A variation
of this swowseumasssnotif invol ves a peptide where one ofedrngsz2bdezuskieng

hydr ophobi ¢ am no aci ds has been replaced with a polar am no acid such as
serine, tlutonine, asparagine, or glutam ne. As an
alternative to peptAsliesddihekainehe tesialfhitsdot’ hand fpatienit atd usedoxi mity of 25 the
two negative charges in a |linear sequence, the necessary charge proximty
may al so inRecias .1 8HaskdNerain thé Rems Famist oarl “sabjects tofer tasn dhisalssed
herei n above, (Section 5.1). For exanple, the negatively charged am no

O "l 0 LRSS0l M o e f

hel i x, am no ‘acids in the 'linear

pepti de sequence, For exanple, in heliXx P i 5 am no
aci ds 10- “56’3 a%n?lbp?fnfg)df)g}’ﬁ eqaoré%%;al.pg aggfg%%éh?&%%BS;he %é\@lée

di mensi onal structure, but have two jnterveni ng am no, acjds bet n.themin
the |imear peptide §éé}ﬁﬁ@é‘?mﬂ§e 'éﬁ‘fmag’é?‘ﬁlgﬂﬁfm PEX‘ or " {15% ]i’r>?¥e\elgg?lbepti de
D, SEQ I D NO 30; corresponding to anmino acids 58-82 of SEQ ID NO 1) E62
and E72 areferstepthe affect afynhibiting or delayiop dempgmoer dagth ofgogellpHsiugeorQigdtace of

the helix, but have 9 am no acids between 10 themwi thin the |inear
pepti de. Peltd ctherwiensited) Chectielaytim Hahage ok deathhuflai cellBissne ot oxgauiés pr ot ecti ve
(See Exanple 2 and Table 1, infra). In contrast, peptide B (N TTGCAEHCSLNE,

SEQ | D NQuafhatell ieBiiE ffa Whilthbl Qoditife Batht WBseabeb DL porkido O€ e iRgshtionl Thbe

appropriate distance but |acking a flanking hydrophobic am no acid, is not

L =20 o o SRR AT P ol F B! A, bl v/

this ructyral notif, the peptide has a. itive } NQ: ac] to a
negative %ﬂ"# ‘?%1551&67 > %SFEE@P}& 2 g %eﬁ?wge%sdgisacgwgfﬂgé.f g%liéelgr 0%8%‘? ngl e
hydr ophobi ¢, am no acids., Structurally this can be represented as: 20(bl)
HNPH, or @ity dpsmecifiria tissue. gedlsy @@Ié‘?ft‘gg%@i”fet?%?%a@ﬁ PLACEINHECRE s such
as arginine, lysine or histidine and N represents_the negatively charged
ani no aci cenjplexi{isaee respmsive piasucarel, anskongirgan. revpedtivelD, fﬁ@gi&ﬁ:,bult Ret nut ual
proximty of the two opposite charges nay be acconplished by 25 three

di mensi onfmited ko) ciciisueshafithesainal ssrvensuystetr. Va spexdfia embgdinients|, thechar ged

am no acid WD 2007/ 019545PCT/ US2006/ 031061 may be spatially adjacent on

the surf aggp@fsive defls bre nobbiytiiblyte bogeaiailled by one or nmore amno acids in
the |inear peptide sequence. For exanple, in helix B (corresponding to

am noj aci ds 58- 82 ofy QRN ko R onc TR AShimagacent o

each other on the external surface o and a peptide constructed

fromthis cgn%lle% cbl%prising at least one erythropoietin receptor subunit and at least one beta

common receptor subunit. The tissue protective receptor complex may contain multiple
erythropoietin receptor subunits and/or beta common receptor subunits, as well as other
types of receptors or proteins. See WO 2004/096148, which is hereby incotporated by
20  reference herein in its entirety.
To determine the percent identity of two amino acid sequences, the
sequences are aligned for optimal comparison purposes. The amino acid residues at
corresponding amino acid positions are then compared. When a position in the first

sequence is occupied by the same amino acid residue as the corresponding position in the

25  second sequence, then the molecules are identical at that position. The percent identity
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5 tissue protective (see Exanple 2 and Table 1). In a variation
of this particular notif; the negative and positive am no acids can be
separ at edwby20er/pes4ar am no acid, e.g., (b3) FINLPH, (b4)pcaRisspis/astoenher ein
L represents a polar am no acids such as serine, threonine, asparagine, or
A utam ne. An exanple of this notif is peptide E (GCAEHCSLNEN TVPDTKVN, SEQ
| D NO: 34) betwieei thei twotsequaneesis atfandtion@f (leemmibea wf identicad pdsitiony shated by

G ven that the core of the above structural notif is four amno acids in

| engt h, atRepghchSef e, Bb Meaftye- Simbelofiddntialtioverlaping posdigets/tbfabnumbaue
Protective Receptor. 15 In certain enbodi nents the pol ypeptides of the

i nvent i O”gfé@d%l?dné% 1069%]. Ul dHeRmbSBinhdint, the @b %ﬁg@ﬂ&% RSB0 dAB Mogih. than

pol ypepti the 1 nvention conprise nore n 1, nore than 2, nore than
3 or nore_than 4 of .the ructural notd £ t.aj ! erein
the. porypeieras oaige b ehdids o difrottePEh oRlyhPORREE i forp T ¢
the same. ., ) n alternate enbodi rreptgn; wherei n thwollﬁgepfi dg?corrpri ses at

| east 1 woldspitydrisrsio axpmpsrisen of the shopgrispquence.tod poriipR RE theppnaet oy t he
mul tiple peptides of the present invention that one skilled in the art can
gener at e sgopehess whetsansadd petionds theisatse iangthegsgaid shorter sequence. One of

ordinary skill in the art will recognize that it is the above noted
structural notifs, as opposed to the actual am no acid sequence of EPO t hat
is inportant to the current invention. Thus one of ordinary skill in the

art woul d4r BRIFN DESCRIPTHON OF THEIBHGIIRESpt i de may have | ess than 90 %
| ess than 85% I|ess than 80% Iless than 75% WO

2007/ 019545PCT/ US2006/ 031061 | ess than 70% |ess than 65% |ess than 60%
| ess than 55% | essFiGah dbpitts themsultshaiandh Yvolseintic nhieve igjady mbdsitot han 35%
| ess than 30% or |ess than 20 percent sequence identity with any portion

of the anpaapaeisk @fﬁ%@meﬁﬁd&ﬁ@@mmnl Wh& e ipedtedtive tiilétule set forth
or

in SEQID NO 1, wherein said p ion of EPO contains the same 5 nunber of
am noq@ci ' ' i : D j td - Pat. No.
5, 700}(8099%% %télﬂ:%\ﬁggég?é?’%%%]ﬂ?e?tﬁdgojf ggr It elgéggj’trlée?g?ﬁ g{ne%:‘lg PR ts
entirety) disclos a 17 1 no_acid peptisde.s of EP E 11
of O Br | eFSEERT Mrchrtnf TR Pt IR 3P UG ¥ deetien B SEhe,
cells including sprouting, differentjalion, neurgprotecti.qn, and prevention
10 of neuNLSJ}iﬁ(I] @8l m@e‘ﬁ?ﬁ?“@@é@%%i‘%?m@ﬁrf’ R‘ﬁl&@&a@d epopept i de
AB), alt houlgﬁ rophetically disclosed to have erythropoietic activity, in
fact |ackél TR, G582 B2 NO:3&x i vity and was subsequently found to | ack
in vivo activity. Wen epopeptide AB was injected into the nmuscle of m ce,
the frequency of noFdG.2dehigh tiedissyer potectige effedthef megjidesofttherinyehitom as

increased in a manner simlar to that induced by ciliary neurotrophic 15
fact ofs Thesd ifah ¥ Ave stibliChave flywhddyl. NI the assanCcp kighh@lativaieirael ralsbut

not hemat ol ogical) cells respond to a peptide sequence wi thin EPO and t hat
EPO may h@y&; per group) was injured and the animal immediately dosed with PBS, or PBS
containing equal molar concentrations of carbamylated EPO, EPO peptide A (SEQ ID
NO:32, corresponding to amino acids 1-23 of SEQ ID NO:1), peptide D (SEQ ID
NO:30, corresponding to amino acids 58-82 of SEQ ID NO:1), or peptide G (SEQ 1D
20  NO:40). Peptide G (SEQ ID NO:40) is based on those amino acids within Helix B of
EPO that face outward from the globular center of the EPO molecule into the hydrophilic

environment, .e., present on the surface of the polypeptide. Additionally, a 20-mer

consiructed from a region of pigment epithelium-derived factor known to be tissue

protective via another receptor was included as a negative control. The recovery from
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separate domai ns for neurotrophic and hemat otrophic activity (Canpana et
al., Int. | MIl. Md. (1998) 1(1):235-241; J. S. OBrienin US Pat. No.

5, 700, 909¥0i28¢WMeSPec. 23, 1997; J. S. O Brien in U S. RET/URB06/03108¥1 787,
issued Nov. 5, 1996; J. S. OBrienin US. 20 Pat No. 5,714,459, issued
Feb. 3, 1998; and J. S. O Brien and Y, Kashj in U S Pat. No.

5, 696, 080 MiHEyQysFthegext @ﬁaansm@éFEeP@dgﬁ %ﬁhﬂ%ﬁ@?ﬁ%@ﬁﬂ%ﬁ%ﬁ% t he
current structural notifs based upon the proximty of charged ami no acids
in the teSEQIYNE:I¢exbibi atissudprotestive aifect @ thiy/irevivo ppdekasey thptdgnent s.

25G ven the spatially conmpact charge configuration able to activate the WO

2007101954 5in¢dleniS3 00 6610k 1Rl carbanyleted ERO@HRE). r ecept or, Appl i cant's have
di scovered that certain fragments of type-1 cytolcines are expected to

cross react w th thel, 3%epick Bk B61ArYFoIERE EBER of poptide tsﬁqimmbasu. ),1 Y
i ncl udes, but is no?lluim't lc‘i: to, licf;i\lzregtl)leukin (IL)@, Ill?}/S, L-4, IL-5,

lL-6, LL-7 - |4~ e - timul ating
F act or 5 (GAPEGEFD: Ko sk shitnoBb 0 MR ol REERRIFOT- ARl |15 E)
| eukem a inhi bitjing factor_ (LIP), ciliary neurotsophic.factor..(CNIE
t hr ombopoieBERIPPHPREFCEN ok rﬁ%&%ﬁ@}s Wa%l‘l'r B 3728 SeRBPrRC @{# ﬂ?}p’&f p?%)df% act or
(MCSF), erythropoietin (EPQ and prol actin, Consideration of the secondary
SUr ot U e Th iSRG BICh30.cies CRAIHKBT pilropRictis it ores Pp 46 L Bk o
tissue protective peptide via the spatial arrangenent of 10 am no acids
derived from honol odtih 4alepivts the iehults ot imdind askiyntotdstasininpouketberasniide v
structures within other type-1 cytokine receptor |ligands: e.g., Gw CSF and
I L-3 (Kanpa@EQRIYNO:MNe Ut d¥poiii®th anBind 32idd 44-,29RE1SEQ I dIO: pparal regtity G
reference in its entirety), anong others, have been shown to possess potent
neur OtmODQS%QWNO%(@%%&?%@O\I&@&@M hb@SalizieatiBollids SRATPO. TR

s belteve, by stinu

Appl i f:ant . . . ating a 15 tissue Pprot ecti_ve receptor. For
acide i n oD aaper e et Sp SRR holtPl bl ARl BRI, T O

i 2, .065, T68, L69,_ E72, A76 d 0 h ' id
Spati ai 'y eagRd o 0Bk AGr vk ORISR R A CHBRSR d30us am no

acids in leukema inhibitory factor (LIF, PDB accessjon | EMR) conprise E61,
R64, Y68, dBys, Inzddiips, neither Dumideiehiniy abpaidody1esg0ne; Wconaghto they y
neurotrophic factor (CNTF, PDB accession 1CNT) conprise E71, E75. These all
ar e exanpladmimftravtomnidi ERGlescri bed above (section 5.1.1), wherein the
underlined am no acids are negatively charged. Exanpl es of

pepti dgs derived fr @ng.selepidpethi resnlto bf madirb baklies Xearpeinbysttdtethat peptidar al
Motif B described herein above (section 5.1.1) include, but are not limted

25 to, W&@ﬁgﬁb iND-30 ] $18@0RHotoMEIYIR! ARk dindiSkdubéd Mad5) ;. TPO hel i x A
fragnment, LSICLLRDSHVLH (SEQ I D NG 36); "TPO helix B fragment: E56, K59;

ragrent | FBo. Eog.  IG-SSrPy i PRBRER SRGERRG G o iRna T LRt gt )
NG 30) 5 TROSLPRs LR b st o el RERPPIERARRYPY  rom some

nmenber s of

FIGS. 7 A-B depict the resulis of a middle cerebral artery occlusion assay
20  inrats. FIG. 7A depicts a graph demonstrating that peptide D (SEQ ID NO:30,
corresponding to amino acids 58-82 of SEQ ID NO:1) at a single dose of 4.4 ug/kg is
able to reduce the volume of the infarct in the brain as robustly as four doses of 4.4 ug/kg
administered 2 hours apart. FIG. 7B depicts the results of a foot fault assay to determine

the behavioral deficit caused by the middle cerebral artery occlusion. FIG. 7B shows

25 tﬁét rats demonstrated behavioral improvements when administeféd peptide D, SEQID
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the cytokine superfamly that signal through Type 1 cytolcine receptors,

and honol ogous regi ons on other nenbers of the cytokine superfamly will be
readi |y i WORPHIEHSHy the skilled artisan. 5.1.2 Chi mer BRCHDBS206¢/93dpG1c"
ti ssue protective peptides--linear am no acid sequences that incorporate

non- | i neakss, . ts,0f it erpal | y-faci.n n n i of EPO
nol ecul e Z‘L@?Qﬁ%%ﬁf@ %ﬁ%@gsﬁ%%"éﬁ@? Pﬁ%tﬁﬁ%&wfaﬁﬁgpg sgg&gﬁﬁffg% at ed
by the current invention. Chineric tissue protective peptides of the
current i AHEX®n may consi st of conbining structural elements of separate
am no acid sequences into a single peptide. In 15 other words, a chineric
ti ssue protective pdEGSI8 ABydeapect thompsilised anfin vivd assagief d diabgtiences deri ved
fromnon-1linear but adjacent structural elenents such as a fragnent derived

f rom am nae@epathy aspagDisbelehGs intiacedlida3ath Ieing atreptdbdiodins Afel vaiiddtion O 1
whi ch woul d all ow structural elenments of the Ctermnal portion of helix C

and N-3 er Mdiakd @btk tdiatd WOR tleatdd ﬁ%@a@ﬁ@ﬁ@mms 0,107 PERORvetirhks and
the CG-termnal portion 20 of EPO to be contained in a single peptide.

Addi ti onal| J I G ro i ' to sel ect out
t he i npor avyne[ek% ggtqﬁsgeeogd'o gs’{ﬁ aél ggﬁtﬁ'%%faaée\@td gﬁ% Erq%,gkﬁo@%%% &t he

external l y-faci,n m.no ids of. a.particular tertigry str e. Thus, a
chi mer o PradioRraoeit s hn el plaf ek oHLe e SerestetugteOdn i sed of
helix B am no acids, 58, 62, 65, 69, 72, 76, 79, 80, 83, 84, and 85 (e.g.,
pept i de Giemprytiates thatthe ratrirpated with 4wptide D, SEQIDHNPD:3ex¢hibited impspvedhe
exterior-presenting amno acids of helix B of EPO. This peptide is shown to
be ti ssuecprdiction velecitins Examaeisdn ta the uatrégebratia 16, §B.demonstrates that
Furthernore, the potency of the current tissue protective peptides may be

i ncr ead ed hbylas Imzm@rm@u@aﬂammmh feduedd icligive ed the. unfuamiall pats, fu@thdept | de
helices are 5 well known in the art, e.g. frompeptides that signal through

the O ass dBnOadfaBhs i inRhOvRskt BEGRIBESor folbbity, Segrest et al ., 1990,
Proteins 8:103, hereby incorporated by reference in its entirety), serving

o oc2 o Lo PEEIIED,YRM Ml Rl SRR PR BBE i
i i SI LVLLOAGS, . INC) ; i i i
SR b AR i BB BB S SR PR

| D NG 50); glucagon, (GSWORSLODIE, SEQ ID NGO 51); secretin _(bGGSAARPAPP, SEQ
| D NO 52) ?mmw?ﬁt%%mfhapptﬁﬁ%)@%@@ OntAh AENDYByshims) exhibitad imprpved
neuropepti de Y ( GALAEAYPSKP, SEQ I D NO 54); gonadotropi n rel easi ng hornone
( GCSSHW\B¥BUults B teSted 40 2 5i6)platp tatertcieswiyd RiGr HB demOiitaidd thitChe wisEQ | D 15
140: 56); pancreatic pol ypeptide (LRRYINMLTRP, SEQ I D NO:28); and cal citonin
gene r el abadupint, adeeashvdloBlkiddeY RinctiSEQvaDnditfiibet) as(ibirdie] mshé peplideace at

al ., 2004, PNAS 101: 12836, hereby incorporated by reference in its

entirety) (SEQIDENGMDY featdd GMikiHR. | C peptide made froma peptide with the
surface charge notif  of helix B of EPO (QEQLERALNSS, SEQ I D NO:40) j oi ned

pol ypept 1 o ( LRVt ekt Oelith TRIAELY poptte T LQRh NOR0) SRRl oy

nodi fications may b d .he_carboxy.t er.m nus of e at nphi pathic helix
W thout  adeed o et BE ditbelif ExtERbrBY The bt Gutourkials Bl bep bRy
exanple, replacing the term nal proline of the above chineric peptide with
t he s%%ueﬁ%ﬁQﬂi I‘(T‘%é@m&wsgt aofiethreducesetingideakreg 1y thedvratedtasgnals.

nol ecul e with potent 25tissue protective activity as denonstrated in the
sciatic nerve assayFi6&e#]l depiGs tHe resulfdefi peptidalF K§EQIIDNOS) of pepizle G
above-noted helices, other tertiary structures can be attached to the
tissue pr@EQIDWOAOPLA desodeFof kidnaymgtiemibiepentision. Bhe fipard ddmaisearet i ng
am no acids can be linked to the beta pleated sheet (CSLNENI, SEQ I D NO 42)

found Wit Bia0pbieepBidsaeRcRl tEPR D sE Rk ReAIAIIFERA S iRABhiARp AV AT RS

of 60 minutes when assessed after 72 hours
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5 sequence CSLNENI QEQLERALNSS (SEQ I D NG 43), which is tissue protective
(see Exanple 2 and Table 1). Additionally, the presenting am no acids of

t he termwalepoomssn of helix C (ALGKA, SEQ I D NO 44, ceorasnemdisngit o

am no acids 111,112,113,116, and 118 of SEQ ID NG 1) may be conbined vvith
all or part of loop CD partial (LGAQ CEAlI SPPDAASAAPLRTI, SEQ I D NG 45,
correspondi ng to anFiG. 1Dilasiratss thaPtht AdmidistGHEQnloDpbide)F (SH@IRNDBY) a
linking armw || be present between the fused peptides to provide for

f1exi bi | bt daftRtirdoh BxpeRint@ithi BORbiI8HI1LRN assume the proper structural
orientation to bind with the tissue protective receptor conplex. Such

fusion peptides may Y . I.Si , Lol . rekifSSuUe
protective effect jg?%f%eggi\égg%%g%%{l@ﬁ%ﬁ%i%ﬁ%%&%@)g&@bﬁﬁﬁrﬂbﬁg
enhanced jpi ngdi | the.tissug protective 15 receptor. conplex ar

her oasedtbrgt 4l Bl Yaidepia e el Sobiol Prdplpetder Fincfint rick it |
recogni ze the benefit,k of conbinjing various desired structural .elenments in
to a 91 ngfeesiapnia autogrmyas enacphalopayelitis 4t ue'ks Peptida i ywas admiisteredd.nsuch
conpounds. Such chineras nay conprise am no acids peptides, and non-an no
aci d el endailys, Adabiistatioh iofigeptsle & signifidaittydmptoved nenrohegiel fectiondelstive 3
Fusi on Pepti des The present invention further contenpl ates that

two or nofeecoatrol. NElimibsl\s : @ dflddcidtl; P eiegbnd/6r Iedlintlesaredis, @8It der i ved
or chinmera, may be linked to a related or unrelated protein such as

erythr Opohgﬁﬁﬂ’g reﬁhﬂ%%alﬁis%f_hiﬁ@?iﬁﬁ%@%ﬁ%ﬁ?@fo‘r@&ﬁ&@h?ﬁ&@é&&- 1.4

Manuf actur & of” Ti ssue ective Pept Ti ssue protective
pepti des gf ) i ion may be made using reconbi nant or
synt het i cﬁ’[reeﬁéﬁﬁ’i%ﬁir&\%ﬂlopé%gﬁm inthe art. In particular, solid phase
protein synthesis is well suited to the relatively short length of the
tissue protective 5 peptides and may provide greater yields with nore
consi st en i L , i protein synthesis nmay
pr ovi@'e aé‘dpmgfsﬂpﬁﬁ%‘twg%émwmf acture of the tissue
protective peptides. For exanple, desired chem cal nodifications my be
incorporated into the tissue protective peptide at the synthesis stage.
honoci t r usJli TESSUR IPROTECIAVE PEPITEDEENt hesi s of the peptide as opposed to
| ysine, 10 thereby obviating the need to carbanylate the peptide follow ng
synthesis. Synthesis In solid-phase synthesis of a peptide an am no acid
with both a-am no grTRBry@REpdiand SRivit) i Brydliebsieth CTERG) ha¥B&in waed on a
resin. See e.g. N lsson, B., Soellner, M, and Raines, R Chenical
Synt hesi s in Bev. iR t { Naf 11933E18esMel dal M
cffeacr e e Y10, B CllSe T ot o, 1948 Nof Mgy, horsSeph 1 Bce

1997. Properties o _

ConBete” e et e R e ofohit TS SRR BBRb
0 oot o e SR s SRS Rtk B °

Atherton E. 1997. Standard Fnoc protocols. Methods Enzyrnol. 289:44-67.
After the(igui(ERORM ie 8 msmaercthaidiislgas befveemenssific aedtions pn theisdividpalr oups
anot her protected amno acid with an activated carboxyl group can then be
coupl ed t BPORssubnmitso VEomdiP@ biids tdothe (BPAORI)1) targByortisingf the gobois digedd

= =)

are remote from the binding regions and face outward, away from the complex of EPO
and (EPOR); info the aqueous medium. The Applicants have determined that tissue

20 protection, as distinct from erythropoiesis, is mediated through a receptor other than
(EPOR),, which consists of an EPOR monomer in conjunction with another receptor,

CD131 (also known as the B-common receptor subunit (§.)). EPOR and [ interact to

form the receptor heterodimer, EPOR-B.. Whether other proteins are involved in this
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25 activated soluble amno acid, the coupling reactions are forced to
conpletion. The cycle WD 2007/019545PCT/ US2006/ 031061 of deprotection and
coupl i ng w® wepe@sad to conpl ete the sequence. Wt h si decamgsd006Bpisdt ect i on
and cl eavage, the resin yields the desired peptide. Guy CA Fields GB.

1997. Trifluoroacetic acid cleavage and deprotection of resin-bound

pepti des imérhetivnig cayatthaskaohy. Fivemstinevention diktlodes dissierprytedtive 289: 67- 83,
and Stewart JM 1997. 5 C eavage nethods foll owi ng Boc-based solid-phase
pepti de Sgéﬁd&% Bsriveditdin dt the\imbnsictRPsidRtdeé of BB, khdiitparti@ilboHem e

perform ng 'sol1d phase protein synthesis are disclosed in Bang, D. & Kent,

S. 2004. A - i DL R ARGEW. o ; : : :

43: 2534 28BlSREPEPOTadthe AR} 63 R BROR bl Sing MGy (dEibn Wit 1
Synthesis of .Ctanbin. J.. Soc. 126; 1377-1383; on,.:P._et al.
T804, 10" ST gipolstis HOR (OREE RS e o Wi G T By DO e

266: 776-779;, Kochendoerfer et al. 2003. Desij%_n and Chemég@l Lﬁ%nt hesis of a
Homogehou santisylanticonys therApnlicanty balieys shat diis pprtonaithe RO apleculdieracis 4 gg7.
(Each reference recited in this paragraph is hereby incorporated by

r ef er ence wiih the tissaaprotedtive yedepton end heraby mediates Bssup prateddion. deri ved from
solid phase peptide synthesis 15 may be conbi ned t hrough peptide |igations

such as native chenTgglhrbé gdidneionall shubliksofERO ésscceptbé as Besotibédbpf an
N-term nal cysteine residue of one peptide attacks the C-term nal thioester

of a seco g2y t1@ogf 5. | el &3 ih@tpordikdsy reRréricBk@ge
forms aftglgjl e%ggﬁgg%i’*lﬁgg’cﬁy??tsﬁcﬁg?g} liggg_%%g’v%egf\b%’t P@gt al W1994. Synt hesi s
of Proteins b tiyve Chenj.calqdd ion. ' AT A jch is
her eby in%ﬁ?ﬁ%ﬁ@g’?%‘i’ %@Seﬁ%%@ﬁ%gﬁﬂ@ ?t(gs‘lggh aa#ég}teya.%%gtadégoz&a]%\t%% her, one
of ordinary skill [.n the art would recogni ze, that. the tissue protective
pept i g%s gOt?W@%bﬁ%Pfﬁﬁ%ﬁppéﬁ%%@%@W dogy, Fyfprnatones @y pept i des

i ncludi ng both naturally occurring and non-naturally occurring am no acids,
such as p&pBUVYs. Threpartiperofihe EBOmelaeule thet fage awe diomythedngyniiansres,

gl ycoholic acid, thiopronine, 25sarcosine, and thiorphan. These structures
tend to hawimapendombf thie BRORIhemodimer (MBe poundA said receptor (i.e., away from

2007/ 019545PCT/ US2006/ 031061 CH2-NR-). with the R group acting as the side
chai n. Suekh: REARh&HBENE Mheh theFROROshokeslitiet RExpsicd quths smfacetofieseR) i n
accordance with the protocols of Sinon at at, Peptoids: A nolecul ar

approach j Y : irrddthdiSPic%3Rifo 98idd (1992)
and Li et tcg?sq{t%%fﬁy Jpoy rsgﬁﬁdg&siz%ﬁ%essi Rk %ga;ﬁr%i ds, AprRmho st (8

2004, ,126 z . . i i i r42.C K ence
o 1145 en2oR Sl T RRAR D ko ding & e R e O D ARO R L
of peptidem i.CS or tjde .m neti¢s,,,NARs jde.drugs w properties
anal ogous??@rﬁé&%r%?mﬁﬁ'gg kﬂﬁ?@dﬁggﬁgﬁg%E&eﬁéjgﬂg})ean%%oo}\é@’ 6) Adv. Drug
Res. 15:29; Veber and Frj edi nger -&1985%)5TI NS § 32; and Evans et al. (1987)
J. Med. Cfesrrespondimmio apipe Reigh 412435 pHBEQUBPANE), By etesarbofimany ofthe hesi s of
various types of peptidom netics has been reviewed for exanple in: Methods
of Organi én@néom,she fissibipuberiivadyppiides Synsigsif sheofmine priddequenses

Peptidom netics - Wrkbench Edition Volunme E22c (Editor-in-Chief Goodnan
M) 2004 (chedppadihBitetRsd/gisling stueitifeg of the BVmbdedale. her eby i ncor porated by
reference in its entirety). 15 Reconbi nant Techni ques

20 Not wishing to be bound to any particular theory, the Applicants believe

that the Tissue Protective Receptor is preformed, i.e. that the EPOR and {3, protein
subunits are functionally associated prior to their interaction with EPO. EPOis a
member of the type I cytokine superfamily. Members of type 1 cytokine superfamily
branch are characterized by four helices which interact hydrophobically to form a

25  globular protein whose exterior surface interfaces with the aqueous medium and is
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A variety of host-expression vector systens may be utilized to produce the
ti ssue protective peptides of the invention. Such host-expression systens
repr esentwuegegdiesisby which the tissue protective pepti derafs200i3iRst My
be produced and 20 subsequently purified, but also represent cells that

may, when transforned or transfected with the appropriate nucl eoti de coding
sequencesgnfsdMdxtdmdllycfatmg! | UaekpRewtly hiedhsilicanty daee detathingd that moteu. These
include but are not lN'imted to, bacteria, insect, plant, mamali an,

| ncl ud ' L . ¥
inclu lng%lgfg (g@ggg},\?mﬁ% ﬁé%[m iBGheAslly-Bitind Wirtibh 6F e EP(PmoldeaRGs Cce

Eyst?ems i hnant viruUs expression vectors (e.g.,

. ot o g . i . - adi es:
pfﬁﬁtm: el sty araten il S Be R sl Sk “‘??)U?Fggefa@?ﬁ#{?‘% e
L abacco ribsERO Veleanle trieye orsaraiir e EFR R A bdsh el 7

expression vectors (e.g., Ti plasm d) containing erythropoietin-related

mol ecl e meylialsg contgmanneidans afierythropaickia hinsing m@ygt@r%a,re Alse og dighly PRIFRIN cel |
systens, e.g., HT1080, COS, CHO, 5 BHK, 293, 3T3, harboring reconbi nant
expr essi ofh {enEhroteetion. COM kedountfyr theserdisererids rApeidatits pmpobethgbsusaessoi

mammal i an cells, e.g., netallothionein pronoter, or from mammalian viruses,

e. g., the,3RLRGY bif M8 iRk DrHbaifiBéaptdris d¥eRdn ppropriats spatially pompadter . | n
addition, a host cell strain may be chosen that nodul ates the expression of

I
2223! fic %1%9?6% %}f‘%ﬁ?ﬂ?@%ﬁ%lﬂfh%%@%ﬁﬁgﬁiﬂﬁ%%@%ﬁgﬁ?ﬁdﬂ? “orotein
Phose of BrievRgnePRbodien P ovafisusd eppdiiah ot ML FhopmfBvifdtien; 0

mechani sms for the post-translational prqcessin d mpdi fi.cati of

prot elths aminapsids aﬁ%@@ﬁté@ §@°Wb‘?roﬁﬂfé%“&eggb’l Yﬁ"%’lé‘g{’l‘ﬁranﬁ%‘é?ciéi;é’f can be
chosen to ensure the correct nodification and processing of the foreign
prot ei n 1pesitivemslechegitive fiies besid andadidicy amine asubimmediptel athacenblowss t he
cel lular machi nery for proper processing of the primary transcript,

gl ycosyl ahhdiher, antififikes pheinglaliydasphobictdreotpe amips acld cesidrey. Hhe pseanitBuch
manmal i an host cells, including human host cells, include but are not

limted tgeild080 e Ay NERGia RidinckedttucntOinpddedivy ptdBde Bomlling ne., We38.
20For long-term high-yield production of reconbinant peptides, stable

" econb nanteerRafh s Btae B oFEOHEFanf ol A FR e . & et mmy

r econbi naf pro ine-relate e gene product may be

engi neered, Rather than,using, expression vector ool i i origins
of r eg i catBAtvaRy, POty Can glﬁo Bgc"lrrvé%% ?%Ylﬁ’gﬁ?a\}ﬁ%fl %ﬂﬁf{ﬁ co%\lt% Efg?rgfgﬁllgtﬁ
appropriate expression control elepents, e.g., rQnot er nhancer,
sequencespfmedfp&moﬂﬁcil@r{of @ﬁhﬁfwgﬁt% ei&V?gg@rﬁ}@ﬂﬁSﬁ %@dg%ﬂﬁ the WD
2007/ 019545PCT/ US2006/ 031061 |i ke, and a sel ectable marker. Follow ng the
(i nt r oduct ipoieiols tettiersf srusiuge, ipNAhree dijnensimebstausture. Mgy WiRIng todrdwopd 1) ow
for 1-2 days in an enriched nedia, and then are swtched to a selective

medi a. Theng speetficthbry Applédantsrbetibne thet ombineeal) thisl raguiteinent dictates thalsd st ance
to the selection and allows cells to stably integrate the plasmd into

their tissue protective peptide will have a distinct tertiary structure (e.g., helices or pleated

iy

20  sheets) that provides for the required spatial location of the pair of charged amino acids
(i.e., the two negatively charges amino acids and/or the positive and negative amino
acid). A simple exception is a linear peptide wherein the amino acid pair is immediately
adjacent to each other, with the required rigidity imparted by the peptide backbone.
Accordingly, the structural motif (1), is encompassed by a linear sequence of amino acid

25  residues, e.g., Hi-N;-Nj-H; (SEQ ID NO:6), or by a linear sequence of amino acid
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5 chronosones and growto formfoci that in turn can be cloned and expanded
into cell lines. This nethod may advantageously be used to engi neer cell

| i nes t hatvoexpi@®sst he tissue-protective product. Such eneyneRIEE168! |
lines may be particularly useful in screening and eval uati on of conpounds
that affect the endogenous activity of the EPOrel ated nol ecul e gene

product . I5idugs whereind afid Naatesaparated by 1, 2, 3,4 d]j 6,i crmadre imteiivening résidves,can be
made to the tissue protective peptides. For exanple, the peptide may be
synt hesi zeg., ¥ tN;-BAK-XX-NENe L (BEQTDNOAQ)ds. The 15 choice of including an
(L)- or (D)- amno acid into a peptide of the present invention depends, in

part, upon the desi FSPﬁ&H@?%ﬁ%c%‘bh?ﬁl@aﬁnﬁir%?cﬁ SePERio iGdrs'i?ﬁstﬁégégﬁEﬁy the

i ncorporation of one or no ) -am Nno acl ds~can con I ncreasi ng

or p or “for e 0 acrds-can c eaSI e
woro (D) Sed SR EFcdBorlh bl sk Bt limen s CRECHRAE .88t Vi ot
th tid d L ned, f | e, [ 0.t he bi d | bed
et el 18 oPGRALY: THORHAACEPR SR HAY FkHare P eraRbRoatE Ak COADCHE 80k par

of a sequence of (L)-am no acids by the respective sequence of entationeric
(D) - ami no@Rast. dEhis et apcompbighed da pinpmbsoefsways, reyampleeby adjntest chasgesct i ve
part of the polypeptide chain. Inversion of the sequence of all or part of
a sequencemgfo geids-immisivopla dinew peptidtefsse, reed. f Bxamnpié Agné pepide GSH@DDI de. 25
Conbi nation of the enantiomeric (L to D, or Dto L) replacenent and

i nver si onNoF:46, RableVi) of 98- Peplidath el U200 41984 G6iix, SRAEN SRINERIURS S
retro-inverso-anal ogues of the peptide. It is known to those skilled in the
art that géin,@ﬂ,' | SRl . L 5 I '

retro-inver sogéna=!ogu%§ mal %%?lﬁog%gdn{e?@géﬁtge’%’o ogl %Fa"?‘gp%?iﬁ%%%hsﬁp?to t he
pare pegnt i especi al hi .ee of resenbl an i s,of.ten obtai ned
for the pgé 5%?33&?}1?{1%}% 12’ ﬁ@tﬁ%b ¥§°ﬁeﬁ3%%?§%{‘%%ﬁ§?‘8§%%@-gr+ﬁ%ﬁﬁ@ };erl’ixdﬂs hi p and
resenbl ance can. be refl ected ip biochem cal properties of the peptides,
especi al | WH@BWGR?PB@%S?B?“ g‘?ﬁﬁg? Hgpatediwhen the pertide e Witk 2 %@ﬁlﬁg’nd anal ogs
to a receptor protein. The synthesis of the properties of retro-inverso
anol oguesMBFropwioNMest, Bashasise the efirgealkiradell shrfaccampinbrang inestfimsdseepf Or gani ¢
Chem stry (Houben-Wyl), Synthesis of Peptides and Peptidom netics -

Wor kbenc hSdgresEdi B90oProtahulré0F2 PE, WekshiytincorporatetlitefrePoadeamitd/entird@P4 ( Ceor ge
Thieme Verlag Stuttgart, New York), and in references cited therein, all of
whi ch are hereby i nEeile,akesdplyectiol astBigas PRIGIEN fod pbitaick teRthihi es.

