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WD 2007/ 019545 PCT/ US2006/ 031061 Tl SSUE PROTECTI VE
PEPTI DES AND USES THERECOF 1. | NTRODUCTI ON The present
wonvevdsar i s directed to novel tissue protect PCE/US2006/031061
peptides. The 5 tissue protective peptides of the
invention may bind to a tissue protective receptor
conpl eXFISSURPPROTEG FIVE PEPTIDESAND USESITHEREOH awn
to tissue protective peptides derived fromor sharing
consensus sequences with portions of cytokine receptor
I i gands, including Erythropoietin (EPO, that are not
involved in the binding of the ligand to the receptor
conplex, e.g., to the EPO receptor honodi ner.
1 fﬁ’iﬁ@ﬂ@ﬁoﬁ he tissue 10 protective peptides of the
“invention are derived fromthe am no aci d sequences of
regions of cytokine receptor |igands that are
general l y,l ocated on..or.w.thin.the region of the .
i gand pr Bt BIRCHARCRSh sditselelas 4PVl pBoRhuspity’ peptides. The
. conplex, i. e., are generally derived from amno acid
tissye RiRIAES pspﬁqleégﬁ&wslnmntpﬁénw Rfachép pHEVEPHIEHIE TPogRIr
away fromthe receptor conplex while the ligand is
cotbplend Int partitigan, dapessnt inveianiy drevimote tissue pretekidye peptides
directed to 15 the consensus sequences for use in
dertvedi frar ot sigiriag Kyndehaisi seqiisnssuwith poitivnt b eytplept radeptor ligands,
These tissue protective peptides al so include

inclyBRPEBRkISopSBINELIRYS), 1A aM&lot iRDIRERA HSsindife 6F B8 eRah@to the

m m<c the spatial |'ocalization of key am no acid

| V H .
recfigh Sl 2 b Pl R0 Tor RN, (EodoRBRHl e fsoue
net hods for eating, preyenti 0 20 aneliorating.a .
profeng apifEs af B, LR Grecyort PR Ao e g e pgigpect Bt fegions
ameliorating a tissue injury using tissue protective
of eypling gacepior ligands that ars semaspllydosted o Wity Hhe 1sgiog of e
enconpasses net hods for enhancing excitable tissue
ligandproptedmthatis mgposie i ¢haqueotpsert doneplexp é pt, prbegsnofally derived from
current invention. 1 WO 2007/019545 PCT/ US2006/ 031061
amzno BACKGREASYD o reglors of th¢EENBhONrdtsiyitthdt Fiei astayrfrdii BR@egeptor

is a glycoprotein hornone conmonly associ at ed

complex while the ligand is bound to the receptor. The invention is further directed to
the consensus sequences for use in engineering a synthetic tissue protective peptide.
These tissue protective peptides also include fragments, chimeras, as well as peptides
designed to mimic the spatial localization of key amino acid residues within the tissue
protective receptor ligands, e.g., EPO.

The invention also encompasses methods for treating, preventing or
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.
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wi th the mai ntenance of hematocrit and, nore recently,
tissue protection. Mature human EPO protein conprises
waae7anmysas aci ds and has a nol ecul ar wei ght of p8#/UsEMe/031061
with 5 glycosyl residues contributing about 40 % of
t he wei ght of the nol ecule. The EPO nol ecul e
2. BAGKGROUNDUOFIBHEAMNSVENBRIONNt eract via their
hydr ophobi ¢ domains to forma predom nantly gl obul ar
structure within an aqueous environnment (Cheetham et
al ., 199BrythiypbietiS(rRRQD”) iBh glycofroftdl h&fone Whingdonlysassociated
hereby incorporated by reference in its entirety).

with e i g.g&rbiqﬁﬁla‘t’ it A @B fe b SR prbRRRtiork eMtat%&é‘human

am no aC| facing t e aqueous 10 environnent (i.e

EP@é)&%(tg{n comp] §gs P&j &%@ggat%l 8 an bgsb %J lngﬁecﬁﬁp we%lt gP § £ i{D Wlth

sue pro eril ve

designed from an. unders
elyBoet BStdupe oo PiRe 2DRt SEDNR M Bt el ekl ThedEPO
Applicants. As noted above, EPO is pluripotent. Inits
molestlermeniprised four Ixmes thatiinieraes visbeintydophobip dewginsite form a
role in the maturation of erythroid progenitor cells
predaininahfy glopular swydtes. wilROan afisoas eavircnient (fiwpthami at al., 1998,
agent during the maturation process of erythroid

NaR 586N Bidlr 5:86118866, \PEEHIstHdrél%elﬁéd}ﬁ@ﬂateHny reRkdRe iits entirety).
mature into eryt hr ocytes creased | evel s of tissue

ThO BN LR r£5@f%§fr@%1 fhb 'dgsgge égfha't @%aﬁlgﬁﬁﬂwﬂgcf&%hgme%fquews

er t p0|et|n t he ey, resu

Dt e oo

throp0|et|n t he Ioss of kldne 20 functi.on,
pm&%&m Britisier can bovderivediof dpvignedatom o8 tpsiersianding bt @16 tissue
production of EPO and often anema. Simlarly, anema
proteppive esgidns thatdave béraridetifisdiby thoAgblicastss, such as
cancer, or treatnments associated with these ill nesses,
such as oRewwddoagEPOWIplivipadénte 4 ityhaupnakbete, ERO regulates
production of EPO Commercially avail abl e reconbi nant

herﬁaﬁs&mﬁﬂﬁﬂ Rts BolB &S HRasfudvsh bRBlyehrbiadRbgdniter tdIRGMEBT KS
fF’ available from 25 O'tho %ech | nc.

eWﬁﬁ“J’t dEN BC‘%%%%%%&?@%E%@%@%W s of

used to treat an mar ulting . fro
eryghgRGeaERT PERS BT SBE PRt o Bmrb Yl
(zi dovudin in H V-infected pati ents oncolg i
Degrgpsedreels (g{(?ftﬁsue oxygen (hypoxia) trigger an increased production of

erythropoietin by the kidney, which results in increased erythropoiesis. Given that the
kidney normally produces the majority of the serum erythropoietin, the loss of kidney
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

Ortho Biotech Inc., Raritan, NJ, and EPOGEN, available from Amgen, Inc., Thousand

-2
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chenot herapy. Currently a hypergl ycosyl at ed
eryt hropoi eti n, ARANESPTM ( Angen, Thousand QGaks, CA),
w0 200awashabl e for the treatnment of aneni a. PCT/US2006/031061
Addi tionally, these 5 conpounds have been used to
i ncrease the hematocrits of patients undergoing
Ozksy GArand has baesdsedtot tivat ameagia resulting foape shd stegoregal disease,
transfusions. Recently, several |ines of evidence have
theabgoaih A T (2ido vl pinIOIV -infectéd panientspomdologyi patients, and
paracrine-autocrine manner to mnimze tissue damage.

chglﬁ[)thee g.mhﬁen’tﬁpg)hﬂfﬁ@%l%&%laﬁéﬂ W&tﬁ |A|KANESI|’T|M (Amgen,

mcro i ronnment and décréases 10 programed ce

deat ' Bot h..of
THGER) RO & VRRER ot SRR ERTr oot ARBERRpLY these

interaction with a specific.cel|] surface receptor.
copppBRdsdite DraR Usad Fo iEiparebS bEpEREBFA dafents Bdspcipe sureery to

"EPCR') protein. EPOR is an approximtely 66 kDa
regycotiled need der dllogenipblasdriragsfusiens. Type- 1 cyt oki ne

receptor famly. This famly conprises receptors that

are grouRedenthgetieeal linas efieviderich bashauggestétbtimt IRy alse5

of their extracellular domains and includes receptors

ﬁll‘;l&fonk cBlly BlKpdtadrimelautddeihe nhduther folsbinimizk Gissuelddmalé.9For

L11, granul ocyte macrophage - col ony stinul ating

AP DT AR e T g

ciliar urptrophic factor (CNTE t nbopoi.etin,
PrGaBREIR 6T S AR by Bttt shifee et hEBRTOARONEL bR

extracel | ul ar domain of these receptors has a. length
megeraiph iRttt iropgh 58O’ Smiesastion %Iél?ecbfsl’fn“ﬁﬁi cq r&g?r’mf

positionally conserved cysteine residues in the anino-
cotmprisedh di parg diyche ¢igflwopdatin ©peptoBEEPORS) pargeing REOByis an

238, which appear to be critical to the maintenance
approithitelys86rkind posdin iund B@rméypbafoftineTypeek pytokise (ddaptoafamily.

1996, Harpers Biochemstry 24th ed. pp. 524-526,

THPRinkilyWbnforisad @8eptbisdhat a@g@ugéd t@sahexaiased d988.shared homology
Protei'n: Struct. Funct. Gen. 24:394-401, each of which

ofg@‘%{gg%g}l S, (iﬁsaatn‘aqnaﬁdés?fe k9 /it Aedan 12, 1L3, IL4, 1L,

reference 1nits entirety

whr 87 T b BrlociRamsroiine apiab i ider (qcsD

with erythropoiesis, EPOR functions in manner -
granuleevig gqlgly spcimulating factor (G-CSF), leukemia 1nl?1b1t1ng I}ac’cor (LIF), ciliary

¢

neurotrophic factor (CNTF), thrombopoietin, growth hormone and prolactin. The
conserved extracellular domain of these receptors has a length of approximately 200
amino acids, comprises four positionally conserved cysteine residues in the amino-
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
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other receptors within the Type-1 cytoki ne receptor
famly. First, the receptor ligand, 5 e.g., EPO, binds
wao eood/oprses or red di mer of EPOR, (EPOR) 2. |t hasPp®s2006/031061
determined that EPO interacts with the extracell ul ar
domai n of the classic (EPOR)2 honodi ner receptor via
reférencedindtsientitety) gind aslrprSer-BXe THi-§am@EQUITY HEeS58)andtifdbcated
affinity receptor binding site (site 1) and a | ow

proxirhalnb ke trfEARAOFanRiIdodialg site (site 2). The am no
aci d sequences of EPO associated with site 1 are

TKVNFY,
4. 49 1%@%% V%‘ﬁ&%%l?@ﬁ& {ig &?Wg@%qn%%gﬁwr similar to
correspondi.n am no C.I ds 146 5
i e@ﬁﬁe‘m@t S LR RSaF Torelfs éf%lyaﬁéf%ﬁ%@h\?wrgoﬁal e,
correspondl ng..to amino acids 11- 31'@ gf S(g
egN@PP binds tesepreformsddimer fIEEOR, EROR:pHrids hgen t%rﬁ%%l that
aci ds 100-104 of SEQ ID NO 1 (Cheetham et al., 1998,
EPReinteraets Gith tietaxtratel Blayldogpirbodbe coede (FRORD yromodimer receptor
i ncorporated by reference in its entirety). EPOR 15
viatQaitinet regivink va thelipand adeaded a highasTiniey oesphbihgingtsite (site 1)
of signali ng proteins that are associated with EPOR

an®a fbw aflﬁlftg P 'bﬁﬁn{‘% QRIERe 2)f MBe AMB¥o hld keRnEGIIF MR

sever al rent hways i'ncl udi ng, for exanpl e,

R B LR RN i
o SERIIE o S SO Pl 8y

thropoietin (Kirito et al., 2002, Blood 99:102-110;
of EPQUARNG: Ahe sequgss asoriaid et iy VSR Y NHQNINGE,
al ., 2002, Endocrinol ogy 143:2293-2302; Reny et al.
cort&pOndinSti anime a2Ki3: 1993 FEFEQ Hn i O/d)setndrﬁﬁlaRS,t SEQ ID NO: 5,

1996, The Oncol ogi st 1:337-339, each of whichis

cof&@pBRding B AhRvReided 001 04 & SEENIEENIO?] (Clteettiahi ¢teill. Y1998, Nature
Recently, Appl i cants have discovered that the tissue

StrR&Qkf ‘Bﬁél&?}ﬁ B!s8 P %%E | R3eb gzln C&E)OI%PG@ LRG3 /¢ eﬁ’dfre@? EPOR

recep nprise ot only O? but al so andt her

ey e e e L

assp0@iec it 2§ Ol SRS o0 By e%yﬁﬁfu?rﬁ%‘éﬁ o Several
rotection of excitable tissues. See, g.

diffepent pothevess inghuligc forpxample, the phosphat1dy11n051tol (PI) 3-kinase

pathway, the Ras/MAP kinase pathway, and/or the STAT pathway. These pathways
trigger the anti-apoptotic functions necessary for erythropoiesis that are mediated by
erythropoietin (Kirito ef al., 2002, Blood 99:102-110; Livnah et al., 1999, Science
283:987-990; Naranda et al., 2002, Endocrinology 143:2293-2302; Remy et al., 1999,
Science 283:990-993; and Yoshimura et al., 1996, The Oncologist 1:337-339, each of
which is hereby incorporated by reference in its entirety).

Recently, Applicants have discovered that the tissue protective properties

of EPO are mediated by a receptor that comprises not only EPOR but also another
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PCT/ USO01/ 49479, filed Decenber 28, 2001, U S. Patent
Application Nos. 09/753,132, 5 filed Decenber 29,
wQo@o/01emsl 10/ 188,905, filed July 3, 2002, eachCD1S2006/031061
which is hereby incorporated by reference inits
entirety. Al though Applicants had established that the
redeptor pragciaphe befasof@min tepicr ('Bi).t Tiss BRPOR/ @ esepteeis, in contrast
pat hways in these excitable tissues, the structure of

to Hié%oﬁibfdhﬁét(ﬁ!?@%ﬁ @a@fé&o&ﬁfpwxft@eer REAPLRT B kKN8Fn ¥4 plak a role in

unknown. 3 RY 10 The present 1nvention is drawn

thetcﬁgﬂeﬁﬁ&%ie& E% B@Qfek d?c?e L?;W?%g%%bd&aaﬁ{d Pé’f‘ﬁ?.

Ive acC responsi ve ce

T Tt PR GBD ABERARD 0.

HL- Ni - ( X) n- N2- H2, :
filqdpeqem 2?,%000;\@1%10,/1&&%}Seﬁ}?dﬂulyé,@f)%,eagh O%thhé?h@?by
(c) L1- NN-(X),,-N2-H , wherein nis 0, 1, 2, 3, 4 or
indorpofatpd by réfbrefts in-ifd enkigsty wAdtheugh Applicadtsdid estaldishédthat the B,
(e) H1-P1-(L) -N1-H2, wherein nis O or 1, and wherein
redgitod ixehi@aloto ehdwishie prudditive pathnays Bcthee exbitabi tssis, diee
negatively charged anmino acids, X is any am no acid,

str&#ufesb ?@ﬁtﬁﬁnngﬁ aﬂl‘as f5rite re%é’igjmlp ]walssstlﬂ ﬁﬁﬁé&zﬁ veI y

arged am no aci I'n certai'n enbodi nents,
pepti des of the i nvention al so | ack erythorop0|et|c
activity, e.g., do not increase henoglobin or

Iﬁﬁ?l ht in arecipient. In further enbodi nents, the
3. I'SO gav?‘gg%o pol ypepti des of the invention consi st of
no nore than 10, no nore than 15, no nore than

sol at oo megrr e MudoRd it 106! pilEK %gfiﬁsatﬁ%g%/% Fres

| ess . than 80% |.ess.than 75% ss than 70% han
On@sse)ef al]%g@c@wuﬁéﬁ/&n?@é&or{shvéﬁegs%su? & STEHalY! 5%%0 ypeptides
| ess than 45% |less than 40% less than 35% | ess
contamrAngi0ypcidmotids somprsing theronsenses seayensa @ Mo m(XKinyN2-Hy,
Wi th any portion of the -5 WO 2007/019545
whefshit WEANAGR (B UGS, (BrH AN, -X), Nsbqwdrosn ofs Oydt 2r3k drardace) Li-
erythropoietin ("EPO') set forth in SEQID NO 1,

vaqif?@,( -8, 1H,$ hereRO &i00M, D, EB@SC@W'EF}lNlﬁ(IDPPl-%n@h&QHQﬁé 0or1;or
of "ami no acid residues as said peptide. In certain
(e)aﬁgpl-{ng-NﬁH OfyneRen | RVER, 9N ABSRid BEGhd'BY & 1BRMHRobic amino
er el
acids, Ny and N, are negatively charged amino acids, X is any amino acid, L; is a polar
amino acid, and P, is a positively charged amino acid. In certain embodiments, the
peptides of the invention also lack erythoropoietic activity, e.g., do not increase
hemoglobin or hematocrit in a recipient. In further embodiments, the isolated
polypeptides of the invention consist of no more than 10, no more than 15, no more than
20, or no more than 30 amino acids. In other embodiments, the isolated peptide has less
than 90 %, less than 85%, less than 80%, less than 75%, less than 70%, less than 65%,
less than 60%, less than 55%, less than 50%, less than 45%, less than 40%, less than

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

-5-
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5 the isol ated pol ypepti de conprises the structura
nmotif (a) H-N-(X)"-N2-H2, wherein,, is 0, 1, 2, 3,
wd 2ar/0®s5¢enbodi ed by sequence identifiers 6-11PCT/US2006/031061
respectively, discussed infra); (b) H-N-(L),-P1-H2,
wherein" is 0 or 1 (enbodi ed by sequence identifiers
anfde 2Gd semmﬁmmﬂmmafe)hunmﬁm erygiaepbietiv (‘BP0 Peet(fenth in SEQ ID
Hi1- P1- (L)"N -H2, wherein nis 0 or 1 (enbodied by
NGaguaseh daﬂ?ﬁﬁrhf)h ef EP@Q‘oﬁﬁmsrtﬁéPcﬁl‘ié hMEbf of AP i@ bsidues as

infra), HL and H2 may be the same 10 hydrophobi c am no
Saﬁgd tidgd N other embodi ments of the invention described
rel nabove wherein the isol ated pol ypepti de

\iﬁgfg: ?]e 11% tflrn i aI eI: J&L%erg bc;n ({e!'ﬁcr%ed(}{(}emabpf(e pﬁherem
wher ei n |s Oor 1 or (e) H1-P1- (f N1- H2
theysalatedpolypegtide epmprises thegtyictpal mofif () Hir-N-EKsrY2-Ha, wherein
hydr ophobi ¢ amino acids. In other enbodinents, the
is O,k @n3.i boor pembodizs Hyaequence sdehtifien 6pb11,y«pspp¢tivt§tky, discussed infra);
conprising the 15 amno acid notif (a)
(b)‘ll-Ir-Nll -(L%)P'I-IHP, vHireiith) & ®bin (enitoddd b, se%uen@e idbnfifies 24(23)
(X)n N2- LI, wherein" is 0, 1 , 3, 4 or 5; (c)

b oy o SR 6 s i

5 AP B ) S
BB S 50 SRS SRS SPb IR oL e,

am no-aci d sequence of said pol ypeptide. In specific
wheseinfliedsolptad aelypertidecconmyirises thissuewisbaiotifn(e) Hi-Pa-(X)n-No2-Ha,
i nvention provides for an isol ated pol ypepti de

wheosip, isd, 192t T @i, (d) HyeNeH(IngH; fHoHehbibin\2is 2or (1SBEX ) Bl -P1~(L)o-
NO 6), H-N-X-N2-H2 (SEQID NO7), H-N-X X-N2-H

N (SEQIeRINGs®) or HH Mhd X1, wmﬂ%reh rb Jdui ﬁﬁmo'dlcrdB" In
X—X—X—X—N2 H2 SEQ I D NO H1- N1- - X- X- X- N2- H2

tHepkfdbb k3o
ot i B”.’%‘%?%%% RGN e e
-6 WO, 2007/ 5 2006/ 03106
e {3 @%Lafﬁé%“ﬁb Wy B R S 00N
1(SEQ I.D H1- N1- X- X- N2- L1(SEQ I
Liehasia i 0. N it oSSt Ngmﬁlisﬁh TSR 50N 24 4 or S, and
(SEQ ID NO 19), L1-N1-X-X-N2-H2 (SEQ ID NQO 20),
whereiniN; XN nNy- thy samesmgnapbewdiffergnt negatively)chxeged sarizo ads.
(SEQ I D NGO 22), L1-NIL-X-X-X-X-X-N2-H2
The invention provides for isolated polypeptides comprising the amino
acid motifs described hereinabove, wherein said motifs are formed by consecutive amino
acids within the amino-acid sequence of said polypeptide. In specific examples in
accordance with this embodiment, the invention provides for an isolated polypeptide
comprising the amino acid motif H;-N;-N,-H; (SEQ ID NO:6), H;-N;-X-N,-H, (SEQ ID
NO:7), H;-N;-X-X-N,-H; (SEQ ID NO:8), H;-N;-X-X-X-N»-H, (SEQ ID NO:9), H;-N;-
X-X-X-X-N,-H; (SEQ ID NO:10), H;-N;-X-X-X-X-X-N,-H, (SEQ ID NO:11), H;-N;-

Np-L; (SEQ ID NO:12), Hy-N;-X-N,-L; (SEQ ID NO:13), H;-N;-X-X-N- L; (SEQ ID
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5 (SEQ ID N0 23), HI-N-P1-H2 (SEQ I D NO 24),

H1- N1- L1-P1-H2 (SEQ ID NO 25), H - P1-N1-H2 (SEQ ID
wOen28)954Hr H1- P1-L1-N1-H2 (SEQ I D NO 27), wheP€i/niS1d6/031061

and H2 are hydrophobic am no acids, NI and N2 are

negatively charged amno acids, X is any am no acid,
NOt14)sHaNpo{-Xr X a¥o- o ($16Q dD NOd SRIH N -X-KasiX-NgeLy(SEQ ID

charged am no acid. In certain aspects consistent with

NOi63, 1pNpMN-KeXtX- X! Bj (SEQED Newl Bf EANpVRSEHED NO:18), L;-
conprises a 10 notif having the am no acid residues

NHk-Rd, 2R i o 93:':}'_,1ggl?(XI}@-?\IzSIﬁ{@EglﬂTﬁb:@(?6L9N1f)€-5@5{t-N2-H2

ydr opﬁobi C am no acl In othe pects nsi st ent

A RIS x SR IR S
SHEENE R Ry sEED S S Bkl M s oK OSs), .-

enbodi nents, the invention provides isolated
P1g31-¥lp £9¢Q 8 NQ:B6 o HeiPh-Lint:i-Ha{ SHQ Ho INO 2%}, iwtheredn Ho endHl, are
due to the spatial organization of amno acids wthin
hydephbbictansny acids, N tand &N cire acgatiVvyly ehbrigdé aminoeacidst Keis any amino
amino acids formng the notif are spatially adjacent
acld) L9Mea Po1aLt o labidl AR P ik @9 osiiNVBIN Theal adidd4didl! By certain
i.e. tertiary structure, of the pol ypeptide but may

asP&etS ERRIsRheFith ¥hid ﬁ%%o&ﬁpl{eﬁt HeRdn AR 1851a ;/%)gia{ﬂfa}%%ﬁcﬁgg}pﬁises a

rimary amno acld sequerice of the po

.8 s 1 fic exampl.e in.accordance w.th 20 this
gt iedfy amibeacilng e bl THE kD ek thestms o e
J.esidues Hl, N1, N2, and H2 analogous to SEQ ID NO 6,
differept kyedzephobisramingacids. oforqther aspcssennsistont wik This embadipnent,
structure adopted by, i.e., protein folding of
whesginithfeisoletsthpolypepiide engpriseSEQ@otiDhaking the BHEG hONGides N;
SEQ ID NO9, SEQ ID NGO 10 or SEQ ID NO 11, wherein
antiNg, aNyiand Noagdycthe sshél vemalp bt diftsnedihegatiiely2chagged.amino acids.
(X),,, fold such that NN and N2 becone linearly 25

adj acent .InAgep EAbBGents, fR ih@ﬁ@hip%i&%qm%g&gge tides
i sol ated peptides conprising the -7 WO 2007/01 5

R BB e PR AR oo i
Qr. 1(L)" N1 ' .1s.0 1. which i f

wilip Fedaby s P 8PS Retider 1 offs aminq shida B e fgit ore

pol ypeptide. In rel|ated enbodjnents, wherein the am no

spREALY Adipcen o eBepRqtaerdn the thirg dipensiopal stapatirgy Ae. tertiary structure,

structures form such that the di stance between the
of the polypeptide but may be separated by 1 or more amino acids within the primary

amino acid sequence of the polypeptide chain. In a specific example in accordance with
this embodiment, the amino acid motif comprising amino acid residues Hj, Ny, N,, 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, e.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

adjacent. Accordingly, the invention encompasses isolated peptides comprising the
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5 carbonyl carbons of NN and N2 is about 3 A to about

5 A preferably about 4 Ato about 5 A, and nore
woe@etehs y about 4.4 A to about 4.8 A |In ot hB€T/US2006/031061

enbodi nents, wherein the anmno acid notif conprises

NI and N2, the tertiary structures formsuch that the
anuine beid omtif B NN, ; KL NaNlL ) N2 N Hg pH N ((EXIP g tvihatelryn is 0 or 1;

such that the charge separation, e.g., the charged

or AT Swh&Eint B 0t 0L, whidherhWER ArceHdSMbd 8s Probulk Of the tertiary
about 9 A. In a related 10 enbodi nent, N1 and N2 are

stx{l&H% (ﬁ%@fdi}ﬁ)’l}iﬁégﬁ@é!f fnr}@ﬁgéta%{lgoroﬁsﬁﬁﬁt%, Vg{rer%ﬁ irt)lg%tlﬁiﬂo B motif

am no acl uence t i'on of an
al pha Jhel i nd e separated b . ,0r _nore
cofBRP i B ooty e RBSt RS ted e ipedie s e
forming said._helix. .In other related enbodi nents,
catRBFGARD R o BivH Nads Rhowbe it 0D 3 SeBrekeratiabmyt 4 A igabout 5
tertiary structures formsuch that the distance
A, l50d wewe prefieralolaiabowiyd.4 dctolsbewt 408 ANiInather Phbpdinwbts, whefin the
3 Ato about 5 A preferably about 4 A to about 5 A
antinsladid htif cemprias N, amdoy the.tdrtifryt Srucabesform sBchthal the distance
ot her_ enbodi nents, wherein the_ amno acid notif
beSRRAN; 388 NYarabshbd spe{tﬁﬂ%ftsﬁéﬁ thaf the %Birgﬁ E?a@éioﬁ?é. ?1 the

such that the di stance between N1 and re confrned

oh2BE8 4Bk el CF e R i BAERTORR SR E R 4 e %
erbpndy: oo Xine Iyl ey SPalinelisarient ocpeiy B apiippscd

acid sequence that forns all or a portion of an al pha
seqenpscthablogmpral) opa pewionoden @lnbg helix,znd spayrherseparpigd by 1, 2, or
am no acids in the sequence of said am no acids
mdre thanPgpnsiab dcidefin the sequener ofdiand amimodicits fivming baid hafinoln other
acids forming the notif within the tertiary structure _
relaed $aibddiRnyy) epkidiethe atise pad aictd compiizatandtf ethe tdtiary
an equal nunber of intervening am no acid residues in

strh&tfrel if&%?‘%ucﬁ A WA I SEAFAGEhE BarBbnyd %'ggog%ms%&ﬁc% ﬂgis about

In yet other enbodi nents, the am no aci orm ng
' i tzhi - 200%/.01 CI/ US2006/ 6
3 A dtoal's Arosfe o BofP LA G ABoS S mod e 0ab dhoa P A o
fro ach other by a differen nunber, . of i nterveninpg
byt Aa di gheE SPRRYTeRTs. WHEIR the BRIBR A MatF FOERRTRE Al dnd P1
of said polypeptide. In certain enbodinents, the
the tegiany denopsesy et suge thet therdéstineg datwasndNifane Ay age confined
regul ar tertiary structure, e.g., a-helix or
spdtizllplsacit thdt thhekdrge sepatatiohat. gt the charged skle ehaiasiod the two is

between about 6.5 A to about 9 A. In a related embodiment, N; and Py are spatially
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

of said polypeptide. In yet other embodiments, the amino acids forming the motif within
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5 structure presents the am no acids conprising said
notif, and thus the notif itself, to the interface of
wmh@mlm@u n structure and the aqueous envir onPENUS2006/031061
i.e., presents the notif on the surface of folded the

pol ypeptide. In preferred enbodi nents, the tertiary
thetertirry siredurealf ssideojypeyiddepire demranéd frvd dacly ethet oyna Hidfenent
in an aqueous environment at physi ol ogi cal
nugMRElbf infidenigs #minoRBi redidudsivh M ZRE¥ amihd AciiMeliaédce oPbhid
7.4) at 37 C. 10 In specific enbodi nents, the

po'l)g) e, a8 cBHAU leHfbddinRdntd, 31‘&! 1§6llﬁgd§8 %Q@Pﬂf ¢ inventions forms a

rrsing the am no aci ere

refifiEay ﬁmﬁgﬁep&%d%h‘w%%{s@waﬁﬁféﬁg@@m%d

NO 29 peptide, D EVWOG_ALLSEAVLRGOALLYV,
W@d%reseﬁ@&? gaine WS(C@@@E%SLSNN@WPW ﬂswtrfatself to the
NO 31), peptide F (RYLLUNITTGC, SEQ ID NO 33),

intgeiped (fdhPIOGROSERALINSS IBRQUEMISNOVIO)meeix. i pfesents the motif on
( CSLNENI QEQLERALNSS, SEQ I D NO 43), peptide J

the SfcERAfoNETI RO INMMPEIIERIN pfe@@ridd d¥ibodliinentfahd fetearKstructures
(VWEHVNAI QEARRLL, SEQ I D NGO 35), or peptide L

of @H@ PiiekE? v dlvemtia fodf id bh Ndedds emﬁﬁ)nﬁf‘eﬁ{ #iphysiological

nbo IﬁEﬂtS the invention provides isol ated

coH&]lquPsegtg] 455 g%%@rNéﬁ%m 11§’7"mﬂ)PN%(11 gm 4R o3 0

nor e than 6

am no aci.d not here . .

aspects of Sl??? 19 ?Wg(?fﬁ%ﬂts tﬁe HH’EEB?IH%WX’@Sgf‘frﬁsqlﬂfe%p(’lypepudes

emyodi ment,, wherein_the isol ated pol ypeptide corrprl ses
cogpripiag ghe anginpyacisgnatiiin desaubeddreraispbus; 081 oeatidetAwo of

the amno acid notifs descri bed herein above, said’ at
(APBREICPDHB VIR YIsLEAKERE, SEQ IsMme3ppéptideC t hey may be
different notifs. In certain aspects, the invention

(NETYPDTES/NIY AMSOR RMESIG REQ PBNO 263 pepedd D an
erythropoietic activity, e.g., |ncrea3|ng henogl obi n

(Qg?\%gg‘f?(glé‘gmgg E“\%Iﬁdé?%%t\{ fﬁE@l g)s I ncl ugiebr;ug ,e Eb ut not
(GCABHES ENIHEBRRV SRS 1D WD:31), peptide F (RYLLUNITTGC, SEQ
ID NO:33), peptide G (QEQLERALNSS, SEQ ID NO:40), peptide I
(CSLNENIQEQLERALNSS, SEQ ID NO:43), peptide J
(QEQLERALNSSLRRYINMLTRTR, SEQ ID NO:41), peptide K
(WEHVNAIQEARRLL, SEQ ID NO:35), or peptide L (KIRSDLTALTESYVKH, SEQ
ID NO:37).

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
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(e.g., vasoconstriction), hyperactivating platelets,
pro- coagul ant activities and stinulating
w@e@ioieseat i on and/ or production of thronbocytPCT/ERINEH31061
eryt hropoi eti c- dependent cells (see, Colenman et al.
2006, PNAS 103:5965-5970, hereby incorporated by
twaepfthe Amino asid metifrdeserdied herdimatnvieesaichstjenst o totifs may be the
i nvention provides isolated 10 pol ypepti des t hat
sanmnmoiiber théy mapbt diffigert@hdtifs.ar protective activity.
Such cellular protective activity includes, but is
not |im tgCtebt@in Rp&titL ehd i i HeN 39 Eﬂ}l&{b@& i '
restoring the fungt [ %ﬁﬁéolﬁg%%ti;ngiq?%)?géyo@ggoges onsilﬂ}\%tel@és lacking
[ an: o U1 SS: 1. Accor di.ngl i n,Qn
o R oAcG by  HBroalthe BEARRowp BP0 ool e
. of . an jsolate p pept.i.de, descriped herein for the .
iflpie] el e oo oG i o i 044 Dfatel . papaciive action
protecting, maintaining, enhancing, or restoring the
(efgpriEsoeonsiHEtion) alyneraciivaiing rlatststss pioecoagulantadtivitics end s
and their associated cells, tissues, and organs. In
stinal atingrprelifecadiomant oy pradueti@pofthsinibiooptes and/of @fthropoietic-
adm nistration to a subject in need thereof. In

deperdent calld (s@NOORLER: 8l., 2006 AP AKI 19815965-5870BPYy iAMporated
preferably, a human. In other aspects, the presént

by Rt §ntﬂjeié'§.icgggthﬁxoas E@s,l‘ﬂﬁ@ingént% .rgﬁhg% £ated? .

pol ypepti de des ereln for the preparation of

[ [ conpasi.tion r the .prot.ectiQn.agai nst
pol PR B SR PR e bt Qe BaRlB, S s
the.restoration of,  or for the rejuyvenation of )
PrpteCilASHYRY rcliies, B iy ase limited dparotecting ssintpiging: peianeing or
a subject in need thereof. In one particular aspect,
restpiing theduretioner iviability oA respbhsiveamamitabipn cell sismieateatgan.
cells, tissues, or organs are distal to the
Accasdinglgs inroae aypeet, thergresdnt imviehifdit is Arectvd ad thes@bf &eilsblated
barrier. In another particular aspect, the cells,
olyept@S desOrisd teerdlh £t thE brepark@oN\OY BRAHAOh R4 iti
P gg??U82006/031061 bodiprparts are isolatgdqgggﬁ¥gn8ﬁx
) | , c S ' for. .
R bR AR oA o AR e R oPLiabIRT Pl Bfnsive
| Ssie be .neuronal  .e .e.g., . retinal), i pqse,
Rl (O nf e R S G8u and Ebetn riafid ehtigimens,
ear, epithelial, skin, mnuscle, heart, lung, |iver,
the poypRAFItIqNS ﬂ@s‘%r Adminisiradinn fo ¢ sukject inpged ihsreelo lp @xeferred
adrenal 5 nmedulla), capillary, endothelial, testes,
embpgingenth grid subjretis a oranamalowmdt prefdrabdpld lsmwn. t i ssue.

In other aspects, the present invention is directed to the use of an isolated
polypeptide described herein for the preparation of a pharmaceutical composition for the
protection against and/or prevention 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

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

-10 -
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Further, non-limting exanples of responsive cells
i ncl ude photoreceptor (rods and cones), ganglion,

wWhe@alosasss hori zontal , amacrine, Miller, Purki nP@&r/US2006/031061

nmyocar di um pace naker, sinoatrial node, sinus node,
junction tjissue, atrioventricular node, bundle of H s,

borhilyatagis precisolated dran e mankp@iandiody niwch agthere intendgg for transplant.
epithelial, tubular interstitial, goblet, 10

Biy mtay stfinopdlingjting exdnuplop hgsporsivecell otisdormay b¢ neuronal, eye (e.g.,
gl onerul osa, fasciculate, reticularis, chromaffin,

refiasl), Gdigdse,Lantédive, IRkt teth, nfileesal) pagt@hd, eddodiiak) dag) eithelial,
prinmordial follicle, islets of Langerhans, a-cells,

sléig’,'lﬁﬂc}e? heaft,  Biver: kﬁﬁé},sinte&g‘fe,eé’d}éﬁﬂ € %.t Qdirenal cortex, adrenal
eo% endo I

ost eocl asts,” oS fasts) hetri al Sfroma

e tri.al . st an ndot hel bal cells. These. .
g B BUGEREL sEE R1 2S pBhs oy R el tissue
In one aspect, the responsive cell or its 15
Fudagcion Bt gamples 6L rsBonsiye ggwﬁldsrpiw@m@% (rgds and
cells, tissues, or organs, or géﬁdoninqnyly conpri se
canes), ganglionckipplkr, dorizonislyamacring, yEtleniMuldnjsenygcagdivah pace
invention, the excitable tissue is central nervous
makat sinvdtiialsiode, gheusinpldejahctivartissus asistnictliassatde, bundle of His,
cardiac tissue or retinal tissue. In another aspect,
hé Ay RS PRI Bte! Kuplllel, nsahdisl, ARSP&IiRERS, tubslal Sterbditsd Utbiet,
or ofgans are not excitable cells, tissues, or organs,
iR ) PR SRR BRI BE RU AL Ifich
rotective activity,of .the isqlated o] ypept i f. . .
ot efn g Tl sl shuht iR gy PRl BIRplER ffticts stes
and/ or determ ned by any_nethod described herein and
obkanggthans.ioncelliel-gpls; v1calls &reells rostaopEnsichiion gsteqalpsts, osteoblasts,
erythropoietic and/or cellular protective activity is
enfioiretial sedmanersiomietrial,i steno and sedothdlial @dlsotlhese examples of
enbodi nents, the erythropoietic and/or cellul ar
regp&iisBetdell € agahérelytifludteitidiet Br sienspedt the respdnsivdell or its
2007/ 019545 PCT/ US2006/ 031061 an in vivo assay. In a
ads8Liale deIRIT RO SRR Lraahh 8FlixittlE cAR), 1isthidd, oP bRjaRS,lorve
activity i's neuroprotection, the invention provides
a g I . .
PGBl ot SYRHELUNE BB Aol b 10 nbion e
neurons with N nethyl-D  aspartate and said peptide;
XD a b Erahriy D el oy ohsripfrgt S ops g hmasoue,
post said 5 contact, such that if the cell viability .
catdiag tiggueed retinak tissge.( by anoshes agneck tha 1esppnsiygcelb pr fs associated

cells, tissues, or organs are not excitable cells, tissues, or organs, nor do they
predominantly comprise excitable cells or tissues.

The erythropoietic and/or cellular protective activity of the isolated
polypeptide of the invention in responsive cells may be evaluated and/or determined by
any method described herein and or known in the art. In certain embodiments, the
erythropoietic and/or cellular protective activity is determined in an in vifro assay. In

other embodiments, the erythropoietic and/or cellular protective activity is determined in

-11 -
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control culture in the absence of said peptide, the
pepti de possesses cellular protective activity. In a
w@arwiocashar enbodi nent, the manmmal i an cel |, tiBGIES2006/031061
organ for which an aforenentioned isolated peptide is
used are those that have expended or will 10 expend a
an pevivedssay. In arelatedlembadinend sihereirethe@altilor proteativeadity as
the viability of the cell, tissue, or organ. In

nelﬁﬁﬁl@f@ﬁﬁﬁ eh¥kdventibt ro9iHes ﬂir nEfdthod BEevaliRtiag e4ld RedtitydRitro
of the invention provide protection against and/or

by K%ecgﬁj%ﬁlgga 9efsr ovﬂ%e?‘ 3?121 %%@‘p S péltﬂeﬁﬂ)ng KRN SEE1-D-

on of , or provide
faor, th

tissue S f uncti.on.
ol o SPEAERAC pad fo e BRE el iy R HEpOU e e
such nditions 15 arjse. Such conditions includ
coRtagh,sHeh taatiifhe ool vw?%x Fstermpinstb aHieR (b 5 ISRFeRteiibpn it ot a
surgically-induced in situ hypoxia or netabolic
contyad fculiareiin Hye abserion of said peptidenthexpspde possessesecellutar protective
may be associated with chenotherapy or radiation
actiigt apy. In other enbodiments, the isol ated peptides
of the invention provide protection against and/or

preventi @i, @hriRulak SWEdinRRht e M8SHIalihMEelf, "tl@iﬁeaopérgﬁ@ﬁﬁ
or disorder, provi de for the 20 restoration of,

wh?c[ho%t aqgrein%%uéﬁ]eglu Edqu u dgdt a#é ?ilz)gf t}%{lﬂév%rexblgﬁcrﬁﬂ ®r will

n nee ore
or after s C d t ons ar In.relate

exEEaId Per g g1 g sur@g%%t'éaasﬁa}nea@@}t@wévm e P’mﬂﬁY o ﬁaeéwﬂa
sclerosis, stroke, hypotensio cardiac_ arres

tisjuecorearean. mAseerdancel Witththig @*tlbqshmemn?heam@ql B@ptldes of the
age-related | oss of cognitive function, radiation

intatiagprovierpebtectionpagasst amdorrpeentine ofis Hvmie dnjssaseylting from
Al zhei ner's 25 di sease, Parkinson's di sease,

sudf donahinelrgravidée fsans fostofdiioh ofcsgnbvide forei®fejuveastton of tissue
-12 WD 2007/ 019545 PCT/ US2006/ 031061 anyotrophic

ané(lj/ 8t ﬁ§sgl: fisfctiBh A8A Sub I}]]é’ét PRI (ReFeo MBPGke ddlftﬁfgdﬁ' laftePEhth @bNditions

i sor attentio deficit disorder, autism

arlg %’&cﬁf ﬁh&nﬁﬁ %Qluﬂ{e ?r?ﬁt%gﬁcbz rs?zju"f’ly% ?1%% Hl% SHE ?ystfﬁl?ctﬂfgﬁ

ema Hear ypass, ron
ur.e cul ar, degenerati,o betic neuro
Surgf &nilfkw?@m HoaRY e Samatone o7 Sathareay Py 1ah Skposure,

| aucoma, retinal |schen1a 5 retinal traunms,
thedlgiteti ranpabe assegiatefl séthadhemetherrpy sy radaiontherany aleother
respiratory di sease,
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
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

disease, Parkinson's disease, mitochondrial disease, AIDS dementia, memory loss,

-12 -
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ki dney di sease, disease of the urinary system disease
of the reproductive system bone disease, skin

wale®eassss connecti ve tissue di sease, gastroi nt BGI/U8ENG6/031061

di sease, endocrine abnormality, netabolic

abnormality, or a disease or disorder of the centra
angyotrophicy hterah kclenveisyal ashodigmt ewond Hisoster,|dnxistyhdisorder, attention

enbodi nents, the adverse conditions are a result of
detRitAiRrddd, Ak Qadiyzfo)RRARSH (lieRe, tbrhidg spipahioné)raurds ot S

used for certain surgical procedures. In still other

isQERAE IR She @ggogs, tRlodioheh® HREEI rhéc%ﬁfar%éér%é?&foh?&labéﬂ&

a particular enbodinent, the mammalian cell, tissue,

or _or.qgan. f or L ch .an.af ' i.sql ated.. hde.
ntbor5Hiebilis SUbSPE rh BT BBbSRAET ot iR RA e,
enmhodi nents,. the jnyention i.s gl so directed to )
reﬁﬂ;ﬁ%@@m@avascﬁr Bt5FAS<Far B P OB iseasey Tespiatory disease,
af orenmenti oned i sol ated pol ypeptides for )
kiduiey dibesse, disease afdbe urinanp pestam, disaaseef thpsenseductive system, bone
specific aspects in accordance with this enbodi nent,
ditdase, skinatiseass conmetive tisgne diskasengastroinbestinalviisenseg andocrine
further conprises a pharnmaceutically acceptable

arBIthAIRY, mSHBElPAMAOIBARN! dr&alisca M sJrHNT thedenBe] or peripheral
fornmul ated for oral, I ntranasal, ocul ar,

. | . n . 1 | f e

R ST s 0SB e By ARl gt o i
formof a fusate solut{on.for i nt.ai ni n he

Py e theatEing midptbel, a8 is Gpd KR gp@ingufiia) gfocpures. Tn
rel ated enbodi nents of the invention the subject is a .

stieethen aehoduReTiRIsald R e s goRYitiye Ay tionnngg psicular embodiment,
aspects, the invention provides a nethod for o

the awinirhaliani oal, tidsee, or ozgaadyt which apfafagementéangtl ésodatedpeptida is
endothelial cell barrier in a subject in need thereof

use8 egprepy the Bogecagior.ni strati on to said subject a
conposition conprising said nolecule in -13 WO

2007/ 01953 RGN ddstfaRaé A3 k06 hveRfshas aRbidpctall tdipl@imaceutical
i sol ated peptide of the invention described

ALY s el RS P p R RE Rl fuon
o Bt G S TR SR ot BeBBRLf S Bhithe e

i nvention, the isolated peptide of the, 5 invention,
phesmaeeytieslsempreition gl disdyventips fyrthes pprapEses bhoERaceRticaily

endot helial cell barrier.
acceptable carrier. Such pharmaceutical compositions may be formulated for oral,

intranasal, ocular, inhalational, transdermal, rectal, sublingual, vaginal, or parenteral
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

comprising administration to said subject a composition comprising said molecule in

-13 -
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In a rel ated enbodi nent, the endothelial cell barrier
conprises the blood-brain barrier, the blood-eye
wharrioersss t he bl ood-testis barrier, the bl ood-PUHD$2006/031061
barrier, bl ood-placenta, blood-heart, bl ood-kidney,
bl ood-nerve, or bl ood-spinal cord barrier. According
assbeiatioewithpedtolaéd pépside o tretinvantion descsibed hereaberey Ias related
i solated 10 nucleic acid nolecule that conprises a
cmBYERAE 28R cREaH CRbiMb tehlanbostt a sabpotoyplept batel, or a non-
conprising the isolated pol ypepti de as descri bed
coﬁéerﬁ l, SRoBRAYE witlgrb RRghp Sfic RFRG @Bl the invention,

e I's provided an 1solated nucleic acid nolecule

that conpris ' : e :

nucl cot 1 AeeoGiiamignnispes SRREIARId tilfed Pifidea the

. uni_nterrupted j ntrons), j ch_encodes . :

inySBligh o QPURIDES RIFIIRG a8 oI RGO gE paditbclial gl barer.
pol ypepti de of the invention as, descr, be rei.n ., .

In abeleied embodineens thoendetielial eoHldaiigr| OB %BE’@ﬁé&?‘n barrier,
encodi ng the isolated polypeptide of the invention,

thd Blosd-eydbatizs thelsloodyteptiebaries theddduhevary herreadiloed-plagenta,
opti mal expression in a particular host cell. Such

blEYEEh BT BIdo8RERRS, K1864-Rerveiribigd-Spial cenifbaedai on i n
cells of a species of plant, bacterium yeast, manmal,

fungus, %&Rﬁ&é{o&n%%ﬁ%&? of pxé &NcnfBn, 3h&e iPProVidde sn isdlated

a vector conpri nucleic acid nolecule. The
i nyent | on. al rovides for.a [ :
st PRI e oinerses afiolfdaf SERAR, MoK B ks p pglypeptide
I [ bly Ii d [ [
ComaHEIBaITe oo RORREP U ARSI PRI Gent fon

provides for a cell conprising the expression vectoi.
In yet arothether nibdiimeant of theérentien, fhesy igergvided an isolated

genetically 25 engineered cell which conprises the )
nudlesd &id nldcdlethhtanuipeises a Akl aviide 00§ue0d645 a cDNA, a nucleotide
PCT/ US2006/ 031061 i n anot her enbodi nent, the

se%?éé‘%@ ttORuREONY HRonE, Ut uﬁiﬂﬂaﬁgﬁéﬂ 18f intrefiwhivarhtydes a

uci ng the 1solated peptide of the invention,

poﬁﬁ)é’e%ﬁ#a gcgrﬁgrz{ix?%gﬁ OMEng o AENOIRESL1FpHptiHE bf‘ﬂleiiﬂvéﬁtilon as

contal ning a nuclei ¢ acid nol ecul e

oSt 58 S R, Yy oo e
isglg‘égtd\%giy%ﬁgt?&éf?tg@ l?f]i)\(fgléﬁpe(g; ;s?%nﬁ{qgggd gsix?ge glrte%e(%reed C%Hgns that facilitate
optimal expression in a particular host cell. Such preferred codons can be optimal for
expression in cells of a species of plant, bacterium, yeast, mammal, fungus, or insect.
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-

engineered cell which comprises the nucleic acid molecule.

-14 -



expressed pol ypeptide fromsaid nedium 3.1
TERM NOLOGY As used herein, the terns "about" or
wO appoosidat el y* when used in  conjunction w tPCHUS2006/031061
nunber refer to any nunmber within 1, 5, or 10 %of the
referenced 10 nunber. The term "adm nistered in
conj unct i Brangiher embadimeat, s inysatiogrprovides g e msdodnt
the invention means adm ni stering a conmpound prior to,
regembinenippredusing thesisolaigd peptidenfiibeipvention; desctibedhegein above,
of a di sease, disorder, or condition. The term "am no
canprifingéulifivig e h efedilee a hostael pestaining @nidiéc acidndlscule
nmeant 15 to include naturally occurring proteogenic
ccﬁﬁ@r{kﬁhgﬂ&h@&ecﬁﬁie‘%’ééden@éeﬂb@ﬂfn@@ﬁ&lﬁie&gﬁd&&ﬁﬂi& idRgtio Pl
aci ds such as am no acid anal ogs.” Those skilled i'n the
ot : ot on ’ I _
5 oot RS ERY o Bhrdsglol of S0 bR R ERG eply O Rating he
occurri r.ot.ogeni, )J-amno acids, their optical
e’ipfﬁs-s?‘LB‘prgP%P?‘dEhé?ﬁ? ??éqff‘\% ified anino acids,
i ncl udi ng am no acid anal ogs such as penicillam ne
(3-nercapto-D-valine), naturally 20 occurring
3. 1OPERVIINOR GG anm no aci ds such as norl euci ne and
chem cally synthesized proteins that have properties
known in the art to be characteristic of an am no
aci d. AS AURGH GG e 1Al PRRE G abloihfich RIEATOLER

wither by their three [etter acronynor one

synbol as.follows: alanine = Al a.or A_. argi hi =

oo iiton i Shpmiiet e o oo By 1 BEFL Lt ag e

D,. cysteine = Cys or C, glutamic acid = Qu or E,

10 nygphRramine = @ n -15 WD 2007/ 019545 PCT/ US2006/ 031061

or Q glycine =A@y or G histidine = Hs or H,

i sol euci nEhetefth&admiristered irc¢angunctipe withi” i the dopteixhef the

=Lys or K, nethionine = Met or M phenyl al ani ne = Phe
methols ofthe inveatien Mieanstdninistesiag arenpomed pridr tS, at the same time as,
threonine = Thr or T, tryptophan = Trp or W tyrosine

ard/ob)stubRusht t& R onéét dfRRIidéaLe, BlsoMer, A @bAdigHR! | y, the
term"anmino acid equivalent” 'refers to conmpounds 5

e Sepoth EREmID BEIFL SRR PRt e

15 totgggg?qt ﬁaﬁ{f}@ﬂgr %@{giﬁg B%r’gorégni%%imqﬂo act shastwhe I ast r?oenyna%grre]tllyp %ccurring
amino acids such as amino acid analogs. Those skilled in the art would know that this
definition includes, unless otherwise specifically noted, includes naturally occurring
protogenic (L)-amino acids, their optical (D)-isomers, chemically modified amino acids,
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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peptide, which retains its biological activity despite
the substitution. Thus, for exanple, amno acid
weouwrvadsent s can i ncl ude am no aci ds havi ng si PET/TR2061031061
nodi fications or substitutions, and al so include
rel ated organic acids, amdes or the like. The term
or Qagiynine Hilpor &, histidine =dided H, dsoleucingdellant htevainied= Leu or L,
equi val ents. The term "residues” refers both to amno

lysifel €tSys P I, aetiienide =AvViepieH Ma: %)I%ﬁylidanﬁfé fBh&61 BSprofive aPswor P,
be classified into the fol OW ng groups as is

- serfIegy! (%f"é( ﬂﬁ%h@“f}[’ﬂ? ofH[t tryﬂtﬁhaﬂ e%,o&qp' ﬁfr&‘iﬂéw APrr or Y, and

aci ds: Il e,

valéx%= ggtj ﬁ?]ﬁg gf C@%}T“Qﬁ:ﬁ‘?océcﬁ équ%ent’sfeigzrs E‘ 50mpounds
thef %Sa%o?f’ac?rg%aé sFiHbe §'§%a fuxd Soenifnsarnd a5l i Shichgypve

positively charged amno acids: Arg, Lys, His; and
sulfsPntiplis e semee @ﬁﬂmismnmuagld sugh thwlgey qas ba substieed within a
"excitable tissue" neans tissue that contains
pepiidy, valtheetafiglifsbiolbXicaltaatiViey desblts thersabstittitien. t Fats, for example,
respond actively to an electric stinulus and have an

anBASEGd bGRlalGRREALIndIukE BR@RY dcids IRGTRSSdd Haird me&ilfichilicis or

nmenbranes. Excitable cells are 20 general ly capabl e of

su&@i‘ﬂﬁfo%g |42 a%0 i %ﬁ&@%&égﬁ& &g&h@ L 1d§%hd&se(gj the EMQ' B {edn “amino

press chann vol agfe-

e ) ) G T

across the rrerrbr ane. Excitable tissue i nClaacS ) )
amieQacidfeandiamyng acidpgyivrlents; Aonigo agids may akaheslassified ino the
Excitable tissue includes, but is not Ilimted to,
folivewing gatupt bs Buesimserd) kaswh insthaertofl) hiydrophelip pming acids: His,
nervous system (ear 25 and retina) and central nervous
Trg,YBiir EPhel, Medj Nevaid, 8l Add; (2)odetral Ipalirehhov@sninoacidsi €gy)Ser, Thr;
such -16 WD 2007/ 019545 PCT/ US2006/ 031061 as t he