Am no acid "nodification" refers to the alteration OP a naturally occurring

am NOLAC! PhilsQRAAGHS fmnd ALY i e AAGUN 1ABLHAM, RARE bikiPPhdd/al | ves of

the peptides 15 of the present 1nventio turafly occurring am no

acids ca : . 1 IS or,. by Si cifl
ncor por aRRanT AN hedli oSy B Ealsr SRR B0 S i B8 Fobqufg A of
bi osynt hesi s, .,as .described i ri,stopher 3 ren, Spencer, J.
Ant hony - |°Fh,ef-§ﬂ%&aé1 berorded fartn an AR h'%@rﬁﬁhaﬁg,edl@gdves%& sepgated
244:182-188, hereby incorporated pﬁ reference herein in its entirety.
20Pept i dePXhPReetritwe antne agifds vehiehwillipeovidp for theichargesto beamarsaartlessalthe usef ul

same side of the helix with the required about 6.5 A to about 9 A separation. A non-

20 limiting example of such a peptide is found in peptide F (see, Example 2, SEQ ID
NO:33, Table 1). One skilled in the art can devise a tertiary structure for the peptide that
is generally required to obtain the appropriate three dimensional location of the charged

amino acids, as well as the design of small molecules to mimic the charge separation

within the peptide.

-27 -



pepti des may be used to produce an equival ent therapeutic or prophylactic
effect. Generally, peptidomnetics are structurally simlar to a paradigm
pol ypept i we H07/@9545a pol ypepti de that has a bi ochem cal mrpes20be/030061

phar macol ogi cal activity), but have one or nore peptide |inkages optionally
repl aced by a linkage selected fromthe group 25 consisting of:

-- CH2-- NH--, - - CH2SThe spaticHfisiBhitbs-betweeitheObrbaringl carbibng pha) to amino @edi?- -
--CH(C]—I)CHZ--, and -CH2S0--, by nmethods known in the art and further

descr i bedog etivéid thebide whilitls bR Wdesino pids ehebe deduced By dhepihed kyownd
Bi ochem stry of Am no Acids, Peptides, and Proteins," B. Winstein, eds.

AL B RSt R Gl e

1983), I'ssue fications” (general

review); M nds Ph 9 4

review; t"%‘b\ﬁf kannethe gc(sf'@afgt] oﬁi%et %5?“8?)9 He s%iuﬁ%&%&%@%@é “BHe- NH
, --CH2-CH2--); Spatala, A et al 1986), Life Sci 1243-

CH2- )3 Héhwarhﬂmmhcar‘m@wmaEﬂ%&?ﬂs&é‘ﬁéﬂmfﬁﬁfﬁrﬁﬂ@mﬂ& egglpulel E%é%%h -
cis and trans); Alnguist, R G et al., (1980) J Med Chem 23: 1392

( - - COCH2- ef) the JmhlishedsennthenwiseGrbaccapted, thigstiypensional cpeidimiesof tha aming: 2533
(--COCH2--); Szel ke, Met al., European Appin. EP 45665 (1982) CA. 97:
39405 ( 19812 rdsidueb il Cpition of Mobrestd AYherdthebreetdimensional 98@turteatf thehedr on
Left 24:4401-4404 (--C(OH) CH2--); and Hruby, V.J., (1982) Life Sci

31:189-19 o@er% GHA: SedeforBAGR paftiopireitelcst is RARAGA, &k WheRek @ Aillsbymeretier ence.

I n anot he odi hent, a particularly preferred non-peptide |inkage is --
15 CH2NH- | fbdeiciR8 LR PARRRY oT

pol ypept aegtﬁﬁéi‘%&%@%é@@b@ﬁ%&ﬁ%@%&%@%ﬁ oo g e

pr odu ion, eat e em ca 1 abi hance&l erties
(half | £ 15 okl ¥: g 8 S?n°£W?g]§8§ aigp ar es%ﬁﬁ{ag?ggaﬂg‘%ié%ﬁ)ﬁ cf"?‘p
(e.g., a broad spectrum of bi ol ogical activities), uc ant.igenicity,
and’ ot her earbzoyl cashanswithin seié Prpfide qa@bﬂﬁé%ma@éuﬁﬁns#&%& ‘ng@ i bl e.” For
exanpl e, cyclic peptides, in which the necessary confornatlon is stabilized
by non- pegitiates praticted by prdtéinanddeling sofemareas écknowngn e nNondimitng 02| 746
to Lobl, et al., US. Patent No. 5,576,423 to Aversa, et al., U S. Patent
No. 5, 051eﬁaéﬁp1é@oﬁdma5 boftarcandMOEM RaChanichbCompbial GaBp Ouanes a, et al .

all hereby incor porat ed by reference, describe multiple 25 nethods for
creating gYaii.6nPMeer BY AlchasysySA Dipopertifoltda) OSRRkANSsuch predivtivec WO
2007/ 019545PCT U82006/ 031061 peptide sequences is also known in the art.

El dr egs et :T?]ijéware avam e a%3v§5 ﬁ%é& %81?1 Anied8 %Y, i %QQWMGQM for

ref erence ern‘1n’i s entirety SCri e non- pept i de ant agoni sts t hat

mmc the i de se Li kew,se 995)
(hereby i #@&Feﬁ (ﬁﬁ‘flg?sﬁc?@dﬁp‘éﬁﬁﬁnﬁ% Olnf’s?fggﬂl %gghllﬁgm%gbgs‘gdl

el uci dates the syntheS|s of a serles 5 of suc

Furt her noEpE thedeachings hereib gy Bs ahl ﬁ&mgk?rﬂ? %E@ﬁl@ﬁp@@aﬁ;@r& exarrpl e,
the tissue protective peptides may be further chemcally nodified, i.
car.bany| atisdiosatsrughaalodotisucci nyl ated, etc., in accordance with U. S.

Pat ent Application No. 10/188, 905, whi ch publ i shed as 20030072737- Al on
April 17, 2003 and tNomehas@ily occurring or chimeric peptides can be designed that mimic

20  the critical spatial proximities described herein above via a linear sequence of amino
acids, The present invention is, therefore, directed to novel tissue protective peptides,
including those that exhibit these structural motifs that trigger tissue protection.

The present invention also relates to the use of tissue protective fragments
of other type 1 cytokines, including, but not limited to, granulocyte-macrophage colony

25  stimulating factor (GM-CSF), interleukin-3 (IL-3), Thrombopoietin (TPO), Ciliary
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10 chemcally nodified EPO, and in accordance with U S. Patent Application
No. 10/ 612,665, filed July 1, 2003, and U S. Patent Application No.

09/ 753, 13&0 Kb1iadsdgecenber 29, 2000, which are incorpor g@Eadudvodisigience
herein in their entirety. Additionally, the tissue protective
pepti des may consi st of reconbinant tissue protective peptides -- nuteins.
The di scl o&mebtrophivi e (CBSTH) agd E@ﬂce%&iﬁiﬁﬂiﬁﬁﬁr?r%&or @Q@?,'tﬁ&t‘a?é‘?trudhﬂ&ﬂ}'d' ng
internal deletions, additions, including addifions yielding fusion

pr ot €1 NS HBmoRBRE A the Raot Sle M y-6s ATHD Qrf] 4id ShENES oD 1

and/ or adjacent” to the am no aci res ilent”

change, a n-consger LVe am. aci,d.changes and | arger insertions and
del et ons?g%@]?b‘f VI 6Us] chy@ang@@%egwa U803/ 20964 entitled Reconbi nant

Ti ssue Protective Qﬁj&ﬁi nﬁ%s?dfnd Encodi ng 20 Nucl ei c. Aci ds Thereof for
Protection, Restora er, sEhhRtRtcsHEn Perdidermey ba shimericaompourrishased, and
Organs_(which is incorporated by reference herein in its entirety) Either
conser¥at upen Fruchal wotifseleseritied @bave combiving nemadiacenitsiracinrat alendpatsande  at
one or nore am no acid residues. Both conservative and non-conservative

subst i t ut sunfeqaesettingradiao aCiis selelsatnarticabi-abe applicanRavé Basenihbdhat ake
place within a 25 famly of amno acids that are related in their side

chains. GeReiddaRhldf a8 1130p80ide 012 WHEODBRRIIE] bddeeiA A0 mac 0
gl utanat €;

can be divided into four famlies: (1) acidic = aspartate (2)

basic = | ysi ghoig, histidine; (3) nonpolar (hydrophobic) = cysteine,
al ani ne, éiﬁeﬁﬁ’e?ﬁflehécﬁﬁ%% i sol euci ne, proline, phenylal ani ne, nethi onine,

tryptophan, glycine, tyrosine, and (4) uncharged | ar = asparagi ne,

gl utam ne, serine, %ﬁf’%%‘?\ﬁﬁpﬁgﬂﬁ&ﬁfﬁ?eﬂg&ﬁﬁ GIREHVERHS strongly
hydr Of‘gObi c. = glanine, valine, |eucine, isoleucine, nethionine,

phenyt4l afichidedpsonpentidss esyltimg dram fsisiombinagion of Heo opmetd ofithe ejaveei ne,
tyrosine, tryptophan. In alternative fashion, the amno acid repertoire can
be gr oupetotad peptidesiravith a-redaspdiot wrirelated mrcaombleculé yr spasiific transposi, fech
arginine, bistidine, (3) aliphatic = glycine, alanine, valine, |eucine,

i sol euci nas nadwe ERPE), iddutinoniepein. W th serine and threonine 10 optionally be
grouped separately as aliphatic-hydroxyl; (4) aromatic = phenyl al ani ne,
tyrosi ne, tryptophan; (5) am de = asparagine, glutamne; and (6) sul fur
-contai ni s stei ne and nethionine. (See, for exanple, Biochem stry, 4th
ed., Ed. {‘}3 | FTagends - Wy Freeman and Co., 1995, which is incorporated by
reference herein inits entirety). Alternatively, mnmutations can be
introduceg I %om_y al onfq all or part of 15 the codi ng sequence of a tissue
protective 6@3 1dgeived Pepfide Fragmentsr at i on nut agenesi s, and the resul t ant

mut ants can be screened for biological activity to identify nutants that
retaid® activity. Folhopiesant inieatiemesdates totrvecleisseiprbtqptipt pelsiideathabn
expressed reconbinantly and the activity of the reconbinant tissue

prot ect i venepaptdditeentare cumplddedroffifagients of the amino acid sequences of EPQ,

derived from the three dimensional siructure of the EPO protein, and in particular, were
derived from those regions of EPO facing away from the ligand binding sites and/or the
internal portion of the EPOR homodimer. These fragments are derived from the

20 following EPO structures: (1) loop AB and N-terminal portion of helix B
(NITVPDTKVNFYAWKRMEVG, SEQ ID NO:29, cortesponding to amino acids 38-57
of SEQ ID NO:1); (2) C-terminal portion of helix B
(QQAVEVWQGLALLSEAVLRGQALLV, SEQ ID NO:30, corresponding to amino

acids 58-82 of SEQ ID NO:1), and (3) a portion of the A-B loop consisting of a small
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201 n anot her enbodi nent, the tissue protective peptide may be further
nodi fi ed through the additions of polyners (such as pol yet hyl ene gl ycol),
sugars, owCemdinidsdsal proteins (such as a fusion construmdyuszocesiedif ort to
extend the half-life of the tissue protective peptide or enhance the
peptide's tissue protective effects. Exanples of such nodifications are

di scl osed cysteing hoopnda>-phated sBeed hd NEIVPP TRV N SEQ IANO:31,

i ncorporated herein by reference. 5.2 ASSAYS FOR TESTI NG Tl SSUE PROTECTI VE
PEPTI DES %oreshoRiib@d bdlo 06dsex8rs7 6f SBQ IBWS0:1). These peptideliragtientpmetatict i ve
peptides in accordance with the present invention may be tested for tissue
protectiv LVded 3 i D id Sest FEH Protective
Sactiviti ggﬁ%élﬁ%éed@u%a%g%e? %%ggéug%‘g@%‘%é\ﬂ %dr 0 anghéig{r%e ivo zgsays. In
vitro tests that are indicative of tissue protective activity include, for
exanpl e, PEREIYS 01 i f er at i on assays, cell differentiation assays, or
detecting the presence of ngot eins or,_nucleic¢ _acid upr,e%uﬁlggtileggg% tissue
protec?i ve receptor ‘srpecsaly.soge neptidesclepived Beom qrletdegig P t or

conpl ex, activity, e.g., nucleolin, neuroglobin, cytoglobin, or frataxin.
Neur ogl obitmleduds thek ied 2wl other peptidestbatipdlude porsions pf the binglingstes tainspor t
or the short-term storage of oxygen. Therefore, oxygen transport or storage
assays nayEPOR)s#dals tRfuegasaytiteo Forlenimply, aqreptide emmisting of thedsrasnabhi ch
nodul ate tissue protective activity. Neur ogl obin is expressed

in cells apgidn FTIUIx R(APPRLACDSR VL ERYMOUSKENE, sm{m NESPRRoRedondngoxi a
or ischemia and nmay provide protectron frominjury (Sun 15etal. "2001, PNAS

98: 15306- , ' : ; j 3 : - . gach of
whi ch i's. 1R Eb T2 S B DA D b cBhlen by R OR S s 200 Ty
pl ay simlar.rgle in protection, but js ex sed.in a variety of fissues
b Y af97 nauadtited) fubSudbidlecye B0 BaBhnlev IS B HolePery Bl sestns of

i ncorporated by reference herein in its entirety). In one enbodi nent of the
i nvent i on SiteReamiag arids dpesipt apropgtiosthedisspprotestive aghiviy, et Peniidy e
nmeasured before and after contacting the tissue protective peptide to a
cell. | n centisting ofimbuud adds §4-19 b€ SERIEENEe] awmamm&ﬁcﬁmwn
associated with tissue protective activity in a cell, nay be used to
confirm t NOBByatdlapking asinoaidscili-V3 of $8QaD MOpefk), dALE; tMGite 2 amino

2007/ 019545PCT/ US2006/ 031061 Nucl eolin may protect cells from

damage. | tacflk yab afHERHiPAHSToF Bin@ gl F FERY {oSthe BPORA Hidekr OO, RMuldf tissue
transcription processes, sequence specific RNA-binding protein,

Ok . | . . o oSl S dor

-?-YC; :lg,es?ﬁ?tgﬁaﬂiéi(g&?g%g@ﬁ%%n%@g%é i’%{%@%&%gﬁdﬁ? 9@%&6% sgo' u%ggfo as a
|1 f RNA 5 hel.i . ~d dent . ATP. tei

Shuttle,  CPORREREREY GFETREs B SHEUHE PN R E B BEP B VP bssor

Sri t nd Pol l.ard, 1999, .F B.J.,. 13;19]11-1922; d G nist t al.,

(1_9£9|9Ya\sl. a\@tgt?@@i“%,thlg’t@ W@Wﬂé § H%FItW@W%PBS %@F?aig%‘%ﬁ%@ E‘iﬁyrgf e?ence

herein in its entirety).
modify the tissue protective properties of EPO (Leist et al. Science (2004) 305:239,

hereby incorporated by reference in its entirety).

20 One of ordinary skill in the art will recognize that fragments of varying
lengths can form a tissue protective peptide, although the fragment is preferably less than
30 amino acids in length. Further, judicious selection of other molecules for inclusion,
e.g., D-amino acids or polyethylene glycol, will also constitute a tissue protective
peptides, but with enhanced biological half-lives.

25 A. Structural Motifs
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Frataxin is a protein involved with mtochondria' iron netabolismand has
10 previously been shown to be strongly up-regul ated by EPO both in vivo
and in viwooe¢tiusen et al. (2005) Eur J din Invest 35: pérlys2wdsiosinsit s

i ncorporated by reference herein inits entirety) Expr essi on of
an upregul ated protein nmay be detected by detecting nRNA | evel s

correspondi ng to t hSppcifitally) thefolowing struttueal miRKids bave twen iddptified tetl to a
15probe that specifically binds a nucleic acid encoding the upregul at ed
protein. ligler theBikdRProRYti¢ePREdeplor 6dmplet exanpl e, Northern blot, Southern
bl ot, array hybridization, affinity chromatography, or in situ

hybri di zati on: ~ Tissue protective activity of the pol ypeptide of
the invention can al so be detected using in vitro neuroprotection assays.
For exanple, primary neuronal cultures 20 nay be prepared fromnew born rat

hi ppocanpi by trypsi nF%agi@aﬁa@éh@gbmhﬁ%;ﬁﬁobg‘%uﬂatmmf@gwn in the
art and/or descri bed rein e.g. in gro medrum (I'nvitrogen), 20
mM D- , 2 mM L= gl. ' - L Re. : LK ,

FrankiPn Lakes. N0y 12058 bEP-RLmPRE U bBRALBbsBRKL o nalBShal cbBls =T
U m icillin,, ) /M st i di , 2.0, ., Lel t .al., 2004,
Sci ence. 293002 BiidE hich GBS IHEB PSP AR Ao et aker PRIV EPEG ot y)

One day after seeding, 1 . cytosi near abi no-furanoside is added. Thirteen
day ol d c@ming acidsr¥ruceallythis eradisaepigsemitedes: ncr easi ng doses of EPO or CEPO
(3-3000 pM for 24 h. On day 14, the nmediumis renoved and the cultures
chal | enged w t faB300 HINH\VDA in PBS at RT. After 5 mn, pre-conditioned
mediumis returned to the cultures which are then returned to the 5

i ncubator for Z4)h. ANENgR! | s are fixed in paraformal dehyde, stained by
Hoechst 33342 (Mol ecul ar Probes, Eugene, OR) and condensed apoptotic nucl ei

may bgncount ed. G:}ﬁﬁm g/ M) and MKBO1 (1 ifM are included as positive
contrg S. Ani ma(?j\)’rm el systens can be used to denonstrate the tissue
protective actiyVvjty of ound or to denonstrate the safety and efficacy
of the corrpounci%‘blo W@d by the screening nmethods of the invention

descri bed above. _Th identified in the assays can then be tested
for bi ol ogi cal @t i m&tﬂg?am mal nodels for a type of tissue damage,

di sease, condition, or syndrone of interest. These include aninals

engi neered to demt aifﬁ[\]?@ém@ﬁw protective receptor conplex coupled to a
functional readout system such as a transgenic nouse. 15Ani mal nodel s that
can be usexheroH reptesdriehyatdplobioyanino thids (ek), thermedesataly hydoypbobicwminet i vity
of an identified conpound include, for exanple, protection against the
onset 187 agidseglo¥iReproEY, alstaint, 8y @kine cariapfiabsiacddd prefetdbiRhedgghly Exanpl e
12) in Lews rats, restoration or protection fromdi mnished cognitive
function iy ih8bRlahiho hGES Ve, DAl isbl-ALRE, mE@icaMAlevbmehen a ("stroke";
Exanpl e 5) “or ‘sei zures stimul ated by 20 excitotoxins (Brines et at, 2000,
PNAS, 97:1 - ; ich is i -af. kN TtS
entirety) P%élr?g? ltjaag?ﬁggrlﬁ %%e%e?eﬁglﬂlg %R{egf(lﬁ‘%}a% (al %%%é%glg S?%%e%ﬁ%@ﬁ%\%eépat , 1997,
Vis. Res. 37:3443- whi ch is incorporat by referenc erei.n inits

ont ot y) STBtoE S IePrStHY AR RD R iRl e S Sy SRR L ob A
and protection fromischem a-reperfusion . injury to the heart_(in vitro

car di onyocgttaingmhgidagenindhg Rankiygphydrophobic amino acids are the same. In other

20  embodimenis, the flanking amino acids are different.

A variation of this structural motif involves a peptide where one of the flanking
hydrophobic amino acids has been replaced with a polar amino acid such as serine,
threonine, asparagine, ot glutamine.

As an alternative to peptide linkages establishing the mutual proximity of

25  the two negative charges in a linear sequence, the necessary charge proximity may also
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25i schem a-reperfusion injury, see, e.g., Calvillo et al., 2003, PNAS

100: 4802- 4806 and Fiordaliso et al., 2005, PNAS 102:2046-2051, each of

whi ch s Wersbyolesgor porated by reference in its entiretpOyuesdviaisays are
described in further detail in Gasso et al. (2004) Med Sci Monit 10: BR1-3
or PCT publication no. WO02/053580, each of which is incorporated by

r ef er encebpacemplished hysa tined dimepsiom strivefuse asslisensded dereifesimvep@dctidrer ei n 5
are directed towards adm nistration of EPO however, tissue protective

prot ei ns &dixiFur eka&mpld, the npgaivelycdhafded ahtineadidemay 8e spatfallg dmbedikap exhi bit
simlar biologic activity, e.g., Leist et al. (2004) Science 305: 239-242,
whi ch i's hcgﬁéhfnp@ﬁﬁie%%té?ﬁalrsﬁfﬁéee&%%eﬂﬁ!@u&t%ﬂ'be's%ﬁarﬁtgg;bg%&iﬁoﬁ)ﬁ%}ﬂiﬂ@S may be

substituted for testing as well. O her assays for rm n:c ng ti slslue ]
; _ e . : - ) 10ski )

oot et VA ke e A28 SELbIOPHER R IR Bl Bablbla! ",

f I i i f i Jjon, F le, .th

P ssues pr Bristrehls 10 ARG BN Hs dad bl s Singe: on Shashise COPEROTLr ker

such as a fluorescent or radiol abled marker for ease of 15 detection and
tested foStrustyes twhav twointereeningamiapacids betvesn thess in the lispamentidy or  Pc
receptor. In a 96 well plate, eight 1:2 serial dilutions of the tissue

prot ect i veeqpenei Ae anhdditioesl esample, ntelik®B (pegiideD( FEMIDNSBGER0; 10% f et al

bovi ne serum 1 nM sodium pyruvate, 2 nM L-glutam ne) are plated, such that
t he fi nal coredsporlingitoemsifo weidk 58-82088E0Q MPNL ) EdhendRFBaR aEmnital by kwe and

BaF3 cells transfected with EPOR and/or 13, receptor 20 can be washed three

3
limes in ghowtdidedbsahd F,G9?$}P£ﬁ€)surf£&| drRhShdIRS Bgﬁgﬁgggkniclg? ggiﬁ%gngﬁ?' um

and cells counted and diluted in growh nedia’t 100 4l

e ot ety BuddERe R chiE PO RRRA R Bl PPl 8 ARERLP ' €

pl ate/ cells_ ar.e en, washed a he plate is read on a fluorescent plate
r eader orPfBSEFCBY%@G%mWEq g@fﬁf‘?’%ﬂ?t iBral Bgontgd, peapiide Byr  wo

2007/ 019545PCT/ US2006/ 031061 bi omar ker associ ated with the bi ol ogi cal
activity OUTIRCAEHSSENE: SEEHID NO: 30 st negtidewithsual regative charges

Simlarly, a conpetitive assay can be utilized to deternmne if a tissue
pr ot ect i vemndentinedet ite appsguiatedistanettin tacking a femkingnigelrogtiobiz asinaycida
conpound known to 5 be tissue protective including, but not imted to,
ti ssue prwmetctissuepayédive (S Buetplas ahhgakledi sgHsed in U. S, Patent
Application Nos. 10/188,905 and 10/ 185, 841 (each of which is incorporated
by refserence herein in its entirety), can be attached to a suitable bio
marker. In a 96 well plate eight 1:2 serial dilutions of a known tissue

pr ot ot ve CmgGpkOTBLKRE AREIALIRLS LAILD ST, apfchbe sar

excess of the tiss I o0 i
vol unme of each dil ﬂﬁt@ﬁs

0R oo

ective ptide pof .interest are plated. The fi nal
bl FasBE e diat aipos e SMGAACH AP Bara col | s
are seeded into the plates as disclosed supra and all owed to incubate.
After an %8st EATEPeckAsdhothehargedaming acide presflanked s single hydeonhabicpl ate i s

read on a fluorescent plate reader or by any other suitable nethod known in
the art tamigetaeids. Structurally this can be represented as;

20 (bl) HNPH; or
(b2) HPNH,
where P represents positively charged amino acids such as arginine, lysine or histidine
and N represents the negatively charged amino acids glutamate or aspartate. As with the
first motif, the mutual proximity of the two opposite charges may be accomplished by

25  three dimensional structure. For example, a positive and a negatively charged amino acid
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15 the biomarker. |If the readout of the plates and/or wells containing the
known tissue protective conpound/ bi onmarker and tissue protective peptide of
i nt erest woe des@aoidean the readout of the plates contai nipag/umbososivar known
ti ssue protective conpound/ bi omarker then the tissue protective peptide of
interest is tissue protective. 5.2.3 Cytokine and Cell

Prol i f er atiayrveBpatiadlyadidcenti conth@strifacetof a el byt prild be sepatated by sneldmooreer ed to
date, including all known cytol dnes, have exhibited activity in one or nore
f act or - de peiMiteavidsialthe Prieat péidetse@uenos Fay sxardple, iRdili B (esfespaadiayso serve as
a conveni ent confirmation of cytoldne activity. The activity of a tissue

protecti Vgmﬂgnoé&idjses@??opﬁ@lbmﬂgﬁﬁlén&W6%P@irﬁ£ecﬁaﬂ%, cefif to'eqéHt | Ne

factor dependent cell prolrtferati on assays for cell [i'neS i ncl uding,

wi t hout |im 10 ) . Q, . M+(preB
M+), 2ES8, O%ggﬁ Bﬂext%gsu%égtﬁ){#%x %{pf%%%?(?&%t;@%&%th%ﬁ ese cells
are cultured in the presence.or absence of a tissue protective peptide, and
cel | p-%ol F‘F%‘Fﬂ?%ﬁlweésﬁﬁ’@&l’éﬂ&Wg%ﬁlglfe%}xanpl e, measuring incorporation of
tritiated thym dine_or by colorinetric assay based on the 5 nmetabolic

br eakdown of = 3- (4, 5Inik vematignradithis partipulay mofit Sheinedbing pnd pesitiverdmiitn br oni de
(MIT) (Mosman, 1983, J. Inmunol. Meth. 65:55-63, which is incorporated by

r ef er enceatids eambd sepatateddyta pedangmind alidde. gt her assays If a tissue
protective peptide exhibits a tissue protective activity, one of 10
ordinary skill (b3) t FENEwrH; woul d recogni ze that it would be beneficial to
verify the result using one of the neuroprotective and tissue protective

assays known t@n4ho§ﬁ; flled in the art, such as, but not limted to, P-19
and PC-12 cel | "assays. Additionally, various in vivo nodels such as ani nal

d”‘éﬂg'gi? "Rl LR Bl e 4 b RS T, iRl -
da g5 . . HERprO T PHERE |
Vi'vo. assa L AR PRI PH ROt PR AR NESTIBPIEAN0S  and

10/ 185, 841, each of which is incorporated by reference hereininits

entir et y. SEQIDINEREwincE ivUSEue pryiectivt (spedixample 3 knd Tabla 1-he art woul d
recogni ze that the tissue protective peptides of the current invention are
usef ul as therapeut iGisgerfthat the eaerofittie above sewdmial motibis foar amins adidséases,

di sorders, and conditions. One skilled in the art would al so recogni ze that
such pept iR, apaplid: ¢fBE chbie tbheM endiidbdylrice: BE Tasshé Potective Reegitbiv e
receptor conplex, e.g., tissue protective cytokine conplex. Both in vitro

and i s Vi Y@cé@h LgoEmehRahe ﬁ(?ﬁpéiﬁdess@ﬂhé Hve &&?&%@gsew r hRLBRGHH IR

indications of, for exanple,”the conpounds identlifie e I nventive
O pat et RS RS et e b P B B 8 ndt T sz 49475

than 2, more than 3 or more than 4 of the structural motifs. In certain embodiments,

wherein the polypeptide comprises at least two structural motifs, the motifs are the same.
In alternate embodiments, wherein the polypeptide comprises at least two structural
20  motifs, the motifs are different. Preferably, the multiple peptides of the present invention
that one skilled in the art can generate are less than 30 amino acids in length,
One of ordinary skill in the art will recognize that it is the above noted
structural motifs, as opposed to the actual amino acid sequence of EPO that is important
to the current invention. Thus one of ordinary skill in the art would recognize that the

25  isolated peptide may have less than 90 %, less than 85%, less than 80%, less than 75%,
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5 incorporated herein by reference. The aforenentioned tissue
protective peptides of the invention nay be useful generally for the

prevent i owo fZobesi@pgut i ¢ treatnent, or prophyl actic treatppangs20ds/d3uiEan
di seases or disorders of the central nervous system or peripheral nervous

system whi ch have primarily neurol o&% cal or ps%/chi atric syn‘i)f‘%o ,

opht hal niless thaeHesdess thaee Yo dossdbar 60% diescthaw 8% lestithep 304 Fglsaai seases,
respiratory diseases, kidney, urinary and reproductive di seases, bone

di seases 4584 iigss HiamOMIE Jess AN G0A, e thars3096, atilssabasl0 persenteequenst i nal

di seases and endocrine and netabolic abnormalities. Exanples of use

i ncl ude, ;But: bt inBaeidacthdide aflafieé hamen reeytaiopoidtini nj ury
d@é{ffrﬂmgg%gbgffg t%hd fninBl fhedide eeytaiop

resultin resulting infllammation to the brain (ischemc

stroke, bl ol T - i .ﬁ‘@ins i schem a,
bl unt fo?c]gp@r)ﬁﬁ%ﬁ'lﬂﬁcgﬁg?%@ﬂ%é\%g% S %@@ig@%%?(\?gbl nj u(rigé,ﬁgi(éabeti c
neur opat hy, cargal . tunpel #azndroma) , %gti nal (macul ar edema, diabetic

r et i népathyabeypraRERRrd K5HgUFAS SPIRP Y% r di al infarct, chronic heart
failure). In particular, such diseases, disorders, and. condjtions include
hypoxi ¢ condi t i ons,Adﬂhtl@)hﬁl]é(dUe?r-?é#-woaﬁﬁget%?é%goﬁ@?‘?r%t s B%“Gh% such as
excitable tissues in the 20 central nervous systemtissue, peripheral
nervous Siedrpoateddsireferamce baitsientivety) disclesesra Yeaminglacid peptide seaupneesof f or
exanpl e, brain, heart, or retina/eye. Therefore, the tissue protective
pept i des @0 (HEQIIDIRO!I YT FBRichpwhish thdueed biehigical agiviydnNS2AYH §EK-Ne
responsive tissue resulting fromhypoxic conditions in a variety of

condi t i ONgrAngs BET £ UARiA0GARe st HifksiMATALeSpGleciys hndpRtichiions and

circunstances areé provi e table 25 herein bel ow.