(3);;%1&%11?% L88s:Rarthrafsh @lﬁo(qb adi8R/eehtrRy cldiskd amino acids:
andu

ar tissu€ such as the pancreas where T-type

t
AFEbT: (7 sBaa %*né%@%%@&g 4 Ry TR B, QR R
am?{zm?%%se%%gl s I tﬂjqa?ﬁ%&q?oé?c?&&éﬁ?ﬁr i
cardi ac nuscle, uterus, central 5 nervous sy ste
spi nal  cd¥sdised hetein, "@’fé%ﬁahlﬁ tisgief aroaBy ssgy §1’t3é ﬁ?ntﬁlﬁ}él PxGtaple

system etc. The term"host cell" as used herein
celle Bacalocdlserpenltsitbatiraspondi bgtietly toeinlelectric stimulus and have an

electrical charge differential across their cellular membranes. Excitable cells are
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
jons (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

and retina) and central nervous system (brain and spinal cord); cardiovascular tissue such
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transfected with a nucleic acid nol ecule and the
progeny or potential progeny of such a cell. Progeny
wokoogneds4m cell may not be identical to the par€nUSmesdd31061
transfected with the nucleic acid nolecule due to
mut ati ons or environnmental influences that may occur
as the ckls sfithe diealt and gesncintat inerves;end igindylantissyn suéh asiibe pancreas
nucleic acid nolecule into the host cell genone. An

whekSPltpteshlcign chintels dlesk wib loylpeptéliigap janstions participkd i
free of cellular material or other contam nating

se&ét‘?«%r%ﬁﬁ%ﬁrlfn ']%ﬁ Qfe %\'g 1Rf of dxSfaMe HSEGRclhdeR Brvhk Ghd tifies

f i RS derlvedh or substantlally

re cheni,c recur

R e
nepios BEVAI.CRPITAh Ol B RSB IS0t R < P e

fromcellul ar conponent s of the cells from which it is

i sol at ed The terse Sreist eellitaspsedheseinselgrs torigsparticular subject cell

pol ypeptide that is substantially free of cellular
trafiBfected aith amicltde scid prcdmiedridcths prafgemp bypaentiall prwgany phgpch a

| ess than about 30% 20% 10% or 5% (by dry 20

cewe ipe{lehy OF sAlaehll RBOMS bRfi@nEical b Mesgrért kel bratsfeaed with the
herein as a "contam natlng protein"). Wen the

ugf)eu%/ 23R Hoﬁje%ui eea? e it #)1” ¥m91ro ﬁ%? influbnde’ it $fay occur in

y 2ibst ree cul ture nedi um

ent s l es h
sugfsling 2eBeFTnS o RSB aﬁgF%F Wfie SRR BPROyR I8 iR con
When t he pol ypeptide is produced by chem cal
geggmehesis, it is preferably substantially free of
chem cal precursors or other chemcals, 25 i.e.
separ at edAf FisolatsdB i Saurifinds palypeptideds sehstratialin &g @513%1‘113“
which are involved in the -17 WO 2007/019545
meHAIP S cORANGEhting pritkias fremthe télkoptisstiesource from which the
Accordingly such preparations of the pol ypeptide have

prbﬁe oltﬂlﬁﬂa 801t deA, of QibstaBidily B% 6PYheiiYal Wedc@iiio}s Gxfother

=3

m cal ecur sors or conpounds other than the
antl 0 | n
chsawazepveraéhgnﬁéﬁ{vhs&mgélzef. DR PR PSR e of ol

mmlglﬂ 1?“?“‘%5‘@ pEvharLs ﬁ«%%‘?ﬂ%rfﬁd% haRtdndBo §BH s e
frg@.cgllulgr ceonglgoenséreltgtof I’thne (Eellg fr%?nt v%lr11%|}1 1‘[S 13 lilsr (l:ateci) gr rtegoem 1%21'1’[ y
produced. Thus, a polypeptide that is substantially free of cellular material includes
preparations of polypeptides having less than about 30%, 20%, 10%, or 5% (by dry
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 free of chemical precursors or other chemicals,

i.e., it is separated from chemical precursors or other chemicals which are involved in the
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nol ecul e. Moreover, an "isol ated" nucleic acid
nol ecul e, such as a cDNA nol ecul e, can be
waemsnasti al |y free of other cellular materi al PCDUS2006/031061
cul ture nedi um when produced by reconbi nant
techni ques, or substantially free of chenica
sypthestuefibe grajeino tieeerdinginsushipseppoatighe af tis@elypgptide have less than
synt hesi zed. In a specific enbodi ment, a nucleic acid
abomi|3084) 126¢5 )1 0%% Seohynigy svejzhk)yfeheinibal prbcm’eers ionvempowds other
is isolated or purified. As used herein in reference

thaﬁloché1 aﬁﬁlfdd?tolﬂ iferéhil h B pRefBRéY HEPddifent, bHIgpéRIdes of thetihvention
refers either to a set of consecutive am no acids

mg%5ﬂkﬁfﬁ§ﬁnﬁ no acid sequence of the polypeptide
alrn an o a set of linearly adjacent am no acids
wthin the 15 tert |ar structur of sal d ol ti
Because #ﬂ% ﬁﬂ?ﬁﬁ @ Bacif nolae %Sﬁms ﬁﬁ%&“@?d%%nlmhmf
result of protein folding, amno acids that are
nuglgicasishmolequienwhirhsse prssent ibthematiagl sgurce §gﬂ’§rné‘€l$b° g5d
O, 1 or nore, 5 or nore, 10 or nore, 15 or nore or 20
maleculor Moasuiven an Sisdktediinublieiv ackbmblendlar sughiana cB&Aimolecule, can
sequence of the polypeptide. As used herein, the terns
be sEBRArtREy Tree PBbitRe pélivtte maaathl, @rcaligiemeding wischrodded by
i nterchangeably and in their broadest sense to refer

reéoﬁh‘tﬁﬂ'ﬂﬁ tdcAhidGes, Gt 'é‘l%sta'nﬁalbhﬁé!é HEHRANE pRIcBABRLorQther chemicals
tructure as, for exanpl € he presence of anlno aci ds

t
Whee;zg?}s%% 1&% oy, ?h%ecgiﬁ%%%ﬁ%@%?‘d 7 088 ral b REuls(o
resj dues unconst r.ai ( i near) am no
engf 1’68%8&5[ IﬂFF’éle?I%% egﬁgg‘?ﬂ‘?féﬁ'f@ “the pepti de
of the invention consists of |ess than 30 anino aci
However , Agesedherein Wgefsenchéo ¢ Aisecivre vmlgeaaglypepﬂqeh@e term
skilled artisan will recognize that it is not the
“nlagifttfiers kither to 28D cAOSENONDEMH0 RCITS WEROOBKkGBLNGAcid sequence
particul ar peptide but its ability to bind a tissue

of m@ﬁcﬁy‘ﬁdpﬁﬂe ERARRhGbr BgRt Sf(lniﬁaﬂ?; Qbjacen pthcacild Withinehe
bi ndi ng of a peptide described herein that

tefﬁ'séﬁpétﬂlgﬂiré Hf g@lgg %ﬁe d Be@a{use fHEmb B b@fbrmuﬂ 8118 id"Part as a

protein”™ also refer to
C unds tal ni.n 0] val
SN SO LB 5L B B i
desired functional activ of a tide. Pe tlde .
sepayatied B Gind O BIHErGh PITTERTE, Jf(}%r eEess MGG 39 éﬁﬁl%@nw’ acids
t he repl acenent of one or nor e amno acids with
withdh ghedighear amino acid sequence of the polypeptide.

As used herein, the terms “peptide,” “polypeptide” and “protein” are used
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 f turn
or P 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 30 amino acids. However, upon reading

the instant disclosure, the skilled artisan will recognize that it is not the length of a

-18 -



10

15

20

25

organi ¢ acids (such as PABA), am no acids or the |ike
or the substitution or nodification of side chains or

wo eoveviswenl groups. The term "preventing a di SPEEES2006/031061
di sorder, or condition"” means delaying 10 the onset,
hlnderlng t he progress, hindering the appearance,

papitcolae peptiste batits alitity forttiha tissug prajectieiregcater copgplesand/or
energence, or reducing the incidence, of such disease,

coffipste el the BindigOdRH péptide déseeibed hdrbia thmtrdmtihgumhmthe peptide of
isS not neant to inply that all patients in a patient

th&fﬁ%ﬂtﬁ,ge ggle A Npe b eIt RPN atd R ofehieTabioyreRdr id

never | op the di sease, dlsorder or condition

co%%égﬁl&g%%n a?mnf %ﬁ}fg)ne{c ﬁ%ll\ba%ntsr O Joﬂairmhg ﬁmﬁ%‘fétﬁﬁt while

a reduction 1 n

nci denc IS e rder. itio

sl ipiping he Aeptnip paaacHely S EPSHe] 8ol V@F%SF ap differ
preventing flu in those adm nistered the vacci

fragk convsational peiriides by éhareplagemeny of GBHPY MYTeARINE A S 0 related
situations for whom preventative therapy woul d be

orgeneddids @hch sURABA, anfin acids of thedikedr the, substigtianduyanedification
about to engage in activities that muy |lead to trauma

of 31 chiihy bY fulnBtiGhal gfRlpsli ers engaging in nilitary 20
operations, race car drivers, etc.), patients for whom

surgery 'ﬁgﬁé@? g@gvetﬁﬁ? aQﬂé sea(hsbfd%k orfcBhditibiremeidielaying

di seases |t|ons ‘patients at risk
th%&sgﬂl Se ﬁﬁé megqrggr%gs? @}Igdeﬁrég the ?Eéatréfc@ IB ﬁ?ﬁbﬁ’ héazhtls? qnhlbltmg
opulatlon at risk for artlcul r di s
oriligunatiagdhe energgnis: o iudin iy agdince. oh ek fipeaser disgries or
or those with meakened I mmune systens, or those
copditioanise wf the temn Sprevension’diset meprio fimplydhat fllgpatigntsdn a
di sease, disorder, or condition. -19 WO 2007/019545
paieili apaE6A adhafdereda pisedtatiee thermpytwidl tezemdevelopihedisease,
and "patient" are used interchangeably. As used
dibsa&! 5‘v ccin'aﬁlotlﬁé&%ted$&bﬂ>@%ntloﬁ rshit Ty tRaitthe pathepogutatiom will
ani mal preferably a manmmal | ncluding a non-prinate

exglﬁbdga redﬁct?o%VYn R glctdaﬁées(ﬁ‘ th& &Eeaksg Qfsorfé or @RMitidAD ll'*%? Example,

ey or a human), and

{ b
mg%{ u écecmeegt%&%taga‘gg%fe& 1{/@&5 p(g?venﬁ ggl&gh girog% Q(f@ﬂ%té?ed the
vaspingeanedHetbinghe pt op el Mgty ggiants and Soabnd RIS

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
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, disorders, or
conditions precipitated by environmental factors, or portions of the population at risk for
particular diseases, disorders, or conditions such as the elderly, infants, or those with
weakened immune systems, or those patients with genetic or other risk factors for a

disease, disorder, or condition.
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Unl ess ot herw se noted, the "delay" in damage or death

of a cell, tissue or organ is evaluated relative to a
w@oenwrools4stzondition in the absence of a pepti deP©f/US1986/031061

invention. The tissue protective activity is useful

In various conditions, diseases, and cellular, organ,

10 and/ orAstused berethatiegerms ‘subjestinpd Epatierbsse geslcr i bed

in section 5.3. Tissue protective activity is _
inteRB&dehBly! Astusedhiereing tleltermsaidbject” and)ésvbjeessh refss torep animal,

tissue protective receptor conplex (i.e., a

| ' i - e Q! , pRS REGE, 4gldyd, rat, and
préﬁﬁﬁ%%%l SRURIIELS hon gﬁliﬁg@ (te ,a0w, pRS h@ Ay}, rat, an

suc not limte e tissues of the
tral ¢ e .
50k F5 DR P LE Mk JPERARU, BPAILROARt ffaman
LD e e RS o G e AR 8L R R rction

erythropoietin receptor subunit and at |east one beta

refersrtontire efiest pf inhibiting er delayimeedamags 98 dﬁ%tbf)ge%élssue’ or organ.
receptor conplex may contain nultiple erythropoietin

Untless eytiepiviss mbted] the “deldy’bin dastage oodeatin of @ eedbttigsue or organ is
subunits, as well as other types of receptors or

evRl S8 rélativea8 @ OREDEMIRRR YA She aM3EB off @ poptiddoof the invention. The
I ncorporated by 20 reference herein in its entirety.

tishfs q}%‘f}{e@{i@ &?ﬁitp ¢s ReEASV kAR bhdiYioR, disiieqHnd @eBdlhs organ,
Sequences, the” sequences are aligned for optinm

arispn purposes. .The am no.actd residues:: :

oo B PR oREeRY By el i B der e gLt bt Fdh Tihe proteptve
Wien a paosition in { he fjirst sequence is occugi (tad bey :
activiey Recifihbssae: lls.cB1lr 8reR8s PTRICS G A LSBRBTC Ry Ve receptor
position in the 25 second sequence, then the nol ecul es
coarpderi @enirespbnsive tissue cplbsindionpreamhespssivelit spelieas pytyot
-20 WD 2007/ 019545 PCT/ US2006/ 031061 between the two
lisRaULntRsiskues af fHenehirgmenfous besternnirespeoifici edghadirperts, the

positions shared by the sequences (i.e., %identity =
refHEORE colls g Yo aaRIoRGeIROSI ti ons/ total nunber

drGko
positions X 100% . I'n one enbodi nment, the two

sequence ﬁ}“l?erttgﬁ% hfssid PR &Re tr&:e}o)#o? glé‘l?lpleﬂi’ h€444AURrein means a

enbodi ne sequences are erent |ength and,

accordi ngly, the percent 5 i.dentity re .
ot gt east Gy i keptors RS adareast ong beta

| onger sequence, wherein said portion is,the san?. ltipl
COmIAQH recgpiossbyndn dhe gpsugé)aq}gﬁg@_receptor complex may confain 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 incorporated by
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

second sequence, then the molecules are identical at that position. The percent identity
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4. BRI EF DESCRI PTION OF THE FI GURES FIG 1 depicts the
results of an in vivo sciatic nerve injury nodel to

waeompares4i he ef ficacy of peptide J (SEQ | D NO BA¥/US®06/031061
the tissue protective nolecule 10 carbarnyl ated EPO
(CEPO, wherein peptide J, SEQID NO 41, is a chineric

bepegrni tHe twossjushdéends ofunttien efthe nuaberf efddergicalmiasisioas slkepged by
of helix B of EPO (i.e., peptide G SEQ ID NGO 40)

the satuen@d (1¢.1 91 identayehiugbehbLidb@idakoverbppidgposicians/wtal number
pol ypeptide (LRRYINMLTRP, SEQ ID NO 28) FIG 2 depicts

oﬁﬂa%tibhﬁ{%o%)ﬁ%g 6%& YEb&lifRAT thetlvoRERidndasarfthe fAfhe length. In an

i'nvention as ested in an in vivo sciatic nerve

I njur el .. LL,h the ass he I] sciqaf |
et fpfion b s S or et R KePrdfe W8 hercont
..inmedi ately dosed with PBS, or PBS contai.ning equal
iRty refersie éﬁpmaﬂlwfghe 5’8%’&?’?\}1}1‘%}%‘%&0 En@e}fﬂ‘)érs%ﬂbf‘eq‘ﬁpgﬂe
A (SEQ ID NO 32, corresponding to am no acids 1-23 of
se@ImCE.DVeTein)saidpnstiondis tiy fagrdength anmidghortes seqapemdi ng
to amno acids 5 8-82 of SEQID NGO 1), or peptide G
(SEQ ID 20 NO 40). Peptide G (SEQ ID NO 40) is based
on those amno acids within Helix B of EPO that face
4.cBREBF DESCRIPHEON QB NHE FEeNRES of t he EPO nol ecul e
into the hydrophilic environnent, i.e., present on
the surface of the polypeptide. Additionally, a 20-mer
const r uct BIG.f T depias thegesults of apirgeaniciatic nerve injury model to
epi t hel i um derived factor known to be tissue

IR ERE YRl 8f ERIB S SEOTBPNOF4 1Was the zhuedRbtedveimolecule
© neﬁéiglt [ vg con%’r ol .- The (r egovery f\r)\%fn -21 L{%612007/ 019545

cGERNEET BT D AR R LT NG 4, B3 himericpepice
D,. .SEQ D NO 3 hi hi t ti ti, ff

oot & 6 coevyt st inaee 29t RERI oL R et GsmQ D
better than carbanyl ated EPO %_CEPO). FI.G 3 deg’ cts

NOHY) spibined pathean anprpaihic helix figpmpangeeatic parpentigeno, 30,
5 and CEPO, known to | ack erythropoietic activity, as

(LRISYINMLARR, SEQADINORB)f or eryt hropoietic activity.
The results of this in vitro assay denonstrate that

nei t her PEIGRARpick, th&SEsJuk Prdiestide effecs oChEitidex bf thetinvention as

erythropoietic activity at doses up to 10,000 pM
tested in an in vivo sciatic nerve injury model. In the assay, the right sciatic nerve of rats
(n=6 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 ID
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, i.e., present on the surface of the polypeptide. Additionally, a 20-mer

constructed 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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FIG 4 depicts the results of an in vivo assay to
determ ne whet her peptide F (SEQ ID NGO 33,
waeorresysendi ng to am no aci ds 14-29 of SEQ | D NO/Uy20a61081061
peptide G 10 (SEQ I D NO 40) are erythropoietic or
_elicit neutralizing antibodies against EPO__The _
injus gversthel apg risdaya tlemongirates shat peptider G+ TEQ IPANQdQsang peptide D,
henogl obin levels in the rats when adm nistered at
SBQIDNRF 0, eshiblia g sissuegirotsctbrectfifeaniadhisliy vive.model assay thahes
course of 130 days. In addition, neither peptide

efivaldrt So aiNbetiR} A HaRTRMESERO (OEPONL rast to the
adm nistration of EPO 15 FIG 5 depicts the results

%0 D '@2‘8‘;’5 %‘%ﬁ% é‘%eiaﬁ}ohp‘ﬁ’“t rwﬁ‘étﬁf%ﬁg °§§§§‘%§@igﬁ In Ro:30,
i . 6 A A i EO |
5 anPHE6 i Bk i taroig i) o8 Fteats T T-Z AR on

P-19 ce|ls agai nst apoptosjis associated with serum .
eryibmonoyetic asHvity: Ehe repulls of this gr e o aseay anelatg thay neither peptide
m ddl e cerebral artery occlusion assay 20 in rats.
DFFEXQ IDANOSS, 00sCEPQreaxpibitceythropoietic iaetgvityraddogrspipi tdd 01000 pM.
(SEQ ID NO 30, corresponding to am no acids 58-82 of
SEQ | D NOFIG. allepicts ihtaesulid @ an 0 viflo dssa@id@etérminabhethbopeptide
reduce the volune of the infarct in the brain as

Iyoas, f th / ol q tide G
FJEBSTDNOS, ONEASRRR bl oo FEBIDNDR s it

10 CELRAGIR B POTE Sl AR LARlnoEy sphibyt o, The

7B shows 25 that rats denonstrated behavioral.

rebuliss Gmstas W ontiE P o eron B B8ORS 1t by ratyphen
WO 2007/ 019545 PCT/ US2006/ 031061 NO: 30, at both a
adminiptesedigdbd satkaddidays/ wegk spbacutanerusly &het) avaring ¢qurse of 130
dose schedule (4x 4.4 ug/kg). FIGS. 8 A-B depict the
dayss bh additén, ameither peptide elisiagn afititwdgiredpenses in cratnasiza they
assay. Diabetes is induced in rats using

adihihBphesObPOEPO, After verification of 5 induced
di abetes, the rats were treated with peptide D, SEQ ID

15 NO 30, orpiBSs fiinias tidRsuR opPindlstRidans dRnohstrate that peptid
ug/ kg-bw 1. p. fc?r{ a peri od O\g?’ﬂtﬁwo weeks. Both the o PePHCe

DDEEYSD SANFHELIOR: ¥Bl P51, A0t Ne A iRl RLE b ency
FIG. 6 shows that peptide D, SEQ ID NO:30, at doses of 0.1 ng/ml and 1
ng/ml protects P-19 cells against apoptosis associated with serum deprivation.
FIGS. 7 A-B depict the results 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  that rats demonstrated behavioral improvements when administered peptide D, SEQ ID
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denonstrates that the rats treated with peptide D, SEQ
I D NO 30 exhi bited i nproved conduction velocities in

woanpandEsen to the untreated rats. FIG 8B denpastusaioes31061

that 10 hotplate |atency for the treated rats was

uce el ative to the untreated rats, further
eﬁ% g? E@.SH@IQ eispsdglredert4 Pgﬂ%};ﬁaﬁ%m@wﬁ%g@w%@ﬂm‘% (4x
FIGS. 9 A-B depict the results of treatnent of
4.4iuggdt i n i nduced neuropathy and nephropathy with EPO
Helix B chinera. FIG 9A denonstrates that the
ani mal s t FEGS.e81AVB dbpipetht rebalt&of S8 vild INEAyAGE a datidgici X
B chinmera) exhibited i nproved 15 results when tested

nc?ﬂ%ﬁaﬂt[&%s%}at I§1ab@lre§ ROHIRRE WY ratFldhg SIB Eﬂﬁﬂ%ﬁf r 8k&Svetifihtion of

urine ” production, a neasure of Kkidney function,

. ggﬁél{gte%l {]11% gatgﬁ;\fe?reg{r%éd’:@ tp%% C%%ﬁtg H?h Ef%eljclfﬁss ﬁ?/e times
» §8B i 4 Ob £ g Db ?Ssﬁvigﬂa' ecffo B gerve

denonstrates that peptide D 20 SEQ I D NO 30) was
coagnetany dosmsraad dhohotplate ey 8 HiTal viesaRbeYdn NBeSA
treated animals. FIG 11 depicts the results of
dereqisirdtes thaf SieQats Brebiex 3d)h peptiledd, SEQ M NGEQekhibitEd diproved
on a nodel of kidney ischem a-reperfusion. The figure

caRINBHS VeldEes ih Raiphedon tpaRf intREtel @45 C BTG 9P ddmidnskiites that

score resulting froman ischem a-reperfusion injury

o P b e P BRB S T ol Bflt(Ve S e, further
t hat dministrati.on o (SEQ I D NG 33)
b sihiiSe BF TPy smea%eaecwﬁtcﬁ?ﬁ WeREt o i
13 dinical ore in pu E nodel tr d wth
Pept i de EFI%EC? ArB) %@C@ ﬂ&% rew f&of irqatyent e&e @splpfin induced
clinical course of neurologic function in mce with
neirepabiesr anderephtopaily ovidniEhe P&h@&eﬁb plzimsrey e F1G| 3A degmansjyakeg that the
Peptide E was adm nistered i.p. daily. Adm nistration
ardmalsapdatedevith septide (G (SHQ [y NOWO,evidelixnB whivharg) ©dlibited improved
function relative to control. Cinical staging; 1,
rebhi@GKhéh tedbd in Zhot ?Iaﬁ?qb@n@}né’s/s@f PICNYB deiibrBRAeS tHat thefurine

slow righting re 3, paralysis of hind Iinb
pl%ﬁgét%, PSS oPl‘ﬂdﬁg ﬁllnb{mﬁ wad mAAa RS 8s fdrmal in the peptide G
(SEQ ID NO:40) treated animals.
FIG. 10 depicts the effects of peptide D (SEQ ID NO:30) on retinal
leakage associated with diabetic retinopathy. The figure demonstrates that peptide D
(SEQ ID NO:30) was able to substantially reduce retinal leakage in the treated animals.
FIG. 11 depicts the results of peptide F (SEQ ID NO:33) or peptide G
(SEQ ID NO:40) on a model of kidney ischemia-reperfusion. The figure demonstrates

that both peptides reduced the injury score resulting from an ischemia-reperfusion injury

of 60 minutes when assessed after 72 hours
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forelinmb; 5, noribund or death. 10 5. DETAI LED

DESCRI PTI ON OF THE | NVENTION 5.1 TI SSUE PROTECTI VE
WEERTODBES The erythropoietic activity of eryt hpOpOS®Né/oB1061

("EPO') has been well <characterized in the art (see

e.g., Cheethamet al., 1998, Nat. Struct. Biol.

861- 866, FlGarldiiHustrates ties tiz a;iﬂmh;stramﬁreofé}mpade R (SE@ ID NO:33)

entirety). EPOinitiates erythropoiesis by binding 15

protects heicekbmas@blimbmnl @abralanalefia.a pref or med
erythropoi etin receptor (EPOR) honodinmer (i.e.,

(EPOR) 2) 116, a3 @0AEN SEd@tin Pf{drﬂhe AP RIWEERa8A8GH | Péé)tlde E, SEQ

| ocati ons on the individual EPOR subunits. Wen

IDbNéa dtﬁgr 2? dé%,ot?a% chmc%? Egurg%%ﬂe IBlo 1ca1tfﬂ§ct%| ?Al@é with

ng r g ons an ace

out war d, fromthe co X

PRBCRAL LG FEBES SR A%%Mgﬁﬁgf@ﬂﬁa@ s adhtanistered i.p.
determ ned that tissue 2 _protection, as distinct from

dagdyy Pdingpigirationsof feptideelis antly soppeved neselogisal lgnpiéon relative
than (EPOR)2, which consists of an EPOR nononer in

to comraln@lindual viagingah diabeid taik Qe ptaria,and OPhil-1{rab parekispamrslow
as the P-common receptor subunit EPOR and 0,, interact

righ®ing k&% 8 NGar41966 B Bind fl‘lﬁi‘tﬁa{r@?’drrﬁéfes1s%?%ﬁ§ibs, MpatdiBrof

ot her protelns are involved inthis -24 WD

fofe Y- @1{31 mEnovvn 006/ 031061 interaction is

currént he instant invention discloses

tissue prot ective peptides derived fromthe three

di nensi onal structure of EPO, and in particular, from

he EPOR bi ndi ng

> ]B TAM)‘?&‘.;]j Bﬁ%d{ﬂ) ﬁgggﬁg%&& e classical,

erythr opoi eti c EPOR (EPCR)2 honodi mer. Not wishing to

be bound by any 5 particular theory, the Applicants
5.0 AISSUE PROTEGTEVE@ERTHDES t he EPO nol ecul e

interacts wth the tissue protective receptor and

thereby nedi ates tissue protection. The three

di mensi onkle & thitpoistie acfivibPer drﬁthﬁﬁfbwme(dEB@”ﬂ@s%mb%u

by Cheethamet al., 1998, Nat. Struct. Biol.

ch8Bdeef5&1 inRE gxbl)(se'en& I PREGRGH LY. r19§§ rl‘@aﬁcﬁrﬁ(? B1'oI $,861-866,

entirety, as se forth I n SEQ

he \{r? Lf(r'm%ﬁ) ?ﬁgg datfgreg PR3 %en (L eft}g}r t]i@’%)o %%tl {eg%:%tlﬂo%%ﬁs by binding

I ona t ec

I nf ormat.i on n .
to the extraceliu ar p%?tmen ct)fr e%/ preformed erythropoietin receptor (EPOR) homodimer

(i.e., (EPOR),) in a manner that bridges between specific locations on the individual
EPOR subunits. When EPO binds to the (EPOR),, large portions of the globular ligand
are remote from the binding regions and face outward, away from the complex of EPO
and (EPOR), into the aqueous medium. The Applicants have determined that tissue
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 3-common receptor subunit (B;)). EPOR and ; interact to

form the receptor heterodimer, EPOR-B.. Whether other proteins are involved in this
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"I BUY"). The portions of the EPO nol ecul e that face

away fromthe nenbrane- proximl portion of the EPOR
whoowoai19ses when bound to said receptor (i.e., BPOEYSIONEM1061

the cell nmenbrane when the (EPOR)2 honodi mer is

expressed on the surface of a cell) consist of the,
interctiomismyrrsatdy nokaropvrs t FThedngag dnvengon displogesdiss s proteaiiy

to am no acids 15 29-55 of SEQID NGO 1), helix B
peptiddsREPENToMmght thregidinensional Stra¢uf2ofEPBRQ ibDpaGedlps, from the

oop BC (corresponding to am no acids 83-92 of SEQ ID

po%ns&@@fakﬁ%&v@? frofn§ He"FXRPO BRHIARE: difds, 31, Mot BbdralGing with, the
112-138 of SEQ ID'NO 1). In one enbodi nent of the

i nventign. f. j t i | des: '
R RontiFGe LEORIEREIS: fhodBel bl ERRERR B Boukl by any
distinct structures af .the, EPO nol ecul t .
Poh DN AEForG b BB bREN ALPISRAEa O W BPy plggule interacts
Applicants believe that the Tissue Protective
witiethe sissite pretepties iseerier and therehymediates tispORralFeiqBc
protein subunits are functionally associated prior to
t hei r i ntEreathtdeaiimensitnaER@ctEPOL EEOds apaeptedras descriped by
type | cytokine superfam|ly. Menbers of type 1
Cleciaki &tel.s veu, Namidtict. Bicins; 86 r856¢ haebe ineoipoededlyy feference in
heli ces whi ch interact hydr ophobically to forma 25
i n i in the
T G e R L e o
PCT/ 1US2006/ 0310 .te " ex | y- P g .
Projein ey et Ceten B pRyEaslesy Atk Batonss oniv.
,.than one peptide derived fro he. external | y-f aci
150D o b poRises AterHAG malsenfodhal e p dis Mot biiae-
further surprising discovery is that peptides derived
prbxigral portione sheofPOR henmdgnerovhenioangd frsaidiresepigr {i€d away from
within the EPO (EPOR) 2 conpl ex and peptides that 5 may
thakslbmeatbkaierwlparthe (FRORY, hemptimer poexgsesedomthiersyriaée afa cell)
1 or 2 are also be highly potent in tissue

coRbiRt §Ghé RillowiRg fcodR shtdtulektas6p ABS@OMEpoRding to amino acids
Appl i cants propose that successful activation of the

2%%52 §f§g§ﬁﬁtﬁ§b 12}(41%1&% S@B@E%dgﬁ}&‘*g bR Aei@P5E-8P b ﬁ%@ ID NO:1),

y co lguration wthin t
eptide ligand. Further.,thi s C i
1oBB R Grsnaiviess Beut Ty % FE PN 8 loop 62
notifs: (1) two negatively rged 1 m no i ds
(carpspoading AR L0 %%?%ﬂ%g@l &r it (ef %‘Baﬁ%cﬁ’inem of the
am no acids; or (2) a ) .
invention, the tissue protective peptides consist of the amino acid sequences

corresponding to these distinct structures of the EPO molecule.