2007/ 019545PCT/ US2006/ Q31 t.4S teckl tarehe al so of
i nt erest %rs?ef“f?@% eﬁ&i' ogﬁéf]‘ys}‘tgI r%lcoztﬁa%g i(g‘l%{l@éale?%%’gﬁgee ’glglﬁa I'i shed

t hat cyt oki nes,  exhi bitin i Ssue protectiyve, activi e.g. able to
mobi | i ze EeBRgtically él,sc]gﬁfiﬁﬁtahﬂétf? ?@lﬁt?%?%lt"i%nmrf%"tﬁ%%ﬁs Shdi %&ﬁ?‘?ﬁ‘%@ and
aiding the repair process, e.qg. in a regenerative role. For,kex le, inb5
exper i nmendcéivity endkas s@@mdvg@w tp fackip QFVthCBW%fWh%?R?@F%%‘f%&B%Wﬁ a
region of ischemic injury to regenerate neurons during the period of
recovery frkstid itfo thé mudcle NEmices tie ff@@O6)y cfondipsendralate spewitisginthed herein by
reference inits entirety). As another exanple, EPO and CEPO nobilize

endot hel i gadnPRERéThceadddsn hheamehamilens tharindwet byeilidrg neimtaplici on.
These cel |l S then hone to di stance regions and are involved in the formation

10 of 1§eﬁa2{08'%é§§ﬁ|§'§ezﬁ{ refelifvaflin 8l JEREIpt HIRR nelBahhinBaMAt al, 2003,

Ki dney | I'ncorporated by reference herein inits
entirety) i]e.nat w shi . hifhy Yhavk he

i sol at ed B%F%B%ﬁl@ﬁ@?wﬁfeg%%stég@g?%)%%g?ﬁe&g@]%ve to hgt\r/%lidgﬁgymarar
effect on the mgratign of stemcells. In the exa o] ction of
neuronal PSPEARAMEIIAY %%@@WF@SF&%F@“&@@R@C 6?%\’}5};{(’:55‘?}%311%??%13 |§'s ue
protective peptides of the invention, such_ pathol ogi i ncl ude 0sg, Whi ch
Peoult 11 Dl b dao DA D Fia - HBtied b P36 80 5. RAIOTHEHEETON: 4an ch
reduces the availability of oxygen to neuronal tissue, resulting, in stress,
damage, anevT:iIngl O'PrienentichFat.a&. 5,578 AR, isowed Nrw. 6y B0 4 B Byer ik

protective peptides of the present invention. Generally referred to as
hypoxp@ apgy No. bI¢a8Y dssubd Bl 35 099H;tand@ G SS.AVBries and Yo Kashiniohe inideé. Polut ar e

not limted to, stroke, vascul ar occlusion, prenatal or
No. 5,696,080, issued Dec. 9, 1997). However, O’Brien did not appreciate the current
structural motifs based upon the proximity of charged amino acids in the tertiary

structure of the peptide.

C. Type 1 Cytokine Fragments.

25 Given the spatially compact charge configuration able to activate the
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post nat al oxygen deprivation, suffocation, choking, near drowning, carbon
nonoxi de poi soni ng, snoke inhalation, trauma, including surgery and

radi ot hergpyeoomapdagxi a, epil epsy, hypogl ycem a, chroni c pOTHIS2005103 W61

pul nonary di sease, enphysema, adult respiratory distress syndrone,

hypot ensi ve shock, septic shock, anaphylactic shock, WO

2007/ 019545RETProBRE061@81106 1Appivahts hagh didcovered ithas ceghin fagragnds of Hmerlac
arrest, dysrhythm a, nitrogen narcosis, and neurol ogical deficits caused by

hear t - | ungyRkRRS ArePE:RERU I Sross react with the tissueopreteetiotticapiot., Thizrcyekdnpl e,
the tissue protective peptides of the present invention identified using

the inventdygy ashaiks O idnRUAE @ fh&latiAone, 013a8.-5 028, 18-7, IL-

conposition to prevent injury or tissue damage resulting fromrisk of
injury or i e e prior to urin r t 3 gh cad
procedure 90}E§%n£%ﬁgggraﬁm%ggt§ uIP%(?m zﬁge'e%%ldo Isét?ﬂgétr? g%“p@%@e%ﬁr)égéb%y

i ncl ude tunor _resection or aneurysm repalrl . and nedical. proced S

i ncl udeé |mmwedaﬁ?ve$tynu1@%fa°@5&ﬁa S acikemin Bﬁ&%ﬂgfa Qa5 R om

hypogl ycem a which are treatable using tissue protective peptides of 10 the
present i mearetiophici fwtmd@NﬁEhlmmmOwé@eﬁmgothbrh@@%l& aapcrophpgyeni ¢
hyperi nsul i nem a, insulinoma, growth hornone deficiency, hypocortisolism
drug over dolay stimdlatiag faiter (MHOSES,. er@htupoigtiat(BPIO) giné praladinl t i ng from

exci tabl e neuronal tissue damage include seizure disorders, such as

epi | epsy, convul si otnsidkrafibh @il se@indaryestlictiné BEERO febvides dbdampatabl e
conditions and di seases include, but are not limted to, diseases such as

stroke, "Eiée% k@hﬁaﬁ&l & dfédnﬁida@t&@ﬁe?@rr%gﬁ%ﬁg% P?{/tﬂie%a ﬁirersgéﬁal afth A dIR bf S

di sease, son"s di sease, cere brarn or spinal cord traunma,
Al DS denenti.a, age;rel ated ] oss, of cognitive,functi.gn r 0SS,

anyot S@p hia@m%?%&sdﬁerggggo&#%@agg? ng agidy &Dgf‘ge?ﬂ ‘gl%% %Mor%\é u% eti nal

i schem a, optic nerve dammge resulting from gl aucgona,. and r | | oss.
20The spedefandaty; siygres witan ofhge tipspk ¢Sdidng recepfer ﬁa%@érﬁ-g-r E}&i&%my be
used to treat or prevent inflammation resulting from disease conditions or
vari ous t lth@annay 208 Nphgisiendnyod 8: 18Rkl he¢rby inasepmsatad brirelarpres iton. The
ti ssue protective peptides are also contenplated for the treatnent and

pr event i oritsadntitetyf)] anomg ethyrschaveibeemsiowimtoqroesess pateneneurgienphicomndt i ssues
including, but not limted to, the brain, spinal 25cord, connective tissue,
heart, | un@urdptAeseive abehitied, dae th Taf@Gart, BRNCHRRENts B¥BSvea Byl sidhobtiage. WO
2007/ 019545PCT/ US2006/ 0310_61 Non-1imting exanples of such trauma include
tendopit | gis% i bcbive fBEAN, & %9:5]5%?%%0?131&31??59@ Btdf%esé’%qwgﬂés@

r heumat oi ritis, glomendonephtitis, optTc neuritis, tenp

arteritis,.;encephalit.is, .meningitis,.t.r e . i ti Sitis,
ol ynyos: FRERIRBNRAETYS Rei HuriertopoicipdBEs PRt bl ofifa Rkems
enterocol t‘}7SM) &%ﬁrpsg&)ﬁ?%ﬁ, T68, L69, E72, A76 and Q80, where these amino acids are

spatially adjacent to one another in a linear arrangement; homologous amino acids in
leukemia inhibitory factor (LIF; PDB accession 1EMR) comprise E61, R64, Y68, 872,
20 N75, and D79; homologous amino acids in ciliary neurotrophic factor (CNTF; PDB
accession 1CNT) comprise E71, E75. These all are examples of Motif A described
above (section 5.1.1), wherein the underlined amino acids are negatively charged.
Examples of peptides derived from the Type-1 cytokines that exemplify
the structural Motif B described herein above (section 5.1.1) include, but are not limited

25  to, GM-CSF helix A fragment, WEHVNAIQEARRLL (SEQ ID NO:35); TPO helix A
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5 tissue protective cytolcines may used to treat or prevent inflammation
resulting fromischem c and non-ischem c conditions including, but not
limted twoedi@Avases, rheumatic di seases, sports rel at a@T/iR26d6851061
infections including viral, fungal, and bacterial. The inflammtion may be
acute or chronic. Further applications in the field of inflanmation are

not ed wi t fegmpalLSERABDIBVIHISEQ ENS:3i)eiBOrhelig B fagnetnB5§ A% shed as WO
10 2005/ 032467, hereby incorporated by reference in its entirety. The

speci fi c CiNSRUeeliprAfragibne KIRSDLIAI, THS YK HXSETEID NO B UNYF hgkk e used to

treat central nervous and peripheral nervous system di seases resulting from

denyel i nagd R4 D I ReliQf ﬁ.g%) | § hase ¢ ef med
as nai nl yh}a%\i}g}lﬁ\'/ﬁwn%m?%f I am%?oBry g%’ ?’%ﬁjﬁw&i ons ‘g]ffﬂ?l(g%%mrﬁégrs?i’gi n,
with the i on. of i\,nat i on oy j

| eukodyst ?ﬁo@%ﬁﬁ%ﬂeﬁ%ﬁa@@%@* it a%‘%%%\%’é@@%@@ﬁﬂ%ﬁﬁ?ﬁ@%@%m s (MB)
is a typical djsease anong denyelinating di seases, and pathologically, it
s chal act er i 2 SBEHRIAIRGSd FiAp goids %r%na?fﬁlateéﬁvlplfa&?r@n 3988 AmbeA ot
gliosis. Since its etiology is unknown, its diagnosis is nmade based on its
clinical thegyiaking supm&n,lll:sé@tslanalﬁmouglplrwmw erra¢apitoy.ianidthpmelagous i me of
central nervous system | esions. 20 Furthernore, acute dissem nated

encephal oragidustonotijeDiEhers of the pyptekme gupkrfdmitewilt bereadilg ideatifitEbpathe

subacut e necrotizing henorrhagi c encephal onmyelitis, and transverse nyelitis
are incl ugigtded fitigeiryel i nati ng di seases. Al so, peripheral nervous tissues
rely upon Schwann's cells to maintain the nyelin sheath, if these cells are
i npai red, peripheral denyelinating disease is caused. WO

2007/ 019545PCT/ US2006/ 031061 The tissue protective peptides of
the presefd-% GJdMEraSn nay be used to treat or prevent conditions of, and
damage to the heart including any chronic or acute pathol ogical event
involving the heart and/or associated tissue (e.g., the pericardium aorta
and otther associ at edChimsoig” tissegretpotivermsptidésadincacmeind acidepguehosi that i nj ury;
5congestive heart failure; cardiac arrest; nyocardial infarction;

at her oscl exoposate nod-liadar wahotaral elekrgB, ofdlie éxabrnhllpficiig amaimbdicids of ERO Y
caused by conpounds such as drugs (e.g., doxorubicin, herceptin,

t hi ori dazindRcaRdxBibsaRt Mfve-foMIitARLAATRSR R Al DAtk bl Hehkiean
(bacteria, fungi, rickettsiae, and viruses, e.g., syphilis, chronic

T"YPanOSOTR R CHiALEE L0 ko LUNE R8RSR AE A ABEh S HRBbESL 0or

heart transplantation; 0 apar oscopl C surgery, mati c
cardiac ipjury.(e. q, enetrati or. blunt cardiac iniury, and aorti.c valve
apture) . Stz ot SRR e Bire ot p R S RBee I 2 B8 peils IF

aortic aneurysny. cardi ogeni c shock, due tq nmyocardial, i pfarction or cardi ac
fai | Uk ﬂtg‘ﬁ%ﬁa‘@ﬁi %ehimgilk sy Pawsﬁh‘gﬂp&pt@@ gy e cpuprisecholAwEe G pept i des
of the current invention may also be used to treat those individuals at
risk for $rauenceddedveddiomanndineadbut adiarent stractingt elefrients suclwpes Bagthentheart i s
not able to punp blood at a rate required by the netabolizing tissues, or
when t he debvet fioanadnoseidsequenes b1l S| 183at3sd afid | 60-b6S, pf SESUITENO: Buch at
risk patients would include patients having or being at risk of having

cardi ac i whizhGiduldalls» k@il eemehiy o ke &emindl @oridl dfkelix charmiher apy,
cardi onyopat hy, hypertension, valvular heart diSeases (nbst often mtral

i nsuf fici %ﬂﬁ?ﬁaﬁ%i@%f iofag%-en%i -ﬁ%eﬁtgdgg%é 5191909-63-?}? %@%e%é&?%%ggﬁfogy

(e.g. ethano caine, etc.j ard

pr ot i ve, i des of. the pr.esent lLnvepti.on be us to treat or

prev ?rﬁ c%fr%g(?}t%ﬁ% C%'?a,‘m%dr:]&l egséﬂéa 8 elftb(g' l‘ﬂied“g?f?@%%mﬂwr 1e %gﬁqeﬁ’&?te?t?‘ées ue. Such
di sorders ingclude, but are not limted to retinal_ ischem a, macul ar
degener at P@Hdes BAY hePseddp selRpteant the-igpoptany fsatyregml amngsticular strastinss &rer ot i ¢

reti nopathy, hypertensive retinopathy, 25 retinal artery blockage, retinal
vei n bl ockxagwle thgpateerdlyefacing achinh atidt ¢fa particulaptarttayy structure. Thus, a

chimeric tissue protective peptide may consist of a fragment comprised of helix B amino

acids 58, 62, 65, 69, 72, 76, 79, 80, 83, 84, and 85 (e.g., pepiide G, QEQLERALNSS,
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WO 2007/ 019545PC171182006/ 031061 I n anot her enbodi nent, the

ti ssue protective peptides of the present invention and principles of the

i nvent i onwipeoEesised to prevent or treat injury resultipgyis2ommeagiiati on
damage to responsive tissue. A further utility of the tissue protective
pepti des of the &rsesent, invention is in the treatnment of poisoning, such as
neur ot oxi AES IELNsHhigiginathey words, gl joé thecaxierioramesenting yoinodeidy gf heloBi ns
(ethanol, cocaine, etc.), as the result of chenotherapeutic agents of

radi at i ono£EPOs dihés paptide id sibiwpario batishisgmotdetheds Exaampieol, igpi (see Tabler1yl
sclerosis; and Parkinson's di sease. As nentioned above, the present

invention is also dFﬁﬂﬁéﬁﬂ)ré,Qhé]%cﬁ:éﬁt@ JTtRS @fﬁ}énvﬁ,ss}%%&&t%ﬁreqiepﬁd[@, RAERE Nt
invention for use in enhancing tissue function in 10 responsive célls,

tisses an j ﬁinﬁ%‘ﬂﬁ& ' rah: . adm ol ' | gsue

pr ot ectivfehcf:%?to néet{hgs escrl%h%ﬂggg’b AT T 005 %ﬁ%@?gﬂ@%«eﬁﬁe&%ﬁ%@i ons are
anenahkl e reat nent. using.this t hod. .For .exanpl e thi thod is useful
f or e%an@gﬁtém?m&ﬂ%ﬁrgﬁggﬁ8ﬂ% % §%%?iﬂggﬁéﬂ)#‘ﬁ§ﬁ?sﬁ%aﬁ?ﬂrﬂ@%ase in
cognitive furf%i on even in the absence of any condition or disease.

Further, POHPIGGISeRIOTS {68 e SEREPE t al-olAReBrotaies §id 03, dersbyincosperatsd dyi ng t he
quality of wound healing, reducing the time required to heal, inproving the
qual i ty ofeferpecelinals edtirefy)s sprging tellocakizecthe geptide ligand thethe eeld ineattharsi ons
resulting fromthe wound. See PCT/1JS2004/031789 filed Septenber 29, 2004
and publ i Ekenplas officR M8héd33ael0de, bhreare byt fimited R tiat dghlh hydRpROIE e&zibny 1t S
entirety. These uses of the present invention are describe in further

det ai | befromy: aa16itdiie tAE!mSTIaLlWEEQAGSﬁ; REQRID Nepss): B&ﬁ%@odﬁﬁ)réléaéidgﬂ?ﬁmbﬁb bot h

human and non- human ma S. Condi t'i ons and di seas€s treatable or

i ected Lo R OGRS SRR Bl ERMortER AR ARG eI 2 0o mooa

di sor der i ety di sor ' Itism att ' ef i ci

nyper act | YOS bedea s AR SL DR SE G oL S RS RBRHARE S henet 1

from 25 gﬁ)h&ac nt of neuronal function. Qher disorders treatable in

accor dan ek Kesomjgstivgbpglppeptides CEALASPTIEY YY1 8EQ NS Nys of the

present invention include sleep disruption, for exanple, sleep apnea and

travel - r eherenptide @A SAEAYRSKI: SR ID Not54n gonddstrapinbtleesisg htippatensi ve

shock, concussive injury, septic shock, anaphylactic shock, and sequel ae of

vari ous e((HES8QRHWSYYEE, SRQ IDaMOI); patkebyrofDlioreoas PV BIIVOGDABCELL,\SEQ I3Ssue

di sease-related 5 cerebritides such as lupus. Qher uses include prevention

of ori5pr oNee36)opmtreatic polypetidRLRR YIRMIPTRE] Sf'E%)_IE‘N@:Z%i AR SRl dne

shel | fish poi soning, neurolathyrism and Guam di sease, “anyotrophi Cc | ateral

scl er osi Sy|Raf 4d ' [1ISEESH); PV A; e ic or

i schem c | na] uréﬁpﬂaﬁgr %Lgyél n ?#f gg%ﬁwg@i@}gf;%gﬁ CIG‘I; ‘g{asl',’ EQ(%JH

ecl anpsi r r.aroup of ¢ itions treatable or_preventable using
A0l 2 e s Hoora P R YL PRSP Bhond | A

ti ssue protective
of either e, which are the cause

dysfuncti gn, ereditary or acquired nature [

of a var icg"t“?e%‘f Pepiide an ii%ﬁ‘lla@?%%‘%s‘@@ thesuriperichayeevagtibelielixd of ¥PQnd
death. For_ exanple, Lei gh di sease (subacute necrotizing encephal opathy) is
char act er%@%ﬁ@@r SES) NuNGi40) avinpdsisthe narbexy tepinitius e theyempiprshico 15
neuronal drop out, and myopathy. In these cases, defective mtochondri al
net al2fl i shelikaif pandreatkupbypeptdo (FR TG ARE, SEGLDBI0:28)kbr & ehiinegle t he

nmet abol i sm of excitable cells. A tissue protective peptide optin zes

fai ling faeptlie. OPurtier ot@fidafbils Ry Bk bREB el @lhdlly IGA8RSs o e FRPhibaRRd.
above, hypoxic conditions adversely affect excitable tissues. The excitable
tissues i ye . .17 r n mtissue,
peri pher a]?'ﬁggﬂ ﬁzggl g%@%@g%ﬁ%ﬂ%@%@@%ﬁﬁpﬁ@%t ‘,‘%gg‘éﬁ"ﬁﬁ’%@@?m on to the
condi tions described abpve,. the tissue protective i des of the present

i nvent i oﬁe%lﬁ%lnﬁgbeftﬁfmﬁnﬁp hlng ?ﬁtg‘? ﬂEWEe %ﬁmpﬂﬁﬁ?ﬁﬂed’ﬁﬁg@%‘lﬂeﬁﬁe Iglc:i‘ch as
carbon nmonoxi de and snoke inhal ation, severe asthnma, adult respiratory

|
di st r ess (QFUHRALNSRERENIRIMETRER BBy IDHNOuHE ) ggnerries amerleadnvithipotest

25 tissue protective activity as demonstrated in the sciatic nerve assay (see, FIG. 1).
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whi ch create hypoxic conditions or by other neans induce responsive tissue,
such as WO 2007/ 019545PCl | HS2006/ 031061 excitabl e ti ssue damage i ncl ude
hypogl ycewpaoeéiabsesay occur in inappropriate dosing of ipgauig2006/00106w t h

i nsul i n-produci ng neopl asns (insulinoma). Various neuropsychol ogic

di sorders which are described to originate fromexcitable tissue danage are
treat abl e using ti sAdditionally dhstend it abes-nofedthelicesy ethentertiary stveniuren.
Chroni c disorders in which neuronal danmage is involved and for which

t r eat nent cArheltAVIRIN 18 ThetifMe bRRedive peptides NFeNéiagiblé, shdhalik Blegteiite| ude
di sorders relating to the central nervous system and/ or peripheral nervous

system i nﬁﬂgﬁ%ﬂgﬁg R85 L8485 I?Sw(gflg th%%gﬁﬁl%éé&l SeBciosINmaL Sﬁq‘tdsgn, s

d_errentia, PC sel zure diso _ r's disease, I-”axk n _
Scieros! sHCFFDEP B WERRdHe ARERon AP EER S Rint a B R e Blach HIgite gt ossi Ve

supranucl ear pal sy, Guam di sease, le bod nmenti.a, prion di seases, such
e’ spohgi FaHE SRR sy MR NOASh sk hsun Maiell Boe
Huntington's disease, nyotonic dystrophy, Freidrich's ataxia and other

at axi as, Bsamglel2 and Tabld Bs Atllitienallp,the preserging\amine geids ebihedermindlsor der s
such as epil epsy and chronic seizure disorder, 15 stroke, brain or spinal
cord traup@tioAbPelBeO¥ALIGK A SSEQ IDINGAY, eurtdspondingtol amaino asidhem a, gl aucons,
autonom ¢ function disorders such as hypertension and sl eep di sorders, and

neur opsychi gi 12 £130i & LAE1 53 wgﬁgmqtr@%mé@tge R with Bl beghrt 6f loop

schi zophreni'a, 'schi zoaffective disorder, attention deficit disorder,

! Sor er ?%’é@%ﬁ%i%ﬁ%@@%@f%‘%%%ﬁ%%%@%?ﬁg? f?é‘j‘%’r‘f‘x’ﬁg y,ﬁ&%élﬁ? SR or e
neur oftby crridt |61 o T b The Pt Lok RR RS Il SRt soo P Rusea o

those listed in the Arerjcan Psychiatric Assqciation' s D agnostic and
Stati st cEtsed/mentises ts progidedor fpdbiliesosthathrjoingdpephdes capasyung the &FrAesn of
which in incorporated herein by reference inits entirety. WO

2007/ 019545RCFILISROGBI0030 OB with thettissue proteativofeceoritamples Buakdfugibhe or
preventabl e using tissue protective peptides of the present invention

i ncl ude kpehtilgs fliag dases spisfistceffenabidiging argcatadissee protbctibe efifdct joifilyod
supply to the kidneys can be cut off due to several causes including shock
frominfegd | f0viAGRRhall 8ol ﬂﬁbﬁ?@éﬂh@ﬁ@dﬂtﬂiﬁ& b ith thetiesue photédtive

ext er nal %i%%??ﬁgging,ﬂﬁbéggofI??uid romt he bodggas a resul? of severe

di ar rfsea ?%cgﬁﬁgg%n%@ggg; ln%%@é@bi%fﬂ%f&ﬁfhﬁfﬂfé? cardiac arrest or arythm as,

sur gi cal rdney transplfantations. The reduced flow of blood to

t he kidneys resulti fr.om.t he ve conditions .nay reduced bl low to
dangerously | ow | evgﬁ% #8@%“?’ isﬁﬁﬂﬁg]ﬁ%ﬁ ﬁgegpg%lﬁ% r?epgﬁtcoggg@%?nﬁ

devel opnment ,of acute renal failure. The (iiepr essed bl ood fl Q%y al so 10

resul ts i Masisdssired styeturplelereeie i ta 2 506 ?H@Wgﬂ‘e‘y?x%’éﬁﬁgit JI8¥ 1 enal
tubular cells. Renal failure may also result from diseases (interstitial
and di abepiatdctive pfeess ot suohreomponsds. iSvch chireras mpn pemyrigecpEnp aeidéed) , t oxi ns
(contrast-induced, chenotherapy-induced, cyclosporine), autoimune

i nf | ammat benides,. sgd nbuputino ecidichonednts such atlmkprs T éritlpmguoms ot meictiee
peptides of the current invention assist in the repair or prevention of
this 15 danage hel ping to aneliorate acute renal failure.

20  5.1.3 Fusion Peptides

)

The present invention further contemplates that two or more of the above
noted tissue protective peptides, fragment derived or chimera, may be linked to a related

or unrelated protein such as erythropoietin, albumin, etc.
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The followng table lists additional exenplary, non-limting indications as
to the various conditions and di seases anenable to treatnent by the

af or ement wormey/éiossue protective peptides. Cell, tissue FUT/US20@9031061
Dysfunction or pathology Condition or disease Type Heart |schem a Coronary
artery di sease Acute, chronic Stable, unstable Myocardi al infarction
Dressl er' §.1s4 Manwfacturgnfilisaue Protective Peptides

Tissue protective peptides of the current invention may be made using
recombinant or synthetic techniques well known in the art. In patticular, solid phase-
protein synthesis is well suited to the relatively short length of the tissue protective

5  peptides and may provide greater yields with more consistent results. Additionally, the
solid phase protein synthesis may provide additional flexibility regarding the
manufacture of the tissue protective peptides. For example, desired chemical
modifications may be incorporated into the tissue protective peptide at the synthesis
stage: homocitrulline could be used in the synthesis of the peptide as opposed o lysine,

10  thereby obviating the need to carbamylate the peptide following synthesis.

Synthesis

In solid-phase synthesis of a peptide an amino acid with both o-amine group and
15  side chain protection is immobilized on a resin. See e.g. Nilsson, B., Soellner, M., and
Raines, R. Chemical Synthesis of Proteins, dnnu. Rev. Biomol. Struct. 2005. 34:91-118;
Meldal M. 1997. Properties of solid suppotts. Methods Enzymol. 289:83-104 and
Songster MF, Barany G. 1997. Handles for solid-phase peptide synthesis. Methods
Enzymol. 289:126-74. Typically, two types of a-amino-protecting groups are used: an
20  acid-sensitive tert-butoxycarbonyl (Boc) group or a base-sensitive 9-
fluorenylmethyloxycarbonyl (Fmoc) group. Wellings DA, Atherton E. 1997. Standard
Fmoc protocols, Methods Enzymol. 289:44-67, After the quick and complete removal of
these o~amino-protecting gr@ups another protected amino acid with an activated carboxyl
group can then be coupled to the unprotected resin-bound amine. By using an excess of

25  activated soluble amino acid, the coupling reactions are forced to completion. The cycle
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WO 2007/ 019545PCT/ US2006/ 031061 Cel |, tissue or organ Dysfunction or
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of deprotection and coupling is repeated to complete the sequence. With side chain
deprotection and cleavage, the resin yields the desired peptide. Guy CA, Fields GB.
1997. Trifluoroacetic acid cleavage and deprotection of resin-bound peptides following
synthesis by Fmoc chemistry. Methods Enzymol. 289.67-83, and Stewart JM. 1997.

5  Cleavage methods following Boc-based solid-phase peptide synthesis. Methods Enzymol.
289:29-44. Additional methods for performing solid phase protein synthesis are
disclosed in Bang, D. & Kent, S. 2004. A One-Pot Total Synthesis of Crambin. 4ngew.
Chem. Int. Ed. 43:2534-2538; Bang, D., Chopré, N., & Kent, 8. 2004, Total Chemical
Synthesis of Crambin. J. Am. Chem. Soc. 126:1377-1383; Dawson, P. et al. 1994.

10  Synthesis of Proteins by Native Chemical Ligation. Science. 266:776-779;
Kochendoerfer et al. 2003. Design and Chemical Synthesis of a Homogenous Polymer-
Modified Erythropoiesis Protein. Science. 299: 884-887. (Each reference recited in this
paragraph is hereby incorporated by reference in its entirety.) |

If necessary, smaller peptides derived from solid phase peptide synthesis

15  may be combined through peptide ligations such as native chemical ligation. In this
process, the thiolate of an N-terminal cysteine residue of one peptide attacks the C-
terminal thioester of a second peptide to affect transthioesterification. An amide linkage
forms after rapid S—N acyl transfer. See Dawson, P. et al. 1994. Synthesis of Proteins
by Native Chemical Ligation. Science. 266:776-779, which is hereby incorporated by

20  reference in its entirety.

Further, one of ordinary skill in the art would recognize, that the tissue
protective peptides of the current invention may encompass peptidomimetics, peptides
including both naturally occurring and non-naturally occurring amino acids, such as
peptoids. Peptoids are oligomers of N-substituted glycines, glycoholic acid, thiopronine,

25  sarcosine, and thiorphan. These structures tend to have a general structure of (-(C=0)-
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using solid phase synthesis in accordance with the protocols of Simon et al., Peptoids: A

molecular approach to drug discovery, Proc. Natl. Acad. Sci USA, 89:9367-9371 (1992)

and Li et al., Photolithographic Synthesis of Peptoids, J. AM. CHEM. SOC. 2004, 126,

5  4088-4089, each of which is hereby incorporated by reference in ifs entirety.

Additionally, the current invention contemplates the use of peptidemimetics or peptide

mimetics, non-peptide drugs with properties analogous to those of the template peptide.

(Fauchere, J. (1986) Adv. Drug Res. 15:29; Veber and Friedinger (1985) TINS p. 32; and

Evans et al. (1987) J. Med. Chem 30:1229, which are incorporated by reference).

10  Synthesis of various types of peptidomimetics has been reviewed for example in:

Methods of Organic Chemistry (Houben-Weyl), Sythesis of Peptides and

Peptidomimetics — Workbench Edition Volume E22¢ (Editor-in-Chief Goodman M.)

2004 (George Thieme Verlag Stuttgart, New York, hereby incorporated by reference in

its entirety).

15

Recombinant Techniques

A variety of host-expression vector systemas may be utilized to produce
the tissue protective peptides of the invention. Such host-expression systems represent
vehicles by which the tissue protective peptide of interest may be produced and

20  subsequently purified, but also represent cells that may, when transformed or transfected
with the appropriate nucleotide coding sequences, exhibit the modified erythropoictin
gene product in situ. These include but are not limited to, bacteria, insect, plant,
mammalian, including human host systems, such as, but not limited to, insect cell
systems infected with recombinant virus expression vectors {e.g., baculovirus)

25  containing the tissue protective peptide coding sequences; plant cell systems infected
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with recombinant virus expression vectors (e.g., cauliflower mosaic virus, CaMV;
tobacco mosaic virus, TMV) or transformed with recombinant plasmid expression
vectors (e.g., Ti plasmid) containing erythropoietin-related molecule coding sequences;
or mammalian cell systems, including human cell systems, e.g., HT'1080, COS, CHO,
BHK, 293, 3T3, harboring recombinant expression constructs containing promoters
detived from the genome of mammalian cells, e.g., metallothionein promoter, or from
mammalian viruses, e.g., the adenovirus late promoter; the vaccinia virus 7.5K promoter.

Tn addition, a host cell strain may be chosen that modulates the expression
of the inserted sequences, or modifies and processes the gene product in the specific
fashion desired. Such modifications and processing of protein products may be
important for the function of the protein. As known to those of ordinary skill in the art,
different host cells have specific mechanisms for the post-translational processing and
modification of proteins and gene products. Appropriate cell lines or host systems can
be chosen to ensure the correct modification and processing of the foreign protein
expressed. To this end, eukaryotic host cells that possess the cellular machinery for
proper processing of the primary transcript, glycosylation, and phosphorylation of the
gene product may be used. Such mammalian host cells, inctuding human host cells,
include but are not limited to HT1080, CHO, VERO, BHK, HeLa, COS, MDCK, 293,
373, and WI38.

For long-term, high-yield production of recombinant peptides, stable
expression is preferred. For example, cell lines that stably express the recombinant
tissue protective cytokine-related molecule gene product may be engineered. Rather than
using expression vectors that contain viral origins of replication, host cells can be
transformed with DNA controlied by appropriate expression control elements, e.g.,

promoter, enhancer, sequences, transcription terminators, polyadenylation sites, and the
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like, and a selectable marker, Following the introduction of the foreign DNA,
engineered cells may be allowed to grow for 1-2 days in an enriched media, and then are
switched to a selective media. The selectable marker in the recombinant plasmid confers
resistance to the selection and allows cells to stably integrate the plasmid into their
chromosomes and grow to form foci that in turn can be cloned and expanded into cell
lines. This method may advantageously be used to engineer cell lines that express the
tissue-protective product. Such engineered cell lines may be particularly useful in
screening and evaluation of compounds that affect the endogenous activity of the EPO-

related molecule gene product.
Further Modifications

Additional modifications can be made to the tissue protective peptides.
For example, the peptide may be synthesized with one or more (D)-amino acids. The
choice of including an (L)- or (D)~ amino acid into a peptide of the present invention
depends, in part, upon the desired characteristics of the peptide. For example, the
incorporation of one or more (D)-amino acids can confer increasing stability on the
peptide in vitro or in vivo. The incorporation of one or more (D)-amino acids can also
increase or decrease the binding activity of the peptide as determined, for example, using
the bioassays described herein, or other methods well known in the art.

Replacement of all or part of a sequence of (L)-amino acids by the
respective sequence of entatiomeric (D)-amino acids rendets an optically isomeric
structure in the respective part of the polypeptide chain. Inversion of the sequence of all
or p;rt of a sequence of (L)-amino acids renders retro-analogues of the peptide.

Combination of the enantiomeric (L to D, or D to L) replacement and inversion of the
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sequence renders retro-inverso-analogues of the peptide. It is known to those skilled in

the art that enantiomeric peptides, their retro-analogues, and their retro-inverso-
analogues maintain significant topological relationship to the parent peptide, and
especially high degree of resemblance is often obtained for the parent and its retro-

5 inverso-analogues. This relationship and resemblance can be reflected in biochemical
properties of the peptides, especially high degrees of binding of the respective peptides
and analogs to a receptor protein. The synthesis of the propetrties of retro-inverso
anologues of peptides have been discussed for example in Methods of Organic
Chemistry (Houben-Weyl), Synthesis of Peptides and Peptidomimetics — Workbench

10  Edition Volume E22¢ (Editor-in-chief Goodman M.) 2004 (George Thieme Verlag
Stuttgart, New York), and in references cited therein, all of which are hereby
incorporated by reference herein in their entireties.

Amino acid “modification” refers to the alteration of a naturally occurring
amino acid to produce a non-naturally occurring amino acid. Derivatives of the peptides

15  of the present invention with non-naturally occurring amino acids can be created by
chemical synthesis or by site specific incorporation of unnatural amino acids into
polypeptides during biosynthesis, as described in Christopher J. Noren, Spencer J.
Anthony-Cahill, Michael C. Griffith, Peter G. Schultz, 1989 Science, 244:182-188,
hereby incorporated by reference herein in its entirety.

20 Peptide mimetics that are structurally similar to therapeutically useful
peptides may be used to produce an equivalent therapeutic or prophylactic effect.
Generally, peptidomimetics are structurally similar to a paradigm polypeptide (i.e., a
polypeptide that has a biochemical property or pharmacological activity), but have one or
more peptide linkages optionally replaced by a linkage selected from the group

25  consisting of: --CH;—NH--, --CH;S-~-, --CHy~—CHj--, --CH=CH—(cis and trans), --
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COCHz--, --CH{OH)CHz~-, and ~CH,80--, by methods known in the art and further
described in the following references: Spatola, A.F. in “Chemistry and Biochemistry of
Amino Acids, Peptides, and Proteins,” B. Weinstein, eds., Marcel Dekker, New York, p
267 (1983); Spatola, A.F., Vega Data (March 1983), Vol. 1. Issue 3, “Peptide Backbone

5  Modifications” (general review); Morely, J.S., Trends Pharma Sci (1980) pp. 463-468
(general review); Hudson, D. et al., (1979) Int J Pept Prot Re 14: 177-185 (--CH,—NH--,
--CHy~CH;~-); Spatola, A.F. et al., (1986) Life Sci 38:1243-1249 (--CH,—S); Hann, M.
M., (1982) J Chem Soc Perkin Trans I 307-314 (--CH=CH--, cis and trans); Almquist, R.
G. et al., (1980) J Med Chem 23: 1392 (--COCH_--); Jennings-White, C et al., (1982)

10 Tetrahedron Lett 23:2533 (--COCHa,--); Szelke, M et al., European Appin. EP 45665
(1982) CA: 97: 39405 (1982) (--CH(OH)CH,--); Holladay, M. W. et al., (1983)
Tetrahedron Lett 24:4401-4404 (-~-C(OH)CH,--); and Hruby, V.J., (1982) Life Sci
31:189-199 (--CHy—S--); each of which is incorporated berein by reference.

In another embodiment, a particularly preferred non-peptide linkage is --

15 CH;NH--. Such peptide mimetics may have significant advantages over polypeptide
embodiments, including, for example: more economical production, greater chemical
stability, enhanced pharmacological properties (half-life, absorption, potency, efficacy,
etc.), altered specificity (e.g., a broad-spectrum of biological activities), reduced
antigenicity, and others.

20 A variety of designs for peptide mimetics are possible. For example,
cyclic peptides, in which the necessary conformation is stabilized by non-peptides, are
specifically contemplated, U.S. Patent No. 5,192,746 to Lobl, et al., U.S. Patent No.
5,576,423 to Aversa, et al., U.S. Patent No. 5,051,448 to Shashoua, and U.S. Patent No.
5,559,103 to Gaeta, et al., all hereby incorporated by reference, describe multiple

25  methods for creating such compounds, Synthesis of nonpeptide compounds that mimic
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peptide sequences is also known in the art. Eldred et al., J. Med. Chem. 37:3882 (1994),

hereby incorporated by reference herein in its entirety) describe non-peptide antagonists
that mimic the peptide sequence. 'Likewise, Ku et al., J. Med. Chem 38:9 (1995) (hereby
incorporated by reference herein in its entirety )further elucidates the synthesis of a series
5  of such compounds.
Further modifications following synthesis may be implemented. For
example, the tissue protective peptides may be further chemically modified, i.e.
carbamylated, acetylated, succinylated, etc., in accordance with U.S. Patent Application
No. 10/188,905, which published as 20030072737-A1 on April 17, 2003 and discloses
10 chemically modified EPO, and in accordance with U.S. Patent Application
No0.10/612,665, filed July 1,l2003, and U.8S. Patent Application No. 09/753,132, filed
December 29, 2000, which are incorporated by reference herein in their entirety.
Additionally, the tissue protective peptides may consist of recombinant
tissue protective peptides -- muteins. The disclosed mutations may include substitutions,
15  deletions, including internal deletions, additions, including additions yielding fusion
proteins, or conservative substitutions of amino acid residues within and/or adjacent to
the amino acid sequence, but that result in a "silent" change, and non-conservative amino
acid changes and larger insertions and deletions, as previously disclosed in
PCT/US03/20964 entitled Recombinant Tissue Protective Cytokines and Encoding
20  Nucleic Acids Thereof for Protection, Restoration, and Enhancement of Responsive
Cells, Tissues, and Organs (which is incorporated by reference herein in its entirety)
Either conservative or non-conservative amino acid substitutions can be
made at one or more amino acid residues. Both conservative and non-conservative
substitutions can be made. Conservative replacements are those that take place within a

25  family of amino acids that are related in their side chains. Geunetically encoded amino

- 46 -



Primary Secondary Hypogonadi smimobilisation Postnenopausal Age-related
Hyper par at hyr oi di sm Hyperthyroi di sm Cal ci um magnesi um phosphorus and/ or
vi tam n Dwiefoonewepsy Osteonyelitis Avascul ar necr oSiECT/US2006203001
Paget' s di sease

acids can be divided into four families: (1) acidic = aspartate, glutamate; (2) basic =
lysine, arginine, histidine; (3) nonpolar (hydrophobic) = cysteine, alanine, valine,
leucine, isoleucine, proline, phenylalanine, methionine, tryptophan, glycine, tyrosine;
and (4) uncharged polar = asparagine, glutamine, serine, threonine. Non-polar may be

5  subdivided into: strongly hydrophobic = alanine, valine, leucine, isoleucine, methionine,
phenylalanine and moderately hydrophobic = glycine, proline, cysteine, tyrosine,
tryptophan. In alternative fashion, the amino acid repertoire can be grouped as (1) acidic
= agpartate, glutamate; (2) basic = lysine, arginine, histidine, (3) aliphatic = glycine,
alanine, valine, leucine, isoleucine, serine, threonine, with serine and threonine

10 optionally be grouped separately as aliphatic-hydroxyl; (4) aromatic = phenylalanine,
tyrosine, tryptophan; (5) amide = agparagine, glmtamine; and (6) sulfur -containing =
cysteine and methionine. (See, for example, Biochemistry, 4th ed., Ed. by L. Stryer, WH
Freeman and Co., 1995, which is incorporated by reference herein in its entirety).

Alternatively, mutations can be introduced randomly along all or part of

15 the coding sequence of a tissue protective peptide, such as by saturation mutagenesis,
and the resultant mutants can be screened for biological activity to identify mutants that
retain activity. Following mutagenesis, the encoded peptide can be expressed
recombinantly and the activity of the recombinant tissue protective peptide can be
determined.

20 In another embodiment, the tissue protective peptide may be further
modified through the additions of polymers (such as polyethylene glycol), sugars, or
additional proteins (such as a fusion construct) in an effort to extend the half-life of the
tissue protective peptide or enhance the peptide’s tissue protective effects. Examples of
such modifications are disclosed within WO/04022577 A3 and W0/05025606 A1, which

25  are incorporated herein by reference.
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5.2 ASSAYS FOR TESTING TISSUE PROTECTIVE PEPTIDES

5.2.1 Biological Screens or Assays

Tissue protective peptides in accordance with the present invention may
be tested for tissue protective activity, e.g., protecting cells, tissues or organs. Protective
5  activities may be further tested using in vifro 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 receptor complex, e.g. tissue protective cytokiﬁe receptor complex,
activity, e.g., nucleolin, neuroglobin, cytoglobin, or frataxin. Neuroglobin, for example,
10 may be involved in facilitating the transport or the short-term storage of oxygen.
Therefore, oxygen fransport or storage assays may be used as an assay to identify or
screen for compounds which modulate tissue profective 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
15  etal 2001, PNAS 98:15306-15311; Schmid et al., 2003, J. Biol. Chem. 276:1932-1935,
each of which is incorporated by reference herein in its entirety). Cytoglobin may play a
similar role in protection, but is expressed in a variety of tissues at varying levels (Pesce
et al., 2002, EMBO 3:1146-1151, which is incorporated by reference herein in its
entirety). In one embodiment of the invention, the levels of an upregulated proteinin a
20 cell may be measured before and after contacting the tissue protective peptide to a cell.
In certain embodiments, the presence of an upregulated protein associated with tissue
protective activity in a cell, may be used to confirm the tissue protective activities of a

peptide.
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Nucleolin may protect cells from damage. It plays numerous roles in cells
including modulation of transcription processes, sequence specific RNA-binding protein,
cytokinesis, nucleogensis, signal transduction, apoptosis induced by T-cells, chromatin
remodelling, or replication. It can also function as a cell surface receptor DNA/RNA
helicase, DNA-dependent ATPase, protein shuttle, transcription factor component, or
transcriptional repressor (Srivastava and Pollard, 1999, FASEB J., 13:1911-1922; and
Ginisty et al., 1999, J. Cell Sci., 112:761-772, each of which is incorporated by reference
herein in its entirety).

Frataxin is a protein involved with mitochondrial iron metabolism and has
previously been shown to be strongly up-regulated by EPO both in vivo and in vitro
(Sturm et al. (2005) Eur J Clin Invest 35: 711, which is incorporated by reference herein in

its entirety)

Expression of an upregulated protein may be detected by detecting
mRNA levels corresponding to the protein in a cell. The mRNA can be hybridized to a
probe that specifically binds a nucleic acid encoding the upregulated protein.
Hybridization may consist of, for example, Northern blot, Southern blot, array
hybridization, affinity chromatography, or in situ hybridization.

Tissue protective activity of the polypeptide of the invention can also be
detected using in vitro neuroprotection assays. For éxample, primary neuronal cultures
may be prepared from new born rat hippocampi by trypsinization, and cultured as by any
method known in the art and/or described herein e.g. in MEM-II growth medivm
(Invitrogen), 20 mM D-glucose, 2 mM L-glutamine, 10% Nu-serum (bovine; Becton
Dickinson, Frankiin Lakes, NJ), 2% B27 supplement (Invitrogen), 26.2 mM NaHCQs,
100 U/ml penicillin, and 1 mg/ml streptavidin (see, e.g., Leist et al., 2004, Science

305:239-242, hereby incorporated by reference in its entirety). One day after seeding, 1
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with increasing doses of EPO or CEPO (3-3000 pM) for 24 h. On day 14, the medium is
removed and the cultures challenged with 300 pM NMDA. in PBS at RT. Afier 5 min,
pre-conditioned medium is returned to the cultures which are then returned to the
5  incubator for 24 h. The cells are fixed in paraformaldehyde, stained by Hoechst 33342
(Molecular Probes, Eugene, OR) and condensed apoptotic nuclei may be counted. NGF
(50 ng/ml) and MK801 (1 pM) are included as positive controls.
Animal model systems can be used to demonstrate the tissue protective
activity of a compound or to demonstrate the safety and efficacy of the compounds

10 identified by the screening methods of the invention described above. The compounds
identified in the assays can then be tested for biological activity using animal models for
a type of tissue damage, disease, condition, or syndrome of interest. These include
animals engineered to contain the tissue protective receptor complex coupled to a
functional readout system, such as a transgenic mouse.

15 Animal models that can be used to test the efficacy of the cell or tissue
protective activity of an identified compound include, for example, protection against the
onset of acute experimental allergic encephalomyelitis (EAE; see, Example 12) in Lewis
rats, restoration or protection from diminished cognitive function in mice after receiving
brain trauma, cerebral ischemia ("stroke"; Examplle 5) or seizures stimulated by

20  excitotoxins (Brines et al., 2000, PNAS, 97:10295-10672, which is incorporated by
reference herein in its entirety), protection from induced retinal ischemia (Rosenbaum e¢
al.,1997, Vis, Res. 37:3443-51 which is incorporated by reference herein in its entirety),
protection from injury to the sciatic nerve (see, Example 2), and protection from
ischemia-reperfusion injury to the heart (in vitro cardiomyocyte studies and irn vivo

25  ischemia-reperfusion injury, see, e.g., Calvillo et al., 2003, PNAS 100:4802-4806 and

- 50 -



| schem a WO 2007/ 019545PCT/ US2006/ 031061 Cel |, tissue or organ
Dysfunction or pathol ogy Condition or disease Type CNS Chronic fatigue
syndr one, wacsveo@sd chroni ¢ hypoosnol ar and hyper osnol arrcayusto@nssos1 Al DS
Denentia, Electrocution

Fiordaliso et al., 2005, PNAS 102:2046-2051, each of which is hereby incorporated by
reference in its entirety). Such assays are described in further detail in Grasso et al.
(2004) Med Sci Monit 10: BR1-3 or PCT publication no. W002/053580, each of which
is incorporated by reference herein in its entirety. The in vivo methods described therein
5 are directed towards administration of EPO, however, tissue protective proteins
administered in place of EPO have been identified to also exhibit similar biologic
activity, e.g., Leist et al. (2004) Science 305: 239-242, which is incorporated by
reference herein in its entirety. Peptides may be substituted for testing as well. Other
assays for determining tissue protective activity of a peptide are well known to those of

10 skill in the art.

5.2.2 Cell Binding Assays

Alternatively, cell binding assays can be for evaluation of the
polypeptides of the invention. For example, the tissue protective peptide of interest can
be bound to a biological marker such as a fluorescent or radiolabled marker for ease of

15  detection and tested for binding to transfected BaF3 cells expressing EPOR and/or B
receptor. In a 96 well plate, eight 1:2 serial dilutions of the tissue protective peptide of
interest in growth medium (RPMI 1640, 10% fetal bovine serum, ! mM sodium
pyruvate, 2 mM L-glutamine) are plated, such that the final volume in each well is about
100 pl. The BaF3 parental line and BaF3 cells transfected with EPOR and/or . receptor

20 can be washed three times in growth media (see above), pellets resuspended in growth
medium, and cells counted and diluted in growth media to 5,000 cells/100 pl. 100 ul of
diluted cells are then added to each peptide dilution. The assay plate is then incubated in
a 37° C incubator for three to four days. The plate/cells are then washed and the plate is

read on a fluorescent plate reader or by other suitable method to detect the level of
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biomarker associated with the biological activity of the tissue protective peptide of
interest.
Similarly, a competitive assay can be utilized to determine if a tissue
protective peptide is tissue protective. In the competitive assay, a compound known to
5  be tissue protective including, but not limited to, tissue protective cytokines such as those
disclosed in U.S. Patent Application Nos. 10/188,905 and 10/185,841 (each of which is
incorporated by reference herein in its entirety), can be attached to a suitable bio marker.
In a 96 well plate eight 1:2 serial dilutions of a known tissue protective

compound/biomarker in suitable growth medium, and the same dilution seties of the

10  known tissue protective compound/biomarker and an excess of the tissue protective
peptide of interest are plated. The final volume of each dilution should be about 100 pl.
Once again, the BaF3 cells are seeded into the plates as disclosed supra and allowed to
incubate. After an appropriate amount of time, the cells are washed and the plate is read
on a fluorescent plate reader or by any other suitable method known in the art to detect

15  the biomatker. If the readout of the plates and/or wells containing the known tissue
protective compound/biomarker and tissue protective pepﬁde of interest is less than the
readout of the plates containing only the known tissue protective compound/biomarker

then the tissue protective peptide of interest is tissue protective.

5.2.3 Cytokine and Cell Proliferation/Differentiation Activity

20 Many protein factors discovered to date, including all known cytokines,
have exhibited activity in one or more factor-dependent cell proliferation assays, and
hence these assays serve as a convenient confirmation of cytokine activity. The activity
of a tissue protective peptide can be evidenced by any one of a number of routine factor

dependent cell proliferation assays for cell lines including, without limitation, 32D, DA2,
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HT2, CTLL2, TF-1, Mo7e and CMK. These cells are cultured in the presence or
absence of a tissue protective peptide, and cell proliferation is detected by, for example,
measuring incorporation of tritiated thymidine or by colorimetric assay based on the

5  metabolic breakdown of 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium bromide
(MTT) (Mosman, 1983, J. Immunol. Meth. 65:55-63, which is incorporated by reference

herein in its entirety).

5.2.4 Other assays

If a tissue protective peptide exhibits a tissue protective activity, one of
10 ordinary skill in the art would recognize that it would be beneficial to verify the result
using one of the neuroprotective and tissue protective assays known to those skilled in
the art, such as, but not limited to, P-19 and PC-12 cell assays. Additionally, various in
vivo models such as animal models related to spinal cord injury, ischemic stroke,
peripheral nerve damage, heart, eyes, kidneys, etc. would be helpful in further
15 characterizing the tissue protective peptide. Suitable iz vitro and in vivo assays are
disclosed in U.S. Patent Application Nos. 10/188,905 and 10/185,841, each of which is

incorporated by reference herein in its entirety.

5.3 THERAPEUTIC USE

20 One of ordinary skill in the art would recognize that the tissue protective
peptides of the current invention are useful as therapeutics for treatment or prevention of
various diseases, disorders, and conditions. One skilled in the art would also recognize

that such peptides can be used to achieve modulation of a tissue protective receptor
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i nfections, injury, contrast-induced, chenotherapy-induced, cycl osporine,
CPB-i nduced, or preventive Radiation injury Henoch

complex, e.g., tissue protective cytokine complex. Both in vitro and in vivo techniques

that can be used for assessing the therapeutic indications of, for example, the compounds
identified by the inventive assays disclosed above are disclosed in PCT Application No.
PCT/US01/49479, U.S. Patent Application Nos, 10/188,905 and 10/185,841,

5  incorporated herein by reference.

The aforementioned tissue protective peptides of the invention may be
useful generally for the prevention, therapeutic treatment, or prophylactic treatment of
human diseases or disorders of the ceniral nervous system or peripheral nervous system
which have primarily neurological or psychiatric symptoms, ophthalmic diseases,

10  cardiovascular diseases, cardiopulmonary diseases, respiratory diseases, kidney, urinary
and reproductive diseases, bone diseases, skin diseases, connective tissue 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,

15  subarachnoid hemorrhage), spinal cord (ischemia, blunt force trauma), peripheral nerves
(sciatic nerve injury, diabetic neuropathy, carpal tunnel syndrome), retinal (macular
edema, diabetic retinopathy, glaucoma), and heart (myocardial infarct, chronic heart
failure). In particular, such diseases, disorders, and conditions include hypoxic
conditions, which adversely affect responsive tissues, such as excitable tissues in the

20  central nervous system tissue, peripheral nervous system tissue, or cardiac tissue or
retinal tissue such as, for example, brain, heart, or retina/eye. Therefore, the tissue
protective peptides of the invention can be used to treat or prevent damage to responsive
tissue resulting from hypoxic conditions in a variety of conditions and circumstances.
Non-limiting examples of such conditions and circumstances are provided in the table

25  herein below.
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The tissue protective polypeptides are also of interest in the modulation of
stem cell activity. It has been established that cytokines exhibiting tissue protective
activity, e.g. EPO, are able to mobilize stem cells, stimulating the migration to regions of
injury and aiding the repair process, e.g. in a regenerative role. For example, in

5  experimental stroke, EPO mediates the migration of neuroblasts into a region of ischemic
injury to regenerate neurons during the period of recovery (Tsai et al, J. Neurosci (2006)
26:1269-74, incorporated herein by reference in its entirety). As another example, EPO
and CEPO mobilize endothelial progenitor cells from the bone marrow into the
circulation. These cells then home to distance regions and are involved in the formation

10  of new blood vessels (for effect of EPO, see, Bahlmann et al, 2003, Kidney Int.
64:1648-1652, incorporated by reference herein in its entirety). While not wishing to be
bound to any particular theory, the isolated polypeptides disclosed herein are believed to
have a similar effect on the migration of stem cells.

In the example of the protection of neuronal tissue pathologies treatable

15 and preventable using tissue protective peptides 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 tissue protective peptides of the
present invention. Generally referred to as hypoxia and/or ischemia, these conditions

20 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 disiress syndrome, hypotensive shock, septic shock, anaphylactic shock,
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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 tissue protective peptides of the

present invention identified using the inventive assay could be administered alone or as

5  part of a composition to prevent injury or tissue damage resulting from risk of injury or
tissue damage prior to, during, or subsequent to a surgical procedure or a medical
procedure. For example, surgical procedures may include tumor resection or aneurysm
repair and medical procedures may include labor or delivery. Other pathologies caunsed
by or resulting from hypoglycemia which are treatable using tissue protective peptides of

10  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

15 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 neurconal loss.

20 The specific tissue protective peptides 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. The tissue protective
peptides are also contemplated for the treatment and prevention of inflammatory
conditions in one or more organs or tissues including, but not limited to, the brain, spinal

25  cord, connective tissue, heart, lung, kidney and urinary tract, pancreas, eyes and prostate.
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Non-limiting examples of such trauma include tendonitis, angitis, chronic bronchitis,
pancreatitis, osteomyelitis, rheumatoid arthritis, glomerulonephritis, optic neuritis,
temporal arteritis, encephalitis, meningitis, transverse myelitis, dermatomyositis,
polymyositis, necrotizing fascilitis, hepatitis, and necrotizing enterocolitis. Further the
5  tissue protective cytokines may used to treat or prevent inflammation resulting from
ischemic and non-ischemic conditions including, but not limited to, allergies, rheumatic
diseases, sports related inuries, infections including viral, fungal, and bacterial. The
inflamination may be acute or chronic. Further applications in the field of inflammation
are noted within PCT/US2004/031789 filed September 29, 2004 and published as WO

10 2005/032467, hereby incorporated by reference in its entirety.

The specific tissue protective peptides of the present invention may be
used to treat central nervous and peripheral nervous system diseases resulting from
demyelination or impairment of the mylin sheath. These diseases are defined as mainly
involving inflammatory myelin sheath lesions of unknown origin, with the exception of

15 myelination deficiency diseases, such as leukodystrophy, and diseases due to obvious
causes. Multiple sclerosis (MS) is a typical disease among demyelinating diseases, and
pathologically, it is characterized by changes, mainly, inflammatory demyelination, and
gliosis. Since its etiology is unknown, its diagnosis is made based on its clinical features,
i.e., spatial multiplicity and multiplicity over time of central nervous system lesions.

20  Furthermore, acute disseminated encephalomyelitis (ADEM), inflammatory diffuse
sclerosis, acute and subacute necrotizing hemorrhagic encephalomyelitis, and transverse
myelitis ate included in demyelinating diseases. Also, peripheral nervous tissues rely
upon Schwann’s cells to maintain the myelin sheath, if these cells are tmpaired,

peripheral demyelinating disease is caused.
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10

15

20

25

The tissue protective peptides of the present invention may be used to
treat or prevent conditions of, and damage to the heart including any chronic or acute
pathological event involving the heart and/or associated tissue (e.g., the pericardium,
aorta and other associated blood vessels), including ischemia-reperfusion injury;
congestive heart failure; cardiac arrest; myocardial infarction; atherosclerosis, mitral
valve leakage, atrial flutter, cardiotoxicity caused by compounds such as drugs (e.g.,
doxorubicin, herceptin, thioridazine and cisapride); cardiac damage due to parasitic
infection (bacteria, fungi, rickettsiae, and viruses, e.g., syphilis, chronic Trypanosoma
cruzi infection); fulminant cardiac amyloidosis; heart surgery; heart transplantation;
angioplasty, laparoscopic surgery, traumatic cardiac injury (e.g., penetrating or blunt
cardiac injury, and aortic valve rupture), surgical repair of a thoracic aortic aneurysm; a
suprarenal aortic aneurysm; cardiogenic shock due to myocardial infarction or cardiac
failure; neurogenic shock and anaphylaxis. The tissue protective peptides of the current
invention may also be used to treat those individuals at risk for heart disease such as
cardiac failure (i.e., where the heart is not able to pump blood at a rate required by the
metabolizing tissues, or when the heart can do so only with an elevated filling pressure).
Such at risk patients would include patients having or being at risk of having cardiac
infarction, coronary artery disease, myocarditis, chemotherapy, cardiomyopathy,
hypertension, valvular heart diseases (most often mitral insufficiency and aortic stenosis)
and toxin-induced cardiomyopathy (e.g. ethanol, cocaine, etc.) and the like.

The tissue protective peptides of the present invention may be used to
treat or prevent conditions of, and damage to, the eyes, e.g., retinal tissue. Such
disorders include, but are not limited to retinal ischemia, macular degeneration, retinal
detachment, retinitis pigmentosa, arteriosclerotic retinopathy, hypertensive retinopathy,

retinal artery blockage, retinal vein blockage, hypotension, and diabetic retinopathy.
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di seases, disorders or conditions are nerely illustrative of the range of
benefits provided by the tissue protective peptides of the present

i nvention. Accor di ndhynothts gnbodimaent; the tiysureeprateriivepeaptidecs the presentat i ve, 5

t herapeutic, or prophylactic treatnment of the consequences of mechani cal

trauma or im‘rentibﬂ and peihcplas ebihe Rivevidoh hray beruséd@rpppent betrent iguoneydltag i c
treatnent for di seases, disorders or conditions of the CNS and/or

peri pher alﬁ:diﬁi‘é@éiﬁm%éﬁfa m@{eﬁpéﬁgﬂ%ﬁﬁﬁhatﬁﬂm}ﬂ BNBRIF L sué pRAREQET I C Or
prophylactic treatnent di'seases, disorders or "conditions which have a

psychi at ri %8&?%2%{3@ ﬁo%egmﬁ{ géé%{?ﬁé ?Bfﬁ&s&ﬂi\%&ﬁ@%ﬂ &eu%toﬁindi hg but

prophylac seases I'SOraers I Ons 1 nc

T B oRE o BB B G, FRE GURRS e B0 P,
netabollc conponent is prOV|ded
result of chemotherapeutic agents of radiation exposure; neurolathyrism; Guam disease;
amyotrophic lateral sclerosis; and Parkinson’s disease.
As mentioned above, the present invention is also directed to tissue

protective peptides of the present invention for use in enhancing tissue function in

10 responsive cells,. tisses and organs in a mammal by peripheral administration of a tissue
protective cytokine as described above. Various diseases and conditions are amenable o
treatment using this method. For example this method is useful for enhancing function
in excitable tissues resulting in an increase in cognitive function even in the absence of
any condition or disease. Further, the tissue protective cytokines are useful for

15  improving the quality of wound healing, reducing the time required to heal, improving
the quality of the healed tissues and reducing the incidence of adhesions resulting from
the wound. See PCT/US2004/031789 filed September 29, 2004 and published as WO
2005/032467, hereby incorporated by reference in its entirety. These uses of the present
invention are describe in further detail below and include enhancement of learning and

20  training in both human and non-human mammals.

Conditions and diseases treatable or preventable using tissue protective

peptides of the present invention directed to the central nervous system include but are
not limited to mood disorders, anxiety disorders, depression, autism, attention deficit

hyperactivity disorder, and cognitive dysfunction. These conditions benefit from

25  enhancement of neuronal function. Other disorders treatable in accordance with the
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I n one enbodi nent, such a pharnmaceutical conposition conprising a tissue
protective peptide can be adm nistered systemcally to protect or enhance
the 10 t agpebograbiss, tissue or organ. Such adm ni strati egrEgede®31061
parenterally, via inhalation, or transnucosally, e.g., orally, nasally,
rectally, intravaginally, sublingually oa}ul arly, subrrucloszill |y or d

t r ansder nigpehinesmidicprasany invaptiomingtuds slegp diSEuntionAor example.slesp apgea,an
intravenous or intraperitoneal injection, and also including, but is not
linited twavelndlatad disowlerss bybararhneidasd @neurismab blegds hyraetergive &st,m aneous
adm ni stration. 15For other routes of adm nistration, such as by use of a
per f usat econcjstetitjuy,iseptic shockrapaphylaticahbek, ahdsafueladof markdusat i on, a
pharmaceutical conposition will be provided which results in simlar |evels

of a ti _Sséiﬁzeg{é?ittﬁ% ANEmBEREIHASS, &t SBBPld, BSthcahRMEssué\distaselielafedabout 15 pM
-30 nMis preferred. The pharmaceutical conpositions of the invention may

conprise . 4 i call f I : @g@&ﬂﬂ% and a

phar naszeu%r%ba td%?élgchgag%lﬁ e (%i%%u{sgs‘.r:ﬁkl;ﬁﬁe g@%@%?ﬁfc&g? od| mantrf1 the term
"phar maceut.i cal | y accept abl e". nmeans approye a requl at o agency,of the
Fodor al POBCIEVEAGEORK e 8 A PeRad Srof g petedoih sP I AREO G her
general ly recogni zed foreign pharmacopeia for use in aninmals, and nore

part i cul aBrgmidisepseramyotorhie igylselerosis Parkinsor sdisegse; PEFtPRREARYE 25 adj uvant ,
excipient, or vehicle with which the therapeutic is adm nistered. Such

phar naceutreatakentciar eibolic arinchemis ingury] wholedwriid $rradiation; sisklsadellpaisispand i ons i n
wat er and oils, including those of petroleum animl, vegetable or

synt heti cedMihfif), such as peanut oil, soybean oil, mneral oil, sesane oil
and the like. A saline solution is a preferred carrier when the

phar mpgeut i cal Conpﬁsfhfth&ggrbt?p@ﬂﬂnﬂitﬁah@'h%&abl@%ﬁ&@ﬂﬂdﬁie){mhé%isbﬁ@ sol uti ons
5 and aqueous dextrose and gl'ycerol solutions can also be enpl oyed as
liquid capriet. i rl iy e QNS i.L:abl e .

phar mace Pioka Ve sy 6t e v o R AR By UL GE o cther

gel atin, |'t,.rice, floyr, chalk, siljica gel, sodiun.stearate,.glycerol
monost ear afigreditagy or a 'eﬁﬂﬁa > Syicheare ?@&%%’?ﬁ’?ﬁ%&ﬁ?";}%%ﬁmﬁ?ﬁé& ene
glycol, water, ethanol and the |ike. The conposition, if_ desired, gan also
cont ai n nhidfiedity nevanat 5wy apd deathg Fer cxamnleiloigh djserse ubaculs nerPiiRg er i ng
agents. These conpositions can take the form of solutions, suspensions,
emul si on, escebhaogathyiis tlsaractegized by progrossiiardsuad lss andentepkdlepatley,idve il at i ons
and the |like. The conposition can be fornmulated as a suppository, wth

t radi 15 onadurbhd) desSod) whdaaydpattys I8 Wldde @aseb ) defdcyioe mitbehondifad netrotismds  of
the invention can be fornulated as neutral or salt fornms. Pharmaceutically

accept abl g% &ﬁjpﬁyseﬂd&%hw%% 4RSS SubSEABGHIINhE HRALBIAM Of Bk GHtBR dUshAas
t hose derived from hydrochl oric, phosphoric, acetic, oxalic, tartaric

act ds, ! fiseue BfledNRIEER JRthiMEd il ABnGRIN ENari B U RSRUGRIAR 1SS,

derived from rum -p ss1 um amofti um cal cium “ferric hydroxi des,

i sopropyl am ne,. trjethylam ne, 2-ethylamn hanol. i,stidi procai ne,
etor Beanistentipned oty BbaRt snan Bory el fralf SRR Bhie) 085 P %0
"Rem ngton's Pharmaceutical Sciences” by EEW Mrtin, hereby incorporated
by ref er efédtahlertispyesiipelpde; batare pat Wt%%h CRIBFA BEIVPIOHS SRR P?%ed?ﬁlﬂlgf%
therapeutically effective amount of the conpound, preferably in purified

f or m 2@ ogativeus syistem tissue,iand iieert tisamenn additen ta the conditiens despnikediabeve.he form
for proper adm nistration to the patient. The formnulation should suit the
node of agh¥itiked FrotecBVe peptides of the present ifresntioh atd wseful fiwtheitreatreaiofig
transnucosal adsorption of peptides such as |ong acting tissue protective

pepti des §ia1a8bA PofsOhg TRALCE I hARxEd drffindl@\ERHAIRR, severe asthma,

adult respiratory distress syndrome, and choking and near drowning. Further conditions

which create hypoxic conditions or by other means induce responsive tissue, such as
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Phar maceuti cal conpositions adapted for oral adm nistration may be provided

as capsules or tablets; as powders or granules; as solutions, syrups or

suspensi oge 206M1ds48queous or non-aqueous |iquids); as edichlws2b@antosdr

whi ps; or as enul sions. Tablets or hard gel ati ne capsul es may conpri se

| act ose, starch or derivatives thereof, nmagnesium stearate, sodium

sacchar i nexcitablelishiesiamaga davdsde ippoglybaniat that rayeeocuc indicappropriate losing ber eof .

Soft gel ati ne capsul es may conpri se vegetable oils, waxes, fats,

sem - sol i ghouR, ok infithi ifsulRLMOESCIRS eophRindi(iBinabie). SYr ups nmay conprise water,

pol yol s and sugars. 10An ‘active agént intended for oral adm nistration may

be coated with or agqi. 1 y3et : | Sii J and/ or
%m&%&rﬁyﬁﬂﬁg Higsg}sdtei'sj\ﬁﬁmﬂ %%ead'e%f ed td :o‘f'i fen%.{é- ﬁ?&n

absorption of the active age rol ntestina rac . g

gl yceryl nonosiearate or glyceryl di.stearate be used)., Thus, .the

sust ai nede’F“éﬁaE]tﬁg’éS‘i:?f %gsg{%/@%até)é%mmgr%;%gr%{%g\pggg%q;gf BEPSMur s and,

if necessary, the_active agent can be protected, from bei ng degraded wthin
the 15 st #wastion. ihipnisdiserdesnin whigh sewrondflanage igingelv ﬁlilqgfow%m on may be
fornulated to facilitate release of an active agent at a particular

gast r oi nt &satinent orlprewntabie biuthe presspidoidrition jt-provided igcleds diserdendirelpidng .

Phar maceutical conpositions adapted for transdernmal adm nistration may be

provi ded @sthdicafirdhervhnd SRt ht/enstebhtal fidvaugdsysten intfudhigageaalardtiossi t h
the epiderms 20 of the recipient for a prolonged period of |ine.