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 B, 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

globular protein whose exterior surface interfaces with the aqueous medium and is
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positive and a negative (i.e., basic and acidic) am no

acid imedi ately adj acent to one another, and fl anked
whoogiorgh® hydr ophobi c or polar am no aci d resPcEs2006/031061

The proximty of these charges may occur via the

| i near structure inposed by peptide bonding, i.e., the
teratedfextamallydgcing. flinexpectesdty.cbe dpplicanischayaidaisrmisied shat more

a polypeptide chain, or 15 alternatively, proximty
thdBdheqlepidedeived fiom theeRtimaly-faeihg porivatufphdEP Qeariecule is

different parts of the EPO nolecule (or other rel ated

tis%ﬁée?;t?rio‘gecﬁ\)’é. 0k ifﬁ%&@h@?i@iél%ﬂﬁChﬁ@? hd @it peptitbederive@ fiinp&itions of

ary structure, '1.e., ree di mensi onal structure.
Cohi ' g .
tn BRI b g uRB At o BP0 G bimbleX b peptides that

dictates ,that, a I sgue protective. peptide will, have a
i 444 sreeein Bptions o &g tociph SiBel e Gredfdc el Boten
20 sheets) that provides for the required spatia
in tispwtpretectesm. (Tocacsaunt for th@s,@g}i@@@eréqﬁ Agp]agqn@fg;roms_e é}_la’t successful
the two negatively charges am no acids and/or the
acfigstioni of ¢heatidue prpddcitive rexeptonis daeitol pn appreprigse.cpetial ypropact
is a linear peptide wherein the amno acid pair is
chhigerehAs Rhion REhMGRObeptdle Siaahd. OFdieHer, thistcbmphe chegei r ed
rigidity inparted by the peptide backbone.
coﬁ‘f}@%ﬁﬁbl{]ﬂl%bohﬁﬂ t'{x}ég(#ié’cfr@{ stARbdrhl drﬁél-ﬁf»s: 63) t%%@ﬁ’t%geéharged

I'near sequence am no aclid 25 residues, e.
HI - NI.-.NI -.H2 E D,.NO 6 0 ' . Of
anifo pcadineent Beeaposst g fshe Bcdfils SEMHEHE H @)
id wh [ ' d N2, .ated h , 3
paglive ang s nggaTI(be, W PUREIG) PBE B aUg mgdiptely adibceht o one
HE - NI - X- X- X- X-X-N1-H2 (SEQ ID NO 11). For tissue ..
anpthet,ent iflenked byesipgle hydtophokie gepolamimino geidassiduest The proximity
spatially oriented such that the carbonyl carbons are

ofah@uich@gan@ay bedts viathe lineaisauttufe iapepat by péptide bonding, i.e., the
preferably, about 4 Ato about 5 A apart, and nore

stREREERAPbY feaRd by boftsddutife ARRdlacisdn épo@p@pﬁde chhinsocan

be acconplished i'n a number of ways, for exanple, by
S SRRy LR8P Snkty FBAARYD LAIEE e
ofier R0 migrfe raforctaiel G CEIoFbgTacshinBea By B
DrBIRI pApRATH BT PETUISECy  BRes iep et P ot SGE eppappund to

noted that tertiary structure (e.g., an alpha helix in
any specific theory, Applicants believe that, in general, this requirement dictates that a
tissue protective peptide will have a distinct tertiary structure (e.g., helices or pleated
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

residues, e.g., H;-N;-N;-H; (SEQ ID NO:6), or by a linear sequence of amino acid

-26 -



anphi pat hi ¢ peptides) can al so be inparted when the
peptide is within a specific mcroenvironnent, such
waoeto193ae extracel lul ar-cell surface nenbranePCT/US2006/031061
interface (see, Segrest, 1990, Proteins 8:103-117,
her eby incqrporated by reference in its entirety). . )
regigpes wherein; Nisand N 258 sdnarajed biedsa, § 3.9 pr wareintsEvanig residues,
pepti des that contain 15 pairs of charged am no acids
e.8utlhr-Nih&tX Ph&-¥MNr-JedLEQ e Néhalns (either positive and
negati ve or two negatives) be confined spatially to
Wi t hi n abBaetttisucpratettion hatipaiBofehafged @atiho adiliemusteispatially
can be provided for in an alpha helix by the charged
orksitdd Sa6h Rt ﬁﬁﬂﬁf%thcar%s QRLatut 8 WRsHTRRQAFE HSout W ﬁ(;hrt,
will provide for the charges to be nore or "l ess on the
[ | ' ' t, Q.5
S RS Oy A hOlR s A e Al it SR BB A & e 48 4
such.,a peptide is.found in peptide E (see, amle 2,
erfio s ARG s Comlishit Hy o B D e ot foFinle b9 Adisert charged
devise a tertiary structure for the peptide that is
angiap apids fya pigple tikcar peptisist(sgene.gh Exapplechandapeptitie e SEQ ID
di mensi onal | ocation of the charged am no acids, as
N@eA0, Tabletlher the peppides thas va formuinedphadwelik pchmrgddantihe acids
charge separation wthin the peptide. -27 WO
sepAlaied B3 An4hteREhindS2006 483 186due (e e SN Examipled SAEPEGETe F, SEQ
bet ween the carbanyl carbons of any to am no acids or
10 IDPROELTHRE)STAS 1 LhAINS Bt RR AN 226 i
deducedaby %ny nmet hod %mwn |yarr1§t e ar?ggr’%g@ggﬁglggﬁl
el FOk npl wher he three-dinensi,onal .
ol PP QP ot RS ed M D SR p RSB RENGAR soeciti
separation of two side chajns or,_the spatial distance
mig %@ﬂn%ertfmﬂmf% & Bfafhff extEatePWAG ool FTARe memhranegptegiace (see,
i nterest of sai ddorotei n can be cal cul ated based on
Segrrst, 1380, Ryptens 81030t e howiebr ingprpozated by eaference in its entirety).
t hr ee- di nensi onal coordi nates of the amno acid
r esi dues Kurnthegitidsyeqrdtiectivecdctivity &rprsdictetier eptities that contain
t hr ee- di nensi onal structure of the protein and,

15  pairberf ei@s&l arhih apidk ki th@fthé BhRE&QBIidd-Shat(RANE poSitive and
wherein a fully synthetic peptide is constructed

negé’t‘f’\%%r‘mfotnlagaﬂv%ng &gﬁnwépﬁggl’(lz%w&ﬁnta%ﬁ%ﬁ K%%?bl?trvb\g‘k of

Structure 10 Is “unknown, ~Charge separation
cadh Bt TSRl N RARR an BRI B AR Lt hefpe geparated
byuosnie% t\}V(I;] gmtupor aec?cis(,jizv crl]lsxi/i?lnparl)vide for the charges to be more or less on the
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.
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structure predicted by protein nodeling software as is
known in the art. Non-limting exanples of such

W@ oformenses ar e MOETM by Chem cal Conputi ng G oupCT/US2006/031061
(Quebec, Canada) and Model er by Accelrys (San D ego,

California). Simlarly such predictive 15 software,
avai | abl &htspatial Histanes/wtwemahic euhpail @abeps ofeny to qngino acids
al so known in the art for the design of snall

or BEneen iRSsidschantd, of aag evaamipoycidsven bé dedudied by wnyp kietHod known
in the art, based wupon the teachings herein, would be

in gﬁl agtl 5r‘lle§a'h)%d%1ﬁ P& &6 E:Svﬂl%tth@fl%é@&lmehbﬁanal structure of the

osed structural notifs. Non-naturally occurring

pr(?trﬁléﬁ[s; !qlne 4§ aﬁﬁ{)]n B{Stv&?oesﬁ&@ ddidte SHaBhCdistdfke between

spa a proximties crlbed ereln
abo L ds

i near se
wpeabam F %tm%bfn.adoogfe o arBrest LR i B igulated based
ti ssue Erotectlve pepti des, _incl uding those t hat

onghepwilished s etherwise atiraseepiask three-fmansiopplggerdipgiesqfdhe amino

protection. The present invention also relates to the
acldsresidfiestih ssideopticat efinierest. f Wagreshe threeodimenbignaltsyrgetuze of the
cyt oki nes, including, but not limted to,

pr&t%ﬁlln Hh G¥drfoP@ EicOpiaaIe ofiateddty is Wknowh il vatidreig affalty synthetic
CSF), | nt er | euki n- 3 (I'L-3), Thronbopoietin (TPO,

peﬁeﬁé Rchnst te ag&pgr{ %I\Iéféﬁ g@é&@%@é@@ﬂ&@ﬁmensmnal structure

urotrop ac or Leukem a | nhibitory
F t t hat

TERULI WOt T N
IS SR ST A B

pepti des may be chlnerlc conpounds based, 5 upon
stisittunepredistedript proteinimedelingsaftuptnas is kpgymimtge art. Non-limiting

non- adj acent structural elenents and surface

exRipES R isiigh wiiwase aeiMOESObeChemical fampiuting Groupt (Ruebec,
appl i cants have determ ned that the addition of an

CARE Rt MiodeRE My Algbeliod (SanTHedd) Catiftauia).n Siniladesohnratictive
Increases the potency of the peptide. Additionally,

sofrd a%giﬁ%leo%gﬁlqﬁ 5%)‘:{' ?B%d' &ﬁ'gjaﬁfes LOGehris %I%Btknown in the art for

i nverit SI on peptides resulting f rom
th gg%‘gtggg im\ﬂpefﬁfeﬁa? il f‘%cd’ T mgl&’ hr (%Oe%g%{rlgrcsrl(gp e gt pased
ugo%rthg eggllngglgschetrgl?ln\?vggld be a%l% to make small molecules that emulate the
disclosed structural motifs.

Non-naturally occurring or chimeric peptides can be designed that mimic
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

stimulating factor (GM-CSF), interleukin-3 (IL-3), Thrombopoietin (TPO), Ciliary

-8 -



10

15

20

as native EPO insulin or leptin. 5.1.1 Fragnents A
EPO deri ved Peptide Fragnents 15 The present invention

woebEess4s0 novel tissue protective peptides tRar/uSmo6/031061

one enbodi nent are conprised of fragnents of the am no

aci d sequences of EPO, derived fromthe three
NenrpirophigFartos (ENEFharel béukeméa ERitoryoFadtor, (LR thahare structurally
particular, were derived fromthose regions of EPO

hbmolaggusawmly tHerabiowe heted egRidllpipistcihSdrhids asideglienchEof EPO
internal portion of the EPOR honodi ner. These

aﬁd/mmiﬁt@rsﬁuaﬁwmlfi H&e}lsé?ﬁab%%f ol | owi ng EPO
structures: (1) p AB and N-term nal portion of

cor ésﬁonﬁ%%y’f’@%“ﬁ%ﬁ?v G55 iy bR fpgpggunds based
é%&ﬁyé%&atj g%&?%%ﬁ\?" %&B@I}@J agent structural elements and

responding to amno acids 58-82 of SEQID NO 1),
sug%@e Pga}selgmﬁmlpg Acigs salely. M partigwlpr, theanpticanmghafe determined that

smal | -29 WD 2007/ 019545 PCT/ US2006/ 031061 cystei ne
the adgitian of an ¢Bphipethicekptide hélix 1BTAERKS Nobdd BeiehisdiNncBELRs the

ID NO 31, corresponding to am no acids 28-47 of SEQ

pdtehdY@f tHe peplilese peptide fragnents are all
denonstrated in Exanple 2 (see FIG 1 and Table 1) to

exhi bit thss [ G
sore pept%*%%ﬁgﬁmf‘&&‘*“@%%?ﬁ% e oong BRAR LB
. nd of .her. tides tha
1n@ﬁd§ﬁ§ O%pé :B? | osnré3 %ﬁ 8mbt hETRE™ W’E 9 Or(n@‘@Q% thegbgve
ssue ot e tive. xanpl e, a_peptide
i BortiaFh §F bttt & praated mpBIOEIles s oRepacHicHransport, such
( APPRLI CDSRVLERYLLEAKEAE SEQ I D NO 32, Correspondl ng
aStU@tlH%EB@ wenligonlep@n.of SEQ ID NO 1) that contains a
portion of EPOR binding Site 2 10 (underlined) is
tissue protective (see Exanple 2 and Table 1).
5.19VBVfment’® Presence of Site 2 amino acids does not

accou or the tissue protective activity, as a
peptide consisting of am no acids 14-19 of SEQ ID

AI\EPb ﬁerlve &%%&Eﬁ%ﬁ SEQ 1D

The present invention relates to novel tissue protective peptides that in
one embodiment are comprised of fragments of the amino acid sequences of EPO,
derived from the three dimensional structure 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
following EPO structures: (1) loop AB and N-terminal portion of helix B
(NITVPDTKVNFYAWKRMEVG, SEQ ID NO:29, corresponding 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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NO 33) and | acking am no acids 11-13 of SEQ ID NO 1
(i.e., VLE, the site 2 amno acids that are required

wo o007/0193a5 ng of EPO to the EPOR diner, (EPOR)2PCT/BSBb&31061

ti ssue 15 protective (see, Exanple 2 and Table 1, also
Elliott et al., 1997, Bl ood 89:493, hereb
cysivisripop ande injeatest et (66 ABCBENENITVEDK VHSRRIRNG31,
have previously shown that nutations within the
copfeypdiidapoioesiifio hiido28+47 st B IDHKO: Bbdhksdpeptide fragments are all
erythropoiesis do not nodify the tissue protective

dd%%déﬁ%&h ﬁ?EQ&n}gg@_ (6deH'TBE 1@hd g{able3§ k@ Bafbit A protective

9, hereby incorporated by reference inits
prgné'irety). 20 One of ordinary skill in the art wll
B 8%‘“ ze that fragnments of varying I|engths can form

a tissue protective peptide, alth h the fragne [
pr ef er abl \ngxpectedlyy m@?ﬁp&ﬁ%%%%@n? ﬂt%lﬂérr?élcoﬁ.s S tne'EPO
Furt her, judicious selection of other nolecules for |
mpleenlg shasare busieg and ptherpersidgs that inshudg poytiong pf tedinding sites to
glycol, will also constitute a tissue protective
(APER), deesalsdotisuenptobecting dive estarbple) apgptidb coradistinigiof ¢l NASrminal
A. Structural Mtifs -30 WO 2007/ 019545

pdzkidh bEACES AQAPPRL ICHISRUTIETCE] | F AKIEXEE, fSH() TWMN@ 32, corresponding
structural notifs have been identified that trigger

tolgifind h(?i%% E—fZBro?tS%ﬁ %ﬂnﬁﬁgﬁﬁw &hta%%%ﬁ?n %?SEP(%{N?%@? ‘i$gce 2

arge igura uctura

structural. notif, 1h tid 0S t '
oGl iR arosesths T Rant R R ERL PERET) BB Ao ishoe of
5 am no acids, flanked 23/ Eydrophobi c. am.no acids. .

Sity 7 awing agids,doen et acgepn Lo the, Hasus REQIECtiye - aci ), apRReptide

(a2) HNXNH 10 (a3) HNXXNH (a4) HNXXXNH; (aS)r
c {xxdFrmimo acida 8- 1MeOSBNMNO: 1 (RYLLEAKEAENITTGC, SEQ ID

NO:33) and lacking amino acids 11-13 of SEQ ID NO:1 (i.e., VLE; the site 2 amino
acids that are required for binding of EPO to the EPOR dimer, (EPOR),, is also tissue
protective (see, Example 2 and Table 1, also Elliott et al., 1997, Blood 89:493, hereby
incorporated by reference in its entirety). Applicants have previously shown that
mutations within the erythropoiesis binding sites that abolish erythropoiesis do not
modify the tissue protective properties of EPO (Leist et al. Science (2004) 305:239,
hereby incorporated by reference in its entirety).

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.

A. Structural Motifs
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where H represents hydrophobic am no acids (e.g., the
noder at el y hydrophobi c am no 15 acids: glycine,

w@e@iomsss cyst ei ne, tyrosine, and tryptophan, BETUS2006/031061

preferably the highly hydrophobic am no acids

al ani ne, valine, isoleucine, nethionine,

phenyl al abpasefjcally the frlloséng Wﬂﬁélglaptlfﬁéllaye bm@@ﬁlﬁed that

am no acid such as glutamate or aspartate, and X
triggerths dlisse Rrogecsine Recaptorctomplehough preferably a

hydrophilic one. In certain enbodi nents, the flanking

hydr ophobi ¢ am no acids are the sane. In other 20

enbodi ments, the flanking anino acids are different. A

variation of this structural notif involves a peptide

where one aof) tAlNe%étﬁ)@Ki}Hame Curdtcapdioni (CStaudtinal Botida"has
been replaced wth a polar am no acid such as serine,

thr eoni ney, ARNALEARASoti2! the bUSRIE JdSsesfS t7D ndbdtRERAakRd
to pept i de t‘P&nkages esot abl | Eﬁils ng I{(Bhge?snut uaIn %r oxpﬁ% y‘c’%

auing s ufich Yo RERIARBI €5 whihodeldy il F 5B Bhobie

2007/ Olg%@'ﬁ 2006 031061 e acconplished by a
sl g

apipLeidy thigcpn, B¢ THPESgICAAS cussed herein above,
(Section For exanpl e, the negatively charged
am n@laci y be spatially i mediately adjacent on
the external surface of a helix, but will be separated

by a@d)ti HDNMNHM no acids in the linear peptide
sequence. For exanple in helix A of EPO

(cor g poAdxNH® 5 am no acids 10-28 of SEQ ID NO 1),
E18 and E21 are adJ acent on the three dinensional

stru reﬁl@éixﬁﬁﬁe two intervening am no acids

bet g themin the |inear peptide sequence. As an

add| yna@\ﬁmf in helix B (peptide D, SEQ ID
iy to amino acids 5 8-82 of SEQ ID

NO' 1) E62 and E72 are separated by two am no acids

(Qe5(a8hd HBGYXEAXME: surface of the helix, but have 9

am no acids between 10 themw thin the |inear peptide.
whenotH trpsesets siyduophebic imine deédsi (& gA the m@mwlﬂlﬂﬁ@phoblc amino

tissue protective (See Exanple 2 and Table 1, infra).

adidhs: gbriteapiolinp.agybicite, Brosiid, ATCTHRbOIGINNENJ HEQratily M@ I5dhly

a peptide with dual negative charges (underlined) at
h%d}gplﬂi%ﬁ’df ABfnoAkRIs 418418 GalH) sl lieNhethibdind) Hédehe,
y

rophobi ¢ ani no aci d,
phenylalanine), N represents a negatively charged amino acid such as glutamate or
aspartate, and X represents any amino acid, although preferably a hydrophilic one. In
certain embodiments, the flanking hydrophobic amino acids are the same. In other
embodiments, 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, or glutamine.

As an alternative to peptide linkages establishing the mutual proximity of

the two negative charges in a linear sequence, the necessary charge proximity may also
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is not tissue protective (See Exanple 2 and Table 1,
infra). 15 (b) Negative/ Positive Am no Acid

waanf7iogessat i on (" Structural Mtif B"). In thi SPCT/US2006/031061

structural notif, the peptide has a positive anino
aci d n t tlve aC| . and th c .

b frepmPieg Y artbree T fipfrophBoriooa am, 2 f§ection
aci ds. Structurallythls can be represented as: @é
5.1) Fenprample. the pepptivpiichangpd pmin acigsiressehr spatialdy inmedigtely
charged ami no acids such as arginine, |ysine or

adjacehi ali the extarnchl Burfaep of a dolis, Hubevilhbe sdpaveedd/byc fiddij@hl amino
am no acids glutamate or aspartate. As with the first

adiditih the likt@r paptidelseficfdd. Wdrkex@hpleh Kl 2 QPEPOt(SorresPonding to
charges may be acconpli shed by 25 three di mensi ona

mﬁlﬁg lréglglg il g r% 8 r?gfsrs%z[‘gm 9 %@ %%??B%e?ﬁ}@ac@nmg ltl'Yrgé dimensional

Cr/ U 31061 may be s ace
st 200 B edhanies R anips B Serfer eBnghe Bikat dfpice
nore amno_acids in the | | near peptide seﬁgence For
segyeiiep as an pldaaemal exampleip seks Bdperfidedd, SR HY NR:Bls 5
8-82 of SEQ ID NO 1) E72 and R76 are immediately
cogngronding to amine acidodir82 0HBEQHD Mt okl and li7Rare sephratdueby two
hel i x and a peptide constructed fromthis helix is 5
anhing acids Q63 &l L6% dnskesurfrepf thehetiRfbutdbl€9 dhind dtids between
variation of this particular notif, the negative and

the@Skithiy ﬁ1e51fﬁe91°pepﬁﬁé dPeﬁtﬁﬁs BéhsBEPRY %ﬁ{jhéﬁk A RUBY B are tissue
am no acid HNLPH, (b4) HPLNH, 10 wherein

pr%rﬁﬁm (? gﬁ&?‘lm le@oérﬂrTa;%'Ig ! an%(?)'u ﬁg r%gﬁtgkt }%pﬁ(% Bn €,

ara exanpl e of

m@wmﬁsa@@@m% s Fﬁé’%%c@aég%?nbt’

Table 1). Gven that the core of the above structural
(updarlined) §t the @app1epTigle digtangs bptlacking a flanking hydrophobic amino acid,

is not tissue protective (See Example 2 and Table 1, infra).

(b) Negative/ Positive Amino Acid Configuration (“Structural Motif B*).

In this structural motif, the peptide has a positive amino acid next to a
negative amino acid and both charged amino acids are flanked by single hydrophobic
amino acids. Structurally this can be represented as:

(b1) 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

three dimensional structure. For example, a positive and a negatively charged amino acid
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| ength, a peptide of this core structural notif may
trigger the Tissue Protective Receptor. 15 In certain

wepmodissent s t he pol ypepti des of the inventi onPCDORIINGE31061
1 structural notif. In alternate enbodi nents, the
pol ypeptides of the invention cprrgri se nore than 1,

may, b@ spatiay adjacenb pi therinface of a hedive butill be sgpanaied by one or more
structural notifs. In certain enbodi nents, wherein

arpine apiolk ypthetlinda peptiyke sespencat Foremxamplapin be¢lixuB {eoradsponding to
notifs, the notifs are the sane. |In alternate

arBifio @eidEBBLSY, o \IREY H) NG: DEETDAnARTS hrdeémedpiidls @djaddnt to each

| east two structural 20 notifs, the notifs are

otfled dth€ Bkterdal §rfic8 B the Hell§ afldth ﬁsib}]m(fe RERIAEE Gt thil Belix is

present 1 nvention that one sk ed in the art can

. erate are }\no acids in length. One
tl%ﬁggl}o |C§1¥? gfsegﬁ(?ﬁpkn@&dﬁ%ﬁq)\m Il recognize that it is
t he above noted . stryctural notif as opposed to the,
actual anfrfovaief giﬁ%ﬁem%?r TR9ies, Hedieeiye Rddopiive amino

to the current invention. Thus one of ordinary skill
acids qandeaepargied byl 2 pelso gminocacihzig £+ he 25 i sol at ed

pepti de may have |l ess than 90 % |ess than 85% | ess

t han(b8P% HNEPSI;t han 75% -33 WD 2007/ 019545

PCT/ US2006/ 031061 | ess than 70% |ess than 65% |ess

t hanpd9% HPENSL, t han 55% |ess than 50% |ess than

45% less than 40% |ess than 35% I|ess than 30% or

whé&sh. 1t %g?sgltgtﬁ g%%fé? Qﬁlirf'oei&g@s%gh ad SI80! fhYeotdel aﬁ%}’a ;]ne, or

portion am no acl d sequence of natureé
ryt.hropoietin "EPOQ')..set f.qr [
GffiatpiBb AR atmBls i mstiearsmgh EA GG SL RN Venmon.
of am. no acid resjdues as said Eepti de. Addi i‘ﬁironal ly,
SEQ D N3 34).nhicksis tiguegpygtectivedses Exgmple 2and Tahls Bpy
i ncorporated by reference in its entirety) discloses a
17 am no @oied thee phe apee ebthaehevs stfuctuERGtSEQUDaNo dcids in
of O Brien) which induces biological activity in
leiNS3R OaYpeptide Nf tHid corasiudt@hPmodl iy itrigden chaThissierRaotetting, Receptor.
di fferentiation, neuroprotection, and prevention 10 of

InRHARRMbIIRhént S8Ry pepiiilds Bf W ihdertfon CoBIptid 1 HESLANRMLIL. In
epopepti de AB), although prophetically é)l sclosed to

aﬂ%ﬁyag%&wwﬁ}%@gj tﬁg ?{Slly@:éét;&éb BYtheiiHan"E‘i‘éh cbl"ﬂgﬁ% %Hggb‘%% 1,more

erythropol € and was subsequ
ol b AT W LB POBE, 5, g,
wlrlrcgtei(t)lrthee Bglygép%itdg nglrpggetsi art] ?eaLtnuxftor;?ructural motifs, the motifs are the same.
In alternate embodiments, wherein the polypeptide comprises at least two structural
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

isolated peptide may have less than 90 %, less than 85%, less than 80%, less than 75%,
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adj acent nuscles increased in a manner simlar to that

i nduced by ciliary neurotrophic 15 factor. These data
w@e@7iomses preted within the concept that neur oPel/U$1906/031061

not hematological) cells respond to a peptide

sequence within EPO and that EP ve . se te
leslbanr A Tos (ke G5t Rsp Hise s 95a PO b S it s than
(Canpana et al., Int. J. M. Md. (1998)
45%(183s thaH40%] lesgItha®35%, Bss than 3A% . oBlespiian 2Rpercent sequence
5,700,909, issued Dec. 23, 1997, J. S. OBrienin
ideﬁi-itgwiﬁiiiny PtioP okt afib adid seg@anddod mByre19@Gn grytheopoietin
OBrienin US. 20 Pat. No. 5,714,459, issued Feb. 3,
« ; ; e i 1dh PP EPO ¢bntdis thPsdme
(Eﬁo%g?tggg?&%&ilsgsﬁgdl’&%%, 1c:1L 97). However, O Brien

e Apgh e BB A oy Gea amino acids § n the
[ i de. T 1 [
Fr agment Adisionalafschar 95 TG o TR "

configuration able to activate the_ -34 W) 200.7({ 019545 ¢
incPPDrAISP b evfaRncrmsin itstentraty discleset @ ilY @mingaid geptide sequence o

Applicants have discovered that certain fragnents of
EPOY(SEQLID Bi0: 0k bNOsBrden) vehigieintiets biolegiodictiwarin MY i HerN-

tissue protective receptor. This cytokine famly _
M NguRe, ety lncﬂlﬁliﬁ%)iprbﬁtfﬂgﬁ gidfekantiation, aretimpkaitection] dndprevention

I.-3, IL-4, IL-5 T1L-6, IL-7, IL- 9, IL-10, IL-11,

[.an . i & AB), although

ofﬁﬁf}/ﬁ,@%&%ﬂ H?aég?ﬁ]ﬁ@@@%&%?@mﬁ&ﬂ {Héh@ﬁécﬂﬂ?d‘p@?ﬁ f AB) g

granul ocyte col ony stinul ati ng

factor. ( F eukem a i nhi biti.ng: ot
preetcally S5edeaebie bith e e ity e Bt Bl smbhbrytwopoietc
TPO), growt h hornonpe, crophage .col o stimul ati
acvit i ¥R ORI, RO BORE P TER i R SPORSpRfe A was
Consi deration of the secondary structure_ of EPO, |
injpeted imde theguistimefomicerthe fisauencs phmatorsnd plate serawingiathe
tissue protective peptide via the spatial arrangenent
adPikent Husalds hcrastd in dmaine dirfitaio Hohoidogaly cilirydesrdtwpphic
ocated w t hin honol ogous secondary structures within

fa@bN GhedeVR®s dre G DFtBEWIREERE 86ndepUiAisEUrenaf (but &bt CSF
and [IL-3 (Kannan, 2000, Neuroi munonod. 8:132-141,

heg}e?%oﬁégiig ﬁgélﬁ%ﬁ}oﬁg Py géﬁfsaﬁrsg cé Withid BP@RhLd iRk BPO may have

ers, ave pe 0] t o possess potent

sepnae}gtreo o;n% rPsI f‘c:)r rallguq'otrophic and hematotrophic activity (Campana et al., Int. J.