Phar maceupi alnithR TRt ohi 88 SeRBARhashE Whrd AP k&G Hhre WUT S tAI12RdiRR §RY be

provi ded as ntnments, creans, suspensions, |otions, powders, solutions,

pastes, gels r ) I 0l r ' J LU i-on to the
Gl . rouircessy BRYSoy RERARS, Sl nfuahllosd ARNGRUPACRIEIANIE] 2 1S
pr ef er abl sed. VWien fornul ated i n Qiptnment, the acfive ingredi ent may
be enb&oyéﬁﬂwﬁ? Fpl%rpglwg%{o%s P%{FMFQFQ% 1s§a§ﬁa{:gpl?rﬁ} @‘t‘f HPESIY ment base.
Al ternatively, the active ingredient may be W =

2007/ 0195 sgranclsppaey, $Brosdisease.hava ‘@aﬁgﬁ GPIRPIEARIHANAIBRSEN SEh 85i n- wat er
base or a water-in-oil base. Pharnmaceutical conpositions adapted for

t opi cal aepdngifotm abdephalbpathies, ey eCrautdfeldeJakpb dikeesss Huntingthe'salissesgposi ti ons,
the active ingredient can be dissolved or suspended in a suitable carrier,
e.g., in afyoriedusoplyy, FesitiriclPh atarhicaidiotielatziuspaswill anGilkdaplied f or
topical 5 admnistration in the nmouth include | ozenges, pastilles and

mout hwas hggyretie’s syndrome AR AR defduck S5BAREY APclRoMR s8iduleisaqal and
pul nonary adm ni s?rrrlatl oh nmay conprise solid cdrriers such as powders

(prefegabl ayi | Gl [.Z8 1t : - e O 500: 11 .
bovder s oAt be balRebeRRL b bl DR el Wb B b R SERRRL,
rapid i nhalation through.the ngse from.a cpntainer of,10 wder hel d cl ose
to the noSEVCH -G &PF@%W?I%%WW Sb‘ﬁ@a 8651?16?1141%\[5%0&5%@?% %ntd?ati on
may conprise liquid carriers, e.g., nasal sprays,or pasal drops.

Al t er nat i neppsychiagicisasders that bat 3¢ peldimijed Wt%{'}%lﬁghfleﬁ‘ﬁgs may be
acconpl i shed by inhal ation deeply or installation through a nouthpiece into
t he or ophachiroeffeTinesdisarderpatténtion meficit fisowlenrdysthyrigidisorsles majon depedssive ons  of
the active ingredient. 15 Conpositions for adm nistration by inhalation may
be suppl i diotder,3metd, abksssiadaphpdisthevdiarder, poichichidtiye stihstancotisd disvrided, t o,
pressuri zed aerosols, nebulizers or insufflators, which can be constructed

SO aspfo @flﬁ\-sigdaﬁmngén §H61IEF, Ik Y 4 28R80S o8l bidPratkbi® difGued] AMditidnal a

preferred enb t, pharmaceutical conpositions of the invention are

admi ni st et ed oL ARt irdARA ot B¥let il @FHdrY iRiudel e cklifiple 8Se Hitéh ke nasal

cavity or

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.
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20 oropharynx. Phar maceuti cal conpositions adapted for rectal
adm ni stration may be provided as suppositories or enenmas. Pharnmaceuti cal
conposi t iwoeemmapised for vagi nal adm nistration may be ppayisiesk/ Bs061
pessari es, tampons, creans, gels, pastes, foans or spray fornulations. WD
2007/ 019545PCT/ US2006/ 031061 Phar maceuti cal conpositions

adapt ed for par ent edefurthgngioug of eonditionsritsatable erquevsatablmesingiissagueous
sterile injectable solutions or suspensions, which nmay contain

ant i oxi daptaectiveipbptides ob thet presensinvestianidcindt kidasy tisedses suvtiers rérad failure,
conpositions substantially isotonic with the blood of an intended

reci pi ent aofgh Bed I8RO MRGUEsupRB/ tohSRMnER bR REE off Aus UEveRAIBRSES | ONS
i ncl ude water, al cohols, polyol's, glycerine and vegetable oils, for

exanpl e. ﬁ?crl%aﬁné %ﬂo&ﬂﬁoﬁgﬁﬁéc‘fﬁp% ﬁfgg&ﬁ%?ﬂé bBlstAdH (?%P?céﬁdggiﬁte% oP®

presented’in 0ose or nu Seé=cont al ners, exa e seal ed anpul es

and vials, and be stored | reeze-dried (| iliz condi tion
requi r? ng SBiETAL Hgfé"%ﬁ%ﬁ%s E)??S &t %Hlaas’{‘%%%b?c{yqa(ﬁ a(fgééf)%hsgy?reﬁ%'gh,eagg bﬁlllse
saline solution for injections, imediately prior fo use. 10 Extenporaneous
i nj ect i onTeastions toimngksiony spwkiag asrest erearythaiiay sygicabirpymniad Kdnee powders,
granul es and tablets. In one enbodi nent, an autoinjector conprising an

i nj ect abl erassplartatioms.oTheradussdiBowodtotd tocthe kisineykereswlfing &opr theiablese: f or
energency use by anbul ances, energency roons, and battlefield situations,
and even teRdifi@hs mapbdueidiload flow tb daszegaiBplonclesels forngtimppefiodCateay | y where
the possibility of traumatic 15 anputation may occur, such as by i nprudent
use of a | ' j j ' red
Foot or t SSSEED Uites el AR BE AT RIALBILS, T dohES LA o 846

[ survive a Yy
I

b
part 40 comiit %éfi%?sf A fﬁéélvt?éﬁmﬁ%"%féﬁ?% _?ﬁ‘%ma *P?&E?éfg?f *&@%.3%% o it
Che" oot geHlg® s asodonl Hom doeate caeRbhpL Aeb i depino sy o

fornmul ated in accordance with routine procedures_as a pharnmaceuti cal
conposi t i erfeetipmatinipry (ePBrindueedi nrdnsigpnimstindiced shewothgirpy-ipdiceds

Typi cal ly, conpositions for intravenous adm nistration are solutions in
steril e i sptlospoting)yaeioimmoné frflammi¥temdegebepssaenythrotosiscetnp odhe tisswenay al so
include a solubilizing agent and a | ocal anesthetic such as |idocaine to
ease pai npadtectiicipeptides of @e dud@nt ivesidnomsisGartas fdphit or bievehtigt efthisnt s are
supplied either separately or WD 2007/ 019545PCT/ US2006/ 031061 m xed

t oget pgr idamugéﬁelgmg@aﬁnéﬁéﬁeécafex%ﬁamhﬁe. as a dry |yophilized powder or
water- free concenhtrate in a hernetically-seal ed contai ner such as an

anpul e or sachette indicalld géﬂ?&@g%@ i%i&%sfa;lgge:ﬂﬁlﬁa'}%%oﬁﬂﬁﬁgﬁgY%fh%a%gh%‘ﬁ% o an

conposition is to be adnm ni'stered I'n an be pense

i nfusion bottle .contai.ning sterile pharnaceuti cal ade wat er or saline.
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20 aqueous solutions such as in aqueous solutions buffered at pH 6 to 8,
and for the resulting conjugate to renmain water soluble for nore effective
bi o- di st rwbunér19s548ypi cal | y, the pol yfunctional nol ecul ecrpvszbenisiosibonds
with an am no or a sulfhydryl functional group. However, polyfunctional

mol ecul es reactive with other functional groups, such as carboxylic acids
or hydr oxQllﬂlrg%léeﬁ%%esaP@V@@m@ﬁdﬁa@wucmrmwFa@gemeaf@mnhﬁ)émhse@ws, VO

2007/ 019545PCT/ US2006/ 031061 The honobi functi onal nol ecul es have at | east
two react idissrdennot dondiiong pHthedCNShnd/or periphitad namvoes sykteen areaohieuplftethct i onal
groups on a honobi functional nol ecul e include, for exanple, aldehyde groups

and acti v@reshtién Gfmlﬂﬂgeuﬂ‘dﬁtbmbﬁf) caRatmdt® faciiicases @sbrdersdr d6RdEBnOr OUps
i ncl ude, for exanple, gl ut ar al dehyde and sub aral dehyde. The use of

glutaral d o |k qﬁﬁa Spl. Skt znansky et al .,
Sci ence 23@&%@3%@%}9@852@&%% Blnd\gfal E%Hgié ﬁﬁn@f %ﬁ{&%}&&ﬁ%\f}? ng at | east

two actkiv r..units inelude esters.of dicarboxyli,c.acid d .

-y Sxy SEERY B Bl for diEags Bicidth of rOREG eI RE R adiied e) g
di succi ni tni dyl suber nd di t.,hi o-bi s-(succini m dyl propionate), and

Chei r sol (B hBYIBE 25 b ari: Cdievascuar cBOmrPEHE EIEAGRY, Baetsas ( hei r
sodi um and potassium salts. These honobifunctional reagents are available
from Pi er #8namRotepfastugtive, ighstrrintestinal, endocrine, hoetabelér evaamast is presiidedo| ecul es
have at | east two different reactive groups. The reactive groups react with
di fferent functi onalln gnoapbodiemegt, sugh ®pleninacsutichlecopgiukitida cangriking amol ecul e.
These two different functional groups that react with the 15 reactive group
on the hetigselYrbtdbrive fRpalle 64r05SadninistiredsyBicnfibaly i Rt BrRAhsHcEWL €. 9.,
the epsilon am no group of lysine; a sulthydryl grdup, e.g., the thiol
group18f exsiigLNEt y /I i ]Pﬁ]?&ii : rtic
acid;, or a %@t??g%ﬂsg“geﬁgﬁggé%gﬁ" t e“ﬁgf}}ér%&‘i’lwg?gg@%ﬁ%@&’%ﬁg.ﬂa@&@%rse,
certain o varnious tissue ot ecti.ve. peptid of, .t he .20 invention, nmay
ot have SPPEiRbE LR ATy PalS Sl nPERe, Shipefebeppdi.
cross-linking a t; however, one of skill,in the art wil|l be anply aware
of the ché‘i‘@'g“??gglgf@s*@n\gﬁ?rm@iuﬁg P&ﬁ%‘ﬁbg’s RdmEstpton fepasieahig% WRoups for
cross-linking in tissue protective peptides of the invention.

Wien a r e#tavorousosipraperitpnpaltinieotion, gnd also irdluding, daitiisqot mited 40.dotwad ent 25
bond with an am no group, the coval ent bond will usually be an am do or

i m do bondrteriA\Gn@@@isdlA SR TaUSR0OMe0RAOAE adtdnistesin, ve group that forns
a coval ent bond with an am no group nay, for exanple, be an activated

carboxyl ate group, &ohathe€anuRanyhdaiMstition! sidh a8 by Ve 8f PpdtfusthReinpiibar r ed
hal ocar bonyl group is a chlorocarbonyl group. The ester groups are

pr ef er abl yub 83 6tda%CorSsth& 101 QRSN S phed:ac&XR AP otapRlion will be

N- hydr oxy-succi ni m de ester group.

provided which results in similar levels of a tissue protective peptide as described above.
A level of about 15 pM —30 nM is preferred.

The pharmaceutical compositions of the invention may comprise a

20  therapeutically effective amount of a compound, and a pharmaceutically acceptable

carrier. In a specific embodiment, the term "pharmaceutically acceptable" means
approved by a regulatory agency of the Federal or a state government or listed in the
U.S. Pharmacopeia or other generally recognized foreign pharmacopeia for use in
animals, and more particularly in humans. The term "carrier" refers to a diluent,

25  adjuvant, excipient, or vehicle with which the therapeutic is administered. Such
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5The other functional group typically is either a thiol group, a group
capabl e of 'being converted into a thiol group, or a group that forns a
coval ent Jpordovdibdasa t hi ol group. The coval ent bond wi | [pcasusabdepaibms: a

thi oetl aer bond or a disulfide. The reactive group that forns a coval ent
bond with a thi ol_ﬂglrou may, for exanple, be a double bond that reacts with
thi ol gr opiFsmaeeus sracancbenterile diquisls, sach essalingsolytionpinivaterandaiilsi ng a
doubl e bond capable of reacting with a thiol group is the nal eimdo group,
al t hough mehding, theseadf paroleamy hainial,vieketablaoe spdtheticpm g, sheh adpeneaaiodil,ve

di sul fide group may, for exanple, be a 2-pyridyldithio group or a 5,

ST-di t hi osdybear it, Bhih&aDEM ZRAnAGi Sid BEMUB. ASRAIRe SNaHPA RS Rbferred carrier
het er obi functi onal reagents containing reactive disulfide bonds include

N- succi ni 3 - } - di.t i Q) - Is n : 978,
B oofhem 1 %ﬁ'ﬁw%};%%ﬁ%&:mﬂg%%éy ds%ﬁﬁﬂh&@%ﬁ%ﬁ&%ﬁb&ﬁﬁ Salfife sBlutiond
S-4-sycci niym dyl oxycar bonyl -al pha- pet hyl benzy] t hi osul fat.e, .and .

7 sucdh i TR R RE A s FieEol SaltoRe e it b grvr 8 e Eiraiers

N-succi ni m gyl 3-{9%-, pyridyl dithio)_pr Ofi gnate is preferred. Some exanpl es
of het er obArticH&EY By dnjestably splusions ntableihappecentical eyeipignts ipelvdagaghdoubl e
bond that reacts with a thiol group include succinimdyl

4- ( N- mal eglncatontecthsg, syarbssh gslatin-thalt aichoflgurackaliy silica@el sodiimi stéarate,

m mal ei m dobenzoat e. O her heterobi functional nol ecul es include
succi ni m glyéerdtthomdsedardtelanicpsodpin ohloside, Shilet GRine &dilk, glydyrol, propylene

4- (p-mal ei m do- phenyl) butyrate, sulfosuccinimdyl 4-(Nmaleimdonethyl -

cycl ohexangdollysidf, REanbPdR (hEBkE! Tﬁ@ﬁ?ﬁ;ﬁ)}fsﬁiﬂn‘, Hl‘d&’ﬁ'éd)&(& HISE COMtAInGRingSt er -

The sodi um sul fonate salt of succi ni m el ei m dobenzoate is WD

2007/{}4195 . f t bgye- '

het er@tl)i fﬁé@%@%ﬁggg%@s hf%@ta%éx:it?,qg@ @%%%[engsa%??tg ;T}ﬁgsea%\; gﬁoa%iﬁgs from

Pi erce Chem cal . ckford, I[lIlinois USA. . The need for the
Ebove: destih R rit SERODH RS, maDansasbAT o t2blsts Pyl PNty

determ ned by the skilled artisan, A conjugate pmay be tested in vitro for 5
desi r abl esustiicdaelspsdosnniations apdithe like. Theconapgsifipitcan betfaimuatgd ana
properties (the properties of the conjugated nol ecule and the properties of
t he ti ssusppestoss twithetrplipponad bjndeistand sairtenbéuchtay tmuglycearldes Bhe caspamudsn vi vo.
I f the conjugated nol ecule requires separation fromthe tissue protective

pepti de fefithadivemidrycandbel falihlilated @n dewmtal o€ ¥4t Rirtdk e Pasmegedidalin avdeptrbleong
acting erythropoietin or the long acting tissue protective cytokine will be

pr ef ersabl @its HdodRehdRFbIhddwRN Hed Ghihd SoliFSsu¥R s Ml dbRvddséRd usi ng
standard in vitro procedures before in vivo testing. Addi ti onal

i nformati %}g@ﬂ?‘fecggg&tpﬂf?% ta@gtz@gg?lgﬂi? %ﬂé‘%ﬁ? abfi§S8c 2 O(ﬁﬁbée R¥m24 Oh free.

pol yfunctio nt's neEy romthe OW ng publ 1 cations or
others avaijlable in the art: Carlsson, .J. et al., 1978 .Biochem J.
173:723- 7%*‘?1,’075@5&1??{5’8?? S‘b"%/i‘.s ﬂ[é?seiglfl’f’edl o sogiim, £GES RMERIRE B PRI, 07 204,

Joe, R e% al.,. 1978, .Biochem 17: 5399-5405; Sun, T.T. et _al., 1974,
Bi ochem £&iohyshoxidosyisopropylamine, triethylamine, 2-ethylamino ethanol, histidine,

procaine, etc. Examples of suitable pharmaceutical carriers are described in

20 "Remington's Pharmaceutical Sciences” by E.W. Martin, hereby incorporated by
reference herein in its entirety. Such compositions will contain a therapeutically
effective amount of the compound, preferably in purified form, together with a suitable

amount of carrier so as to provide the form for proper administration to the patient. The

formulation should suit the mode of administration.
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Blattler, WA. et alL, 1985, Bi ochem 24:1517-152; 20Liu, F.T. et al., 1979,
Bi ochem 18:690-697;: Youle, R J. and Neville, DM Jr., 1980, Proc. Natl.
Acad. Sciwolo®B/195487: 5483-5486; Lerner, R A. et al., 1981/ #2065/03Nat | .
Acad. Sci. U S. A 78:3403-3407; Jung, S.M and Moroi, M, 1983, Biochem

Bi ophys. Acta 761:162; Caulfield, MP. et al., 1984, Biochem 81:7772-7776,
25Staros, J.V., 19s¥ormylaliensfor inereasing transmucosaladnenptive of geptides siich as 1979,
Bur. J. Biochem 101:395-399; Yoslaitake, S. et al., 1982, J. Biochem

92: 1413- 1lomg;actng tissue pratectivepefidastare Alsdcontd@plated by the olrrertiermtion,

254: 3375-3381; Novick, D. et al., 1987, J. Biol. Chem 262:8483-8487; 5

Lomant, APHarnmeitical ¢dagusitionSadapt€d for odal alilinistBitoh mayl #49rie®ds Ramada, H
and Tsuruo, T., 1987, Anal. Biochem 160:483-488; or Hashida, S. et al.,

1954, ). _alicdr B8R GboRaREoP FrankRE/yIBAE S BELERI A PLPOT 3t bY

reference in its entirety. I ona ods o

Cross-4 i nki eyl . ans;,and 10 Feeney, 1990.. Bi oconj.ugate Chem
12717 s e b BB o AR AR tortts SRR cr A ytsiiedy APUBE e o
are cr oss]%?c} lzgr\é{?ghe above-descri bed net hods and conpositions of the present
i nvent i on4tAEFIHES ARRSUISS Y FOmATIE {actspaTAR O S bRLIErthareph mrAgResie

bl ood-eye bather, the blood-testes bather, the blood-ovary barrier, blood-
15 nerve BaaRier sodis serchpiing celbdpse, haghesium sabopdtecteapic s sakiathiesof.

Candi date nol ecul es for transport across an endothelial cell bather

i ncl ude, Boft gelatinptapsulhomap vempriseredpetablaoityivaxds) fain) remi-salid, of Hqyti c
factors, antibiotics, antivirals, or antifungals such as those normally

excl uded jolpalsehe Saldicns and spipemab abmbaseaaef, BRoIs RRRLEAS, _
radi opharnaceuti cals, antisense drugs, anti bodi es and 20antivirals agai nst
bi ol ogj cal | y-acti vesqGeRiSagdif fHtdReq el il RimifRHalit haf 8O Colte AHRRLE -
admixed with a material that delays disintegration and/or absorption of the active agent
in the gastrointestinal tract (e.g., glyceryl monostearate or glyceryl distearate may be
used). Thus, the sustained release of an active agent may be achieved over many hours
and, if necessary, the active agent can be protected from being degraded within the
15  stomach. Pharmaceutical compositions for oral administration may be formulated to
facilitate release of an active agent at a particular gastrointestinal location due to specific
pH or enzymatic conditions.
Pharmaceutical compositions adapted for transdermal administration may
be provided as discrete patches intended to remain in intimate contact with the epidermis
20  ofthe recipient for a prolonged period of time. Pharmaceutical compositions adapted for
topical administration may be provided as ointments, creams, suspensions, lotions,
powders, solutions, pastes, gels, sprays, aerosols or oils. For topical administration to the
skin, mouth, eye or other external tissues a topical ointment or cream is preferably used.

When formulated in an ointment, the active ingredient may be employed with either a

25  paraffinic or a water-miscible ointment base. Alternatively, the active ingredient may be
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Non-limting exanpl es of such nol ecul es include hornones such as growth

hor none, nerve growth factor (NGF), brain-derived neurotrophic factor
(BDNF), owbizasnoipssr ot rophi ¢ factor (CNTF), basic fi browcasiszgrsmatds1f act or
(bFGF), transformng growmh factor P1 (TOPPI), transformng growth factor
In (TGFP2), transformng growh factor 25133 (TGFP3), interleulcin 1,

i nt er| eul rmusted intacreankvith 8) oikindwiier baseon havats-inadihase. Pharmaceutical

2007/ 019545PCT/ US2006/ 031061 ant i bodi es agai nst tunor necrosis factor, and
i mrunosup Bdilﬁﬁ@diﬂ(ﬁls@@@ptéé fauepicaladaiaikoaivolto the sdddhdludnated dropwdyinshase mar ker s
may be attached to the tissue protective peptides of the present invention

in order Eang&sgﬂ:ﬂsibgﬁ gfaﬁJ;é ﬁlgrédh%% E85be AisoWcdR SuspehdintRitBblacarRAd ot her

barriered orga I agnoSti c purposes. As an exanple, a marker used 5 to
visualize plague _wthin ' 89H| ;S§ue protective
peptide i Feor4ar a%‘gogﬁfcg&%ﬁhw pr oga‘gj %@%%&Oggggﬁ’%&é{o?@éﬁéadi sease within
a patient. . .. The present. invention is also.directed to a

conmpos? t | ngﬁﬁeﬁ?ﬁﬁé@f% 1?%?”5@??%&@?)8‘?‘? uthwasies, nscyt osi s acr oss
an endothelial cell tight junction barrier and a tissue protective peptide
as described above. Phmngcewtionl pampositigng ademted foy ngsal apd pelmazathe use of a
conj ugate between a nolecule and a tissue protective peptide cytokine as
descr i bed adhimistration nidyecoprmeisa selid camriers sechpdsgromsies(prefelablydraping a pasticlé or t he
delivery of the nolecule across a barrier as described above.

Vari ous agizg® theRaRleHfa0do 500 Wiérofs)! Poirtlefican BY bopkditertiin theafishner in
transcytosis are provided in PCT/US01/ 49479 (hereby incorporated by

rof er ence eelel B s, ARk IR IRTRER Hidtcte i £LLRbENGNSSS Of the

ti ssue protective pepti e I nvention. For transcytosis, nodel

prot ei s conj,uga to the |on ti.ng.erythr i ety invention are
eval u?a{)]ed PPgPe e?i‘ﬁg]ﬁﬁefiio tFﬁflgset %ﬂ?e%?agvﬁlyf 8%?%%%?‘8{5§§?@§?ggrra‘fa§%dm ni stration.
These testamin in-vitro m)dseliiﬁ d api mal nodels are gretgi ctive of the

ef fi cacy BFUIHEIASOBLRAY: COMPHSE LAY GAHIHE 19 » HASRRTRAYS A 8FBEMOBS nel udi ng
humans. 20The present invention nmay be better understood by reference to
the fol | ovilistnatively) inkalation ofsempivads dippatiytinterthe gy nydepscanplighied by of t he
i nvention. The follow ng exanples are presented in order to nore fully

i |l ustrat ¢gnttabmtioprdeésiy oe thseatlation theotgh axhotthpiecamindmtheamoplifingk. sHssd¢ d i n no
way be construed, however, as limting the broad scope of the invention.

VIO 2007/ 0485645986t e s SFSANBIEn EARB ik GFEIOR:. OF PEPTI DE

15  Compositions for administration by inhalation may be supplied in specially adapted

devices including, but not limited to, pressurized aerosols, nebulizers or insufflators,
which can be constructed so as to provide predetermined dosages of the active
ingredient. In a preferred embodiment, pharmaceutical compositions of the invention are
administered into the nasal cavity directly or into the lungs via the nasal cavity or
20  oropharynx.

Pharmaceutical compositions adapted for rectal administration may be
provided as suppositories or enemas. Pbarmaceutical compositions adapted for vaginal
administration may be provided as pessaries, tampons, creams, gels, pastes, foams or

spray formulations.
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A. Synthesis of Peptide A (SEQ ID NGO 32, corresponding to EPO am no acid
sequence 38-57) and Peptide B (SEQ I D NO 34, correspondi ng to EPO am no
aci d 5 sewoenoB0198:582) . Peptide A, SEQ | D NOrayusansh/Beti de B,
SEQ I D NO 34, fragnents of EPO (see Table 1), were synthesized using "in
situ neutralization'” Boc Chemstry stepw se |'i d- phase pepti de synthesis,
as described in Ban&hagpace F"ar{lg?ﬁl%ﬂ"n’a aM?$?°SP?mn%§l£fi%§yﬁW@§i s of
Cranbin," JAM CHEM SOC. 2004, 126, 1377-1383 (incorporated 10 by

r ef er ence inedideiaquequsiand nemaitaesuy pterilyinistiaple soldions aysuspensiansy whishordi ng to
EPO am no acid sequence 38-57 (peptide C, N TVPDTKVNFYAW CRW EVG, SEQ I D
NO: 29) andofihi@ aatioxidamts,i hffeex) bastadoshis &1 doheed theereller the compositions
QRAVEVWQGLALLSEAVLRGQALLYV, SEQ I D NO 30) were synthesi zed on

- OCH2- Pamg#itinfglly isoRmic with BR®IboPeRin idRBdePfecient. Other components that
HSCH2CH2CO- Leu- 2- Pam Resin ("thioester peptides). During synthesis the

si de chai i %&@ I: y@&@ %EW f"?%f - Arg(Tos),

ésnE)Bg};] g Th%%(pgéfﬁ%%}’ﬁ%@ Aftg gﬁltéﬂ gl? i d @E’h '1( ,g%eﬂﬂf% 22101{ ﬁ)’

er (Bz1), r(.Bz r(Brx [ eptide chai.n.was asse , e

et | b WERARE A, o u R A0 fos PO BEPL PR E RS 4B B uppor
by treatnment with an%drous HF cont ai ni ngtp-cresol (90:10, v/v) for 1 hr at
0 C. Aft ePresenipfbinginitofpsg or pydti-gdosq-goniairess, frrerample srated ammlesand yialyr oduct s
were precipitated and triturated with chilled diethyl ether, and the

pept i des wed maybs storadaid g freezeUriad (iyophilizah comdition feguiringtaninthegdditiveof EA and
purified by the preparative HPLC system Peptide conpositions were

confi r medawkitliduid Morier, WR.,200i1¢ BdlH4bRGdA BA0[R6Hi63 ] DdhedididNArior to use.
2. VALI DATI ON OF PEPTI DE- MEDI ATED TI SSUE PROTECTI ON. The tissue protective

pepti g@s YRfardofmleBek Rictian Yokl SRURIRIQIRGbAYBaf 65 hiphied YsinSteRleSCi at i C
Nerve Assay. Sprague-Dawl ey rats (250-300 grans) (Six per 5 group,

i ncl udi ng het | is j PC

10019- 773PERer e B S B bAE R P B B e o1 e
to 2-3 liters/mnyte 5.psi) for, at | east m nut es.. The rat was, t hen

bl aced onibeaRie SR e iRl bty bratE et PSS Stk ey P of t he
rat was mai ntained at 35-37 C during the operation, Core tenperature was
moni t or ed aPRlances cepergensygpems;and haftloheldsifuations, md quender solle 10

anest heti zed rat was exposed at md thigh through a quadriceps nuscle

di ssect i oagministragion iiln@ﬁ@h@sﬁqﬁeﬁimgapemﬁmﬂw&dwh@@ah@mssmMﬂaumhmgh t he
skin parallel and over the quadriceps nuscle and the quadriceps nuscle was
cut t b5 expmpetatiensagicadurcsuthray &y ispfgert ysaiof a dwitineseat Thelikdihesdtmt The
sciatic nerve was then freed fromthe surrounding . nenbranes. A 2-0

brai ded skélks dnfiiRas ik BveRil fobBor 1R WRSuRARSHEEr %ﬁ%ﬂéﬁ@d&?%g@n&%e&5 the

ends of the suture passed through a guide which was maintai ne

per pendi c e - L t
non- ol ast Pt At PEEKE prol e Riple b afBM s e SRR RSB0
pul | ey bearing. 1/4"B.(PQ Nunber 04174-01) with stabilize nd a 100
6 am vei it PARIEI /P P Tre MRS Rl ectioah Pereobfie! 8n S e T EbGE®E he
wei ght was_al Ié)wed .to hang for 1 minute before the silk suture was cut to
rel ease t pglicted individual with severed toe in tow at the emergency room.
20 In a preferred embodiment, the composition is formulated in accordance

with routine procedures as a pharmaceutical composition adapted for intravenous

administration to human beings. Typically, compositions for intravenous administration

are solutions in sterile isotonic aqueous buffer. Where necessary, the composition may

also include a solubilizing agent and a local anesthetic such as lidocaine to ease pain at

25  thessite of the injection. Generally, the ingredients are supplied either separately or
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20 wei ght . A 289 pnol/ kg dose of carbanyl ated erythropoietin, a
289 pnol / kg dose of one peptide fromthe series A-J (see Table 1), or PBS
was t hen woj2ct@ds4snt o t he caudal vein using a 'A cc i npdrivg2eprisnge. A
20mer fragnment (corresponding to am no acids 102- 121) from pi gnment

epi thelium.derived growh factor (PEDF) which does not follow the 25

t eachi ng BWgfdogeiter syt 4osags fermp for expmpie 6y £ drobaphifized spudss 00 atE1

The nuscl e and surgical incision were then closed and 5 ml of Lactated

Ri ngers sBraeonsantmte in mherortidallusreledanontirsl yudhrasantangpuleor sadhettec or e
tenperature of the rat was nmai ntained at 35-37 C using a heat bl anket
during rebdicatiyg tHwmantityofactkte dgent. Waye thdeomgitidnde 6k aithtst@éd bje rats
was determned 5 by placing the rat in an acrylic tube with a dianmeter of

30 cm on {fgsiSE A YA diipbhRa Svit alﬁnﬂlsﬂj&ﬁitﬂé(?@@ﬁﬁfng sté%%@{)%ét{‘ﬁ%&%dgg 5 mnutes

in order to permt acclimation, a scan was taken o feet

t hat ea ISPl aky 2. ac t abl cans. of each.rat were
taken-> FrBade NaRE ool Whes BRESobHER  SEGRRL IR O ERABOR wravels F of 1 he
first toe_and the ball of .the fifth toe).and the Internedi ate Toe Spread
(the di st%?&&nlgsi'én%%é’ﬁo‘ﬂa%fﬁ’a*hﬁ“g?%ﬁ SUE B13Y DEQUXShBIIOME pal | of the
fourth toe) were neasured. The static sciatic index was then conputed in
accor danc SHalon.Er bayr akt ar et al., 2003, Proc Nat! Acad Sci U S A 100,
6741- 6746 (hereby incorporated by reference inits entirety) and
statistical analysiSuppesitaiesmgnerally coepiniadiee mgredipnt B hSERAgeRINAB4) , H
(SEQ I D NO 47) and the 15 PEDF derivative were equally protective,
provi di nglae dlyatdightserabior@uiaiigexprefctsily bosthina0sio 99% adivahsidicat SSI  of
about -67 to about -68 for PBS/ PEDF fragnment (FIG 2). Figure 2 also shows
t hat e efficacy o ARVI-Y i 1 i f not
toh Y OA delfBst@8hth c\ésﬁuy by B8 BrodRfed br de a8 br %&}n\é@dl&g%réo

i nproved, over that of the car ated erythropoietin. Ta

presents i . di en .car bonyl, carbons 20 for the
t est ed pe%%@d@%%%é@’&é?%ﬁﬁ@%ﬁ%&o QY@XQI?\@“‘E BIEHET onal
coor di nat es Br Vi d%%l’é’b%/.Chgiet lgla et al., 1998, Nat. Struct, Biol.

5: 861- 866PIH P SIRANIATGER IS atuch PHFRacFticah ERmPasiiosapay erERPrifRileRls st ed
positive for tissue protective activity each had a carbonyl carbon to
car bonyl RHEPHBIOSINE AeRtides <5 arfarm ohtissue pratoptive paplides net suitabledboatutiGon.

chronic, local or systemic administration to an individual, but will serve the functions
15  intended herein in a cadaver, organ bath, organ perfusate, or in situ perfusate prior to
removing or reducing the levels of the tissue protective peptide contained therein before
exposing or returning the treated organ or tissue to regular circulation.
The invention also provides a pharmaceutical pack or kit comprising one
or mote containers filled with one or more of the ingredients of the pharmaceutical
20 compositions of the invention. Optionally associated with such container(s) can be a
notice in the form prescribed by a governmental agency regulating the manufacture, use
or sale of pharmaceuticals or biological products, which notice reflects approval by the
agency of manufacture, use or sale for human administration.
In another embodiment, for example, a tissue protective peptide can be

25 delivered in a controlled-release system. For example, the peptide may be administered
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WO 2007/ 019545PCT/ US2006/ 031061 EXAMPLE 3. TI SSUE PROTECTI VE PEPTI DES ARE
NON ERYTHROPO ETIC. A In Vitro Assessnent: 5UT-7epo, a human

er yt hr opovetznewaeqasndent | eukem a cell |ine, was used fecTiiseccd@smem nati on
of the erythropoietic potency of the peptides. UT-7epo cells (Deutsche
Samm ung von M kroorgani snmen mid Zell kulturen (DSMZ), Cat. No. ACC 363)
wer e gr owHsing infrayergyis dniysippan implantzhie psmetia punp.eosqustsTaabpaichg/ m
erythropoietin. The proliferation/survival (= viability increase) response
of the celipasoh:scompabednddes of pdhinigmiioni I o emtwidiment, dyumnpemay lwased al
erythrocyte-type erythropoietin receptor and is a quantitative neasure of
t he capacde¥ Iahg®! stiphs,efion! 1987y ERIPOES Ref Bibindll Bige 141201 cBedsialdés al.,

eryt hropoietin receptor. UT-7epo cells were transferred to

{resh compbgs SuFlh adSAR SRALLER AORN Tagl 0% AAN1 S caBEG it 1TV

L- gl ut ani ne, pplenented with 15 r econbi nant hunan

erythrppoietin. .The cells re_mai.ntain tn 75 cn@,fl.ask L5 of
MRANE fig S e T R N e e R S
two of the assay, i.e. , at,48 h, . the cells re_transferred fr the fl ask
i nto a 5059 beagliversd ia aEsiglfalodericala adapsemme (e danes Gotceg i B8Tos at
roomtenperature. The supernatant was discarded and the cells washed two
times wt hS3D(HP0% Trent af #flatin biposeniesin(tBeHempy oDmfecdions Diseasn angd Gavicer,
L-glutam ne). The cells were then re-suspended in starvation nmedia, using
up and dowpgs-BedetteinaailiRidiet @dahtidis) NewsYodrl gp.GSBI36SU$PRD s WD 91/04@14,
re-suspended cells were diluted with starvation nedia to a obtain a density

of 4 x 109y etk Mo. 4304,355 A GRzBerddtdiflinld , ppl $ L1-82MQbaipdneefllyliBidy. Ber 25
cn? flask. Following a 4 h incubation, the cells were again transferred to

g m 0t HES el REnce i i Bals TR AR G- (R ) hlgegonvee v 10 ©
R L

eryt hropoi etin, carbanyl ated, erythropojetin, and, Peptide D, SEQ I D NO 30. A

Seri o5 bF CoptplistiDr o GHaDity: Kome P f%ﬁ%ﬁ%gﬁgﬁﬂﬁpﬁ% R R

used to generate 5 concentrations of test conpounds fromO0.2 pMto 20 nM

Fol | owi ngBallf(edsthBfileyoNewsY orki(hR84DaRanger and Berpas.ilolvagronid. $ei. ReT- 1 Cel |

Proliferati on Reagent (Roche) was added to each well, and incubated for 1

hour at 3MdcromolOCRemAL3:61, 1953) seq afsorLely it wutl®B5 t Suderme 228: 198 sDusrgled n a

pl ate reader (absorption at 450 nm subtracted from background absorption

at 6505 Ny, flg¥8eAhh dSeddoe2bi3Bi {IB6wAE 2 kY | TTROPRNurSsuBe 171 VIS (eakh dpses as

hi gh as 10,000 pM (FIG 3). Preferably, the peptide wll have no

erythropo -dhqs@%hgeratz{%ﬁfe efOSFerkid R lits bAGRy. 1 19/ M, and nore preferably
an ig/m.

for a dose [ower t

In yet another embodiment, a controlled release system can be placed in
proximity of the therapeutic target, i.e., the target cells, tissue or organ, thus requiring
only a fraction of the systemic dose (see, e.g., Goodson, pp. 115-138 in Medical

20  Applications of Controlled Release, vol. 2, supra, 1984, which is incorporaied by
reference herein in its entirety). Other controlled release systems are discussed in the
review by Langer (1990, Science 249:1527-1533, which is incorporated by reference

herein in its entirety).
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B.In Vivo Assessnent: To evaluate the erythropoietic activity of tissue
protective peptide F 15 (SEQ ID NO 33) or peptide G (SEQ I D NO 40, as

di scussedypupirpiassgept i de constructed of the presentingpeeaisdug®sabl Hel i X
B), the peptides were adm nistered 0.8 jig/kg subcutaneously three tine per
week to mal e Sprague Dawl ey rats. The dosage schedul e corresponded to the
equi val ent dose (onlmanntherentbadinggnt, gissiER@ofoctive papsidy, asgreperiyrfodnulatede
elicit maxi mum erythropoi esis. Henogl obin 20 concentrati on was determ ned
peri odi cabiybdydmiaitepdd yrnaal, ormfrectai Radinaiescul dceBkddGona Ofaéntan) or

Nei t her Peptide B nor Peptide C showed any increase in hematocrit over the
course of giylRosdludidiktddon?, the response to an equinol ar dosage of EPOis
presented for conparison). The decrease in henogl obin noted for EPO after 3

25 weeks is due to r ' 1 EPQ.: | 7| odi es whi ch
cause pure WO 2007?%%%3@%%%@%%&7%%&%d?%'gfogéeﬁaé ap a%rg%%l% contrast,
pept | db FPIESRRTPPRPHAS SR RS ipdiois Brareecirmoe pRIPRmoPd AL BARBAYS.
Peptides can be readily assessed for tissue protection using any nunber of
in vitro achidypd byrer cxgraplp) and net by sveyiod hingitagan.deedl iefysien dyrigg seeery,

det erm ned usi ng kai nite-induced death of nouse notoneurons. Spinal cords
wer e obt atapexil éppdicaticn, day, inkdnjSpetigueiiiDawoayd dessiagbitsromirgesy,frydujeotied, y
described (Siren et al., 2001, PNAS 10 98: 4044, hereby incorporated by

r ef er enceby hebfissofeldatictdrydy mbhss ofHupPdsitdsy, Br BAtndahy A inFeht Adaek
centrifuged through a 4% BSA cushion for 10 mn at 300 X g. Cells

(representy 1 - Qb t e e : j of 2,000
e A e R el L i Al

| am njn. n re further purifi .y i n in -1he cells
wer e isd;edg%th%?%ﬁﬁ%\%c%éér%r yes( %%ﬁ%%) %go%gﬁ&gg % ﬁ%ﬁ?’ gg%%mm%%q%llﬁlﬁ at es

pr ecoat ed V\Aﬁ@ﬁq pol y-DL-ornithine and_ | am nin, and contajni ng conplete

cul ture nRFPEREAEOHBHR Siapy qeated ?UWPSPW%VSIPGP%%?QLeEIﬁg%r se serum 25
mM 2 nercaptoet hanol; 25 mM glutamate; 1% penicillin and streptonmycin; 1
ng/ M BDNAIVENt®Me medi um (Wit hout gl utamate) was re-added to cultures on
days 4 and 6. 20Cell death was induced on day 6 in culture by incubation
for 48 h with kai ni Belactiah ¢fBhermefaredreffestivendnse ovill fe ireadilyldeterasmableyndM f or
purified cultures). Peptide D (5ng/m) or vehicle was added to the cultures

72 h bef ogldllédaiticdd Redip@tddnsidedhdsevarnll fAckatwikich wildBe khowed td orie diBh. The
medi um was t hen discarded and the cells fixed with 4% (vol/vol)

par af ps mab RSkl fn RS, WuchQadtbil inddedTRE BhdicARE oM &F thsudprbldetiol X- 100,

peptide, and its pharmacokinetic parameters such as bioavailability, metabolism, half-
life, etc., which will have been established during the usual development procedures
typically employed in obtaining regulatory approval for a pharmaceutical compound.
Further factors in considering the dose include the condition or disease to be treated or
20  the benefit to be achieved in a normal individual, the body mass of the patient, the route
of administration, whether administration is acute or chronic, concomitant medications,
and other factors well known to affect the efficacy of administered pharmaceutical
agents. Thus the precise dosage should be decided according to the judgment of the
practitioner and each patient's circumstances, e.g., depending upon the condition and the

25  immune status of the individual patient, and according to standard clinical techniques.
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25 bl ocked with 10% (vol/vol) FCS in PBS, incubated with anti bodi es agai nst
non- - 100 - WO 2007/ 019545PCT/ US2006/ 031061 phosphoryl at ed neurofil anments
(SM - 32; wWoehiyssgverni ght, and visualized by using thecawisdhisediggii n

met hod wi th di am nobenzidine. Viability of notoneurons was assessed

mor phol ogi cal |y by counting SM-32 positive cells across four sides of the
cover slip and st ai Wiangthenaspsplopithe breséss investiom s rhermadptical icagpositierss.
5Peptide D (SEQ I D NO 30, corresponding to am no acids 58-82 of SEQ ID

NO 1) congucetdahg/tophepesint thventicmmay dndude Oifasua protactiva pegtitieliy akai nate (FI G

5). _ ~Alternatively, tissue protection afforded by peptides can be
det er m nefiglafion ¥ithds Radt RERLAV MM Bt Sibiestidste pMictife RirRtionality.
neuronal -1i ke and die via apoptosis upon wthdrawal of serum Tissue

I
219101 SR 5eE LD 0.l OB ok £70.0°1 7
O O IR RRPRs P e DS e S R S 2 o0

units/m penicillin G 100 ng/m_streptaonycin sulfate (G BCO); 10%

(vol / vol )antisgabelcgnsways (cepnglutethions neroxigase; superogidactimuiase, catplasy Hepes
buffer, hereafter referred 15 to as conplete nmedium Serumfree nedi um
cont ai nedsynthetis satalytio spaynegsrs, aa svedls\nsinwitics), indelediskizativas (af.,ser um and t he
addition of 5 nmg/m of insulin; 100 ng/mM of transferrin;, 20 nM

pr ogest eripdéelcarhies hitaubles 9ad beboBhes) MitNe 2oRORuthli gy SE B hdedRinel/he
experinents, 50% confluent cells were pretreated overnight with EPO or

vehicle, casahd @%ﬁﬁ@ﬁ%&&p@?gﬁ (ﬂfwaﬁ&agr hEb RIS r@g%(a?foﬂi%ﬁand pl at ed

in 25-cn? tissue ture s at a nal density s/cn2 in

serumf ree i . <O W a 2 L L. viabilit:V..

det e?frr% ned b y%t)’lrj%aéﬂr{ﬂgﬁ?}g{nggc‘lﬁ‘uh%’i %ﬁ@hg’agaﬁ?e%? neac(k:r ngﬁ%e[p (taor .Mﬂ%ﬂgfsv@g’
Peptide C, _SEQ I D.NO 29 (correspaondi,ng to am no acids 38-57 of SEQ I D NO
P MATEAER e cheptrh UG el (81 BVPOR S 2 fon-
preventing 25apoptosis of pl9 cells (FIG 6). - 101 - WO

2007/ 019 @mévf asiflewngtaysirugsXagpiaspisinvpapopEncErRERnofakE”]Y OCCLUSI ON

MCODEL.
combinations thereof. Additionally agents including, but not limited to, anti-

inflammatory agents (e.g., corticosteroids, prednisone and hydrocortisone),

15  glucocorticoids, steroids, non-steriodal anti-inflammatory drugs (e.g., aspirin, ibuprofen,
diclofenac, and COX-2 inhibitors), beta-agonists, anticholinergic agents and methyl
xanthines), immunomodulatory agents (e.g., small organic molecules, T cell receptor
modulators, cytokine receptor modulators, T-cell depleting agents, cytokine antagonists,
monokine antagonists, lymphocyte inhibitors, or anti-cancer agents), gold injections,

20  sulphasalazine, penicillamine, anti-angiogenic agents (e.g., angiostatin), TNF-a
antagonists (e.g., anti-TNFo antibodies), and endostatin), dapsone, psoralens (e.g.,
methoxalen and trioxsalen), anti-malarial agents (e.g., hydroxychloroquine), anti-viral
agents, and antibiotics (e.g., erythromycin and penicillin) may be used in conjunction

with the current pharmaceutical compositions.
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Male Crl: CD(SD)BR rats wei ghing 250-280 g were obtained from5 Charles
River, Caleo, Italy. Surgery was perforned in accordance with the teachings
of Bri nesyetzo@lo195482000, PNAS USA 97: 10526- 10531 ( her eby picragpowerdioed by
reference inits entirety. Briefly, the rats were anesthetized with chloral
hydrate (400 ng/kg-bw, i.p.), the carotid arteries were visualized, and the
right carotid was o&whnufhket dsgect obths itvention,crperBeate oegerfisitnusalutiralie adj acent
and rostral to the right 10 orbit allowed visualization of the mddle

cerebral gfdvaded %WSIM AMdi sedRagast ot gatsdod Zadpling tad parfusidhesohitional artery.
To produce a penunbra (border zone) surrounding this fixed MCA | esion, the

contral at E{/cﬁgieg ah %Pgnﬁﬁ{aeﬁs)ﬁu : 'he(aﬁ% géj%lge feftciivel8 gﬁotec% 8sHoR g vE EdGlanan

provi ded I'ne forceps an enr ened. Sprague Dawl ey rats (8 per

group) were supj,ected. to the above noted. 3’?@ r G he rats were
adm ni st e?gamﬁ%g,ce@%gﬁgﬁﬁIoﬁf)’@ﬁn%r@?ﬂ?p&gginﬁ}lne g}l%u%} Elgﬂ(}]l;edé% pepti de D (aa
58-82; 4.4 ugl/k upon rel ease of the occluysipn. Additionally, peptide D
(aa 583 szﬁllw:rwsg!)@mg?m\mer%mm ot pells s aiethes b3k 0 Br er vl s
follow ng the occlusion to a separate group. For assessnent of injury, rats
wer e subj bewvested fromeimsdonpnind tearsplagted intp padifferenimscipiont.heth being af s
determ ned 20 by tetrazolium staining of brain sections perfornmed 24 hours
post sur gedamye speciesrantcteasplamiation, twiergthevirgansis yaken tfiedh pnopartefa body and FI G
7A presents a graph denonstrating the volune of |esions resulting fromthe
MCAO pr ot agficed &t S} HERncMidin HRABH siitichl froESdutds, MNvBiGh an @t danafayle a Si ngl e
dose or by nultiple doses, reduced the I'esion volune resulting fromthe

R e e A

statistica e tI1ssue protective e ar banyl at ed
erythropoietin. (b), Therapeutic.w nhdow of . 1issue pr I vtokines 5The
voro b ot ot iamogth freb R Stsea . 8€ Bl logaRe ot BblspliREh e

Fol | owi ng t he occl usi on procedure, PBS, c¢arhanyl ated. erythropoietin (44

ug/ kg, i . (issues ewqgém?rdéa@legeébwqq@%@}%(iw% aé%ﬁgh%ﬁﬁ‘#tﬁm ered to

the rats inmmediately after recirculation was established in the carotid
(i.e., oneolution isftheinivessityrd dVisednsindAWiiselption (13.-SaBatent We, 4. p8p844e D (SEQ
I D NO 30) was administered in 10 four doses(each 4.4 ug/kg-bw) at 2 hours
i nt er val s héeby dwonwrithé b cefbrenéoiereindn itaesatigety) vdiidugintaife froBedbavi bial
testing. A separate group of rats was also tested in a foot fault

behavi or abpda %ﬁ%ﬂgm ng Batp) oMtk fuclR6lceivedpptitie, 3% hod@aysthel srels thavirpel

grid floor 30 cmx 30 cm
15  amolecular weight of from about 200,000 to about 300,000 and substantially free of

ethylene glycol, ethylene chlorohydrin, sodium chloride and acetone); 25 mM KHzPO4, 3
mM glutathione; 5 mM adenosine; 10 mM glucose; 10 mM HEPES buffer; 5 mM
magnesium gluconate; 1.5 mM CaCly; 105 mM sodium gluconate; 200,000 units
penicillin; 40 units insulin; 16 mg dexamethasone; 12 mg Phenol Red; and has a pH of
20  7.4-7.5 and an osmolality of about 320 mOsm/l. The solution is used to maintain
cadaveric kidneys and pancreases prior to transplant. Using the solution, preservation
can be extended beyond the 30-hour limit recommended for cadaveric kidney
preservation. This particular perfusate is merely illustrative of a number of such
solutions that can be adapted for the present use by inclusion of an effective amount of a

25  tissue protective peptide. In a further embodiment, the perfusate solution contains from
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with grid size of 30 mm according to the protocol of Mirkgraf et al., 1992,
Brai n Research 575:238-246 (hereby incorporated by reference in its

entiretywoWemi@seaced on the grid, rat would attenpt tecrseossnswsd and
occasionally place a foot, rather than on the grid, through a grid opening
("foot fault"). The nunmber of foot 20 faults was neasured for a 1 mnute
period. about 1 to aboitt 600 apsmltofedissue piotestipepdritide, @ ftSEa M 400 ABBK 3801 | owi ng
reperfusion suffered fromfewer foot faults than those treated with PBS

(FIG 7B) n%/_hﬂ 1Sh@Prble6ivd pptide tAPRahtidiRAabb e, wap fahsetiset frotebtivé ng t he
adm ni stration of 'nmultipl'e doses of peptide D (SEQ ID NO 30). Although the

mean nunb 2 g0 3 = :2ss in the group receiving

mul tiple g‘%%feafg 6%1?8%3%%#@??133%%5%1%2%%%5%%erved was not significantly
different fromthe Q receivi a.singl g dose. L | ABETI C
NEUROPATHY 5Di abet emth? Hﬁe‘g%#]ﬁgﬁlpﬁé‘% 89%%538 BEOtfﬁi\Afé ggg t!rﬂgati(g)rE]%harI es

Ri ver, Calco, IT) using streptozocin_ adm nistered at_ a single_dose of 60
ng/ kg ¥ p pwww@wg?@&@&w%%%ﬁ%‘fﬁlﬁéﬁne@%ﬁaﬁﬁm de OeT 2004, Proc
Nal | Acad Sci Ti S A 101, 823-828, hereby incorporated by reference in its
ent i r et y) mafinadistpegionteslyatomidsticater animialsclivestask, eunpanien, gadgeo aivealss t o
greater than 300 ng per deciliter (nyg %9 (normal levels are < 10 100 ng 9.

Di abeti c aliweabs thedheertibanis hoteatlingiting tid thevehefits Bar( BEPlB MOMGOMarhmad) kg)
or vehicle 5 tinmes a week intraperitoneally. Two weeks after induction of

the diabetic state, DR GPRAYOF HRLShPRVENIOMR BnFiRisaE Boledive peprre he
caudal nerve. As shown inrlg:I@Cai 8A, the di abetidg@an}?ﬂml S@Iéxhi bited a

reduction_in . ' i Yol gut 22 m's (normal)
o about TS Roriml Wne AL eANEL AERY by ERIIAIRTN 36) e
associated with an increase in copductian veloci,ty o about ms.
Addi tibnal 1y, the t HefiREherasRect SO aYERPRIRRBS %9&303??&%#%0&3@0& by
measurenent of the tine to_paw w thdrawal :—y{‘}g "hot {)I ﬁtéee" test. Wthdrawal
| at ency washageinigiibevigbilithefl eqllsetissues frangams e nghlspltedfErm et e and t he
time of withdrawal 20 and |icki ng of hind paw. Each animal was tested tw ce
separ at ed viseuln86 byian endethelialcell batrier fierpoyided bhexprasingtthe eells, esug ohas
measured 4 weeks after induction of diabetes. Peptide D (SEQ | D NO 30)
reduced t lezahatirealy tbiaphapnsruticn colmgolition pdrapesiny a tikeediratoetivepeatidenl
(FIG 8B). 25 EXAMPLE 7: PROTECTI ON OF SCI ATI C NERVE AND Kl DNEY FROM
Cl SPLATI NV 4 M58 of A bdtbcting PpRASHCOK RatSdthgdsiReMdntAah P 8 tissue
15  protective peptide to the vasculature of the tissue or organ. Enhanced activity of
responsive cells in the treated tissue or organ is responsible for the positive effects
exerted.
Similar to other tissue protective compounds based on erythropoietin, it is
possible that the tissue protective peptides of the present invention may be transported
20  from the luminal surface to the basement membrane surface of endothelial cells of the
capillaries of organs with endothelial cell tight junctions, including, for example, the
brain, retina, and testis. Thus, responsive cells across the barrier may be susceptible
targets for the beneficial effects of tissue protective peptides, and others cell types or

tissues or organs that contain and depend in whole or in part on responsive cells therein

25  may be targets for the methods of the invention. While not wishing to be bound by any
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Ci splatinum (CDDT) was adm ni stered intraperitoneally to mal e SpragueDaw ey
rats at 2ng/ kg twi ce weekly for 5 weeks as described in Bianchi et al.,
2006, C iwoGarmaps4Res 12: 2607-2612, hereby i ncor por at eddyu2aefemsa@ce i n
its entirety. Animals were separated into groups of 6 each. During the 5
week CDDT adm nistration, 5 animals al so received either peptide G (SEQ I D
NO: 40) at p@ticdlar thgotynaiter tRBStoss of the Eesueipretsctiierpepidx man et ith g# oup
recei ved PBS instead of CDDT. Hot plate | atency was deternm ned as descri bed
in Exanpl dissheqhoretive receptor on a Wepomive celiafor exxaple.amtufinBll eye (. ontefin®BS
exhibited an increase in |atency conpared to controls: i.e., CDDT was

associ at egdg gbéeh coffRefives Hail Hsaﬂﬁziinué&af %@ﬁér&hﬁﬂ E:ﬁ{dochﬁe,cdﬁi‘dlr%ﬁﬂhehﬂmm| s that
received the péptide exhibited normal’“hot plate |atency ( |G 9A

Speci 11 Qém%&eafﬁ‘zﬁduﬁﬁ R Sl R e R %‘?3‘%{"? K
d f b mL/ day.
I cond r asieduleh SanilerherRiets. 1=Rei 08t Br ol coothdbrfitindtlac a"

not significantly differ fromcontrols animals that recej ved PBS i nstead of
CDDT. EXAM Ritgtpreiznd traosdustiencaicagrsuting i bescipationgt 2\ 2eaeexpipesigiak
20Beneficial effects of tissue-protective peptides on hyperglycem a-induced
retinal vasgminwithiathenesponsise ctlborkisses, reswdiihgisithgpretection pﬁ‘gmcegfor di abetic
retinopathy. In this nodel, Evans blue is used to determ ne | eakage from

t he bl ood tj¥@@sed oriza, Frolmk a@n@ge aschdederibkias dhymisthesipentic aged0iadidtionest .
Ophthal . Vis. Sci 42: 789-794 (hereby incorporated by reference inits

entirety) 4, eﬁ%@fnﬁ}lﬁde XL ehS %ttﬁe)f chPeBEndn®, tBé skl Praddliviepebti®l @hdee - 105-

retained wt Ci rcu ation unl ess Ieakl ness of the vessel wal | occurs,

such cause gl n this nodel,
fasti et a8 gﬂg%dgﬁea (ﬁg@ao%ndﬁgq gb?g@gsle@g a SI n %a%%agga%¥last rept ozotocin
(60ny. kg ip), Two .day Iater f.ol | ow verlflcat nof t eIo ment 5
of di abet @@’T]FF@PPFGP%O%PQ@P?R?& ed SF1RSY ¢ @8’%&@1‘@?@8{ C?Wéth‘ %@ﬁ@“&% ni mal s
were divided into grog&i of ani mal s each as wel |l as_a co(? §o| ro p that
di d not r &€di Applicafien BQE@JWUW%W &’aﬁ’ﬁéﬁpﬁh‘&\tﬁﬂﬂo% 1L8% tered
either peptide D (SEQ ID NO 30) at 4 ug.kg intraperitoneally 5 days a week
or PBS on 10H85Rdipinsapeditddcierdih byrefetonee Wewsk metifody flerproteotingesprnabist es,
ani mal s were anesthetized and adm ni stered Evans 10 Bl ue dye (30 ng/kg)
intrave nO'é@I'l—kSonMﬁﬁ%:ﬁS&ﬁé frahd iojued of Bygixicstteds, enfl enhahch@ths furldibmgf suchns
cardi ac puncture, the aninmals were then perfused with PBS until the

f 11 UgBt BSeGheaischiold AMRAiDcidiprapnal o mal dehyde. The eyes were then
removed and the retinas carefully dissected fromthe gI obe. The retinal

2?”%88%8? féaﬁiu?'s“fﬁ %%%tgf"[fa @Z&%}éﬁ%ﬁﬁ%‘ﬁ@%g‘%g Gt FanfAReh Bt T e
Evant. B udt VHFRRIME DBERG CANPO FREPH T PRy ot pegRRaReh B g o

standard curve of Evans Bl ue di gsolved in formam de established

As seen i rvipsheeomgonlydiepasersapifeciuigh seReTNBIPRG JERt QVIHAY P f?étmhafe D ( SEQ
I D NG 30) experienced no increase in Evans Blue dye within the retina,
conpar ed 2@miage.cAdmingstration of erphetsaceuti¢ad bempesition punpritings tipsueareteetien| y
PBS exhi bited an increase in retinal Evans blue content, indicating the
vascubar lepldgs diaiteacboven. performed prior to and during chemotherapy and/or

radiation therapy, to protect various tissues and organs from damage by the
chemotherapeutic agent, such as to protect the testes. Treatment may be continued until
circulating levels of the chemotherapeutic agent have fallen below a level of potential

danger to the mammalian body.
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EXAMPLE 9: PROTECTI ON FROM ACUTE RENAL FAI LURE - 106 - WO

2007/ 019545PCT/ US2006/ 031061 Ti ssue-protective peptides are al so effective
in prevenyongoinpsasy to the kidneys in the setting of | echrarszensodelt nal e
Wstar rats were anesthetized and an abdom nal incision made to visualize
both renal arteries., Using an atraumatic vascul ar clanp, both arteries were
conpressed for 60 nimileesactisd abanstharpmbedisant pfthednedntiph.owseions engaws arghe

cl anps were then renoved to restore circulation and peptide F (SEQ ID

NO 33) orplpemstd tdde GatveEQd HDnNOvttin ofm athrohiktaeciddntadbr @aGphmbintdkg- bw

i ntravenously. An additional group undergoing ischem a received only PBS

i nt r avenoughler of Eivts f stneh Tt cH RigL¥d RehshER ol atsdx@hdel ARtA0L BRd S ver e
anest heti zed 10 and underwent perfusion-fixation using paraformnmal dehyde.

Fi xed ani SRS Jokdde } : fhxed b
I mrer si on@rﬁﬁlg% é 6rﬁrr§#&gﬁ e?%?)e%%@%@e&%é?as?ﬁ#u‘é@f@ﬂ%%&}?ﬁﬁ%t ol og?/cal

eval uation of the kidneys was perforned. accordi ng tq the ot ocql of

Shar pies Sttt AR 5 RBlecRdRobes S8 DhethartR  PEARER opBion ea by
reference,in its entirety). Briefly, after dehydration, using_ graded 15

et hanol , ¢ shipwest ”ﬁ?&#ﬁgp)d\w&aB?%MHFW&F&?WWFO%‘EPWH?P des a8i cr onet er
sections and nounted on glass slides. Sections on slides were

depar af f i ¢gsgrbeddiereinygndestered svubath comarising tissuetprofeatieeptides. LPaftagiosi n, and
exam ned under a light mcroscope. One hundred fields were exam ned for
each ki dnexgansard cantbmongy fperfosed with 3 pulsstilg pudusibrodevdes ntilizibg bperfpsand i | 2 O,
normal histology; 1, tubular cell swelling, brush border |oss, and 20

hucl ear coianmatisaR pﬁobfebﬁw%elgﬁd% alcBorlighRUEHERE phéAeSt inventidf. Minirsore 1

but greater than one third and | ess than two thirds tubular profiles

show : : : i rof il e

show 1% R%Hé Igtgr?tnfrgtzgqrg%ﬁgmg?%@éﬁ%ﬁe@ﬂgggﬁ%ﬁ?}%}) Bﬂacﬁﬁg%’%n l%mgaagldc al cul ated
by additign of .all.scaores Wl}h a maxi mum score of 300. - WO

2007/ 0195%33%’]5‘?5’5%@%%)0%6&” u. Adninistration of either peptide F
(SEQ ID NG 33) or p pti%}e G (SEQ I D NO 40) was associated with a
significant reducti OFReY P&‘@@BP@ prese IpWHNtioBHBFEEPER 1BRe control s.
5 EXAMPLE 11. EFFI CACY OF Tl SSUE PROTECTI VE PEPTI DES | N CEREBRAL NALARI A.

A rodent hazaulousnctivéiyebratoutdhiakie p dostef aphrshepraticalcompdsitign contiinings et

al ., 2006, J. Infect. Dis. 193:987-995 (hereby incorporated by reference in
i ts enti rigdsye predavtilve pEiAdekufficdient To eitlele provedt fiver delsdpathetondetioff iahibithigps of
20 ani mal s. Each group 10 was infected with Pl asnodi um berghei An/ca (PbA)

admi nisst egagoppiig)apetdct et | o n@ﬁg@e@%ﬁge Rl b faahjas, ®rayt hrocyt es.

M ce received either PBS or peptide F (SEQ 1D NGO 33) on days 4, 5, and 6 as

| ntraper i fghgalvelcl] ecﬁsﬁ@%r%ﬁ%aﬁg ﬂ?ﬁ%‘tlﬁ%&ﬁ s H@ﬂ@nﬁqéaﬁh&ﬁgéag;}ﬁkf s and bl ood

snear data re gathered dur OW- up pol nt mul ati ve

and-ar oupH ot TR b PRI il G R v ok s the
dependant vari.abl e,

A p-val ue of <Q.05 s cgnsidered significant. As shown
in Fi gur Pregessigngl aihlcted (divanaagegin Vera,rvﬁat&aﬁéwﬁﬁe?tcae TgRy Regsprmel

(soldiers, paratroopers), emergency personnel (police, fire, EMS, and disaster relief

20  personnel), shitmen, and construction workers. Additionally, the prophylactic use of
tissue protective peptides is contemplated in such recreational endeavors including, but
not limited to, rock climbing, rappelling, sky diving, racing, bicycling, football, rugby,
baseball, and diving that pose a risk of injury.

In another embodiment of the invention, a surgical procedure to repair a

25  heart valve requires temporary cardioplegia and arterial occlusion. Prior to surgery, the
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8. In contrast, mce that received peptide F (SEQ ID NO :33) exhibited

prol onged survival, significantly different fromthe control group (p <

0. 005), ugbnBoibfag-rank test. 20 EXAMPLE 12: EFFI CACY @eTthis2daslo3idROTECTI VE
PEPTIDES IN A | VI URI NE EAE MODEL Experi ment al aut oi nmune
encephal onyelitis ("AEA") was induced in C57BL/6 female mce (6-8 weeks of
age) accopatientistiafusiaiwvi atissul prote@@feptid 5Sudbiireatment pdveatsAypaxig7, her eby
i ncorporated by reference inits entirety. EAE was - 108 - WO

2007/ 01954 sierfie b@ﬁﬁﬁ@ia@é’%@,%ﬁiaﬂé&ﬁéﬁéﬂ‘eMMhanﬁ@diﬁoﬁallwﬂiez ation in the
flanks wwth a total of 200 jig of MOG5 - 55 (Multiple Peptide Systens, San

Di ego, L0 1l ]« -Er-Ta | stqrail MO, USA
B u ]E)pl ene;%he#%\%g etut'é;g%l é%gf;ﬁ;;é@h@%.@@@g gg&g?lgrﬁﬁg%ﬁgﬁgﬂea (PE II%gci!ilsm’?g%dr(?1 ain %07 RA; )
co, roit, - Ani mal.s _we hous | Lo en-free
condic t i onBEPHP IaB\H?q’l&HB@cfgﬁurgﬁfyf%Bﬁe%ﬁ% tﬂﬁpﬁtﬁhﬁﬁaﬁagﬁésggﬁte%@’g{ @ggei ved 500

ng o ertussin toxin (Signa)_ i.v. at e ting, of .i ni zation and 48 h

| ater .5p vmlg@@alamcqsiwwr@aq?e indBe EcREsTE 0%5@%%@“&2@‘?%%%&%%%9@%&% | acci d
tail, 2=ataxia, and/or hind- |inbs paresis, or slowrighting reflex, 28 C
3=par al yshithoightthagrasentimethetl of trerinensivsingfphpnadertiend caBpaipnecesayIBE fore
l'imb, 5=roribund or death). Food pellets and the 10 drinking water were '
pl aced onti&gk biotedtive @eptidesiphevillésanpropiiyladiie 1sader sucgieni podceduies,it mrrbet o eat
and drink. Peptide E (SEQ I'D NO 31) was adninistered daily subcutaneously
at a dosepgfiodtady MATOATARRIEs Bk ik ionbray igtabmit dlhuiindladiugibuat | on,
Adm ni stration of peptide E (SEQ ID NO 31) significantly reduced both the

lime course 1@@%@@/@%@&&%&& &B}oﬂhﬁ%yp%s?,%@iﬂ%ﬁds%leéedﬁ%, in the treated

ani mal s (B

10  amputations, and transplantations, as well as, those performed directly upon responsive
cells, tissues, or organs such as brain and spinal cord surgery, and open heart procedures.

Such procedures may involve the use of cardiopulmonary (heart lung) bypass.
Tn another embodiment of the invention, in any surgical procedure, such
as in cardiopulmonary bypass surgery, a tissue protective peptide of the invention can be
15 used. In one embodiment, administration of a pharmaceutical composition comptising
tissue protective peptides as described above is performed prior to, during, and/or
following the bypass procedure, to protect the function of brain, heart, and other organs.
In the foregoing examples in which a tissue protective peptide of the
invention is used for ex-vivo applications, or for in vivo applications to treat responsive
20 cells such as neuronal tissue, retinal tissue, heart, lung, liver, kidney, small intestine,
adrenal cortex, adrenal medulla, capillary endothelial, testes, ovary, or endometrial cells
or tissue, the invention provides a pharmaceutical composition in dosage unit form
adapted for protection or enhancement of responsive cells, tissues or organs distal to the
vasculature which comprises an amount within the range from about .01 pgto 7.5 mg, .5

25 pgto6.5mg, 1pgio5mg, 500 pgto5mg, 1 ngto 5 mg, 500 ngto S mg, 1 pgto S mg,
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The invention is not to be limted in scope by the specific enbodi nents
descri bed which are intended as single illustrations of individual aspects
of the i myerthemigssand functional |y equi val ent net hods amdTamawensmes are
within the scope of the invention. Indeed various nodifications of the
invention, in addition to those shown and 20 descri bed herein wl]| becone
appar ent 3% KHEs2meKeY | g tp & me ef atissup pevieetive peptidy andg phamsesyicallnh and
acconpanyi ng drawi ngs. Such nodifications are intended to fall within the
scope of adeeptablpemsied Il amprefarred dmbodireerd)ibe smoittanf tissueeproteatiee paptide fFor at ed
by reference herein in their entireties for all purposes. - 109 - WO

2007/ 0195w hlia th& 5200 Grofddidnd . SWYXb 1l mg Clutlh gi(;e&rfeﬁi erdbodfRents e db@xi1@ny pept i de

consi sting of a sequence of no nore than am no acids and conprising the
ami N0 aci ghthd fissud Aotddlivilbeiie Mor b nophy Bidhotkics 0-5; 5(3)
gi -5N1-(é() ;AEZ- Lh? ,ssﬁ re%dnvagfé 0-5; d%ef ) I - _rozb)%cn- Né Hi i\Ilvxlhe(rjeil\lg nis
-5; erein ar r.o | C_am no aclds. and .N2 are
negat %el y charged %‘n%aﬂn]%ﬂlg%?sgsgt ogﬁﬂ?esm %‘?P%?‘ﬁ%“’é (o0 ﬁtassEip{ogecgv%ol ar

' i d; .10and ' i d pol,ypepti | | ul tective,activit
A 10 20l R, WSS 1 22l ROl NBeRL IS, IS Sol AL AL astl v, ot i Y

trauma. After a delay of either 5 days or 30 days, administration of tissue protective

peptides should be able to restore function as compared to placebo-treated mamumals,
indicating the ability of the tissue protective peptide to regenerate or restore brain

10 activity. Thus, the invention is also directed to the use of tissue protective peptides for
the preparation of a pharmaceutical composition for the treatment of brain trauma and
other cognitive dysfunctions, including treatment well after the injury (e.g. three days,
five days, a week, a month, or longer). The invention is also directed to a method for the
treatment of cognitive dysfunction following injury by administering an effective amount

15  of'tissue protective peptides. Any tissue protective peptide as described herein may be
used for this aspect of the invention.