Mol. Med. (1998) 1(1):235-241; J. S. O'Brien in U.S. Pat. No. 5,700,909, issued Dec. 23,
1997; J. S. O'Brien in U.S. Pat. No. 5,571,787, issued Nov. 5,1996; J. S. O'Brien in U.S.
Pat. No. 5,714,459, issued Feb. 3, 1998; and J. S. O'Brien and Y. Kashimoto in U.S. Pat.
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.

Given the spatially compact charge configuration able to activate the

-34 -



10

15

20

25

neuroprotective activities, due in large part, the
Applicants believe, by stinmulating a 15 tissue

wee@rettsive receptor. For exanpl e, consideri ngP¢iEUS2008031061
of these type |I cytokines: Honologous amno acids in
thronbopoietin (TPO Protein Data Bank (PDB) accession
tigsuy/ prgteettigpierentor? @pplicess haegdisewgredethat contpin Aigamegty of type-1
where these am no acids are spatially adjacent to one
caokihéeareienpectéd treansarcaangitimdre tisshe poitegivesecepiaro This cytokine
acids in leukema inhibitory factor (LIF, PDB

faﬁﬁgﬁ%h@é‘s, bEMRnot Btieti 96, iFRHeulRR4IL)YS 8L-35T2-4, BASNIS6, IL-7, IL-
an

D79; honol ogous ami no acids inciliary
o[RUA0 2P ok QOLAE g Pen S5E5RE0 ART) GNP e,

described. abave.(section. 5. )...wher ein, the o
EHRGRY P relpn Ao AEE et Rl (O teukiHgia Shpl g factor WIF),ciliry
Exanpl es of peptides derived fromthe Type-1 cytokines
NUARIORBIG FRFLPY ;&N‘-‘ﬁé, SOTbOBRISHN NP, Eronle }lplaafepea macrophage

herein above (section 5.1.1) include, but are not
colpmy stgulatiig faotor GM-CSIP), hithirepaietin GERf@and prolactin.

VEHVNAI QEARRLL (SEQ I D NG 35); TPO helix A -35 WO

2007/ 0195¢bndrderatifHPerGhé 63bdly stricgresfiEP O ik idePbghidhdte for

(SEQ I D NO 36); TPO helix B fragnment: E56, K59; CNTF

OB A RSSO0 Dl e

. 3 . i rl e i
e i et/ S R R R B
NO 39). 5 These. af orenentioned. am no, aci ds,are re
SERRIEY ST OO DORE] SBRIne FEPLY dshdre e & CUECEF and
superfam |y that signal through Type 1 cytokine .
I1- ¢K pansang 2004, AN eHepnygomed. 8=é§2—é ﬁlwsrbyms@*po%%rr@f%@nce in
the cytokine superfamly will be readily identified by
it$ brgiretylianong odliers, hame béensh@wihd pessess pbent Ghirpoplge and
ti ssue protective peptides--linear amno acid
nELEpOReHEee idtiities] MikdhRapapat MO Abpheals Isdie s byrséinulating a
el enents of the externally-facing am no acids of EPO
1160k ?gd‘i‘l:&iv@ )féUeP{oE. Fhee YE B ESingHeMG B b Brhese type I cytokines:
nmotifs--are also contenplated by the current
Ifg?n\{) Oljgtr(])l%lé) Qmin%hlcﬂesrih Urbin®3 oe1etﬁ)1{ f)lt%;tlir}{%irpﬁgtta'ﬂ%%ﬁ (ﬁlf)BS chcession
urr | | y “consi st *of

nventi on na

1V7M) comprise D62, G65, T68, L.69, 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 1IEMR) comprise E61, R64, Y68, S72,
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

to, GM-CSF helix A fragment, WEHVNAIQEARRLL (SEQ ID NO:35); TPO helix A

-35-



10

15

20

conmbi ning structural elenments of separate am no acid
sequences into a single peptide. In 15 other words, a
wohberndast i ssue protective peptide nay be conpcrasenoehH31oel
amno acid sequences derived fromnon-Iinear but
adj acent_structural elenments such as a fragne
fragrnentbSIKE WeH42EQ IQé&Qé@eEPQlleh&Bé‘ragﬂm £, K59;
and 160-165, of SEQID NO 1 which would allow
ChiliFubelivrsa fraghente KIRSDE TARGES YVBE Hi(BRQ IPoNO:351); CNTHdielix B
Cand N termnal portion of loop C-D, the (3-pleated
fragieett:R89, EODLIE-Hlix Bffaghiént GTBKAKINERYRIVYYI2@BY ID NO:38);
EPO to be contained in a si ngl e peptide. Additionally,

arfd infBleliint3' @58 h@ﬁ@keiﬂr%weﬁt sﬂ@ﬂﬁﬂﬂﬁﬂmﬁ@ﬂﬁﬁgﬁﬁ NO:39).

sel ect out |nporta Teatures of a partic

strugf UL %forgr%r%tlo%)éﬁ hc?s & trneetrr ?ﬁ lg{(%m%lglcy.liﬁ%g sogle Pnembers of

aci ds or |ary S

ch| fic ti rot.ective tide consi st of
SuE%rﬁaﬁlf%@a Yen é@rpagfs"?m heviobiar sesenigrs. gad hemologous

69 72, 76, 79, 80, 83, 84, and 85 (e. tide G
regions BRALNSSIeMbeEs ofthe avkiog gmfamiy/\w@%oe idetifie@rE the

I D NO 40) or, in other words, all of the
sk%ﬂéﬂﬁmmmpresenting amino acids of helix B of EPO

This peptide is shown to be tissue protective in

Exanple 2, infra (see Table 1). Furthernore, the

tepcy of the current tissue protective peptides nay

5@3 Eﬂﬂ% BY¥sed by attaching an anphi pathic peptide

hel i x. Anphi pathic peptide helices are 5 well known in

the art, e.g. frompeptides that signal through the

O ass B GHIBeEr ntissus ffntesdive eplidesringas agiino asad; pesienes that

al ., 1990, Proteins 8:103, hereby incorporated by
incetperatuen-limear stsucwria] ¢lemy1)ts of the\axtegnalty-facinglandro adids of EPO

peptide ligand to the cell nenbrane. Exanples of such
mblkbule @shibitcheisteyvehotedasti@ictngd] nhdtifs-tad also comitemphitatbyythe current

hydr ophobi ¢ regions from calcitonin (ALSILVLLQAGS,

inP&dnD AUEndB0 iissee 'b%dt@&fv@ %@%}ﬁﬂers QI BRSIUBINNRALERA &) consist of
( VALLPCPPCRA, SEQ bet a endor phin

%%%%%@% e@*é?@és&f AR A IR e 1
B it Bl G0 Sathisinsie Caereg kg i

onadotropln rel easi ng_hornone (GCSSQHWSYA., SEQ

SeFlE?@S% derpyed dtomy pe- an%h%@fhaqwtmal@tme@wqh@s a fragment
derived from amino acid sequences 110-115, 133-136, and 160-165, of SEQ ID NO:1
which would allow structural elements of the C terminal portion of helix C and N-
terminal portion of loop C-D, the B-pleated sheet in loop C-D, and the C-terminal portion
of EPO to be contained in a single peptide. Additionally, chimeric tissue protective
peptides may be used to select out the important features of a particular structure, for
example the externally-facing amino acids of a particular tertiary 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., peptide G, QEQLERALNSS,
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15 NO 56); pancreatic pol ypeptide (LRRYINMLTRP, SEQ I D

NG 28); and calcitonin gene related peptide
wWORAZBONEYQA, SEQ I D NO 57) (disclosed in G aeeTaIS2006/031061

al ., 2004, PNAS 101:12836, hereby incorporated by

ference in.its entiret For exanple, a chineric .

S%@Jf)i MO0 a8 ie ol o p%lna%thmﬁqﬂ%greg@Fmg@@flﬂa%%ﬁlefeof helix B

motif of helix B of EPO (QEQLERALNSS, SEQ | D NG 40)
of BR Qe dhistpeptide isahtiux {o bechissuepeotective freEsarpplp &t fificr (8@ Table 1).

hel i x of pancreatic polypeptide (LRRYINMLTRP, SEQ ID

NO 28) f oFurthetthbree thegotgnepof the.cufrent tiseiic Emfﬂcﬁiv@péﬂti@lﬁs?may be

may be nade to the carboxy term nus of the anphi pathic
inbehied Byl difaehkihg ah bephipathid ppiiib Reke li/ Beptide heli

By Tﬁusfa&ghifpﬁﬂnd peptide hsle Rﬁ@?g%%ﬁlé’ Peptide helices are

properties. urt her exanple, 'aci ng the

ST RS 28 Qe BN TR
A o TLACAA B0 o i

nerve assay (see, FIG 1). -37 WO 2007/019545
refsgercgdp 69 SASOCErving i losalizatheypeptide igand tofthe ¢pdl membrane.
above-noted helices, other tertiary structures can be
Exampleshefciuti helives inchslecbyract sattlinviedtepthe tiszhly Fairophobic regions
exanple, the helix B exterior- presenting am no acids

fraancaddtoniniaSILV I EAGS] SEQ D36 di8%; et coliopnYeldhsinSESmone
ID NG 42) found within the AB |l oop of EPOto forma

LTR8BS RO SE D

£6t ble 1). .AdditJ
NI Skl (SR QREIRNR, Lot VARG, abei ML ORkp sk
s AT R A A
be conbined with all or ]gart of loop CD-partial
nepyopapiidenY $EAHAISRIPERT SEQHED NO: S grpad genpirshemsiiggrmone
to amno 10 acids 112-133 of SEQ ID NO 1). Preferably,

(GEISQHWISY Gl rSHQ@ [ID N2 55); pawtityrdid thweaond (AMIVMEICFL, SEQ ID
peptides to provide for flexibility so that the joined

NOSBY;| pﬁﬁ&e@t@d’\pcﬁﬁpéﬁﬁﬂe {MRRFTGREITR B ISBE I ND:29): hDEAtitdin gene

to bind with the tissue protective receptor ‘conpl ex.

reletahehti®d QAL PERUIVGA, IW@:S@'% ?(}5\5}25%@% g}‘tfac%feft 8£12004,

obtaining a greater tissue prote J ol ntlTy
PSS PR kD EHphL P PaEBA L 00, PSS
chimeric peptide made from a peptide with the surface charge motif of helix B of EPO
(QEQLERALNSS, SEQ ID NO:40) joined at the carboxy terminus to the ampipathic
helix of pancreatic polypeptide (LRRYINMLTRP, SEQ ID NO:28) for a chimeric
peptide. Further modifications may be made to the carboxy terminus of the amphipathic
helix without affecting its tissue protective properties. Thus, a further example,
replacing the terminal proline of the above chimeric peptide with the sequence TR

(QEQLERALNSSLRRYINMLTRTR, SEQ ID NO:41) generates a molecule with potent

tissue protective activity as demonstrated in the sciatic nerve assay (see, FIG. 1).
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15 receptor conplex or increased biological half life.

One of ordinary skill in the art will recogni ze the
whenwehids4df conbining various desired struct uPEl/US2006/031061

elements in to a single peptide for maxim zing the

tissue protective effects of such conpounds. Such

chi ner as Addjitiennllyy ingteadied the abevedeotedbglicesi @ther artiary structures

non-am no acid el enents, such as |inkers or bridging
canbe aiadhed moihettisese pro@0tite gepldés Hovrexiaple] the hellh B exterior-

present invention further contenplates that two or

pré@éﬁﬁn@&ntda%cﬁia QY be IRk&To thSBUL pEé@H QBddt VESPNBNIKREQ ID
fragnent derived or chinmera, may be linked to a

e S T T
e S RSB TERAUMRER Raee

made usin recombi nant_or. synthetic technjques wel|
Examplin2 ppd 3hlée 4)- Addisopalht thegiresenting pminoge: é’ the tgimainal
synthesis is well suited to the relatively short
porteayefthedik G EALEK s SEQITbNEXA4, verrsspoading desminechcidsy
provide greater yields with nore consistent results.
11Addni1i1enab) ahd 1ief SEQ) IDINOhBsRapbet@hbinsd withedi o parf loop
provide additional flexibility regarding the

C%—&{%HTQS%GAQI@AfmﬂA&§MﬁPERQi &f¥i() YIS NUGAS] &ﬁl%spdzrﬂﬁng to amino

desired chemcal nodificati ons may be

m{;;@gﬂ%%tf%gdgm /. ?90 FrLBRR, RIBAER! e AR eggg&n@{)%twa& the

es|i s S ne coO
th f th
FufRBage B ot iR ﬂﬁ&gg oaP B 5ize Pattes A sssiife dhe proper

foll ovv| ng synt he3| S. Knt hesis In solid-phase
stryggire @sientation to hiag witdheHssuppriedive geatpion complexa Sueh figion
group and 15 side chain protection is imobilized on
peptidesshay hBea synegrgisic leffsctnobtBinjngSogichtartissud/protentive effect jointly
Rai nes, R Chem cal Synthesis of Proteins, Annu. Rev.

asBipPoeld to Bidivihallyfy38ibly3Hicdth tAlkncedvbindiig With th8%iésue protective
Properties of solid supports. Methods Enzynol .

re@?o%gr‘}lp@ ﬁqgcreggagﬁ; ShicdfRaifB@s any G 1997. Handl es

ase pept| e synthesis. Methods

One of ordinary skill in the art will recognize the benefit of combining
various desired structural elements in to a single peptide for maximizing the tissue
protective effects of such compounds. Such chimeras may comprise amino acids

peptides, and non-amino acid elements, such as linkers or bridging atoms or moieties.

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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Enzynol . 289:126-74. Typically, two types of
a-am no-protecting groups are used: an 20

wa@eolodossmsi ti ve tert-butoxycarbonyl (Boc) groupCDUSH06/031061

base-sensitive 9- fluorenyl nethyl oxycarbonyl (Fnoc)
roup. Wellings DA, Atherton E  1997. Standard Fnoc

5.ba fagtungrof Jdsspe Exotective Peptides14-67. After the

qui ck and conplete renoval of these . .

a- ani no- pFistue protectivgreptidesan theharrept imverticadnanbemagde png

with an activated carboxyl group can then be coupl ed
rebdinbifgnt WP ByAh&it techni @ik Mrell b onantheeart. By pasticugarasolid phase

excess of 25 activated soluble am no acid, the

s of 25 a t d. t
P55 B S A R BE AR e P R

| j i ) ] .
pe%?l?ﬁﬁ?ﬁﬁ&@'ﬁfﬂﬁgﬁe rgg%%?%?ei%% ik BIRG CARIAAE r Al REfitonally, the
i t ] i.re i } CA,, Fields GB, 9907.
SO bR BT RS iy Aresdgs s Sorl HeRPiie e ing fe

resin-bound peptides follow ng synthesis by Fnoc
mathadteterof theNissiopoteetys pentides gBorsrample, dedredichomical Jm
1997. 5 O eavage net hods fol |l owi ng Boc-based
m6dificatidnb ass edptirferatdrittoabé Sssud/ptdieive Paptyderdt the synthesis
289: 29-44. Additional nethods for performng solid
st%@ﬁ&neéiﬁhﬁihe cSYIAHRQSEFInAhE syriheit TIRSIpdtidBag Bppdded fo lysine,
ent, S. 2004. A One-Pot Total Synthesis of Cranbin.
. ' < ' opr a,
R85 Poyiali et o fifpnfl e B ePRdP ol PR stisfi P
Crambin. J. Am Chem Soc. 126:1377-1383; Dawson, P.
et al. 1994. 10 Synthesis of Proteins by Native
Chemi cal Ligation. Science. 266:776-779;
Koch®yHlasisf er et al . 2003. Design and Cheni cal
Synt hesi s of a Honbgenous Pol yrmer- Modified
Eryt hropoi esis Protein. Science. 299: 884-887. (Each
reference recited in this paragraph is hereby
I ncompeliatphaserynthesie bénpeptide antasnire heidetith Yoth f-amino group and
necessary, smaller peptides derived fromsolid phase
sil@@a{diﬁiﬁm%ééﬁbﬂ BSthinoblBzd¥Bh PRGOS A8 dxriléabﬁglmbs&tma, de, and

I gations such as native chemcal ligation. In this

RPRES .%}herﬁ-@c%l é%tﬁés?sf (geﬂé’%e abg&;ﬁlf? geezvg&ﬁomsx $$54:09005. 34:91-118;

ue Or one” pep term na

' t a secand..pepti de af.f ect
Mok 8% 155% i eeuR S Riae S e Rt 288351 %
rapid S-->N acyl transfer. See Dawson, P, et al,. 1994,
Saayasten M, Bagmypy ok 997 nandles for solid-phase peptide synthesis. Methods

Enzymol. 289:126-74. Typically, two types of a-amino-protecting groups are used: an
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 groups another protected amino acid with an activated carboxyl
group can then be coupled to the unprotected resin-bound amine. By using an excess of

activated soluble amino acid, the coupling reactions are forced to completion. The cycle
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by Native Chem cal Ligation. Science. 266:776-779,

which is hereby incorporated by 20 reference inits
weporoesys Further, one of ordinary skill in tPer/a81006/031061

woul d recogni ze, that the tissue protective pepti des

of the current invention may en

of eppicaéen s scupling ispeReded oABPIRR 1 SeBieRch Y h side ghoin

occurring and non-naturally occurring am no aci ds
deprotdetias andelptaigdsthe Rsin vields therdssised pritides Gay CA, Fiélds GB.
N-substituted glycines, glycoholic acid, thiopronine,

1989, i fRedcete acld dlehtgerapt deprofdetioe oBtesinciomnd peptited following
have a general structure of (-(C=O- -40 WO

sygtﬂgsﬁ - Pride cﬁ&;[{s?ﬁzlg%b%ﬁ%%ol 0lg8-R83, "anWiStdwdrhBVRI 997.

group actlng as e side chain. Such pept0|ds can be

CIg t%tﬁh{e}% ng follox ow1 éBﬁ? Ibé&ﬁl%ﬁﬁé?)ﬁ%@ﬁeﬁﬁ %rnrl%sgp‘%éfmf‘%zymol.
S R s L

Phot ol i t hogr aphi c nt hesi s of Pept oi ds, EM
dissloged BUBAYE o Ko, S0R8Aa8ee-BeicFolghSXHIEE of rﬁacf;'l@béngew

i ncorporated by reference in its entirety
CHsatlifen Bdad3:3534t108 8cBang Y., CopeatN.o& Keni; &raﬂoét ‘Befak Glemical
use of peptidem netics or peptide mnetics,

SyASHRsR P CrAlBbIA! Y1 U6n VTR 1S58 P61 13¢3-1383] Dgesom, Poettahd984.
of the tenplate peptide. (Fauchere, J. (1986) Adv.

S}%ﬂ‘égls %2%1‘(&&121% é? é\ltai{g%’ @'}1?1?{9583175 g\?ﬁgﬁl\/gﬁ%gﬁ él%g 27)56 -'7*27918 p.

Whi C at.ed b ef
K?Fé‘FP‘E‘?K{e sials2gp- DEien i Cfnler{n%%ﬁﬁ%esg&%ﬁ%g%%é Paymer:
MSE&I;E @Eygbgmqeg/gé%;&%%s gzeigﬁe %Sg@[}] aéttfcl}{ reference recited in this

Peptidom netics - Wrkbench Edition Volume E22c -
pagagitaptois hierebghncofpotated b refence BGHANLEEB) ge Thi ene

Verlag Stuttgart, New York, hereby incorporated b

r ef er encelfinBeeskdrs, saler pasgti)des d&ivied doomi solalphaFepentidg gprthesis
A variety of host-expression vector systens may be

mh!%gé Ib%@%ﬁ%}%&%%ﬁuﬂ% ggattg(ﬁ St Ratiee thenticldiyaticesinathis
pression systens represent

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
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,

sarcosine, and thiorphan. These structures tend to have a general structure of (-(C=0)-
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vehi cl es by which the tissue protective peptide of
i nterest nmay be produced and 20 subsequently purified,

whoei7alsaes represent cells that nmay, when transPOr/ms0€631061

transfected wth the appropriate nucl eotide coding
sequences, exhibit the nodified erythropoietin gene
CHy-DR)twithntheiR group aeting asrib¢ side chain. Sneh prproids eAnthecsynibesized
bacteria, insect, plant, mammalian, including human
ushfgsdoliﬁ){ﬁhw‘ﬂéfnﬂﬁsi@ tn &ordaniée with the pfbtoedlstoﬁ Simosetcdl., Begtbids: A
systens infected wi th reconbi nant virus expression
mYREUS Shpk&acl to dh%“cﬁic%% 1y UB)oc2Nafl ORI BéiISA, f89 93@399&1 (1992)

protectlve pepti de codi ng sequences: plant cel

y[f i LPOP Ilh oqctﬁor%(iiaphlc é\sfrycpes?soc%ﬁf 902&545 Xﬁl’ / éi%gﬂlf)@/d@ ]2664 126,

W reco expr essr-on vecto

iflo sai.c 0 acco .0
R L TR e S RS At
expression vectors (e.g., Ti plasmd) containing
Addifionallyp iecuient iavention cameemﬂt@ the Hsaef I@Eﬂ@@ﬁé@éws ofgpeptide
mamal i an cell systens, including human cell systens,
méngics, tohlpplide GFs WithQroperiédgnak@dps ®MBosenfithoteimpdate peptide.
reconbi nant expressi on constructs containing pronoters
(Fdgeteyed. ﬂegm Abe THAp REE. 16F2978eneY drdl Fricdlidgsr (1988) TINS p. 32; and
net al I’ ot hi onei n pronoter, or from mammalian viruses,

et all (19 Qmjt fejjrs rl\@%/d rdf% REBH Qfﬂﬁ:o e 1n'é91%o¥éi&%}nfe?er¥ﬁ€e§‘ S

K pr ition, st ceII stra

hat nmodu he e

Sgﬁﬁm S8Ry Bt MRt iR BChaR éW%Jéﬁ"é B3 55 %?

in the specific 10 fashion nodi fi atlons
Mgthedp pbOBERiIG{gheppisisy gleybsn ‘9 bﬁe}gh E’EP 1(? t ant

for the function of the protein. As knomn to those of
Peptidomdmgticski WorkhenemBdigion Volune Ea2ethditesrdn-Chiaf IGoodampa M.)

speci fic mechani sns for the post-translationa
2(4aCeederthiane Veringl Buttgad.i Mew Yorlprheteblyiscoapataigd g reference in

products. Appropriate cell lines or host systens can
itP&rtk&igpen to ensure the correct nodification and

proceSsing of the foreign protein 15 expressed. To

this end, eukaryotic host cells that possess the

cellular machinery for proper processing of the

[ Yot nscript, glycosylation, and phosphoryl ation
—§¥mﬂﬁg——g%agl%¥éduct may be used. Such nanmal i an host
cells, including human host cells, |nclud§ but are
not Iimi t Bdvaristyrpfhesosxpegseion Verer Sysiqras pay be u@& to produce
MDCK, 293,
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
subsequently purified, but also represent cells that may, when transformed or transfected
with the appropriate nucleotide coding sequences, exhibit the modified erythropoietin
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)

containing the tissue protective peptide coding sequences; plant cell systems infected
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3T3, and W138. 20 For long-term high-yield production

of reconbi nant peptides, stable expression is
wee@oreserl. For exanple, cell lines that stablRCEEI06631061

t he reconbinant tissue protective cytokine-related

nol ecul e gene product may be engineered. Rather than
withsiengmisinptesisis expressteroyestarh & g comliflowenmose By

replication, host cells can be transfornmed with DNA
tolkHeBd fekdie dirbsg TANV) optrarsfemed pvithsst@nbinemttplasinié kxpressian

e.g., 25 pronoter, enhancer sequences, transcription

Ve%‘%%?ﬁ G108 sl ST S ‘ﬁht}i‘?ﬁe’éa@‘gﬁ?‘lﬁ’a?eﬁ"gﬁg\fﬁl‘gen"es
nar Kker,.
o il Sl lﬁaﬁ%lhg‘hh‘?’q“ G Bl 2P TP ROPR RO,

i.ched. nedi a, t hen
pug, 8 BT% Hadopriad TW@BFESF%F%OMWEFP“F O gl omoters
reconbi nant plasnm d confers_ resistance to. the
deguedHomdhe genome ofgnammelianscalls, &g aBief kﬁtl@g%?r@m%%’ or from
plasmid into their 5 chronosones and grow to form f oci
mirhablidmvituses) e thé edenoviredlagrmomwtsartie dagomia vises 7.5K promoter.
lines. This nethod may advant ageously be used to

engi neer 1g@Hlitioh¥eBost béll stxpiRs Helchesen that modulates the expression
tissue-protective product. Such engineered cell lines

of'mé/ n %’Eeﬁas'é&ﬁe?x%sa(){ %ﬁngﬁg Ynd fbces%@é’ ﬁl%@ﬁﬂ@ pAfct in the specific

eval I'on-o cénpoun af fect e endogenous

C 10
fa%ad ﬁ?a%ﬂ,ﬁév BafruisRal %?0&% YRR BAaeHEY vp
made to the tissue protectiy t] For. exa
impeEapfdpr thg durrlipnis W?W&.%%&Yﬁt qﬁﬂ%‘r OJPY‘%B?% SEH in'the art,
(D)-am no aci ds. The 15 choice of including an (L)-
differepiost egllshaver epqglﬁqmgclam@mtfprdbe opstrirpasighiaral processing and
i nventi on depends, in part, upon the desired
médificaidnestipssteins and gérveprpéyatts. dépprbpriate xelhiihes, orthiost systems can
i ncorporation of one or nore (D)-am no acids can

becéh%gﬁf tolAGIE AR d¥rest @bdilfichtiorPhdigiecessiag bt the foreign prowin
in vivo. The incorporation of one or nore (D)-am no

o5} P R A RIPLCEIENE A gy o
prlélper p%ocessmg of the primary transcript, glycosylation, and phosphorylation of the
gene product may be used. Such mammalian host cells, including human host cells,
include but are not limited to HT1080, CHO, VERO, BHK, HeLa, COS, MDCK, 293,
3T3, 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 controlled by appropriate expression control elements, e.g.,

promoter, enhancer, sequences, transcription terminators, polyadenylation sites, and the
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20 the bi oassays descri bed herein, or other nethods
well known in the art. Replacenent of all or part of
wa:2eequemte of (L)-ami no acids by the respectP@BUS2006/031061
sequence of entationeric (D)-am no acids renders an
optically isomeric structure in the respective part
likef andreesefrstaptrapaikee Eilawing thevetredustionpf thedotst de of
all or part of a sequence of (L)-am no acids renders
engigkéred 3618 ragpbsalidwedite geeptforde? d2gs iGmniehriciddanedid, anf dhen are
enantioneric (L to D, or Dto L) replacenent and

switldH&d & aoééle‘éﬁvé Redia- 48 W20 4R tHRGECIITAANE/pl3EAG donfers

sequence renders retro-inverso- analogues of the

red] ﬁ%ﬁctqur“% derdciiof lso %ﬁg’ﬁ) 3 et |1111t % afe'the glrdsmﬁf ihtd A&k

i'c peptide err ogu

the|r retro-inver al.ogue |f|
chQmpRiOBYs aad era Re!Pon ot ﬁha? g C%Qfe eﬂ?n‘% %@ cjaditds 48 o cell
especi ally high degree of resenblance is ?I
hrJ@bt Bhig @@tﬁqd mgy, éd\ﬁa%mmb}h@ ysed to gagipees cell lines that express the
i nver so- anal ogues. This relationship and resenbl ance
tiss@Rpioeectied prduetd Such bngindeeed el linep mugyehetpagticudgiriy yseful in
pepti des, especially high degrees of binding of the

scfe@fie Ghi ¢allaiin FRsmpanttisandlafigst the eadogene@ptaotivity of the EPO-
protein. The synt heS| s of the properties of

r ogues of peptides have been

reg§§gﬁg§aggééﬁng§§%%le in Methods of Organic Chem stry

(Houben-Weyl ), Synthesis of Peptides and

Pepti dom netics - Wrkbench 10 Edition Vol unme E22c

(Editor-in-chief Goodman M) 2004 (George Thiene

V@rlE&ﬁﬁﬁiiﬂﬁéﬁﬂﬁ¥§ New York), and in references cited

therein, all of which are hereby incorporated by

reference herein in their entireties. Amno acid

“modi fication' 'refers to the alteration of a

nat ur al | yAddidomal inmglificaionocadiednade tortheitissee arotective peptides.