Furthermore, this restorative aspect of the invention is directed to the use
of any tissue protective peptides herein for the preparation of a pharmaceutical
composition for the restoration of cellular, tissue or organ dysfunction, wherein treatment

20  is initiated after, and well after, the initial insult responsible for the dysfunction.
Moreover, treatment using tissue protective peptides of the invention can span the course
of the disease or condition during the acute phase as well as a chronic phase.

A tissue protective peptide of the invention may be administered
systemically at a dosage between about 1 ng and about 100 pg /kg body weight,

25  preferably about 5 -50 pg /kg-body weight, most preferably about 10-30 pg /kg-body
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2. An isol ated pol ypeptide consisting of a sequence of no nore than 30

am no acids and conprising the amno acid notif: (a) H1-N1-(L)n-Pl-H2,
wher ei N NnwoSo®roipss@r 15(b) 1-11-P1-(1), 1-N -H2, wherei nperigs26bsk3108nd
wherein HL and H2 are hydrophobic am no acids, Nl is a negatively charged
amno acid, L1 is a polar amno acid, and P1 is a positively charged am no
aci d; andwefght.gien admirdstpatiby.p s effedtize dosel shatildrbepuificiett it achaeveiseitny i n a

responsive cell, 20tissue or organ. 3. An isolated polypeptide conprising:
(i) an arigvelsafitgsuqaoRone fopidagrtaasthidabbud80) DOYoEI6End/a¢ of sdriymwi t h any
portion of SEQ ID NO 1 having the sane nunber of am no acid residues as

said poly | e n: ol ' L@t B0 L aheilil O-
2007/ 0195%%&%%13%%%%35‘?5%){“&“(ma,)e@ﬂ!i&%ly q’%?%‘r@%d atﬁzab outlly % 3, 48.6,7.8, 2 ()

111-Ni - (X - Li rein. .is d-H:. or c)L1-NI1- N2- Hi ereinis
05 g S Bos petAah Sl Blatids® SR ahlaes i) pb feledich s MeccHlan BRECL
Snegatjvely charged am no acids, X is . g amno acid,..and L1 is a_pol ar
am no Aci a%’anaﬂ& Iﬁtl%mwﬁ%ws g #a@xﬁéigng@mcﬁwaﬁllmﬁeé@ma%aﬁ ivity
in a responsive cell, tissue or organ.

an appropriate interval, e.g., every 1 to 12 weeks, preferably, every 1 to 3 weeks. In one

embodiment, the effective amount of tissue protective peptide and a pharmaceutically
acceptable carrier may be packaged in a single dose vial or other container. In another
embodiment, the tissue protective peptides, which are capable of exerting the activities
10 described herein but not causing an increase in hemoglobin concentration or hematocrit,
are used. Such tissue protective peptides are preferred in instances wherein the methods

of the present invention are intended to be provided chronically.

5.4 TRANSCYTOSIS

15 Carrier Molecule and Tissue Protective Peptide. The present invention is

further directed to a method for facilitating the transport of a Tissue Protective Peptide
across an endothelial cell barrier in a mammal by administering a composition which
comprises the tissue protective peptide in association with a carrier peptide, a peptide
capable of crossing an endothelial cell barrier, such as erythropoietin, as described

20 hereinabove. Tight junctions between endothelial cells in certain organs in the body
create a barrier to the entry of certain molecules. For treatment of various conditions
within the barriered organ, means for facilitating passage of the tissue protective peptide

may be desired.
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4. An isol ated pol ypeptide conprising: 10(i) an am no acid sequence having
| ess than 90% sequence identity with any portion of SEQID NO 1 having the
sane nunbgp @h70198esno aci d resi dues as said pol ypeptlde,pcqqnﬂggédﬁyg)naﬁhe am no
acid notif: (a) 1-11-Nr(L)-Pi-H2, wherein is 0-1; or 15(b)

141- P1- (L) n- N1- H2, V\,herel n " |s 0 1; and wherein H and Hy are hydrophobic
amino acids, Nl is AisyegBrotersivg Peptitlege Cannéridolecild . Tissué protectivé peptaes no
acid, and P, is a p05|t|vely charged am no aci d; and wherein said _

pol ypept i dtthbsventibh uiayrbemseﬁmastcamerafdrldehwmghtnernﬁs]eaﬂas agossahd . 20ti ssue
or organ. 5. The isolated polypeptide of claim1l or 3, wherein the di st ance

bet ween Nylogfbrdil aAS ofhef Giiflat bﬁﬁeﬁshﬁm&l?%%&%ﬁﬂ \trerlgﬁtog% eA%Br@géﬁiO?Ol ypepti de

is between about 3 A to about 5 A 6 e’ iso ate ypept claimb5,

Woa007/ 03 Sutieiind EREFsufk ASHARE ARRE e Pt Vi F‘SF‘S@&R"QE"%YS RPHARTS,

bout. 4.4 A 7h
(ol arba BSPYERARS B me AdIRBISPR B i ooRIOR G & PR SRR and

P2 as a result of the tertiary structure of said polypeptide is between
about 3 Athesonppsitipn acrass the barrier. The association between the molecule to be

transported across the barrier and the tissue protective peptide may be a labile covalent
bond, in which case the molecule is released from association with the tissue protective
peptide after crossing the barrier. If the desired pharmacological activity of the molecule

10  is maintained or unaffected by association with tissue protective peptides, such a
complex can be administered.

The skilled artisan will be aware of various means for associating
molecules with tissue protective peptides of the invention and the other agents described
above, by covalent, non-covalent, and other means. Furthermore, evaluation of the

15 efficacy of the composition can be readily determined in an experimental system.
Association of molecules with tissue protective peptides may be achieved by any number
of means, including labile, covalent binding, cross-linking, etc. Biotin/avidin
interactions may be employed; for example, a biotinylated tissue protective peptides of
the invention may be complexed with a labile conjugate of avidin and a molecule

20  desirably transported. As mentioned above, a hybrid molecule may be prepared by
recombinant or synthetic means, for example, a fusion or chimeric polypeptide which
includes both the domain of the molecule with desired pharmacological activity and the
domain responsible for the peptides tissue-protective receptor activity modulation.

Protease cleavage sites may be included in the molecule.
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9. The isol ated pol ypeptide of claim8, wherein said distance is between
about 4 A to about 5 A. 10. The isol ated polypeptide of claim9, wherein
sai d di stwoceoimokast ween about 4.4 A to about 4.8 A 10 ptiyéMeisaoiost ed

pol ypepti de consisting of a sequence of no more than 30 am no acids and
conprising the amno acid notif: (a) |I1NIN21-12; (b) H NI N2L1; or (c)
LININ2111, 15that i 8 rholeowld nesy ke coafughtedoé a timeqirotebtive poptidenfihst r uct ure of
sai d pol ypeptide such that the di stance between the carbonyl carbons of N1

and N2 i SRRekGn Brdigh@ foRFuhctondl meleie] . HlpeipfintRorl erossithkenhabieedan no
acids, N1 and N2 are negatively charged am no acids, and L1 is a polar

am no_aci ﬂﬁega,r e term " 1oy n?ﬂ% | hidn BRLOARGRLEs Yo1BaReRvig G Protective

activity sponsi v ssue or ‘organ. 12. An 1sol ated

pol ypepti de gonsi sti of a sequence of npo nore than 30 ' ' and
com()[) |) si n§UCHEna §HP %ticﬁnﬁ?ﬁ‘f re{ﬁ‘fm ?I-liﬁlf\eﬂf‘ﬁc?iﬂ%,Su%a%]rféﬁﬁﬁgéﬂﬁag’ 0-1;
or H Pta-NNI Hz, wherein r, js 0-1; that is for as result of the
of t he5t ers wal us motagules Mathgpomedhan ons FeRpRATE SIS Ljféw‘tréﬁg!@fql%ghﬁ‘fegpanc e
between the carbonyl carbons of NI and P2 is about 3 A to about 5 A

wher ei n Htreactivetf2owy"acfeyctoapiunttionabgrionp onthaerosskinkershal reegavithél y char ged
amno acid, L1 is a polar amno acid, and Pl is a positively 5charged am no
aci d; and aueEbRilar& ¢h PRbokeeR!(k.ds peptide; pidieth prartoiytients,imelercicidii ty in a
responsive cell, tissue or organ. 13. An isolated pol ypeptide conprising:
(i) an a”‘pg&cg%?la%%%&%@,%nﬁﬁ%ﬁ&%r'aﬁﬁéaﬁ&aag&@% BEAYIBRER] dcgeRlaht y Wi th any

10portion havi ng 't he sanme nuhber of am no acid residues
endothelial cell barrier) so as to form a covalent bond between the cross-linker and that

10  molecule. The term "functional group" retains its standard meaning in organic
chemistry, The polyfimctional molecules that can be used are preferably biocompatible
linkers, i.e., they are noncarcinogenic, nontoxic, and substantially non-immunogenic in
vivo. Polyfunctional cross-linkers such as those known in the art and described herein
can be readily tested in animal models to determine their biocompatibility. The

15  polyfunctional molecule is preferably bifunctional. As used herein, the term
"bifunctional molecule" refers to a molecule with two reactive groups. The bifunctional
molecule may be heterobifinctional or homobifunctional. A heterobifunctional cross-
linker allows for vectorial conjugation. It is particularly preferred for the polyfunctional
molecule to be sufficiently soluble in water for the cross-linking reactions to occur in

20  aqueous solutions such as in aqueous solutions buffered at pH 6 to 8, and for the
resulting conjugate to remain water soluble for more effective bio-distribution.
Typically, the polyfunctional molecule covalently bonds with an amino or a sulthydryl
functional group. However, polyfunctional molecules reactive with other functional
groups, such as carboxylic acids or hydroxyl groups, are contemplated in the present

25  invention.
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as sai d pol ypeptide; and (1i) the amno acid notif: (a) H NIN2112; (b)
HININ21, 1; O 15(c) LININ2111, that is forned as a result of the of the
tertiary wonrorioayasof said pol ypeptide such that the di PCAMSUSHBI06EN t he
carbonyl carbons of N1 and N2 is about 3 A to about 5 A, wherein Hl1 and H2
are hydrophobic am no acids, N1 and N2 are negatively charged am no acids,
and L1 is a 20pol ar Thavhomohifingtional snokeratesihave af laash W prastiyeRng el lul ar
protective activity in a responsive cell, tissue or organ. 14. An isol ated
pol ypept i geusywWdidhsird die safrie) Thie reavtine fuactidnal enuips oe. dtonobifunetsanal han 90%
sequence identity with any portion of SEQII1) NO 1 having the same nunber
of am no | | ' hfd@indabavd éster sam no acid notif:
5(a) Hi NA@%%&%%?I%E%%F@@S@%@%M %‘?ﬁ111131( L)anélfgl?) wherein rt is 04;

that is fgrned..as.a _resul Is of said

pol ypepti 8mgﬁlgﬁnctnﬁg§l rﬁﬁgé‘g?% %ﬁg%@%ggﬁpﬁﬂ%%gﬁﬁ%g?bons of NI and
P2 is between ahout 3 A_and.gbqut A rei 1 .and A € » ophobi c
ani no Jaci %@’Ear?@eq'}y eén‘ﬂmélé}aéqu@%?yge'cﬁg? Bﬁ]‘%ﬁ? ﬂ%@?’ g aii%éég’ﬁﬁéggéggm no
acid, and P1 is a positively charged anm no acid; an ei n, said

pol ypept i wes ﬁadowlbﬂ@mm@é@k,is%@na@?%i %W“TL%%%%@SQE@W llﬁ%‘mo,nalt i ssue
or organ. 15. The isol ated pol ypeptide of any one of clainms 1, 3,
and 5- 7, moleetlek haviag dt lasst iwo active estet units include esters of dicarboxylic acids and

N-hydroxysuccinimide. Some examples of such N-succinimidyl esters include

disuccinimidy! suberate and dithio-bis-(succinimidyl propionate), and their soluble bis-
10 sulfonic acid and bis-sulfonate salts such as their sodium and potassium salts. These

homobifunctional reagents are available from Pierce, Rockford, Hlinois.

The heterobifunctional molecules have at least two different reactive
groups. The reactive groups react with different functional groups, e.g., present on the
peptide and the molecule. These two different functional groups that react with the

15  reactive group on the heterobifunctional cross-linker are usually an amino group, e.g.,
the epsilon amino group of lysine; a sulfhydryl group, e.g., the thiol group of cysteine; a
carboxylic acid, e.g., the carboxylate on aspartic acid; or a hydroxyl group, e.g., the
hydroxyl group on serine.

Of course, certain of the various tissue protective peptides of the

20  invention, may not have suitable reactive groups available for use with certain cross-
linking agent; however, one of skill in the art will be amply aware of the choice of cross-
linking agents based on the available groups for cross-linking in tissue protective
peptides of the invention.

When a reactive group of a heterobifunctional molecule forms a covalent

25  bond with an amino group, the covalent bond will usually be an amido or imido bond.
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15acid notif is (a) and wherein HL and H2 are the same hydrophobi c am no
acid. 16. The isol ated pol ypeptide of claim11l or 13, wherein said am no

aci d not ivkoi2BoAadss@nd wherein HL and H2 are the sane hygcaahaiisfzagl No
acid. 17. The isol ated pol ypepti de of any one of clainms 1, 3, and 5- 7,

wherein said amno acid notif is (a) and wherein HL and H2 are different

hydr ophobTife REithe @eipsithat £RMS a chhalentdohdtwith airyipe prowenay, foi eiample] ber 13,
wherein said amino acid notif is (a) and wherein HL and H2 are different

hydr oPNODYCaighiRA b 1ate1g%ou1£faﬁlalo%afb%h9pg1ﬂ9¢,mﬁteétéﬁgl@ﬁ}(xam Beferdd cl ai ms

2, 4, and whereih said amno acid" ndtit is (a) or (b) and wherein Hl

of ol i m G gt P RABRI G AR 0K, G eskhongilR ks BBy PAGWERC CF1

H1 and H2 are the sane tgdro hobi CNaﬂ}d}O acid, . .. 21 The isol ated

pol ypept i ST EOURFFUEHES, 49T ap N-Dydrayyrsuccifimidg eSten Sf0% i 4 ani no aci d
motif is (a) or (b) and wherein HL and H2 are djfferent hydrophobic am no
Saci d$ 22. The i solhe ethepBmgtienal gepapdypieallyl igeitherqythiol grofiRed 819%Psai d ani no
acid motif is (a) or (b) and wherein HL and H2 are different hydrophobic
ani no aci eipable of P8ing Toavdrted intoecthjnd gyquepor algroup that formsa wivalshbbonst with 3. and
5-7, wherein said amno acid notif is (a), (b), or (c) and wherein Nl and

N2 are thgassinRols JBkd diialent Dedtbyibgbually Boa ddoetherbnd bine disnifidet cthe
pol ypeptide of cl'aim 11 or 13, wherein said amno acid nmotif is (a), (b),

or (¢) aﬂ%agﬁ;ge@bg%%ﬁ ggﬁsggog@enﬂmd%ﬁa BEAFLoNPhity FAEGRGIABeRO act d.

25. The i'so any one of clains 1, 3, and 5-7, wherein
said amn i ifo i : : ' e

di ff erent 8?1'&’3%??’@2%‘[ rf%%ﬁé’%‘e%ﬂ)g%oﬁgg 3%%%&%%&%@4&% O|>% 56?2%" ép%f’%ept i de of
claim11l or 13, wherein said ing acid tif, . a b or.{c). and
wher el NPoTE#BInRA ie&?@ﬁéﬂggﬁe Hfg&a?ff% empﬁgﬁuﬁiﬁtﬁsﬁﬁ%& 9P The

i sol ated pol ypeptide of any one of clains 1-26, wherein_ s %f peptide is
derived f aldmughwoihses, sudhyassierylenitilgzse alsneoa?ssbiﬁ-aéeremﬁ@ﬁtdlwié SIBYRRY 27,
~Wwherein the type 1 cytokine is granul ocyte- macrophage col ony stinulating
factor, i firexhaplkl be 82-phndgdithpogretp nr a 6 §idithjo-NewR otireenzeic Beid) sroupr
Leukem a Inhibitory Factor. 29. The isol ated pol ypepti de of any one of

cl ai ms 1- 88me\WhahBlel oS RéteroBIINARALI 8zdnty doneiiniag Beictisedisalfidk dasds one ot her

of th efollowing amno acids notifs: 25(a) 111-N1-(X).-N2-H2, wherein n is
0-5; include N-succinimidyl 3-(2-pyridyl-dithio) propionate (Carlsson, et al., 1978, Biochem
15 7., 173:723-737), sodium S-4-succinimidyloxycarbonyl-alpha-methylbenzylthiosulfate,
and 4-succinimidyloxycarbonyl-alpha-methyl-(2-pyridyldithio)toluene. N-succinimidyl
3-(2-pyridyldithio) propionate is preferred. Some examples of heterobifunctional
reagents comprising reactive groups having a double bond that reacts with a thiol group
include succinimidyl 4-(N-maleimidomethyl)cyclohexane-1-carboxylate and
20  succinimidyl m-maleimidobenzoate.
Other heterobifunctional molecules include succinimidyl 3-(maleimido)
propionate, sulfosuccinimidyl 4-(p-maleimido-phenyl) butyrate, sulfosuccinimidyl 4-(N-
maleimidomethyl- cyclohexane)-1-carboxylate, maleimidobenzoyl-N-hydroxy-

succinimide ester. The sodium sulfonate salt of succinimidyl m-maleimidobenzoate is
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b) H-NL-(X).-N2-L1, wherein is 0-5; (c) L1-N-(X).-N2-111, wherein is 0-5
d) HL-N1-(L).-Pi-H2, wherein . is 0-1; (e) I-11-P1-Pn-Nl-H2, wherein nis
1 5(f) woldébN2dske; (8) 111ININ214; (h) LININ21-11 (i) Ethkskhoebsids: wherein
is 0-1; or 0) 111131(L).N1H2, wherein . is 0-1; 10wherein notif (f), (Q),
or (h) is fornmed as a result of the of the tertlary structure of said

pol ypept igtefesred hMangtiof tHeeabdive-tisentienducieterebifirteionairbagents apd theirmifenatsl  and
N2 is about 3 Ato about 5 A; wherein notif (i) or 0) is fornmed as a result

of the Ofsatt?&eta%ﬂm& FoiBibieh WHentdal 681, RopRfor@dNidodeUSAch that the distance
bet ween the carbonyl carbons of N1 and ‘P2 is about 3 A to about 5 A, and

wherein H and H2 gﬁfg{feeawfﬁgam S ATIA Bhfiedtd baRANRIBEPIBRAL | vel y

icga;gggsi';l{ni COI aci d dl S any am no ag . sI a po ar amno acid, and P1

e a o ac | SQ claim
29, I V\/{\e(rjetpﬁlfﬁ? ¥qa d f g:fecflkﬂ']ﬁdr%h%1 Z& %%i gBéY#f&;ﬁr enfEr 0%631. The
i sol ate ol ypeptide of any one of claips 1-29, ein tide is
chi mefi c &p‘@ blaphi mmapmglceéﬁﬁwﬁ& Iﬁ&leﬁgnmgﬁ@{p@g%s% ‘%@%&hg (%Ql%g% The
I sol ated pol ypeptide of claim 31, wherein said anphi pat hi c _peptide helix

conpri sesoﬁthecmgugmechmotécslequérﬂmrm@ﬁmﬂ_t@w sEviestiyenepids); its/AL L PCPPCRA
(SEQ I D NO 49); NAII KNAYKKG (SEQ I D 140:50); *

suitability may then be tested in vivo. If the conjugated molecule requires separation

(
(
0-
n

from the tissue protective peptide for activity, a labile bond or reversible association with
long acting erythropoietin or the long acting tissue protective cytokine will be preferable.

10  The lability characteristics may also be tested using standard in vitro procedures before
in vivo testing.

Additional information regarding how to make and use these as well as
other polyfunctional reagents may be obtained from the following publications or others
available in the art:

15 Carlsson, I. et al., 1978, Biochem. J. 173:723-737;
Cumber, J.A. et al., 1985, Methods in Enzymology 112:207-224;
Jue, R. et al., 1978, Biochem 17:5399-5405;
Sun, T.T. et al., 1974, Biochem. 13:2334-2340;
Blattler, W.A. et al., 1985, Biochem. 24:1517-152;
20 Liu, F.T. et al., 1979, Biochem. 18:690-697;
Youle, R.J. and Neville, D.M. Jr., 1980, Proc. Natl. Acad. Sci. U.S.A. 77:5483-5486;
Lerner, R.A. et al., 1981, Proc. Natl. Acad. Sci. U.S.A. 78:3403-3407,
Jung, S.M. and Moroi, M., 1983, Biochem. Biophys. Acta 761:162;
Caulfield, M.P. et al., 1984, Biochem. 81:7772-7776;

25  Staros, I.V., 1982, Biochem. 21:3950-3955;
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25GSWORSLQDTE (SEQ | D NO: 51); GGSAARPAPP (SEQ I D NO:52); WD
2007/ 019545PCT/ US2006/ 031061 NALAENDTPYY (SEQ I D NO 53); GALAEAYPSKP ( SEQ

| D NO 54)woGHSaMEYGL (SEQ I D NO 55); VIVIIVMAI CFL ( SEOThiR:20G056)1
LRRYJNMLTRP (SEQ I'D NO: 28); or LALSILVLYQA (SEQ ID NO 57). 33. The

i sol ated pol ypeptide of any one of clains 1-30, wherein said pol ypeptide
5does not Ypshitabesh ehalnd§Vadiur. I. Biodheny: 01:398AP9; 34. The isol at ed
pol ypepti de of any one of clainms 1-31, wherein the cellular protective

activity Weshitabé e tet #lg,198Ri InBichemg92:e01B8aMddng or restoring the function
and/or viability of said cell, tissue or organ. 35. The isol ated

pol ypept i pigci0fP 1ARYd e26c0M.P|. 3078 T1BRA. CHMAST B34 PALIB0l ypetide has

10cel lul ar protective activity in neuronal, bone, eye, adipose, connective,

hai r, teeﬁgvic _o&%i_, }mggrﬁ?fﬁpggﬁiggg%_sm epithelial, skin, muscle,

heart, |ung, ver, k renaf, capillary, endothelial,

testes, ovary, or.en trjal_,c S.Qr tissues. 36. The isol ated

pol ypebt i ﬁ‘ém t’g‘rgymlfﬂgarlﬁﬁmh’gﬁﬁd%@é%‘%gﬁl ﬁ)%s%ﬁs’dz%l ypepti de has

15cel lul ar. protective activity in a stemcell. 37. The isolated pol ypeptide
of cl ai mHﬁ@aa@qaél@ndaﬁmuﬁﬂal%&?,,Ambﬁévqhegailéﬂzﬁwﬂﬁ&mri de has cellular
protective activity in excitable tissue. 38. The isol ated peptide of claim
35, wher eHashidsd, 8. ebali, 1984, 8. AppsisdBioshene 6t ¥663,vaclvofiwhich $¢ berelyt ssue,

peri pheral nervous systemtissue, cardiac tissue or retinal tissue. 2039.

The i sol aingerppeitdd iereBirerie)in @9 entdbtyc! ai 8 1- 36, wherein said peptide is
capabl e of traversing an endothelial cell bather. 40. The isol ated peptide

of claim 37, wherei Rda@g?@pg%{e@hdg%gf&ggmﬁﬁ réa{; ev&%%?@?%ngg_ﬁdbl ood-brain

bat her, the bl ood-eye ood-tes arrier ovary

ohar nidbe fieRRT- e BieEbbie ShAR L2Ng. Breby ehoBoibdhy ssidbordinin any of

clainms 1-38 and a pharmaceutically acceptable carrier. 42. The

phar mac e utHEEy- conposition of claim 39, wherein said conposition is
formulated for oral, intranasal, ocular, inhalational, transdermal, rectal,
5subl i ngual or par eBeiers whighine ewessed by the above-described methods and

compositions of the present invention include but are not limited to the blood-brain
barrier, the blood-eye barrier, the blood-testes barrier, the blood-ovary barrier, blood-
15  nerve barrier, blood-spinal cord barrier, and blood-placenta barrier.

Candidate molecules for transport across an endothelial cell barrier
include, for example, hormones, such as growth hormone, neurotrophic factors,
antibiotics, antivirals, or antifungals such as those normally excluded from the brain and
other barriered organs, peptide radiopharmaceuticals, antisense drugs, antibodies and

20  antivirals against biologically-active agents, pharmaceuticals, and anti-cancer agents.
Non-limiting examples of such molecules include hormones such as growth hormone,
nerve growth factor (NGF), brain-derived neurotrophic factor (BDNF), ciliary
neurotrophic factor (CNTF), basic fibroblast growth factor (bFGF), transforming growth
factor p1 (TGFp1), transforming growth factor f2 (TGFp2), transforming growth factor

25 B3 (TGFB3), interleukin 1, interleukin 2, interleukin 3, and interleukin 6, AZT,
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43. The pharmaceutical conposition of claim39, wherein said conposition is
formul ated as a perfusate solution. 44. A nmethod for protecting,

mai nt ai nivg 2067/089838nci ng the viability of a responsive eeus20d68s1081 Or
organ isolated froma mamualian body conprising exposing said 10cell,
tissue or organ to a pharnmaceutical conposition conprising exposing said
cel |, ti smubBodibs SFaiad tinfortriverosisdaatos end immbnasnppesiive agentsfsuch as m 39, 40, or
41. 45.t_Use of an quol ated peptide of any one of clains 1-38 for the
prepar at i 9R1Rfodh, PRAGRBEAN! HFé or KRS iy R attachddhe ti tisee pilotsttiagai nst

and/ or préven ?on og&a $e ti ssuedlynj ury, for ﬂﬁ\e regtorat?on of , or

and/or préventiofi of 'a ™ ._ the on of
nocd ¢ nerBBHIE g Bty hRsHE RG0SR (P GHRBr bfatl TOISS o

the preparation of harjaceutj cal conposition fo \ bk
E Eer ap]?ut frémtqﬂgé’tﬂi‘?éd % e‘%&f&ﬂﬂﬁ&@‘@%ﬂ%é’&{%ﬁ ‘%‘%é%&g;uﬁg?ééglﬁﬁﬁbneeg
ereof of a cardi ovascul ar_di sease, cardi opyl i i

i seade, tivmelizeplgueitiaithe s smld HeaaonR 1 Joru Bkt va PeREaRor ¢ he

reproductive system done di sease, skin disease, gastrointestinal disease,

endocr i neordhq‘imdastdﬂnine,therptcgbesbiionoﬁﬁthz;hehadsli’a@iﬁea@@gthWéat@%functi on, or a

di sease or disorders of the central or peripheral nervous system 47. The

use of claim43 or ’ﬁﬂeW&%lﬁhﬁfehﬂ’itﬁlﬁwﬁoeﬁiecteﬂtaamampakiﬁoﬂeomﬂﬁiﬁnguae of claim

45 wherein the manmal is a human. 49. A nethod for facilitating the

tranceyt 0%5&091% t8'b hi€d @%@&@cﬁ&i%a@ésw dndbtheEAllcehaightfimetiora subj ect

in need t erepd colrrprl | ing admnistration to said subject a conposition

conpri si said nolecule.in jati ' ingql; ePhiier Of any one
S R S pBul RS A Rl ok, R A GR AP 2 on T

of clains claim association is a

| abi | e coval ent bond, st apl e, coval ent - | . iati

wi th ¥ bi HeoRS tgith%uae&af oSPEAS BB » Beo SR g et P P g O
conprising the nucl eoti de sequ di t i sol d I

of 61 ai muestoBs 1 68BHb Aheve G BORSPFSABOf RENHEESHEA LT BRI B [Hedo. 5.

The vector of claim50 which is an expression vector. 54. A host cell
cont ai ni ndeliveey efthe ardéonte aceassarbanfier @b deseribed above.

Various animal models and in-vitro tests of neuroprotection and transcytosis

are provided in PCT/US01/49479 (hereby incorporated by reference herein in its

15  entirety) to demonstrate the effectiveness of the tissue protective peptides of the
invention. For transcytosis, model proteins conjugated to the long acting erythropoieting
of the invention are evaluated for transport into the brain following parenteral
administration. These tests in in-vitro models and animal models are predictive of the
efficacy of the present compounds in other mammalian species including humans.

20 The present invention may be better understood by reference to the
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.
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55. A nethod of reconbinantly producing the isolated peptide of any one of
cl ai ns 1-38, said nethod conprising i) culturing in a nmediumthe
host cel lwaho@loavdds 52, 15under conditions suitable for tphenesmecpsmscon of
sai d peptide, and recovery and isolation of said peptide fromsaid nedium
56. The isol ated peptide of claim2, wherein said peptide conprises the

am no acié.j pepti de A (APPRLI CDSRVLERYLLEAKEAE, SEQ I D NG 32),
pepti de WNFYAV\KRNEVG SEQ I D NO 29), peptide D

20( QQAVEVAGLALLSEAVLRGQALLY, SEQ | D NG 30), peptide E

( GCAEHCS KWN, \ LUNITTGC, SEQ ID

N 33) . AMRLEL o RTIDQE SRmPRR SN e |

( CSLNENI GEQLERALNSS, SEQ I D NO 43), peptide J (QEQ ERALNSS NMLTRTR, SEQ
| D NO 41), peptide MSM@W&E,BQCI@@V .%%P,Onéﬁngk‘é bo?émﬁo

(1 CI RSDLTALTESYVI CH, SEQ NO 37). 57. The isol ated peptide_of any or,lg of

cl ai ns 1-38 segbearcei3B-5FAiaod Reptidedd (SEQEDND13d] earrgsponding 10/EPQamiRe 44)d s

neur oprotection, which activity is evaluated in vitro by a 5nethod

conpr issi rgquén@g 5g.cgg§.acti ng a test culture of primary | ai ppocanpal neurons
wi th N-nethyl D-aspartate and said peptide; and (b) determ ning the cell

viability at 48 ho%ﬂﬁﬁQZ\% eSp '%N@!ﬁﬁ%dpepﬁdes}&mtﬂmmﬂ, frhgmensth bf

viability determ ne D) i's greater than that of a control
protect | QAT Se s € hirh BeuRARRLAT BaceamRRey OT
Ant hony Cs(%clapmg éolil_lr-];?hg?g peptide synthesis, as described in Band, D., Chopra, N and Kent, S.,
“Total Synthesis of Crambin,” JLAM. CHEM. SOC. 2004, 126, 1377-1383 (incorporated
10 by reference herein in its entirety). Briefly, two fragments corresponding to EPO amino
acid sequence 38-57 (peptide C, NITVPDTKVNFYAWKRMEVG, SEQ ID NO:29) and
EPO amino acid sequence 58-82 (peptide D, QQAVEVWQGLALLSEAVLRGQALLYV,
SEQ ID NO:30) were synthesized on —OCH,-Pam-resins (free “carboxyl peptides) or on
HSCH,CH,CO-Leu-OCH,-Pam-Resin (“thioester peptides). During synthesis the side
15  chains of various amino acids were protected as follows: Arg(Tos), Asn(Xan),
Asp(OcHex), Cys(4-CH;Bzl) or Cys(ACM), Glu(OcHex), Lys(2-Cl-Z), Ser(Bz}),
Thr(Bzl), Tyr(Br-Z). After the peptide chain was assembled, the peptides were
deprotected and simultaneously cleaved from the resin support by treatment with
anhydrous HF containing p-cresol (90:10, v/v) for 1 brat 0 °C. Afier evaporation of the
20  HF under reduced pressure, crude products were precipitated and triturated with chilled
diethy! ether, and the peptides were dissolved in 50% agueous acetonitrile containing

0.1% TFA and purified by the preparative HPLC system. Peptide compositions were

confirmed using L.C-MS.
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<120> Ti ssue Protective Peptides and Uses Thereof <130> 10165-032-228 <150>
60/ 705, 741 <151> 2005-08-05 <150> 60/ 706, 276 <151> 2005- 08-08 <150>

60/ 831, 73¥0<sddrbro:4906- 07- 18 <160> 58 <170> Fast SEQ f or Wbmarsssosdsrosi on 4.0
<210> 1 <211> 165 <212> PRT <213> Artificial Sequence <220> <223>
Eryt hropoi etin peptide <400> 1 Ala Pro Pro Arg Lea Ile Cys AUSi'g Ser Arg Val

Lgia 'Cju gEgéHMgLEﬁm 1510VALIBA TION OB PEPT IDERMERIAT RDAEKSS] Thr Thr Ay
s Ala Gn Hs

PROTECTION.