non-naturally occurring am no acid. Derivatives of the

F&%&Bﬂnﬂﬁsthe]p%pﬁ’cie hBEbOERTRRIzel R BN¥e@? nvdré (D)-amino acids. The
non- nat ur al occurring am no acids can be created by

ch%p:%u f nrgkjtlucﬁ}{g Eutﬂ g?)n B gﬁc) g}éﬁn:?d 4&d BRE S bbpifdel STAR PrR5eH irfRntion

ura Into polypeptides during

BpRaR P 'S%?ﬁ&%és%é%%eﬁ%tér%&ﬂéﬁﬁé RV, Fpr PRl

G Schultz 1989 SCI nce, 1 182-
inprperatien af e eRymererD) aRiRo ot qOH?ﬁrf%“%%ﬂqgr%%%hty 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 renders an optically isomeric
structure in the respective part of the polypeptide chain. Inversion of the sequence of all
or pa;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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20 Peptide mnetics that are structurally simlar to
therapeutically useful peptides may be used to
wee@doucs4an equi val ent therapeutic or prophyl ap€T/0S2006/031061
effect. Generally, peptidom netics are st ructural ly
simlar to a paradigm pol ypeptide (i.e
sedbenep aptdetiretrpdnversesang Qﬁué%hg e daptigsr dblérlmywnrto those skilled in
phar macol ogi cal activity), but have one or nore

thp aﬂtthai&nhﬂt'rdnmy'&spepﬁdésoﬁmirIrytr(r-epxilaglfed, dmy theit ratdoaigeerso-

sel ect ed fromthe group 25 consisting of. --CH2 NH -,
armatdgilés>nmaintain olo ichtelatibad ﬁtﬂﬁe bér%ﬁﬁﬁenphde and4
VWO 2007/ 01954 PCT/ /031061
esge&ﬁ gqg)gpd%%rﬁe oft ehbl %qé oftﬁp%ﬁhﬂﬁ% ?xsthg ﬁQx‘é’H’c ddd itshBtro-
f
5 imgESEREREEy S@frls re@%@ﬂm’jgeseﬁgﬁapf%%@ybearﬁﬂe%?%we‘flﬂ@emal

B. Vi nstein, rcel Dekker
propertisy of @EQF@F"&S espgeia lwagladww qfrlmfi@' é@syespw}ve pgptides
| ssue 3, "Peptide Backbone 5 Modifications" (general
andeanialogy fo Macebtpr potedn., The symtfeesRreditiheprspeérties 98O0 ppverso
463-468 (general review); Hudson, D. et al., (1979)

adoldguds BEpiptidethavdedtdisdusfedlBd ekamplelzn Midthods of Organic
--CH2-CH2--); Spatola, A F. et al., (1986) Life Sci

Cﬁéﬁi@ PHHAAR- Wey@'%rnﬁiesls '@'P@ptlcws ana/lPept(ci’&ﬁﬁ)etlés CedPkbench

erkin Trans CH -, cis and trans);

10 Eé"f g%?éei@n Pooc BaBLiStuet &%&‘?@ne%ﬂa%. A5 i Verlag
Tetr dr ett 23:2533 (-- -- ) Szel ke, M et
Sieact A SO, S eeposmsss Do gied) okl Ste stk
(1982) (--CH(G—i) CH2--); HoIIaday, M W et al., (1983)
inpesppratrsyoieiarenae herpim yxtheis gofareties. ¢ oH) CH2- - ) ; and
Hruby, V.J., (1982) Life Sci 31:189-199 (--CH2-S--);
each of wAio agd f‘modifisatiait”adfenetoghmalteraticef eff ematerally nccurring
anot her enbodi ment, a particularly preferred

arfidB -apRIAb ipeeiuce alﬁaﬁ&lahﬁally- ockrridddZiNine aciBuU Cerivatdtds @€ the peptides
m nmetics nmay have significant advantages over

15  offft }é&%&&hﬁ’@entﬁﬁ"%@tﬂ' I{Bﬁ"ﬁa&ral'l}ngéc‘dﬁﬁﬁggamﬁl@ facRi% %Hipb@creﬁ'f@ﬂ 8y

econom cal production, greater chemcal stability,

ch%g'gor p Jlﬂg%q & &ﬂgp ! s%écﬁﬁ# ifth 133%%‘[ fonSt u%ﬂﬁlﬂtail lcnlnﬁrg)' acids into
pelRaplites ditne Hodaihedis & ﬁﬁﬁﬁﬂﬁﬁm r TS@E%Q'J? 8fk; Spencer 1.

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--, --CH;—CH;--, --CH=CH—(cis and trans), --
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20 A variety of designs for peptide mnetics are
possi bl e. For exanple, «cyclic peptides, in which the
waeowdagsy conformation is stabilized by non-pepriuse®es/031061
are specifically contenplated U S. Patent No.
5,192,746 to Lobl, et Patent No. 5,576, 423
COEHayer6 (OB Chp--, w@§HzS&t erlw mﬁhm%ﬁ lywwnin ghe a5t and further
Shashoua, and U.S. Patent No. 5,559,103 to Gaeta, et
degbribeddn Ithd‘lﬁ)llleb/}'ng' neﬁancrmos:aﬁpaﬁblé;yA.Feihé‘Cémmés,trydmﬂdS‘ibﬁEmistry of
mul tiple 25 methods for creating such conpounds.
Abing Aeidls, Peplidey) BREPidi¢lRs, ¢ BIMikbisin tddal Murddl DekkdSNVR York, p
2007/ 019545 PCT/ US2006/ 031061 peptl de sequences i s

264 @g%@gggﬁohn&ﬂq atDa’cgI R 19837 l 1P IssIM?g “Pepfilé Backbone

1992) er eby |ncorpora e by ref ef ence
R Ao . 4
eFa o Bynrier el Rkl Bortbrot e & th%&ge(f-%b N

éf urther el ucidates the fﬁvﬁ@t hesis of a series

Hetr(dmpobpradela, &dt etadr, (H4) Life Sci 3)81&24301249\/&1@{2—8) Hann, M.
synthesis may be inplenented. For exanple, the tissue

Mp (098D TiCkenpept Paks Trays 307304t ((eCH=eOHM cialahy trans); Almquist, R.
nmodi fied, i.e. carbanylated, acetylated,

GS&tGEi (198 Elfed €hem 23: 138L ow@ £):\Wehdindd- Whifeat &Pk, (1982
Appllggt?én No. %5/188 985 mﬁ?c% pub?%iheé as - (1982)

T&%@%&l@éﬂ%ﬁh‘ﬁgssQ--Q@f%--%@zgﬁ%oﬁ@t’h‘i g @%ﬁﬁpﬁﬂlo CFR.45665

I h accor

(ST %?@@%‘il%ﬁ%%ﬁﬁéev%eﬁw o paggos”

ToRGReRRL A SHOF (ORI BRORTapy: o (B0 Teke S

protective peptides may consist of reconmbi nant tissue
3 lpl -8R (- pept-);cesh of whighéd meorpdtatedficsein byeeference.
mut ati ons may include substitutions, 15 deletions,
i ncl udi nginianbthenahbeoliinenhi, alparticalﬂtdlbrtﬂréfeﬁed hmbb{:ﬂid&ginkage is -~
additions yielding fusion proteins, or conservative

CHROEL- tSubh ﬁéﬁlcﬁfmlﬁfgtlean@? helvd §shifium aﬂ&/e{rﬁégt'és V& Pllypeptide
adjacent to he am no acid sequence, but that resul F

lﬂ)d?merfth l é}ﬁﬁhn% ht%PQp?amsﬁ qn&%'?—:c&r?(gﬁ ical Vp?%&l&’c‘ﬁoﬁ"‘ég@é’cer Aehcal

anges an ger I nsertions an
stq¥i Bt DR Sua DR reeuis BBl e dasoRlipepiEhn gificacy.

etc.), altered specificity (e.g., a broad-spectrum of biological activities), reduced
antigenicity, and others.

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

methods for creating such compounds. Synthesis of nonpeptide compounds that mimic
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20 Nucleic Acids Thereof for Protection, Restoration,
and Enhancenent of Responsive Cells, Tissues, and
w@e@anss¢shi ch is incorporated by reference heP@i/nsion6/031061
its entirety) Either conservative or non-conservative
ami no acid substitutions can_be nade at one_or r
DegAIIA BPaaETR S AEU IR b o FLaPdehaly & Med) Chem. 373882 (1994),
non-conservative substitutions can be nade. ) )
he@ehysiecorpbiateel hyepfesensndintedn hrits entivety) ddsetibe nonepaptide antagonists
within a 25 famly of amno acids that are related in
thht@irhichélpertidakdtfiende akéwiat,| Ku eyt ofleded Glrm 38t8 (A05) (hereby
2007/ 019545 PCT/ US2006/ 031061 aci ds can be di vi ded

inl &‘;pQIgtfté?f“ﬁg tfe?e'i‘}r{c'e Bidreid )ity )fﬁrt‘ﬁéxpélﬁ&éit@s thd |s&'ﬁtﬁé§?§ 8f a series

ysine, arginine, histidi ne; (3) nonpolar

hobi€) = cysteine, alanine, valine, |eucine,
fl(sé%gg?fgp?}%ld proline, phenylal anine, methionine,

tryptoph gl yci r ne, anpd (4) yncha

pol ar aE‘}HQ?eéﬁ} ll}ecaBP%ft §ﬁ9wglg yafhe ﬁ‘énzalyﬁ?" ﬁ%%ented For

Non- poI ar may be 5 subdivided into: stron ) )
exayle ploltiisue progdctine neptideanias de flnélmfmh@mwﬁgb medifiedei.e.

nmet hi oni ne, phenyl al ani ne and noderately hydrophobic
carbaghylatedcacepiand, seccimyatdiene, intagcardanve witht UySpPatshiaApplication

In alternative fashion, the amno acid repertoire can

NQel(HIWmﬂﬁch(ﬁk%hﬂinCHsQOOEO(ﬁwm IAéltdh 72 redEand Bcloses
basic = |ysine, arginine, histidine, al i phatic =

c}%éﬁ?d%@%?ﬁﬁle&‘ﬁ@ean&’ al e{g@@rdaﬁc%%'ﬂp S. 'P%féln? ggl@&vtlon

reoni né serine and threoni

NPT B P B s o

tyr03|ne trypto anm de = aspar ag
Degembesfe200 anhleg)areslep@rﬂprai@obﬁ TRfeAeING hﬂrelwstih@ir FRHISHY
met hi oni ne. (See, for exanple, Biochemstry, 4th ed.
Ed. by L.ASditipeally, tiid tissuepletastivnpertisles mpy gansistef s¢pombinant
i ncorporated by reference herein in its entirety).
tidé erodetive bptidestt mtiietiss Thadisobsédinuedioos thay amdadd spbstitutions,
along all or part of 15 the coding sequence of a

dd1E St SinPRai@GhieMAl BEBHdRACad BHGR, MSludingSRIdHoAL yRding fusion
nutagene3|s and the resultant mutants can be

pl?)ﬁéi‘? s 0P Js&rvameoiu%gﬂtltﬁﬁbr'gaﬁahﬁ% Ycill 9?:41&1%9 Within E?tf{t]@nefdfacent to

tarn act oW ng nmut agenesi s,
RN R TR
aceg Eltmlmggs e(a.:nadnlan%r 1n%glft1%£1£n anr.]de((ijeletmns as previously disclosed in
PCT/US03/20964 entitled Recombinant Tissue Protective Cytokines and Encoding
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

family of amino acids that are related in their side chains. Genetically encoded amino
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20 In anot her enbodi ment, the tissue protective
peptide may be further nodified through the additions

w@boopolpmer s (such as pol yet hyl ene gl ycol ), SUuPEr/ES2006/031061

addi tional proteins (such as a fusion construct) in an
effort to extend the half-life of the tissu
acjsissen be idipddeskipta fear familiem fh@gidies aprasiaicy gh%amat@s(abbasw =
protective effects. Exanples of such nodifications
lysing adginivepkistiding;t(B) monp6ia dQRIPepHp b3 =anysteing 950i26,60Hne,
A, which 25 are incorporated herein by reference.

lendhde, Vo1 thé/ %rbﬁﬁé%_?@@él@ﬁ&@ 06 610HHE] tryptoghAS Sy el hbsine;
TEST| NG Tl SSUE | VE PEPTIDES 5.2.1 Biol ogl cal

ang | Cmn%dﬁaﬁﬁ)é%ﬁ%éﬁéﬂg AR LtePRRIOnHRS Nd?l—polardmay be

esent I nvention may be teste
SEHIE T N T
pherylplping o grlcraiet THABPhRIF 61/, ol e eiFine, ibatie,

protective activity include, for exanple, cel
tryptephiahelnalicontise @agsm e laminaiadid esperipira eabe groupsfsas (b) acidic
detecting the presence of proteins or nucleic acids
= afpasigie] gluehatd)y2) basiouelypine] arginines hisdinp) 6) alighagit exglycine,
e.g. tissue protective cytokine receptor conplex,

alﬂﬁﬁé Wafide, 1&:cthe; 1561&21]:1%@' define, 186 QAL ORIt serfitand kigBbdlne OF

frataxin. Neuroglobin, for exanple 10 may be
oﬂt%é?l'tl}y ? iglloﬂg%cf"sceymlatt 'asnzg )Pthgﬁc hg@%gl? E)4|) a%rg%(tﬂ:g—e Rhenylalamne

transport or ora I3 assa may .be. used assa
tyiesiin, FYgPopan: CORBUNE F 6P HAIED G S, (oaun gy goninind =
ti ssue protectlve activity. Neuroglobin is ex res ng
cysivinseindonethigninics {8res fostoxamElos BRGNS 44364 EdyRY Ln¥iryer, WH
response to hypoxia or ischem a and may provi de
Fipemteand ©o., 1 9Hmwhighuis yncogparated by eefersince R@oin, in fxlagirety).
98: 15306- 15311; Schmd et al., 2003, J. Biol. Chem
276: 1932- Afemati g, inathtionsicah be $ntroduoedrandséaly diyng all or part of
reference herein in its entirety). Cytoglobin my play

the co&ihgis&gfen&%ﬁ ’Jié@u@?&?&ﬁ% Bébtldé%uch%s 8 RABR%eH nﬁtﬂa@nesw
varle y tissues at varying | evels (Pesce et a

Bg res%Qﬁéut&rﬂtd'@anlﬂeS%cree\ﬁ@d f(ﬂ bﬁ(flg)/ %1@&1%089 oeirgT%IJR}‘ ?1 mutants that

erence herern
of he.in i on he | ev f an I
refain %lctl%lty eﬂgmong mﬁtagenegls e‘clhe encodad pgﬁ)t{cﬁ:%u te%gp sse'éleI :

recombinantly and the activity of the recombinant tissue protective peptide can be
determined.

In another embodiment, the tissue protective peptide may be further
modified through the additions of polymers (such as polyethylene glycol), sugats, 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 W0/04022577 A3 and WO/05025606 A1, which

are incorporated herein by reference.
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20 cell may be neasured before and after contacting
the tissue protective peptide to a cell. In certain
werod19sent s, the presence of an upregul ated prPOL/BEFIW06/031061
associated with tissue protective activity in a cell
may be used to confirmthe tissue protective
5 3cABSAVSHOR I ESTING TI§SUR. BROMSGED A S139IDTS
PCT/ US2006/ 031061 Nucl eolin may protect cells from
damage. It plays nunerous roles in cells including
d js It 1 on processes, sequence
Sggeglkﬁ%gﬁhﬁp%efnﬁgli]%égé rotein, cytokinesis,
nucl eogensi s, signal transduction, apoptosis induced
by T-cells. [ . L] . ' is .
can al so Tors SR berHETA Bt Bthoe Rt P IS iyt may
heliiggeq DNA- dependent ATPase rotﬁ n.shuttle, .
be festRd faritistyed O e Yoty H?%p?o%eﬂf”,‘ecg?g CelisaHESUPT R qraang Protective
repressor (Srivastava and Pollard, 1999, FASEB J.,
actigities mey bgdprthegiestedysinginyiise and in vinamapsays) [n @irq tesig that are
112:761-772, each of which is incorporated by
indiebiveesfassudmoteictive activity immttde; Biryekampleatalkprolifesataon assays, cell
protein involved with mtochondrial iron nmetabolism

digenhatfon éb@a&@ [ §ivdeRddSihy tRARBsehbOvMproRitieorsiucieitcids upregulated
up-regul ate y EPO both'in vivo and in vitro (Sturm

bPfisst Brooegcggé}%gﬂtror #o leR, d. %Vt%%e n&? ﬁca};%%yt&tm@ l:bc%: or complex,

I ncor rated by reference herel entire

ressi on,of. an _upr.egul at e rotein my,pe detected
o Mt ot inn O S Ep Ry rTEY NSeRE i sBrpmpte.
in a,cell. The nRNA can be hybrjdized to a 15 probe
mey he HgJeLvefi i agilitgting e SaBSDATRAT &hSHRg e t0BREE %Y OKEen-
upregul ated protein. Hybridization may consist of, for
Tlastefiors, exyddnriranspant o sierageSansaysanay bé vied agan agsay to identify or
hybri di zation, affinity chromatography, or in situ
schaenrfoiéongicuads whichsuelubate tiewie ipyaeedieiactiviyy. of t he
pol ypeptide of the invention can also be detected

usi ng i N NédrbBloBRUE eRpressed in dllsand d¥Sues bPthe@¥aia IRrvous
primary neuronal cultures 20 may be prepared from new

S PRI, P a0 0 S o
erSi1 %001 "oYE¥Yos!1 5368455 TR er a7, 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 protein in a
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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(I'nvitrogen), 20 nmM D-gl ucose, 2 nM L-gl utam ne, 10%

Nu- serum ( bovi ne; Becton D ckinson, Franklin Lakes,
WO2007/02%B27 suppl ement (I nvitrogen), 26.2 mV NHOEB06/031061

100 UmM penicillin, and 1 ng/m streptavidin (see,

e.g., Leist et al., 2004, Scjence 25 305; 239-242, )

he?eby i rﬁmlﬁ%mp@apwq esllsr T dampgs. 1 plags PR@etpys radpsin cells
. day after seeding, 1 -49 WO 2007/019545 _
inflgtingseaivbtios o Ganscriptign pricesses. sbquencd speaifisANA-hinding protein,

added. Thirteen day old cultures are then preincubated
cyvakitesisnoudteaspiendgs, dimabtrafsdadionpapdpida ihdud®y Pbllst cliromatin

24 h. On day 14, the nediumis renoved and the
reﬁ@ﬂélﬁﬁ%sor_@&ﬂichﬁ(ﬁgew cih 4150 BRRtVhNVEW $1ﬂfa€§§c@ﬁto§ﬁ%\IA/RNA

mn 0

After , pre-conditioned mediumis returne
s eSO ITAGE e S OBoA i e component, or

ar af or mal dehyde, . st ai ned e t I r
R g e St M PO R RRERT.. Tt BV
be counted. NGF éS,O ng/rﬂ) and MK801 (1 M are
GineY ¢fcbe 1829, golstlt Peie 1d 81101 0l73, cashiokahickos ilcompsatedrpy reference
can be used to denonstrate the tissue protective
hezgin invits gntigétyr conpound or to denpnstrate the safety
and efficacy of the conpounds 10 identified by the

screeni ndgFralkindsla pedteinligvdlvatenith @iitodBsdriab 6n ale@bolism and has
The conpounds identified in the assays can then be

10 pr&@Shed vb& siivil REbE %ﬁoﬁél&idﬁ-xteéul'd@dgl%'n gfj ['Both 'Tg‘rj\ﬁ{zoc' ah@'in vitro

a type of tissue danage, " di sease, I'tion,

[ rQst e j.ncl ude. .ani nal.s .
SR AR P R v ieS T TR i BRTR % ergfrsgpe herin n
., conpl ex coupled to a functional readout system such
1ts§§tl?;gty$r ansgeni ¢ nouse. 15 Animal nodels that can be
used to test the efficacy of the cell or tissue
protective actjvity of an identified conpound include,
for exangixrespionsan pupregulgiedseteinray bpdaecied by defeeting
experinmental allergic encephalonyelitis (EAE, see,
miENAnlgvels ¢ayespondingfosthe peteip in eselbr Zhé oMok cpn be byliridiged to a
from di mi ni shed cognitive function in mce after
15 protechatwipsglicdliyebindd 4 autlc acidleftddihg ths apedsutitdd srbfepke" ;
Exanpl e 5) or seizures stimnmulated by 20 excitotoxins

HyBdiZ2E8n ﬁ{aygb%sistgﬁ%r ekiMipte, Ndrthd?e Bl 1R firern mit,ca?r)a'&ls

i ncorporatéd by reference hereinin’its entirety);

hyBFi&f86d, Aty WGPy, B b \Bh iy HAGiEn ( ROSENbauUm et

Tissue protective activity of the polypeptide of the invention can also be
detected using in vitro neuroprotection assays. For example, primary neuronal cultures

20 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 medium
(Invitrogen), 20 mM D-glucose, 2 mM L-glutamine, 10% Nu-serum (bovine; Becton
Dickinson, Franklin Lakes, NJ), 2% B27 supplement (Invitrogen), 26.2 mM NaHCOs3,
100 U/ml penicillin, and 1 mg/ml streptavidin (see, e.g., Leist et al., 2004, Science

25 305:239-242, hereby incorporated by reference in its entirety). One day after seeding, 1
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al ., 1997, Vis. Res. 37:3443-51 which is incorporated
by reference herein in its entirety), protection from

wonparrogos t he sciatic nerve (see, Exanple 2), pamas2006/031061

protection from ischem a-reperfusion injury to the
heart (in_vitro cardio studies _and in vivo

yie
MMGyHRsIReAIAbE oS R 1§ @ra/d@ﬁ Thiggen day qid culgyps,are |ﬂa¢nertremcubated
al ., 2003, PNAS 100: 4802- 4806 and -50 WD 2007/ 019545
Wi TSR 0RRISSIEEPO pi GERE! (B<SH081pM) for 22008 dBNIE the medium is
102: 2046- 205 1, each of which is hereby incorporated
reioved ahd®thRrRaRuieh chdlkngsd Witk BY) uNVENOIDASHE PBS BRT. After 5 min,
described in further detail in Gasso et al. (2004)

pMn&H’ﬂoné@& Elmilxplﬁ, r&ifftied It@fhe%%&Q Wi QR %n'}Qturned to the

053580, eac i'S 1 ncorporated

1nalgbag refgggél F‘h 2[?18 Ic?]lllggaré el ﬁear%eftgén%lg\%g'dasste\ﬁhg&)b}gﬁtoe&%? 33342

are drr

n . _however, tissue profect
(@%6?@?%0 crufass, DR and Fonslenzed @Pp@ﬁ@nﬁ%!s@n@é foounted. NGF
identified to also exhibit simlar biolo activity,
(58 ng/ml) jand MK 8&Q1 €| uM) agaugludssi asmesitizesont, 9- 242, which
is incorporated by reference hereinin its entirety.
Pepti des Amimdiensiebsitsteinst cadl bearsed sienmpsiaste tied tissucprorctive
assays for determning tissue protective activity of a

adbSRY b8 camPoir] br thAeMOndtitd theSefetf andlddsi Idftherbomﬁ)unds
artS’ 5. 2. 29Cell Bi ndi ng Assays AI%{ er nat%ﬂgly, cel

idBh @ﬁéd'\%rt 1?15 éé%%}lﬁ?&&ﬁ)dg 8f th%\{fﬂzéﬁ@)h ‘a@scﬁfbeafl Bove, The co Bounds

T
I nventi on or exanpl e the

tiyve t i d nt e bhou
B ol e s L R iR dREiE: Madiabmedets fo

mar ker, for ease of 15 detection and tested for b| ndi ng
a ppe ©F Hpe damage, Baeases epndition, oF sxdrorge reghdABgsengude

receptor. In a 96 well plate, eight 1:2 serial
andinplstengimsensdl ta pantain dhaidsspe progastive eecppipt Pateplek coupled to a

interest in growmh nedium (RPM 1640, 10% fetal bovine
fusetional rehdoid systeinyisachpy aursdtgenicmoddel - gl ut ami ne) are

pl ated, such that the final volunme in each well is

about  10@nimal ThsicBaha daﬁrbe l&&&i toltbdl €hePéTHlc Efftl‘feeééllsor tissue

transfected with EPOR and , receptor 20 can

pr%%ﬁ@%g&% g&g tsfé %%Bh?% %@%@prﬁqﬁahge S(?nle&a gﬁt%ctlon against the
orrset g g‘@?eg{g?r?men Ieeﬁlerglc gnce%'giomye itis A.l:5 see X%Sllpllesf 919 Lewis
rats, restoration or protection from diminished cognitive function in mice after receiving
brain trauma, cerebral ischemia ("stroke"; Examplé 5) or seizures stimulated by
excitotoxins (Brines et al., 2000, PNAS, 97:10295-10672, which is incorporated by
reference herein in its entirety), protection from induced retinal ischemia (Rosenbaum et
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 in vivo