The tissue protective peptides were tested for any tissue protective
activity using a Sciatic Nerve Assay. Sprague-Dawley rats (250-300 grams) (six per
5  group, including control) were anesthetized using isoflurane (Baxter NPC 10019-773-60)
and a Table Top Laboratory Anesthesia System (flowmeter set to 2-3 liters/minute @ 55
psi) for at least 3 minutes. The rat was then placed on a homeothermic blanket to ensure
that the core temperature of the rat was maintained at 35-37 °C during the operation.
Core temperature was monitored via a rectal probe. The right sciatic nerve of the
10  anesthetized rat was exposed at mid thigh through a quadriceps muscle dissection; a2
cm incision with a 15 blade scalpel was made through the skin parallel and over the
quadriceps muscle and the quadriceps muscle was cut to expose the‘sciatic nerve using a
pair of dissecting scissors. The sciatic netve was then freed from the surrounding
membranes. A 2-0 braided silk thread (Ethicon, 685-G) was passed under the nerve and
15  the ends of the suture passed through a guide which was maintained perpendicular to the
nerve. The end of the suture was then tied to a non-elastic cord which was then draped
around the pulley system (a NYL pulley bearing MTD %”B (PO Number 04174-01) with
stabilizer) and a 100 gram weight attached to the non-elastic cor& was slowly released.
The weight was allowed to hang for 1 minute before the silk suture was cut to release the
20 weight.
A 289 pmol/kg dose of carbamylated erythropoietin,‘ a 289 pmol/kg dose
of one peptide from the series A-J (see Table 1), or PBS was then injected into the caudal
vein using a % cc insulin syringe. A 20mer fragment (corresponding to amino acids 102-
121) from pigment epithelium-derived growth factor (PEDF) which does not follow the

25  teaching above was used as control.

-94 -



202530 Cys Set Lea Asn G n Asn Ile Thr Val Pro Asp Thr Lys Val Asn Phe
354045 Tyr Ala Trp Lys Arg Met Qu Val dy Gn Gn Ala val Qu Val Trp
505560 GwoGhyieldsAl a Leu Len Set G n Ala Val Len Arg @cyiSwnsAbmsiea 65
70 75 80 Leu Val Asn Set Set Gn Pro Trp Gn Pro Len An Lea H s Val Asp
859095 Lys Ala Val Set Ay Len Arg Set Len Thr Thr Len Lea Arg Ala Len

100105110 Gy Al a G rhiyseldRnd shigicdl ligisien wereothti olodapand EmAbALBdated\ a Al a
115120125 Pro Lea Arg Thr Ile ThgricAI a Asp Thr Phe Arg Lys Lea Phe Arg Val

116150 (O IRE L MpEr Ul 351y Ty fo OB R0
rat was maintained at 3§lﬁ CS %%ge%gat ﬁ?a%ﬁ@c during recovery.
Over the next four days the rear toe splaying of the rats was determined
5 by placing the rat in an acrylic tube with a diameter of 30 cm on the scanning surface of
a digital scanner. After waiting 5 minutes in order to permit acclimation, a scan was
taken of the rat’s back feet that clearly displayed all 5 toes. Three acceptable scans of
each rat were taken. From the scans, the Toe Spread (the distance between the ball of
the first toe and the ball of the fifth toe) and the Intermediate Toe Spread (the distance
10  between the ball of the second toe and the ball of the fourth toe) were measured. The
static sciatic index was then computed in accordance with S. Erbayraktar et al., 2003,
Proc Natl Acad Sci U S A 100, 6741-6746 (hereby incorporated by reference in its
entirety) and statistical analysis performed.
All peptides except B (SEQ ID NO:34), H (SEQ ID NO:47) and the
15 PEDF derivative were equally protective, providing a static sciatic index (“SSI”) of
about -0.57 versus a SSI of about -67 to about -68 for PBS/ PEDF fragment (FIG. 2).
Figure 2 also shows that the efficacy of the positive peptides was at least equi\falent, if
not improved, over that of the carbamylated erythropoietin.
Table 1 also presents the approximate distance between carbonyl carbons
20 for the tested peptides. Distances were calculated using the three-dimensional
coordinates provided by Cheetham et al., 1998, Nat. Struct. Biol. 5:861-866, hereby
incorporated by reference. The peptides which tested positive for tissue protective

activity each had a carbonyl carbon to carbonyl carbon distance/separation of between

about 3 A to about 5 A.
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<213> Artificial Sequence <220> <223> EPO am no acids 100-104 interacting

wth a lowaffinity receptor binding site 2 <400> 5 Ser Gy Lea Arg Ser 15
<210> 6 <XbbwoAerss2> PRT <213> Artificial Sequence <22@rrAR3dss/obfel at ed

pol ypepti des cofrprisind gm no acild strucfural potif A <220> <221> VAR ANT
<222> 1,4 <223>| Xaa = gny,hydrophgebic ampo acjd (sane or different) <220>
<221> VARI ANT <P22> 2,3 4223> Xaa = any negatiyel y| charged am no acid (sane
or different) <400> 6
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Xaa Xaa Xaa Xaa 1 <210> 7 <211> 5 <212> PRT <213> Artificial Sequence <220>
<223> Variant of isolated EPO pol ypeptides conprising amno acid structural
notif A <$R8Qpo7d®sl4s VARI ANT <222> 1,5 <223> Xaa = Any hpdrarshaisios10aii no
acid (sane or different) <220> <221> VAR ANT <222> 2, 4 <223> Xaa - Any
negatively charged am no acid (sane or different) <220> <221> VARI ANT <222>
3 <223> Xaa = Any ami no acid <400> 7 Xaa Xaa Xaa Xaa Xaa

EXAMPLE 3. TISSUE PROTECTIVE PEPTIDES ARE NON

ERYTHROPOIETIC.

A, In Vitro Assessment:

5 UT-7epo, a human erythropoietin-dependent leukemia cell line, was used
for the determination of the erythropoietic potency of the peptides. UT-7epo cells
(Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ), Cat. No. ACC
363) were grown in a complete RPMI-1640 medium with 10% FBS and 5 ng/ml
erythropoietin. The proliferation/survival (= viability increase) response of the cells

10  exposed to erythropoietin is mediated by the classical erythrocyte-type erythropoietin
receptor and is a quantitative measure of the capacity of erythropoietin-variants to
stimulate the classical erythropoietin receptor,

UT-7¢po cells were transferred to fresh complete RPMI 1640 medium
containing 10% donor calf serum, 4 mM L-glutamine, and supplemented with 5 ng/m! of

15  recombinant human erythropoietin. The cells were maintained in 75 cm?® flasks with 20
ml of medium/flask in a humidified incubator with 5% CO, at 37°C for 48 h. On day two
of the assay, i.e., at 48 h, the cells were transferred from the flask into a 50-ml conical
tube and centrifuged at 1,000 rpm for 5 minutes at room temperature. The supernatant
was discarded and the cells washed two times with 10 ml of starvation media (3% donor

20  calf serum, 4 mM L-glutamine). The cells were then re-suspended in starvation media,
using up and down pipette action to obtain a single cell suspension. The re-suspended
cells were diluted with starvation media to a obtain a density of 4 x 10° cells/ml, and
plated at a total culture volume of 10 mi per 25 cm? flask. Following a 4 h incubation,
the cells were again transferred to a 50-ml conical tube. Control cells were maintained

25  throughout with 5 ng/ml of rhu-erythropoietin,
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15 <210> 8 <211> 6 <212> PRT <213> Artificial Sequence <220> <223> Vari ant
of isolated EPO pol ypeptides conprising amno acid structural notif A <220>
<221> VARVONI0O7A2RA5 1, 6 <223> Xaa = Any hydrophobi c arCrasac@3(same or
di fferent) <220> <221> VARI ANT <222> 2,5 <223> Xaa = Any negatively charged
aninmo acid (same or different) <220> <221> VARI ANT <222> 3,4 <223> Xaar -
Any anino acid (sanBels weicfdikstedrto 206,000 sels/nbin skrsatiouanedinmyplatetah 100

pl/well in a 96 well plate and exposed to varying concentrations of erythropoietin,
carbamylated erythropoietin, and Peptide D, SEQ ID NO:30. A series of 10 fold
dilutions in RPMI 1640 medium containing 3% serum was used to generate

5  concentrations of test compounds from 0.2 pM to 20 nM. Following a further for 48 h
incubation, a solution of 15 ml WST-1 Cell Proliferation Reagent (Roche) was added to
each well, and incubated for 1 hour at 37 °C in CO,. After mixing for 1 minute, the plate
was read in a plate reader (absorption at 450 nm, subtracted from background absorption
at 650 nm).

10 . Peptide D exhibited no erythropoietic activity at doses as high as 10,000
pM (FIG. 3). Preferably, the peptide will have no erythropoietic activity for a dose lower
than 1 pg/ml, and more preferably for a dose lower than 10 pg/ml.

B. In Vive Assessment:
To evaluate the erythropoietic activity of tissue protective peptide F

15  (SEQ ID NO:33) or peptide G (SEQ ID NO:40, as discussed supra a peptide
constructed of the presenting residues of Helix B), the peptides were administered
0.8 pg/kg subcutaneously three time per week to male Sprague Dawley rats. The
dosage schedule corresponded to the equivalent dose (on a molar basis) of EPO
previously determined to be elicit maximum erythropoiesis. Hemoglobin

20  concentration was determined periodically by use of an automated analyzer (Keska
Corporation).

Neither Peptide B nor Peptide C showed any increase in hematocrit
over the course of the study (FIG. 4; the response to an equimolar dosage of EPO is
presented for comparison). The decrease in hemoglobin noted for EPO after 3

25  weeks is due to the production of anti-EPO neutralizing antibodies which cause pure
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15 <210> 9 <211> 7 <212> PRT <213> Artificial Sequence <220> <223> Vari ant

of isolated EPO pol ypeptides conprising amno acid structural notif A <220>
<221> VARWONIowAR%s 1, 7 <223> Xaa - Any hydrophobi c ampoa/esod/ossne or

di fferent) <220> <221> VARI ANT <222> 2,6 <223> Xaa - Any negatively charged
amno acid (sane or different) <220> <221> VAR ANT <222> 3,4,5 <223> Xaa =
Any ami no resbeell gpdasire Tocontirast, eoaqeniralizing anttbods sesganserwias obaarvdHrXaa Xaa 15

either peptide G or peptide F.

EXAMPLE 4. PEPTIDE IS TISSUE PROTECTIVE IN IN VITRO
5 ASSAYS.

Peptides can be readily assessed for tissue protection using any number of
in vitro assays. For example, protection from excitoxicity can be determined using
kainite-induced death of mouse motoneurons. Spinal cords were obtained from 15-day
old Sprague-Dawley rat embryos as previously described (Siren et al., 2001, PNAS

10 98:4044, hereby incorporated by reference in its entirety). The ventral horn was
trypsinized and centrifuged through a 4% BSA cushion for 10 min at 300 X g. Cells
(representing mixed neuron-glia culture) were seeded at a density of 2,000 cells/cm? into
24-mm well plates precoated with poly-DL ornithine and laminin. Motoneurons were
further purified by immunopanning and the cells were seeded at low density (20,000

15  cells/em®) onto 24-mm well plates precoated with poly-DL-ornithine and laminin, and
containing complete culture medium [Neurobasal/B27 (2%); 0.5 mM L-glutamine; 2%
horse serum; 25 mM 2 mercaptoethanol; 25 mM glutamate; 1% penicillin and
streptomycin; 1 ng/ml BDNF]. The medium (without glutamate) was re-added to
cultures on days 4 and 6.

20 Cell death was induced on day 6 in culture by incubation for 48 h with
kainic acid (5 mM for mixed neuron-glia cultures; 50 mM for purified cultures). Peptide
D (5ng/mL) or vehicle was added to the cultures 72 h before induction of cell death, and
treatment continued for 48h. The medium was then discarded and the cells fixed with 4%
(vol/vol) paraformaldehyde in PBS for 40 min, permeabilized with 0.2% Triton X-100,

25  blocked with 10% (vol/vol) FCS in PBS, incubated with antibodies against non-
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<210> 10 <211> 8 <212> PRT <213> Artificial Sequence <220> <223> Vari ant of
| sol at ed EPO pol ypeptides conprising amno acid structural notif A <220>
<221> VARNAND07/04223> 1, 8 <223> Xaa = Any hydr ophobi ¢ amp@a/@820ab/3s@me or
different) <220> <221> VARI ANT <222> 2, 7 <223> Xaa = Any negatively
2355 Xa phospbpriten pewo iuiesta(SME: 14119 6 e prmighO A B RHze Hu S o Xaa
o a1 e
avidin—biotin method with diaminobenzidine. Viability of motoneurons was assessed
morphologically by counting SMI-32 positive cells across four sides of the cover slip and
staining for apoptotic bodies was done by using H33258.
5 Peptide D (SEQ ID NO:30, corresponding to amino acids 58-82 of SEQ
ID NO:1) completely protected motoneurons from injury caused by kainate (FIG. 5).
Alternatively, tissue protection afforded by peptides can be determined
using an assay employing mouse P19 cells, which are neuronal-like and die via apoptosis
upon withdrawal of serum. Tissue protection of peptide D (SEQ ID NO:30) was
10 compared to that of EPO using P19 clone P19851801A1 as previously published (Siren et
al., 2001, PNAS 98:4044, nereby incorporated by reference in its entirety). Cells were
maintained undifferentiated in DMEM supplemented with 2 mM Lglutamine; 100
units/ml penicillin G; 100 mg/mi streptomycin sulfate (GIBCO); 10% (vol/vol) FBS
(HyClone), containing 1.2 g/liter NaHCO3 and 10 mM Hepes buffer, hereafier referred
15  to as complete medium. Serum-free medium contained the same components as above
with the deletion of serum and the addition of 5 mg/ml of insulin; 100 mg/ml of
transferrin; 20 nM progesterone; 100 mM putrescine; 30 nM Na2SeQ3 (from Sigma).
For the experiments, 50% confluent cells were pretreated overnight with EPO or vehicle,
dissociated with trypsin, washed in serum-free medium, and plated in 25-cm? tissue
20 culture flasks at a final density of 104 cells/cm? in serum-free medium alone or with
added EPO. Cell viability and was determined by trypan blue exclusion and a
hemacytometer.
Peptide C, SEQ ID NO:29 (corresponding to amino acids 38-57 of SEQ

ID NO:1) was at least 10 time more potent on a weight basis than EPO in preventing

25  apoptosis of p19 cells (FIG. 6).
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<210> 11 <211> 9 <212> PRT <213> Artificial Sequence <220> <223> Variant of
| sol at ed EPO pol ypeptides conprising amno acid structural notif A <220>
<221> VARWOIR0#A2AS 1, 9 <223> Xaa = Any hydrophobi ¢ amPI/GeMe/386te or
different) <220> <221> VAR ANT <222> 2, 8 <223> Xaa - Any negatively
charged am no acid (sanme or different) <220> <221> VARI ANT <222> 3,4,5,6,7

<223> Xaa =- Any amno acid (sane or different) <400> 11 Xaa Xaa Xaa Xaa
Xaa Xaa Xaa Xaa Xaa
EXAMPLE 5. MIDDLE CEREBRAL ARTERY OCCLUSION
MODEL.

Male Crl:CD(SD)BR rats weighing 250-280 g were obtained from
5  Charles River, Calco, Htaly. Surgery was performed in accordance with the
teachings of Brines et al., 2000, PNAS USA 97:10526-10531 (hereby incorporated
by reference in its entirety. Briefly, the rats were anesthetized with chloral hydrate
(400 mg/kg-bw, i.p.), the carotid arteries were visualized, and the right carotid was
occluded by two sutures and severed. A burr hole adjacent and rostral to the right
10  orbit allowed visualization of the middle cerebral artery (“MCA”), which was
cauterized distal to the rhinal artery. To produce a pepumbra (border zone)
surrounding this fixed MCA lesion, the contralateral carotid artery was occluded for
1 hour by using traction provided by a fine forceps and then re-opened.
Sprague Dawley rats (8 per group) were subjected to the above noted
15  MCAO protocol. The rats were administered PBS, carbamylated erythropoietin (44
ug/kg), or peptide D (aa 58-82; 4.4 ug/kg) upon release of the occlusion.
Additionally, peptide D (aa 58-82; 4.4 ug/kg) was administered in four doses at 2
hour intervals following the occlusion to a separate group. For assessment of injury,
rats were subjected to behavioral testing or the volume of the lesion was determined
20 by tetrazolium staining of brain sections performed 24 hours post surgery in
accordance with the previously noted protocol.
FIG. 7A presents a graph demonstrating the volume of lesions resulting from
the MCAO protocol. Treatment with peptide D (SEQ ID NO:30), either as a single

dose or by multiple doses, reduced the lesion volume resulting from the MCAO
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15 <210> 12 <211> 4 <212> PRT <213> Artificial Sequence <220> <223> Vari ant
of isolated EPO pol ypeptides conprising amno acid structural notif A <220>
WO 2007/ Q3d5/0¢833> VAR ANT <222> 1 <223> Xaa = Any hyeceafsetmeossi no aci d
<220> <221> VARI ANT <222> 2, 3 <223> Xaa = Any negatively charged am no
acid (sane or different) <220> <221> VARI ANT <222> 4

surgery by about two thirds: statistically equivalent to the tissue protective effects of

carbamylated erythropoietin.

(b) Therapeutic window of tissue protective cytokines

5 The MCAO protocol as outlined above was repeated for the instant
example. Following the occlusion procedure, PBS, carbamylated erythropoietin (44
ug/kg, i.v.), or peptide D (SEQ ID NO:30) (4.4 ug/kg) were administered to the rats
immediately after recirculation was established in the carotid (i.e., one hour from the
onset of ischemia) . In addition, peptide D (SEQ ID NO:30) was administered in

10  four doses(each 4.4 ug/kg-bw) at 2 hows intervals following the occlusion. (8 rats

per group).

(c) Behavioral testing.

A separate group of rats was also tested in a foot fault bebavioral
15  protocol. Rats were tested on an elevated stainless steel grid floor 30 cm x 30 cm
with grid size of 30 mm according to the protocol of Markgraf et al., 1992, Brain
Research 575:238-246 (hereby incorporated by reference in its entirety). When
placed on the grid, rat would attempt to move around and occasionally place a foot,
rather than on the grid, through a grid opening ("foot fault"). The number of foot
20  faults was measured for a 1 minute period.
The rats treated with peptide D (SEQ ID NO:30) following
reperfusion suffered from fewer foot faults than those treated with PBS (FIG. 7B).
No significant additional benefit was observed following the administration of

multiple doses of peptide D (SEQ ID NO:30). Although the mean number of foot

- 103 -



<223> Xaa = Any polar am no acid <400> 12 Xaa Xaa Xaa Xaa 1 <210> 13 <211>
5 <212> PRT <213> Artificial Sequence <220> <223> ariant of isolated EPO
pol ypept iwle2oay@mmyBsas Ssi ng am no acid structural notif A <22@wsz@BhH310¢ARI ANT
<222> 1 <223> Xaa = Any hydrophobi c am no acid <220> <221> VARI ANT <222>

2,4 <223> Xaa - Any negatively charged am no acid <220> <221> VARI ANT <222>
3 faults was less in the group receiving multiple doses of peptide, the difference

observed was not significantly different from the group receiving a single dose.

EXAMPLE 6. DIABETIC NEUROPATHY

5 Diabetes was induced in male Sprague Dawley rats (Charles River, Calco,
IT) using streptozocin administered at a single dose of 60 mg/kg ip in fasting rafs as
previously described (Bianchi et al., 2004, Proc Natl Acad Sci U S A 101, 823-828,
hereby incorporated by reference in its entirety). Diabetes was confirmed by increased
serum glucose levels to greater than 300 mg per deciliter (mg %) (normal levels are <

10 100 mg %). Diabetic animals were then treated with peptide D (SEQ ID NO:30; 4
ug/kg) or vehicle 5 times a week intraperitoneally. Two weeks after induction of the
diabetic state, nerve conduction velocity was determined using the caudal nerve.

As shown in FIG, 8A, the diabetic animals exhibited a reduction in caudal

perve conduction velocity from about 22 m/s (normal) to about 19 m/s. Administration
15  of peptide D (SEQ ID NO:30) was associated with an increase in conduction velocity to
about 23 m/s.

Additionally, the thermal nociceptive threshhold was quantified by
measurement of the time to paw withdrawal in a “hot plate” test. Withdrawal latency
was defined as the time between placement on the hot plate and the time of withdrawal

20  and licking of hind paw. Each animal was tested twice separated by a 30 min rest
interval. Hind paw thermal thresh-hold was measured 4 weeks after induction of
diabetes. Peptide D (SEQ ID NO:30) reduced the latency time spent on the hot plate by

the diabetic animal (FIG. 8B).

25 EXAMPLE 7: PROTECTION OF SCIATIC NERVE AND KIDNEY FROM

CISPLATINUM-INDUCED INJURY.
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<223> Xaa - Any amino acid <220> <221> VARI ANT <222> 5 <223> Xaa = Any

pol ar am no acid <400> 13 Xaa Xaa Xaa Xaa Xaa 15 <210> 14 <211> 6 <212> PRT
<213> Artwbizsi7a198equence <220> <223> Vari ant of i sol at ®dTERGHBsMBEEPt i des
conprising WD 2007/019545 am no acid structural notif A <220> <221>

VARI ANT <222> 1 .
Cisplatinum (CDDT) was administered intraperitoneally to male Sprague-

Dawley rats at 2mg/kg twice weekly for 5 weeks as described in Bianchi et al., 2006,
Clin Cancer Res 12: 2607-2612, hereby incorporated by reference in its entirety.
Animals were separated into groups of 6 each. During the 5 week CDDT administration,
5  animals also received either peptide G, (SEQ ID NO:40) at 0.4ug/kg-bw or PBS i.p.
three times pet week. A control group received PBS instead of CDDT. Hot plate latency
was determined as described in Example 6 above.
Animals that received CDDT and only PBS exhibited an increase in
latency compared to controls: i.e., CDDT was associated with impaired thermal
10  sensitivity. In contrast, animals that received the peptide exhibited normal hot plate
latency (FIG. SA).
Treatment with peptide also prevented CDDT-induced polyuria( FIG. 9B)
Specifically, animals that had received PBS exhibited a significant increase in daily urine
production from about 30 mL/day to about 47 mEL/day. In contrast, animals having
15 received the tissue-protective peptide did not significantly differ from controls animals

that received PBS instead of CDDT.

EXAMPLE 8: PROTECTION FROM DIABETES-INDUCED RETINAL
VASCULAR LEAK
20 Beneficial effects of tissue-protective peptides on hyperglycemia-induced

retinal vascular leakiness can be determined using a rat model of diabetic retinopathy. In
this model, Evans blue is used to determine leakage from the blood vessel into tissues as
described by Xu et al., 2001, Invest. Ophthal. Vis. Sci 42: 789-794 (hereby incorporated

by reference in its entirety). Evans blue is tightly bound to albumin and is therefore
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<223> Xaa = Any hydrophobic am no acid <220> <221> VARI ANT <222> 2,5 <223>
Xaa = Any negatively charged am no acid (sane or different) <220> <221>
VARI ANT <2D2p073)19548223> Xae = Any amino acid (sanme or diPCTarseosi3xap0>
<221> VARI ANT <222> 6 <223> Xaa = Any polar am no acid <400> 14 Xaa Xaa Xaa

Xaa Xaa Xaa 15 <210> 15 <211> 7 <212> PRT <213> Artificial Sequence
retained within the circulation unless leakiness of the vessel wall occurs, such as caused

by uncontrolled diabetes mellitus,
In this model, fasting male Sprague-Dawley rats receive a single dose of
streptozotocin (60mg kg ip). Two days later, following verification of the development
5 of diabetes mellitus (fasting serum glucose greater than 300mg %, animals were divided
into groups of 6 animals each as well as a control group that did not receive
streptozotocin. The two diabetic groups were administered either peptide D (SEQ ID
NO:30) at 4 pg.kg intraperitoneally 5 days a week or PBS on the same schedule, Afier
three weeks of uncontrolled diabetes, animals were anesthetized and administered Evans
10 Blue dye (30 mg/kg) intravenously, which was allowed to circulate for 2 hours. Using
transcardiac puncture, the animals were then perfused with PBS until the effluent was
clear followed by 4% paraformaldehyde. The eyes were then removed and the retinas
carefully dissected from the globe. The retinal content of Evans Blue was determined by
incubating the retinas in formamide at 80°C for 18 hours, The supernatant was then
15  removed and saved for analysis and the retinas completely dried and weighed.
Concentration of Evans Blue in the supernatant was determined by a spectrophotometer
and a standard curve of Evans Blue dissolved in formamide established.
As seen in FIG. 10, animals that received administration of peptide D
(SEQ ID NO:30) experienced no increase in Evans Blue dye within the retina, compared
20  to control. In contrast, diabetic animals that received only PBS exhibited an increase in

retinal Evans blue content, indicating the vascular leakage had occurred.

EXAMPLE 9: PROTECTION FROM ACUTE RENAL FAILURE
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<220> <223> Variant of isol ated EPO pol ypepti des conprising am no acid
structural notif A <220> <221> VARI ANT <222> 1 <223> Xaa = Any hydrophobic
am no aciwolBEos221> VARI ANT <222> 2, 6 <223> Xaa = AprTnSgaisciosmky
charged am no acid (sanme or different) <220> <221> VAR ANT <222> 3,4,5
<223> Xaa = Any amng acid (same or different) <220> <221> VARI ANT <222> 7
<223> Xaa = Any pol aissuerprabechiye pertidss sreasoqfieckine inprgvouting iaigryXadhecaa

kidneys in the setting of ischemia. Adult male Wistar rats were anesthetized and an
abdominal incision made to visualize both renal arteries. Using an atraumatic vascular
clamp, both arteries were compressed for 60 minutes, completely arresting renal blood
5  flow. The clamps were then removed to restore circulation and peptide F (SEQ ID
NO:33) or peptide G (SEQ ID NO:40) was administered at 290 pmol/kg-bw
intravenously. An additional group undergoing ischemia received only PBS
intravenously.
Seventy two hours following reperfusion, the animals were anesthetized

10 and underwent perfusion-fixation using paraformaldehyde. Fixed animals were
sectioned sagittally into halves and further fixed by immersion in 10% formaldehyde at
room temperature for one day. Histological evaluation of the kidneys was performed
according to the protocol of Sharples et al., 2005, J Amer Soc Nephrol: 15: 2115 (hereby
incorporated by reference in its entirety). Briefly, afier dehydration using graded

15  ethanol, pieces of kidney were embedded in parafin, cut into 5 micrometer sections and
mounted on glass slides. Sections on slides were deparaffinized with xylene,
counterstained with hematoxylin and eosin, and examined under a light microscope. One
hundred fields were examined for each kidney, and a score from 0 to 3 was given for
each tubular profile: 0, normal histology; 1, tubular cell swelling, brush border loss, and

20 nuclear condensation with up to one third nuclear loss; 2, as for score 1 but greater than
one third and less than two thirds tubular profiles showing nuclear loss; and 3, greater
than two thirds tubular profile showing nuclear loss. The histologic score for each kidney

was calculated by addition of all scores, with a maximum score of 300.
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15 <210> 16 <211> 8 <212> PAT <213> Artificial Sequence <220> <223>

Vari ant of isol ated EPO pol ypeptides conprising amno acid structural notif
A <220> <®DLBOMABSIANT <222> 1 <223> Xaa = Any hydr ophobipcTAm2008/0am06d <220>
<221> VARI ANT <222> 2, 7 <223> Xaa = Any negatively charged am no acid

(sane or different) 220> <221> VARI ANT <222> .20 <223> Xaa = Any am no
acid (sanme or diffe S%@%@%ﬁ@ ﬁiﬁEQ%D%‘Ig-%) or peptide G (SEQ
NO:40) was associated with a significant reduction in injury score (p < 0.05) compared

to the controls.

5 EXAMPLE 11, EFFICACY OF TISSUE PROTECTIVE PEPTIDES IN

CEREBRAL MALARTA.

A rodent model of cerebral malaria was developed according to Kaiser et
al., 2006, J. Infect. Dis. 193:987-995 (hereby incorporated by reference in its entirety.
Female CBA/J mice 7 weeks old were separated into groups of 20 animals. Each group

10 was infected with Plasmodium berghei Anka (PbA) administered intraperitoneally as a
dose of 10° PbA. infected erythrocytes. Mice received either PBS or peptide F (SEQ ID
NO:33) on days 4, 5, and 6 as intraperitoneal injection at a dose of 2.6 ug/kg. Clinical
status and blood smear data were gathered during the follow-up (end point D30).
Cumulative long-term survival was calculated according to the Kaplan-Meier method

15  and groups were compared with the log rank test. Survival time was the dependant
variable. A p-value of <0.05 was considered significant.

As shown in Figure 12, all mice in the control group (saline) died by day
8. In contrast, mice that recejved peptide F (SEQ ID NO :33) exhibited prolonged
survival, significantly different from the control group (p < 0.005), using a log-rank test.

20
EXAMPLE 12 : EFFICACY OF TISSUE PROTECTIVE PEPTIDES IN

A MURINE EAE MODEL

Experimental autoimmune encephalomyelitis (*“AEA”) was induced in

CS57BL/6 female mice (6-8 weeks of age) according to Savino et al., 2006, J

25  Neuroimmunol 172:27- 37, hereby incorporated by reference in its entirety. EAE was
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<222> 8 <223> Xaa - Any polar amno acid <400> 16 Xaa Xaa Xaa Xaa Xaa Xaa
Xaa Xaa 15 <210> 17 <211> 9 <212> PRT <213> Artificial Sequence <220> <223>
Vari ant oioizwel@bsd EPO pol ypepti des conprising am no a@cd/tseewsmsiosnl noti f

A <220> <221> VARI ANT <222> 1 <223> Xaa = Any hydrophobi c am no acid <220>
<221> VARI ANT <222> 2, 8 <223> Xaa = Any negatively charged am no acid
(sanme or githdeanyRiboutdR0ds immunization in the flanks with a total of 200 pg of MOG35 -
55 (Multiple Peptide Systems, San Diego, CA, USA)in incomplete Freund’s adjuvant
(Sigma, St. Louis, MO, USA) supplemented with 8 mg/ml of Mycobacterium
tuberculosis (strain H37RA; Difco, Detroit, MI, USA). Animals were housed in specific
5  pathogen-free conditions, allowing access to food and water ad libitum, Mice received
500 ng of pertussin toxin (Sigma) i.v. at the time of immunization and 48 h later. Weight
and clinical score were recorded daily (O=healthy, 1=flaccid tail, 2~ataxia, and/or hind-
limbs paresis, ot slow righting reflex, 28 C. 3=paralysis of hind limb and/or paresis of
forelimbs,4=paraparesis of fore limb, 5=moribund or death). Food pellets and the
10 drinking water were placed on Petri plates on the floor of the cage to enable sick mice to
eat and drink. Peptide E (SEQ ID NO:31) was administered daily subcutaneously at a
dose of 4.4 micrograms/kg-bw, starting on day 4 after immunization.

Administration of peptide E (SEQ ID NO:31) significantly reduced both

the time course and severity of the clinical presentation of AEA in the treated animals (p
15 <0.01) (FIG. 13).

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

20  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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CLAIMS

1. An isolated polypeptide of no more than 15 amino acids comprising an amino acid
sequence of WEHVNAIQEARRLL (SEQ ID NO: 35), wherein the polypeptide has
tissue protective activity.

2. An isolated polypeptide of no more than 14 amino acids comprising an amino acid
sequence of WEHVNAIQEARRLL (SEQ ID NO: 35).

3. An isolated polypeptide of no more than 14 amino acids comprising an amino acid
sequence of WEHVNAIQEARRLL (SEQ ID NO: 35), wherein one amino acid residue
of the amino acid sequence is replaced with a conservative or non-conservative
substitution, or an amino acid equivalent, and wherein the polypeptide has tissue
protective activity.

4. The isolated polypeptide of claim 3, wherein the one replaced amino acid residue of said

amino acid sequence is replaced with an amino acid equivalent.

5. The isolated polypeptide of claim 4, wherein said amino acid equivalent is an amino acid

having a side chain modification or side chain substitution.

6. The isolated polypeptide of claim 3, wherein the one replaced amino acid residue of said

amino acid sequence is replaced with a conservative substitution.

7. The isolated polypeptide of claim 3, wherein the one replaced amino acid residue of said

amino acid sequence is replaced with a non-conservative substitution.

8. The isolated polypeptide of any one of claims 1-7, wherein said polypeptide is modified

with an addition of polyethylene glycol.
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10.

11.

12.

13.

14.

15.

16.

The isolated polypeptide of any one of claims 1 and 3-7, wherein said tissue protective
activity comprises protecting, maintaining, enhancing or restoring the function and/or

viability in a responsive cell, tissue, or organ.

The isolated polypeptide of claim 9, wherein said responsive cell, tissue or organ is

neuronal.

The isolated polypeptide of any one of claims 1 and 3-7, wherein said tissue protective
activity is in excitable tissue selected from central nervous system tissue and peripheral

nervous system tissue.

The isolated polypeptide of any one of claims 1 and 3-7, wherein said polypeptide is
capable of traversing an endothelial cell barrier such as the blood-brain barrier, the blood-
eye barrier, the blood-testes barrier, the blood-ovary barrier, the blood-nerve barrier, and

the blood-spinal cord barrier.

A pharmaceutical composition comprising the isolated polypeptide of any one of claims

1-12 and a pharmaceutically acceptable carrier.

The pharmaceutical composition of claim 13, wherein said composition is formulated for
oral, intranasal, ocular, inhalational, transdermal, rectal, sublingual, or parenteral

administration, or wherein said composition is formulated as a perfusate solution.

The pharmaceutical composition of claim 13, wherein said composition is used for the
prevention, therapeutic treatment or prophylactic treatment of a disease or disorder of the

central or peripheral nervous system in a subject in need thereof.

The pharmaceutical composition of claim 13, wherein said composition is used as a tissue
protective agent in the prevention, therapeutic treatment or prophylactic treatment of a

disease associated with tissue damage in a subject in need thereof.
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17.

18.

19.

20.

21.

22.

23.

The pharmaceutical composition of claim 16, wherein said tissue damage is caused by

ischemic, hypoxic, traumatic, or inflammatory injuries.
The pharmaceutical composition of claim 16, wherein the subject is a human.

An isolated nucleic acid comprising a nucleotide sequence encoding the isolated
polypeptide of claim 1 or 2.

A vector comprising the nucleic acid of claim 19.
The vector of claim 20, wherein said vector is an expression vector.
A host cell containing the expression vector of claim 21.

A method of recombinantly producing an isolated polypeptide comprising (a) culturing in
a medium the host cell of claim 22, under conditions suitable for the expression of said

polypeptide, and (b) recovering and isolating said polypeptide from said medium.
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