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

-50-



diluted cells are then added to each peptide dilution.
The assay plate is then incubated in a 37 C incubator
wobanotohsdae to four days. The plate/cells are tReWUS2006/031061
washed and the plate is read on a fluorescent plate
[egder or %é ot her suitable nmethod to detect the |evel
alisq etgh, 200%/1NA8 482:2049-260 sastodrulich ishesthyrinearporated by
associated with the biological activity of the tissue
regfetgnesciniitseniiegty)i daclhssaysdre destribedimfurthet detaibin Grasso et al.
conpetitive assay can be utilized to determine if a
(20043 Med Soi Mogéitlioy BRAEPSi RIET ipEblidatiohl 8o PFWT22053%80, ehéh of which
the conpetitive assay, a compound known to 5 be tissue
isAh&@IrBorhtcY By rBfekdtds AbreirPilitsMkirdey. nTﬁeezgl_ ity mHhé&éJ@es iked therein
protective cyt oki nes such as those i'Sclosed i n 0.
. ' j . 905 and 10/185, 841 .
5 aeRlRPlea SR R din £ o Horielr AP e v s
its.entirety), e attached .to a suitable hio . .
a‘#ﬁ’rﬂﬂég ?Cli 1 R%X%f @%FW@}@&{I eé‘PS‘ﬁ$ tojalso exdybis sinlar biolagie
of .a known tissue protective conpound/ bi omarker in
aglyity a8 Leisbiitah (Aelf) Seienes303:R8 924 whichis inoorpoetédely
of the 10 known tissue protective conpound/ bi omarker
rederenc@rheecin és8s aftiretye Peptédoy engyrietsabitituted foepitingasafell. Other
interest are plated. The final volunme of each dilution
asshpUofld@ternahn ttisﬂa%rbtecti@‘&ﬁvﬁ? AF B peptitR FaGR&BbIVA t&ftse of
seeded into the plates as disclosed supra and al | owed
10 sliRiniHRGHbate. After an appropriate anount of tine, the
cells are washed and the plate is read on a
fluorescent plate reader or by any other suitable
met hod known in the art to detect 15 the biomarker. If
5.2Re CeH Bindingosssayse pl ates and/ or wells containing the
known tissue protective conpound/ bi omarker and tissue
protective peptide of interest is |less than the
readout oAlttinetivl@toel biatihBhsehysgan e Yoit dvaldationsf thessue
protective conpound/ bi omarker then the tissue
¢ 8éd dRhOBREMEEH. HoricRBPRSthe kiSsie ' '
psﬁgpg Cyt oki ne and Cell Pr ic’))lléi %glgﬁéﬁeopzlé%gtflﬁ%ﬁt% gf:rl%geﬁeg can
| Vi tej | SC t.o_ dat
bl 0 ¥R BD LA S LSSl SRR Rk Br case of
ctd vity i or. more factor- endent cel |
15 ddiiolpny eslgionuBapE Y RNk EXpessine FROR andios B
a convenient confirmation of cytokine activity. The
regRILoL, iI{19 96 well plate, eight 1:2 serial dilutions of the tissue protective peptide of

interest in growth medium (RPMI 1640, 10% fetal bovine serum, 1 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 B, 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 ul. 100 pl 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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of a tissue protective peptide can be evidenced by any

one of a nunber of routine factor dependent cell
w@emioiseat i on assays for cell |ines includi ngPCTM$1906/031061

limtation, 32D, DA2, -52 WD 2007/019545

PCT/ US2006/ 031061 DA1G, T10, B9, B9/11, BaF3, M9/ G
bivmarkeesssasigted ith thebmlogige] activity ofthe gssue pigtective-pppiide of

TF-1, Mole and CWK. These cells are cultured in the
inferedsence or absence of a tissue protective peptide,

and cell proliferation is detected by, for exanple,

measur i NOSiiikeY POEFhpRHive bsdal ichh BE edlidddyoiddienting if Diyssue

colorimetric assay based on the 5 netabolic breakdown

- | j I = +di n :

P R TR S e v P R8T toppound known to

ium brom n, 19
e R B B0 BB o 0 HRE uh o hos
digglosedin J.S reenbAphgHondataly Lk pf k] R Gdapen i

recogni ze that it would be beneficial to verify the,
incarpalated hysiefegensa ersin inHts ansinatplp ean beatfaghediion uitgblgdio marker.

protective assays known to those skilled in the art,

suchinas96 well plaed eifhtrii:2 eetidl dilutrkdfakaoRG1ikieqeblective

assays. Additionally, various in vivo nodels such as

cRANIRY/HIRAEKS if ShitdtRslaloR 18 Helin, &Rl thd Al dilutib 66810 the
stroke, peripheral nerve damage, heart, eyes, kidneys,

kl%%:;“%l' tigeie! L%%&ﬁv@ g(l)rﬁébeu&d:/ Haglfrx%?%{adb%geﬁgﬂr@%@ﬁésﬁ% B%;c}éclﬁ%

ssue p ectrve In vitro an

vivo assays ar isclased in U S t.ent i cati o
o8 of 5FeRES ey The A arolifns oftach AR MR G94aRr 100 w1
I ncor porated by reference herein inits eq%irety. 5.3
OmpeRrRARE e Ba3skells grecysedesk intoy the platss as disclospdysuppie ang gllowed to
woul d recogni ze that the tissue protective peptides
inofibatd eA fter aneapiprapmiatendmamt af imesse gbllsare washedpodtthe plate is read
for treatnment or prevention of various diseases,
ortlh Hla6Reccht plardesden di by anpothenaitaklelthehod kndvheinahe art to detect

woul d al so recogni ze t hat such peptides can be used
the %iscﬁﬁé}k@rv 9f RGEHRL Othe blafestdnd o vells 0b:RETinahE REGPA Afsue
protective compound/biomarker and tissue protective peptide 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

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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WD 2007/ 019545 PCT/ US2006/ 031061 conpl ex, e.g.,

ti ssue protective cytokine conplex. Both in vitro and
wonowinugs4s echni ques that can be used for assepeTmg20h831061

therapeutic indications of, for exanple, the conmpounds

i dentified by the inventive assa di scl osed above ar
DG 1408 HePARBOMCSUG: T (N MECREBERB I 04 Tol AT £165,

Pat ent Application Nos. 10/188,905 and 10/185, 841, 5
HTAcGFbb2.aked, Mereand GYIK.o flhcsnedls afhaliafatri tiepresameelor

ti ssue protective peptides of the invention may be
absaredeldf agismer m@bleytiveopeptide, apd @k pioliferatibh BrdeRLISdI Y, for example,

treatment, or prophylactic treatnment of human

mgésﬁﬁﬁ% ﬁﬁ:oﬁforﬁio&%f@ﬁﬁﬁe@fbyhﬁ@in@ 8P B% %loﬁﬁfeﬁ%s%@@b@ the

peri pheral” nervous system ave primari

S R T
S | K8 e et o

caonnective tissue di seases, gastr0|ntest|nal di seases
hez¢in ipHeieHEES and met abol i ¢ abnormal ities. Exanples of
use include, but are not I[imted to, protection
agai nst and repair of injury resulting from trauma
d [Jig inflammation to the brain (ischemc
5g$rgE§%%E%H§t trauma, 15 subarachnoi d henorrhage),
spinal cord (ischema, blunt force trauma), periphera

nerves atic nerve in abetic n ur.o
carpal t un%é gueﬂ%‘i@fﬁ%e)p ep# é? g’ﬁ}ﬁgﬂ ?‘rﬁ%s&f’ 8r° ecé]a'g ﬁﬁtl%ty one of
j abe tino au eart ocar di al

oriisp 1T it B EoLtsco ShipebaLE Bioull e bime ieiaLioaer b Beresul
di seases, disorders, and conditions include hypoxic

usggrfgieto élrﬁsnempr@ﬂqctamd§§sb}e rrbfective assaysdmoivndo thase skitled in
such as excitable tissues in the 20 central nervous

the gis.t seah bs, dbetieot limsitddatheP-4D ané ProlBcdystam Additionallprvarious in
cardiac tissue or retinal tissue such as, for

ViRXROIR1E sudiradaflimd @Ry dels refatddeb sPiRalEdoed inji ﬁk?r RERmEC sfr@l@e
tlssue protective peptldes of  the invenfion can

peﬁg i erld ?ﬁﬁ rﬁ%r hdrC¥ g.gg%ggtct Woul§He %@&:&"MQn ﬂﬁl#ﬁé? ue

t|ng hypOX|c to fons I'n a va

d
o0 nes BRbe BlokR bR wﬁeu M&ﬁs&wﬁo@nﬁ%eﬁ%@ sy are
éab 25 herein belo

e
d1scTose .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

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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WD 2007/ 019545 PCT/ US2006/ 031061 The ti ssue

protective pol ypeptides are also of interest in the
wor@abstskon of stemcell activity. It has beenPCT/US2006/031061

establ i shed that cytokines exhibiting tissue

protective activity, e.g. EPQ are able to nobilize
comler, @ed. | tissuspriotagtine pytgkmh eornplgxat Both ingitregidoinsyivftechniques

injury and aiding the repair process, e.g. in a
theegarveratd for assebsng thertheagenit éndicatiobs ef erdxampieathe compounds

stroke, EPO nedi ates the mgration of neuroblasts into

identifRd 13the invefENCIESys distldsed abdel £8EREIOENPET APflication No.
during ‘the period of recovery (Tsai et al, J. Neurosci

9 ce

Pé%ﬁ?@]s /4e9%t§9 ]@@ }’Zté&sAg;ﬁ @ﬁﬁéggﬁ%‘ﬁswé a%k{ 104 Al isanc

nmobi |l i ze end the ial progenitor cells fromthe bone
nﬁ%‘??@\‘ﬁﬁﬁr‘%} ?’P@e T9EUl ation. These cells then hone to

di stance regions and are involved in the fornatiqgn

of new bl Begjatprssucationgd %ﬁsu%pmé?&tlve)p%ﬁes 0§§’é m‘@é‘ﬂP‘ﬁﬁﬁ‘M e

et al, 2003, Kidney Int. 64:1648-1652, incor porated
usoful pefieralin i theprevention, thempeutic trestygnt, afrirpphyfiastic treatment of

wi shing to be bound to any particular theory, the
hurfé dis&@desost! digpeddrs dEthe dested] as@dul eysesnn oapetiphetal asedud gystem

have a simlar effect on the mgration of stemcells.

whith e FrtamRlySetfold %l@al Rk g&;%‘hla!tl‘i’@ syRhptBRsS SphéalrhicSBstdses,

pathologles freatab and preventable using tissue

ca?cﬁl%f %ﬁfa%( glsngsgst Qr%%op%flm&%?y fiﬂgfsgg gﬂg BisRRLD %cﬂﬂs'ygl?nnary

resu ron1re ygenati on
neuro sues. condi ti.o
e A L EHS‘?Se%u"Q%‘EFégV‘? Byt diegges
in stress, damage, and finally, neuronal cell_death,

gasrpinkestinglaigeasps @afl gadacrias gad metrbelie phnormaliiesy dixagmlesiad use
present invention. Cenerally referred to as hypoxia
ingludé,dwit aeotoe himated tthygsetectomdighinshand2@pair pBimjury ogsubiing from
i nclude, but are not limted to, stroke, vascul ar

trg6a aiel eBulting BifRhdhatidh to BRSEraiat(BchaieGaoke dfumt atme,
suf focati on, choking, near drowning, carbon nonoxi de

51@)‘3131%91‘151@ Qem&%}ﬁ), sgﬁﬁﬂ 8drld Qﬁchén‘iﬁ UWilEnt fofb%ltféqhﬁﬂ peHpR&hDnerves

radi ot herapy, asphyxia, epilepsy, hypoglycen a,

(501 {119 {u!:r%e (i)IP ult}{, gfaiaét\{c G‘Ji%g(]t) VA %‘?9‘1 Jﬁﬁf’ﬁ §Y%(E&B?>é/?]§{ml (macular

ory rome,” Nypo
%3}%75@?9%9 EtiSen g&@g&@a} é@(ﬁﬁéértc(n?y%%c l511&11 1nfgrct V\Qromc heart

failure). In particular, such diseases, disorders, and conditions include hypoxic
conditions, which adversely affect responsive tissues, such as excitable tissues in the
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

herein below.
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i nsulin shock, sickle cell crisis, cardiac arrest,
dysrhythm a, nitrogen narcosis, and neurol ogica

wa@ledo7o19585 caused by heart-1ung bypass procedurBsST/US2906/031061

one enbodi ment, for exanple, the tissue protective

peptides of the present invention identified using

t he i nventhé Hssis prgtectiygipglipertidnsiars asepkintesessiethe rmceih,llatlon of
5 part of a conposition to prevent injury or tissue
stdaneectiesul It hagbden@stablishied diat cytokings exhibiting sisiepaotagive
prior to, during, or subsequent to a surgica
afVIG e B EPO/ ard abRdd Bdbilie QERBEHERIR,; stindiilat@ieadiB Infigration to regions of
surglcal procedures may i ncl ude tunor resection or

$hi 2{8in e@@% ana;l}%eﬁggé% g‘%ﬁ&q{f\‘&@folémlyor e%%ngll}?m

or or ogles caused

result f.ro n1a whi ch.are eat | e using. .
chRE ) et EPOUBREEF R sRighiloh b g laSR 0 piokifh Pischemic
i.nclude insulin overdose, also referred_to a

injuiy\te gresnerateligRrans quting rﬂeaog PHESPY S AESaL g W AVeurosei (2006)
hor none defi ci ency, pocortisolism dru over dose,

260 a6%éﬂ,tla¢mpwratedﬂeren&h tafergnechinlisgntirety)e Salanother dxaple, EPO
exci tabl e neuronal tissue damage include seizure

aitl €BPGaneshilistaidodrligiprbgsisr cellzrivoth shetbime ntrroshintmihe

sei zure disorders. O her 15 treatable conditions and

ciRéIRARTE Thése ChlsiBien Bbine 36 8isRRte Fofbnk @Hd b inPd1$&PRaRe formation
such as stroke, nmultiple scler05|s hypot ensi on,

v9'bf68d %Js@ﬁgg)réffé&equO S ES S dEl bbg%oig idhey Int. Int.

sease cer ’brain or Spl nal

nt i a ted | oss .of
6?'35?%% oo 98 Bl BB 285 1 s O Wafegpising o be
sei zure dlsorders al cohalism_ retinal_ ischema, optic
bornd/te 2unpaigeulpetierts t isqleisd grlynersidss disaleserbligreinare believed to
| oss. 20 The specific tissue protective peptides of
havesn gimgsieeftect o thetmigrativayofistem egdlsd to treat or prevent
i nflammation resulting from di sease conditions or

various Idthd@RamplsWe theggoRblici 6tdduyonal tigshe phthalogies treatable
i nduced i nflammation. The tissue protective peptides

o] FroBbifabl 6 00th @ R RGed % pefifads o B TRREnRACk A AR

i nf | anmat ory conditions in one or nore or gans or
méc})@%*?o%s?ﬁ%%ﬁ%m%fgaﬁé%%%é S Ko LT g g
u%%zl'@%uﬁe% @X%l a%éﬁ,/ @gg%%?}g f@%r nal 1ssu Eeosiciftlantgem stress 6damage
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
arise from or include, but are not limited to, stroke, vascular occlusion, prenatal or
postnatal oxygen deprivation, suffocation, choking, near drowning, carbon monoxide
poisoning, smoke inhalation, trauma, including surgery and radiotherapy, asphyxia,
epilepsy, hypoglycemia, chronic obstructive pulmonary disease, emphysema, adult

respiratory distress syndrome, hypotensive shock, septic shock, anaphylactic shock,
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Non-limting exanples of such trauma include
tendonitis, angitis, chronic bronchitis,
w@anenestiti s, osteonyelitis, rheumatoi d art hrP€T/852006/031061
gl omerul onephritis, optic neuritis, tenpora
arteritis, encephalitis, meningitis, transverse |
ingnjis| shoéls siclilerast ey oesrdipe arreshslygrhytumia; Rirogacnaseqsis, Ayl
fascilitis, hepatitis, and necrotizing enterocolitis.
nelitolédiedl defieitSeausesishyeheprtdung bypess procedireses may used to
treat or prevent inflanmmation resulting from ischemc
and non- iR Rbodiaat, tbOR&NpIE disge pfb‘tﬁctiﬂ@Fertidﬂ; bethe
to, allergies, rheumatic diseases, sports related

pr%ﬁrﬂ{ fngéntfdnqaﬁ‘gfﬂe? %?’F‘g fd bR sER! coul M RIminRRFed alone or as

acteri al . nmat i on may be acute or chronic.

Furt her applications.i.n the.field of infk [ .

D S ORITERT R SO oo et ¢ el AR 88 of Bify or
2004 and published as WO 10 2005/ 032467, hereb .

tissyr drmrgeation 10 UFng. OF sphseqpent fq & swgical @P%du%%y a medical
specific tissue protective peptides of the present

procederd. i Ko emampplossurgisagproeedures maydaeltide fumns resgoléomnmefganeurysm
peri pheral nervous system di seases resulting from

refgMne] mddithlgRocdutespaiyrinEnde abot dredeliytiyn Gthergiakhol dgiess@used
di seases are defined as mainly involving inflammtory

bﬂﬁ%&ﬂti%ﬁ%&%}?@@l‘}/@&ﬁia%m&ﬂK&Qf’éﬁtaﬁfe‘ Wi} tisshd protdetive peptides of

except | nmyel i nati on deficiency di seases, such
as_| euko [ .anek_di j .
tof Rrrs S SEYED Bt R SRBRE O Eick B RPA Bl
SR e A N A

denyelination, and gliosis. Since its etiology is
overdavevand certaindpmgitosi s i s made based on its clinical
features, i.e., spatial multiplicity and nultiplicity
over ti meOtfer pathologies nespltimgSray sx@tab%/eeﬁumml tissge damage include
Furt hernore, acute di ssem nated encephal onyelitis
sei AN Msorderyf é@ﬂmabpmepsﬁ,i dohvsigions,Or ehmicsseizaceidisorded. Other
subacut e necrotizing henorrhagi c encephal onyelitis,
trggﬂé*olé E&R&Yﬁs?gd ARl tchuRR! ButianChotdBsitddto dEi5e48Ed stdh héi@roke,

I Seases. peri pheral "nervous tissues rely wupon
hwann' s .cel 1 s tQ L g Al ' j re
LSRR et Bt SIS, e erkbs's s
di sease is caused. .-57 WD 20 9545 . .
conebrplaiye Basapwinal wrétf%%g’é%ﬁ@&l% aeg;Lslpted Lass gf cognitive
the present invention nmay be used to, ) )
function, memory loss, amyotrophic lateral sclerosis, seizure disorders, alcoholism,

retinal ischemia, optic nerve damage resulting from glaucoma, and neuronal loss.

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

cord, connective tissue, heart, lung, kidney and urinary tract, pancreas, eyes and prostate.

-56 -



10

15

20

treat or prevent conditions of, and damage to the
heart including any chronic or acute pathol ogical
wer@noidsmyol vi ng the heart and/ or associ at ed tPEBHUS2006/031061
(e.g., the pericardium aorta and other associ ated
bIood vessels) i ncl udi ng, i schem a-reperfusion jnjur
Nen-dignies exaplescefisuch Brumg includs tendeaitisy angitis, chipaicdren tis,
infarction; atherosclerosis, mtral valve |eakage,
peaitreatitis, fobtebelitiss sredimatack 'axthlﬁtj/s, ghbousrdlobgphritispentiedsuritis,
such as drugs (e.g., doxorubicin, herceptin,
tetoofil bAl@iis) encePHalitiss MRhingiis, trﬁﬁwehsamyémm dernsiiemy eitis,
parasitic infection (bacteria, fungi, rickettsiae,

pcﬁm é@ﬂﬁé" @@rotlﬁn? fascﬁiﬁﬁm bftis, %ﬂ&ﬁéﬁr&tlz-fﬁ BRGNS, Further the

cru ection ful n1n nt cardiac anyfoi dosis; heart
sur ge he LI anspl ant y
tlﬁsg%gli, 6%%18% %OSILI}F% %fr]tgﬁ}e fcgr‘ CprC aerngﬂg'l@gﬁnaﬁ%tn res(ultl% from
enetr ing. o bJunt car di i nj ur and aortic vaIv
is norgw%vw&cw@ﬁammaﬁﬁalg bk G R elergiek, Yhetmatic
aneurysn1 a suprarenal aortic aneurysm cardiogenic
dis¢paes sphuts relotedyierigsdingictions meludingrvien!, foagali aad bacterial. The
failure; neurogenic shock and anaphyl axis. The tissue
inflasmireativnh weryrepicides chfonid) dwether gpplications éntliedieldrafinflasxmation
be used to treat those individuals at risk for heart

arf n5RASASY PO TAIS A48 A8 K iV ehtehbet 29,2004 Whe beblidhed as WO
heart is not able to punp blood at a rate requi red by

26&@32% %fgb'yﬁug%% %ﬁ??%ffe%cé“ﬂﬁ@s il peaf t can do so

W t’h an’e I'ng pressure Such at risk
patients ul d i ent s .havi i.n
Tk or hil et P e BR A bpogR S0 Bles iifbpBby may be
di sease, ocarditis, chenDtherapy, car di onyopat hy
ussg &Fr@@n%q%ﬁl n%wmnérpeﬂ@%ﬁr@l e spstem disgpses 145y ing from
mtral insufficiency and aortic stenosis) 20 and
denayelinatiorderdevpairmedi dithomatih pheath. Jhess diseases are defanadens mainly
etc.) and the like. The tissue protective peptides of
invbl@ingriedsminatony edyielin Bhetrtylebiensisfahknowntorigat, with the exeeption of
conditions of, and damage to, the eyes, e.g., retina

%rélﬁ?aﬁ%n d&ﬁabncycm&%éieg@hlag Cuitd@ystidphy, ahg divehsek did toe&owous
o retinal isch em a, macul ar degeneratlon retinal

ca(ag% : %g%‘gélﬁ sclb Efs 1\/{5@?5@ f@%[] 5Re ohgrdl?g&gl rfﬁlﬁg'd&eases and

nSI I Nopa

t er ¥%}B'e{i)tlcll€ a]?aé{a(ftr et qu{)phgr?éeggtg%@f 6‘%%“6?%‘@@’ emye%natlon and

PCT/ US2006/ 031061 I n anot her enpbaqdi ment, the tissue
glinsise e Ve epielpgy iankapwiyits dipgnogistis made based on its clinical features,

i.e., spatial multiplicity and multiplicity over time of central nervous system lesions.
Furthermore, acute disseminated encephalomyelitis (ADEM), inflammatory diffuse
sclerosis, acute and subacute necrotizing hemorrhagic encephalomyelitis, and transverse
myelitis are included in demyelinating diseases. Also, peripheral nervous tissues rely
upon Schwann’s cells to maintain the myelin sheath, if these cells are impaired,

peripheral demyelinating disease is caused.
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i nvention and principles of the invention may be used
to prevent or treat injury resulting fromradiation

wa@ 20080858 responsive tissue. A further utilitRCDUS100€031061

ti ssue protective peptides of the present invention

Is in the treatnment of poisoning, such as neurotoxin 5

poi soni ngThetigsue perdeative paplidesoih e Hrpsent Popating mey) be used to

toxi ns (ethanol, cocaine, etc.), as the result of
tredt@mptdventaypeditions af)end damége tadhahéaorinelupingang chronic or acute

neurol at hyri sm Guam di sease; anyotrophic latera
p&BbREREN dventiiRdolFRIgkhOBEHH fdMirsSatitediSssi® (¥ 4. OME Pericardium,

above, the present invention is also directed to

adttS I thR aNRE Mo BEPLSHES irRludidflBisBeRRE Mpek fVOR B,
k Da i itk

Oor use I n enhancing tiss unction 1 n responsi

cells, .tisses and organs.in a_nal peripheral. .
c§iiper e iep B BrE A RRS e Rl be b P fus, mitral
descrj bed above. Various.di seases and conditions _ are
valie leakags, atgal flytissy %ﬁptoefsqlwgfatlwﬁsbw@mmangwh 8% divgs (-2
this nmethod is useful for enhancing function in
desaribiin) keredpsigythiorrdaginetand gisapriden); dandinedapagderiue to parasitic
cognitive function even in the absence of any
infeutidn (bavteriay firhigh eRrRettside blidreifiyses,eep. | dyphils, ¢hrodie dkypadosoma
cytokines are useful for 15 inproving the quality of

cﬂﬁ%ﬁﬂ?’ecﬁ@é}'; Ehindn® 6448ia0 gnityhﬁdéé,'iﬁ‘ﬁeﬁr@ %Féﬁghéa‘?t tpﬁ@blantation;
improving the quality of the healed TiSSues and

T Tl P 85 Bl B R P TLrRf b e lune

2004 .and publ i shed as WO . 2005/ 032467, reh .
R DO aRULPO Fal & i) SHE AL MOttt e oroeh aqigic gagayom; a
of the present invention are describe in further i
sypsarangl apdicapewyam; srrfliggenie shegkdugdo myesardish ivijrgtomergcardiac
20 training in both human and non- hunan nmanmmal s.
faflore] nturogeniasithcltiand asaghytaxesa il abtissue prgjedivepepiides of ghengurent
tissue protective peptides of the present invention

inehteei 188y 4160 b ascdlantifeal thogy ividividualssit €isk Faitlebd disbase saclas
not limted to nood di sorders, anxiety disorders,

cHERE SARKON ¢., Atk S e 1Rk R dt @B1ed8 bl iblodA %ert‘étré:ciﬂilteM by the
di sorder, and cognitive dysfunction. These conditions

“%fﬁg’g%iéf HAE oY “?‘?gg‘%?ﬁ%%% %8 §?IJ%@%a‘gwg‘?ﬁ&t%‘ﬁ@“in%“m)
7/ 019545 P S2006/ 03106 [ )
ST RE PRHR PO oI IegldepngioE BRpebHSk fohain cardiac

_exanpl e, sleep apnea and . .
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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travel -rel ated di sorders; subarachnoid and aneuri smal
bl eeds, hypot ensi ve shock, concussive injury, septic
W@ bmck19sahaphyl acti ¢ shock, and sequel ae of vaPCDUS2006/031061
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connective tissue disease-related 5 cerebritides such
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Guam di sease, anyotrophic lateral sclerosis,
frBArKdiaEONdEmabieI6 2PondIRStiRDEr AtfuMBer tiligpdbMBB tisdueprotective
enbolic or ischemc injury; whole brain irradiation;

pezigl‘flgé & ﬁtg :p¥es&{tii§s.}e?{tio@ Fb‘%n R SRS hEof pbofing UsicR8S nBiBtRin

condi ons treatable or preventable using tissue

rotective,peptides he.present .invention inclu
SR S et O R RS
acquj red nature, which are the cause of arjiety of
regall Phehsgiotharansi e agds oftarg?&amaxwu%m%ﬁét\ﬁyrlﬁﬁna ang,fisease;
death. For exanple, Leigh disease (subacute
ampeirqphiclatenal selasishandbParkingyn’s disessgr act eri zed by
progressive visual |oss and encephal opathy, due to 15
neur onal dsegentohed #bosle,theprbdny inventidiBadsoatiseted to tissue
defective mtochondrial netabolism fails to supply

prRRRUIO pEitlIRs 61YRE ?yeswhﬁtférﬁbﬁ%mew hhahbifg WeSRTehétRM in
of excitable cell's. A tissue protective peptide

A i . . g S .

Rb 558 81 1L @b oYl gt tamingin oatsus

PR B L GEEERA Rl VoA B B B mensbie
central nervous systemtissue, per%fheral 20 nervous

tredjmeniysingstlisancthed) hergxampledhisancthed isgelul £ eplancig function

_condi tions described above, the tissue protective
inpxeitaltle Sssvks teseltipg dis amincieaseintdognitive dunptioh given im thérabsence of
treatment of inhalation poisoning such as carbon

anyDeuRdititd orrdithesdeD Karthed) tleaissanproseiles eytalsihéyame usefdidor
respiratory distress syndrone, and choki ng and near

il BVIRE sk ity SYekowRINEhtih® Reduciiyl (B8 1184 Brdddd B¥AICimproving
condi TionS or by other neans induce responsive tissue,

OB AR TR T IR0 o o
360 R DR S TGSl 28 il s o
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
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

enhancement of neuronal function. Other disorders treatable in accordance with the
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to originate from excitable tissue danage are

wonreetadi4e usi ng ti ssue protective peptides of PCNAIS2006/031061
present 5 invention. Chronic disorders in which
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age-related loss of cognitive function and senile
cotewssiveiinjury lsemsiei shogls iapaphylagiis sherks and wquelas pleyaripus

di sease, Parkinson's di sease, denentia, nenory | oss,
engeptalitidesvind hadirgidtess fdrexample, conhctinel tissyr disens¢-ealated s,

tuberous sclerosis, Wlson's Di sease, cerebral and

ceRSRBTIES Sch@s LRI @k U8 inBIalS YrevEMAIN ¢Fos RAsIExtioh Tiim
body denentia, prion diseases, such as spongiform
unt gt

ies, eutzf . di .
pRERNS, SRPLOLES oo s dort B UL L RS, ARG R piom, and
at axi a and ot her . xi.as, as |l as, Glles de |la..
Gih fistrd Sndgil bR RE. BRkeiSs dnhpilordutive
epi | epsy and_chronic seizure disorder, 15 straoke, ..
treptment foF elgbcplmr ischemiq %thip braig gppéhqqogé sickle cell crisis; and
al coholism autism retinal ischema, glaucons,
echammmomi ¢ function di sorders such as hypertensi on and
sl eep disorders, and neuropsychiatric disorders that
i ncl ude, Autirtéreragt of dotlitieds treatslslb bz pebeeablausing tissue
schi zoaffective disorder, attention deficit disorder,

(WY Parftided IrRnii6R PLCRRR! HRochSh @Al A9 fundRIH, 8 eith
mgﬁéggiﬁ%%@g%ﬁgﬁggﬁﬁgﬁgisoPder, psyché%ctive gubstance e

o 3P 05 B Ay PO AR o
BRSBTS L BS°REBRISLAS B2 Ry pecroting

Psychiatric Association's D agnostic and Statistica
envaphadopagty) Meehasmcterizied by gerssessivenysual Iess spdancerhatepathy, due to
version of which in incorporated herein by reference
néunoriall dropruut,raatlymyopathyWh BR8T 4529 5k fechaImilselametioBnesholism
A further group of conditions treatable or preventable
fall§ kdgipplySéneaghy h%ih%higy%umﬁtésde Sucd the MetabslBsest excitable cells. A
i nvention include kidney di seases such as renal

tiisﬁé Hhietive ?E{E{é&cﬁ‘iﬂli%rﬁ‘ﬁhg FurtiBR%h 8 YRRLY of MritoBondrial diseases.

I dheys ca off due"to several causes

reirdri

As mentioned above, hypoxic conditions adversely affect excitable tissues. The
excitable tissues include, but are not limited to, central nervous system tissue, peripheral
nervous system tissue, and heart tissue. In addition to the conditions described above,
the tissue protective peptides of the present invention are useful in the treatment of
inhalation poisoning such as carbon monoxide and smoke inhalation, severe asthma,
adult respiratory distress syndrome, and choking and near drowning. Further conditions

which create hypoxic conditions or by other means induce responsive tissue, such as

-60 -



10

15

20
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of blood to the kidneys resulting fromthe above
inguing o with $nsolig-preiivizgchebplagds {thainbmaylanger ousl y | ow
| evel s for a tinme period great enough to cause the

devel opmepirids n@ﬁt‘éb@ydh@ﬂ)%ic disdrliéts SvhicH e deRriBe® & briginate from
bl ood fI ow also 10 resulfs in necrosis, or tissue

ex%ﬁ?%lg' tis tgitﬁgg%(élg ARMtabfl tﬁgué @% elrcﬁ{}ﬁ) Jﬁlﬂ@ybﬁhe gresent

allure na SO r di seas

insf!ﬂ{’]ulé)g{ | (tg{lg lfhﬁf) (a\j%étzli %ﬁ%@l@?r QLlc ?fivoijve% 83 for which

(contrast-lnduced chenDthera y- |nduc
treajimens 9p oravARipbledyithe Riesens m‘mlf W%ﬁeé iclyde disgrdlers relating
erythrotosis, etc.) The tissue protective peptides of
tottheecentmal warvousrsystatn amd/capeiigheralmetoas spgerh inabading age-related loss
prevention of this 15 danmage hel ping to aneliorate

f&i@gﬁiﬁyé aiRtioh ahd tunfle déhentif)lch@mowgidueddicondest Alzheimer’s
itional exenplary, non-limting indications as to

dikd2Se, PARLNS sccﬁ lsé IC@HI‘%I’HEM] G 55 ISR SarBYR PRI Safefil sclerosis,

t redt nent forenentioned tissue protective

f
LA rwﬁiub%?“ﬁéﬁlseg"ast‘% S A
arter ?eaeActe %e 31@ St abl e, unsg
supAssicen Ralsy; 156356, y dementizy PHRR 18&??5? Frftch 85
WO 2007/ 019545 PCT/ US2006/ 031061 Cell, tissue or
spopgiferntericephadepatiing et Jrreuricidtsakeledivsase, Himjmgton’s disease,
pat hol ogy Congenital heart di sease Val vul ar
matodicalyyo@etyhreidrich’s ataxia and other ataxias, as well as Gilles de la

Tourette’s syndrome, seizure disorders such as epilepsy and chronic seizure disorder,
stroke, brain or spinal cord trauma, AIDS dementia, alcoholism, autism, retinal ischemia,
glaucoma, autonomic function disorders such as hypertension and sleep disorders, and
neuropsychiatric disorders that include, but are not limited to schizophrenia,
schizoaffective disorder, attention deficit disorder, dysthymic disorder, major depressive
disorder, mania, obsessive-compulsive disorder, psychoactive substance use disorders,
anxiety, panic disorder, as well as unipolar and bipolar affective disorders. Additional
neuropsychiatric and neurodegenerative disorders include, for example, those listed in
the American Psychiatric Association’s Diagnostic and Statistical Manual of Mental
Disorders (DSM), the most current version of which in incorporated herein by reference

in its entirety.
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Prinzmetal angina Cardiac rupture Aneurysmatic Sept al
perforation Angiitis Arrhythm a Tachy-,
whe@dpssehyt hmi a St abl e, unstabl e Supravent ri BCI/E82006/031061
Hypersensitive carotid sinus ventricular node
Conduction abnormalities Congestive heart failure.,
Left, ri ghdurtiesr spim oficondisions reatehle aypis¥eHaRie Usiag Lpsugs
systolic, diastolic idiopathic famlial, infective,
protEctibopéntidesoithe greselitswemtion inpdidediidneyidissases gneteastena failure,
tissue disorder, infiltration and granul onas,

adue Hrdvhseiic. aBlobl aaplflitd ihe kidileds Baniecut offf duetto veveral causes
i di opathic Cor pul nonale Radiation injury Blunt and

ingfglgﬁgrsﬁBé:lf‘ﬂomtiﬁﬁh‘ﬂﬁls-ﬁw gé&f% 48 HR JAStrdAX [s6pticémia), internal or

mycin Vascul ar ension Primary, secondary

cBESTS 33g S5 O 10 YRGB B3R B g or s
regc%{]ocrilis t‘ul) ‘Srgns rsicgjr{s?ceaarléi%c lfvrgset or arythmias, surgical trauma and kidney
transplantations. The reduced flow of blood to the kidneys resulting from the above
conditions may reduced blood flow to dangerously low levels for a time period great
enough to cause the development of acute renal failure. The depressed blood flow also
results in necrosis, or tissue death, in the kidney, damaging the renal tubular cells. Renal
failure may also result from diseases (interstitial and diabetic) nephrotic syndromes,
infections, injury (CPB-induced), toxins (contrast-induced, chemotherapy-induced,
cyclosporine), autoimmune inflammation (e.g. Lupus, erythrotosis, etc.) The tissue
protective peptides of the current invention assist in the repair or prevention of this
damage helping to ameliorate acute renal failure.

The following table lists additional exemplary, non-limiting indications as

to the various conditions and diseases amenable to treatment by the aforementioned

tissue protective peptides.

Cell, tissue or Dysfunction or Condition or disease Type
organ pathology
Heart Ischemia Coronary artery disease Acute, chronic

Stable, unstable

Myocardial infarction Dressler’s syndrome

Angina
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organ pat hol ogy Fibromuscul ar hyperplasia Aneurysm
Di ssecting, ruptured, enlarging Lungs Obstructive
wébdTmads4€hr oni ¢ bronchitis, Enphysema and ai PGEaS2006/031061

obstruction Ischem c |ung di sease Pul nonary enbol i sm
wmonary thronbaosis Eat_enbolism Environnental

Celh 55t We s es Dysigetipner ¢ | |indCoaridess disegist mpnar y Type
enbol i sm | Pul m)n?rl\é throntosis Interstitial |ung
di $&48e | i opatMi"8™Bul nonary fibrosis Congenital

o, 1

Eyst+c—ft+brosts—Cor—pul oot T Hsease TS VIR LA ad
I nfectious, parasitic, pmneunpnitides toxi|c,

traumatic| bum aspiratio Sar coi dosi s P3refi@aSopathy
Endocrine|Di abetes nellitys, type | Beta gell failure,

dysfuncti on and |1 D abef PenAietdr fagiad hy
Cardiac rupture Aneurysmatic
Septal perforation
Angiitis
Arrhythmia Tachy-, bradyarrhythmia | Stable, unstable
Supraventricular, Hypersensitive carotid sinus
ventricular node

Conduction abnormalities

Congestive heart failure Left, right, bi-ventricular, | Cardiomyopathies, such as
systolic, diastolic idiopathic familial, infective,
metabolic, storage disease,
deficiencies, connective tissue
disorder, infiltration and

granulomas, neurovascular

Myocarditis Autoimmune, infective,
idiopathic
Cor pulmonale
Radiation injury
Blunt and penetrating
trauma
Toxins Cocaine toxicity,
adriamycin
Vascular Hypertension Primary, secondary

Decompression sickness
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Dysfunction or di sease Type organ

woabitohegy Ot her endocrine cell

Condi ti on or

failure of
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pancreas Exocrine Exocrine pancreas failure

—pancreatitis Bone Ostegpenia Primary Hynggonadism
Selb gruary || mmBVncidtaron postediiEhafserse Age-r el at dPe
Q)crerapar at hyr oi d ;n Hypert hyroi di sm Cal i um
Sium pho” BREFs and/or vitamin D defici ency
ll:‘UIIyl:I T oomuG @S CUl @l IfeCT USTS— —Trauma [Paget—s
di sease Skin opecia Areata Primary Totdlis
Secondary | nhiebp&sipat t ern bal dness Vitiligo |Localized
Primary (eneralized secondary Ul ceration D abetic
Pressure $anesysmpr essure UlDiwéctng, bpawshi t 19 bed sores
enlarging
Lungs Obstructive Asthma
Chronic bronchitis,
Emphysema and airway
obstruction
Ischemic lung disease Pulmonary embolism,
Pulmonary thrombosis,
Fat embolism
Environmental lung
diseases
Ischemic lung disease Pulmonary embolism
Pulmonary thrombosis
Interstitial lung disease Idiopathic pulmonary
fibrosis
Congenital Cystic fibrosis
Cor pulmonale
Trauma
Pneumonia and Infectious, parasitic,
pneumonitides toxic, traumatic, burn,
agpiration
Sarcoidosis
Pancreas Endocrine Diabetes mellitus, type I | Beta cell failure, dysfunction
and IT Diabetic neuropathy

-64 -




Peri pher al

| acer ati ons
w@aeabi7/01934ssue or

vascul ar

di sease
-65 WD 2007/ 019545 PCT/ US2006/ 031061

Dysfunction or Condition or dPEEAS2006/031061
Type organ pathology Burn injuries

Sur gi cal wounds,

Aut oi mmune Lupus

ervt hepat osus disorders Siogren's svndrone
Qe assue o § ar Owvrclianor q Jrefidmesdiseses,| Angii t ilepe
Langerhan S hlstlo&¥t03|s Eye Optic neuriftis Bl unt
?@netratln Uries Infectlons §ar00|d:
artoritis] Retinal | schem ot NEATPLET qogdner ati on
Retinitis|pignentosa, ArtlegiRseleptes rleti nopathy,
Hypertensive retinopathy,l Retina
Exocrine Exocrine pancreas failure | pancreatitis
Bone Osteopenia Primary Hypogonadism
Secondary immobilisation
Postmenopausal
Age-related
Hyperparathyroidism
Hyperthyroidism
Calcium, magnesium,
phosphorus and/or vitamin D
deficiency
Osteomyelitis
Avascular necrosis
Trauma
Paget’s disease
Skin Alopecia Areata Primary
Totalis Secondary
Male pattern baldness
Vitiligo Localized Primary
Generalized secondary
Ulceration Diabetic Pressure sores, pressure ulcers,
Decubitis bed sores
Peripheral vascular
disease
Surgical wounds,
lacerations
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on Drug abuse af
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B R

Sjogren’s syndrome,
Rheumatoid arthritis,
Glomerulonephritis,

Angiitis

aruare; =SB

opi oi ds, sedati

Langerhan’s histiocytosis

Eye

Optic neuritis

Blunt and penetrating
injuries, Infections,
Sarcoid, Sickle C disease,
Retinal detachment,

Temporal arteritis

Retinal ischemia,
Macular degeneration,
Retinitis pigmentosa,
Arteriosclerotic
retinopathy, Hypertensive
retinopathy, Retinal
artery blockage, Retinal
vein blockage,
Hypotension, Diabetic
retinopathy, glaucoma

and Macular edema

Embryonic and

fetal disorders

Asphyxia

Ischemia
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Dvsfunction or
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Rtina

I’

or @ysgastias oType
Meuni ere! s syndi
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ENT Type
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preventi vg
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y Henoch

sSeastc,
nmes,

nduced, or

Cerebral malaria

Encephalitis

Rabies, Herpes,

Meningitis

Subdural hematoma

Nicotine addiction

Drug abuse and

withdrawal

Cocaine, heroin, crack,
marijuana, LSD, PCP,
poly-drug abuse, ecstasy,
opioids, sedative
hypnotics,

amphetamines, caffeine

Obsessive-compulsive

disorders

Spinal stenosis,
Transverse myelitis,
Guillian Barre, Trauma,
Nerve root compression,
Tumoral compression,

Heat stroke

-67 -




Schonl ein purpura Striated nuscl e Autoi nmune di sorders
Myast henia gravis Dermatonyositis Polynyositis
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Infection Necrotizil g fasciitis
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Sexu
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|Ses

nf | ammat ory
O gan

Ofaurdadio oyjurand

barotraumas

Kidney

Renal failure

Acute, chronic

Vascular/ischemic, interstitial
disease, diabetic kidney disease,
nephrotic syndromes, infections,
injury, contrast-induced,
chemotherapy-induced,

cyclosporine, CPB-induced, or

preventive

Radiation injury

Henoch

Schonlein purpura

Striated muscle | Autoimmune disorders Myasthenia gravis

Dermatomyositis
Polymyositis

Myopathies Inherited metabolic,
endocrine and toxic

Heat stroke

Crush injury

Rhabdomyolysis

Mitochondrial disease

Infection

Necrotizing fasciitis
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Cirbosisplatydived actijc treatnment for [di seases,
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conponent
prophyl ac
condi ti on

an nnht ha

e o T TR T Thory, + eproduct fe.

gast roi nt S
provi ded.
conposi ti
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reproduct| e,
.,] 'ﬂhﬂl'rﬁ‘ét()ryﬁ" M}}bl LL ASH Ul

metabot T Tomponent
podi memt, such a pharmjceuti cal
JQ“QQWDYISIHQ a |tissue protective peptide
m ni stered systeically to proteg¢t or enhance

the 10 taf
adm ni str

gedrote@} tterochlitBSfile or or gan. Such

pti on may be paréenterally, via inhalation, or
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5 Rtehtynent of dgngr awt alf| y, nasal ly, req
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recipient

tally,

Reproductive Infertility Vascular

tract Autoimmune
Uterine abnormalities

Implantation disorders

Endocrine Glandular hyper- and

hypofunction

General Shock Septic, hemodynamic

Parasitemia Malaria, trypanosomiasis,

Leshmaniasis

As mentioned above, these diseases, disorders or conditions are merely
illustrative of the range of benefits provided by the tissue protective peptides of the
present invention. Accordingly, this invention generally provides preventative,

5 therapeutic, or prophylactic treatment of the consequences of mechanical trauma or of
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subnucosal ly or transdermally. Preferably,
admnistration is parenteral, e.g., via intravenous

w@eoo7mt9saperit oneal injection, and al so i ncl udPemUSI»06/031061

is not limted to, intra- arterial, intramuscular,
i ntradermal _and subcut aneous adm nistration. 15 For
hiypppdiseases. darewsntion or tesaneytic erprophdacticdragimen dorgisegses,
perfusate, injection into an organ, or other | ocal
digondirsi os icpaditioms, ofithe RASed&uripedpheralmepasis sytemaid ¢onbemplated.
provi ded which results in simlar levels of a tissue
Pryeitiel dritkerpsdutic de pesphiliastic ir&ttteaifor Giseasés, lddoederOdr conditions
about 15 pM-30 nMis preferred. The pharmaceuti cal
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di | uent, DRbomdimbagihentesuch piphatmacouticat bompesitiert domprisiy a
the therapeutic is admnistered. Such -70 WO
11306 prAdRE §eﬁﬁﬁ6/ ddB2RQ8MIE30RY syRORIARE &3 tprotrt of@ihhh@ the

can be sterile liquids, such as saline solutions in
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har mageuti cal . conposjtion.is adnm ni stered .
SYOHYCY &ﬁéqaysdegagﬁmel’@&r Ly HEUBISURIPIS DRGHE 8 r Bide
.and glycerol solutions can also be enployed as |iquid
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Sui t abl e pharmaceuti cal excipients include starch,
artgriat; osteamiisealag Satradenaslomd sub@itatcons administratioie, f 1 our,
chal k, silica gel, sodiumstearate, glycero

nonost ear Béeothdrabbtes SPAHMIAIERHON, sHéh asty B€ oF KipBiiat injection
gl ycerol, propylene glycol, water, ethanol and the

intd é&?org%geor SRR Pstlat é(ﬂﬂinis htiGe Sct'rﬂhgﬂnuefcglﬁ@cya? hglﬂgg er.1 rig{vﬂlol?e

mHngrfferiagDunth?s Wehél gg o ositions. can take the
Sl SR RIR St D BRG GrER EeloB e peifil i tibed above.

il | es, ,
Aqelzvell of aboar 15 pl?/IS 236" r?l\%g E)feferred.

The pharmaceutical compositions of the invention may comprise a
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,

adjuvant, excipient, or vehicle with which the therapeutic is administered. Such
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sust ai ned-rel ease fornul ations and the |ike. The
conposition can be fornulated as a suppository, wth
woneartiondsanal bi nders and carriers such as PCT/US2006/031061
triglycerides. The conmpounds of the invention can be
formul ated as neutral or salt forns. Pharmaceutically .
phagpassutiel carisrseanibe storde ligaids. isueteas $lipe soliiens 1p peager and oils,
am no groups such as those derived from hydrochloric,
inplndinghbose of pelreleim, aramal, ivegetatde omgyinthetic iodigin, euah. s peamiit oil,
those fornmed with free carboxyl groups such as those
softbednwdl] nfinera sifdedame qibiaishe Uke. Arniy solutiondb aipudterred carrier
ferric hydroxides, isopropylamne, triethylam ne,

whethb ?hﬁiﬂa@@ut%h@’d’iﬂﬁositfﬁn% h@thMstere® Erﬁfé%ﬁkﬁ}sly‘? t9aline solutions
Exanpl es of suitabl'e pharmaceutical carriers are

e S Y
R TP B S5 SAARBRL B R

preferably in purified form together with a suitable
glueaseactese, suareseegelaiin, aralt, sicp ilowr.dhalkn silicd geh fashiump sigprate,
adm nistration to the patient. The fornulation should
glgearol ivesteackte, ddlc.adium slilorddd, dried skdin Mk 261966l ptopslene
PCT/ US2006/ 031061 Forrul ati ons for increasing

gl NG A€ ethaholaad AP Lk NTIRS copgiokitida Sif dusifedagan dtdcontain minor
acting tissue protective peptides are al so

. o I i f r i ..
BTSSP S0, DU Pl el RSB liins
rgvi.ded as . capsules or tablets. a wder s or

oo R Lrier GG SRR P s B biot BT e Splpsgponders
aguequs or non-aqueous |iquids); as edible foanms or

S%J%rrﬁ :re%?seafgrr%%%r}smé therlls okl gmPoRkPR C%L%&w?awd asa
capsul es may conprise |actose, starch or derivatives

suphesiteny, withdgaditionahbinders and carriessgyriuas Bigdyrsridés el he compounds
cel l ul ose, magnesi um carbonate, stearic acid or salts

ofttheimwedtion Gafte foehdttedeas aapslibesltfayms oPiprmaesutically acceptable
vegetable oils, waxes, fats, sem-solid, or liquid

saR®In¢RIde t8dse foraRdukitPRse amthoSHbuRSubRYs MesPddrRRd Mhe! |
pol yol s and sugars. 10 An active agent intended for

hﬁ?&ﬁk@féﬁh&@%@é itagéajc% , erlRet £ gdaetd) R th@s@g%x?é& with free

elays disintégration an
cq%§o[ %ion %¥ Lhe agtLy é% egg. in thesi . lci
o e R e R D e
[ yceryl di stearate,na¥,be ) ) o
fefric hydroxides, 1sopropylamine, triethylamine, 2-ethylamino ethanol, histidine,
procaine, etc. Examples of suitable pharmaceutical carriers are described in
"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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used). Thus, the sustained rel ease of an active agent
may be achi eved over many hours and, if necessary,
woOheo7aa934ve agent can be protected from bei ng #degmac®do31061
within the 15 stonach Phar naceut i cal conpositions for
oral admpistratio be fornulati$ facilitate
rel ease of OtgRHations 18 Singransmiigpsal a ogptlon of peptides such as
gastrointestinal |ocation due to specific pH or
logg aAgting tissue pietHctive peptides areralsocaontesaiated hp i quirtsnsinvention.
adapted for transdermal adm nistration may be
Plarmacaitidala®ngbositiond alapteddbesral adreinibadtidomag teipfovided as
intimate contact with the epiderms 20 of the

cagé‘lﬂbﬁdnetﬁblefsoés poviie®d aNaashileehs 8slu@dnst é}‘?ﬁps or suspensions (in
har maceuti cal conpositions adapted to t opi ca

A
5 c@lﬁ%&éﬁr{gfogﬁisqh&fhogﬁ%lcg? R V\E’Ee?@gm%f Wth ggﬁéspe%@%ﬁﬁmr ablets or
aer gsol Eor ica
el e s S s oo gty dsfSAtEfesghopent magnesium
externg tissues a topical ointnment or creamis
SISAAP 304 BNy sagelaatine, GRliose opAgNesIuELCAThongHe, SieAtinrted or salis thereof.
active ingredient may be enployed with either a 25
Sqihgdatinedapsules maywetreprise weetoble ods warest fatsasami-solid, or liquid
Alternatively, the active ingredient may be -72 WO
po2@dls 640 1 SohiftioRCaild 15206 QB A 6drisefvaten el 6l ahd s@gaed. eam

with an oil-in-water base or a water-in-oil base.

10 Phar maceupj gatlve a%@ﬂiﬂﬁ&h&écpfb? offl 8l §stfaRion HOR/ B“ea(!oa%ed with or

admnistration to the eye include eye drops.
Iy e
adg‘rgggcflji(/iténgﬂagenaﬂ Iillgat gglta#ry g n? 5aﬁg)nea?1td/o% %Qso%tlo% g’fstﬁe a(?uve agent
ueo ol.v har i cal 03|t|o .adapt ed
ﬁs}ni%tm@q@&h@rﬁ VST GRS SRRl SFoT ir gt may be
I ozenges, pastilles and nout hwashes. Pharmaceuti cal
usgbhpldiss the sestainrd ekeass of anagtiae agand msdiibeebieyed over many hours
adni ni stration may conprise solid carriers such as
andoifiecessqrpsthé ectiviel ageitapan by peotpeted fromebeirsd demraded twithin the
range of 20 to 500 microns). Powders can be

15 st@dashniBbahgduiical bhapsainefor dral ¥dihiakuaion a 'lfyfbetf@ﬂﬁﬁﬂated to
i.e., by rapid inhalation through the nose troma

faéiﬁfbtt@fe[b%ﬁe Of anl21iROUESH ah:?héi‘tl&!l egg d¥ind195&tion due to specific

Al ternativel Y, COI’TpOSItI ons adop or nasa

pf?gtm:r{}&ﬁl ‘1@'&:619&%1%3’ conprise liquid carriers, e.g.,

nasa ays of nasal drops. Alternatively,
i nhal atl of co unds di.rect to th e
acconpl | gﬂléi&nwu{rgaq composdltlons a(faf\;ted I}or transgermai]agmlmstra’gon may

be provided as discrete patches intended to remain in intimate contact with the epidermis

20  of the 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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i nhal ati on deeply or installation through a nouthpi ece
into the oropharynx. These conpositions may conprise
waouweous4dr oil solutions of the active ingredP@nUsS2006031061
Conpositions for adm nistration by inhalation may be
supplied in specially adapted devices ingcluding, but .
fornoulatedrin asteamowith en ot dpiveeier bass erspwater-ipil basee Phappaceutical
insufflators, which can be constructed so as to
copipoyitidas pdaptiet fer tipieatiadinmisgetionto thheyaniclude eye drops. In these
ingredient. In a preferred enbodi nent, pharnaceutica
coRfIBRRRL, tROSctRE ihdi8dibian bt diksalved oPdlitpétided &1 £ suitableccarrier,
t he nasal cavity directly or into the Tungs via the
e. g.gﬁlaén éﬁ?l}é&ﬁsysof\/rgn’g %lga}lﬁgéréﬁfié(ﬂ)&o ngﬁgﬁs‘:ﬁé’o{eﬁ%r topical

nmpositrons adapte recta mnistfation nay be

r.ovi ded as. su sitories or enenmrs.  Rharnac | cal
5 adBfishation Bres TRRATaG e oo sr s RS AR IPSENS Ty
be provi ded as pessaries,, tanmpons, creans, gels,
past es, f%@ﬂ@aﬁﬁmm%lp’loapo%‘P%?d;Pteérf@I nﬁs?@‘\%“llmonary
2007/ 019545 PCT/ US2006/ 031061 Pharmaceuti cal ) )
adrainiststien meg comppisesplifloarrisay wch @s apwaeiri(preferabdy hawing a particle
i ncl ude aqueous and non-aqueous sterile injectable
siginlthé RMge of 26 HSFENBIcENRS). Mwddis omybe ainihitated in the manner in
antioxidants, buffers, bacteriostats and sol utes that
RYREEFINBKGORROBY tipA fahaRHBS HABE dhthk YodeSRéA Rl contirled of
W?ﬁe ﬁ?ood of "an i%tgﬁgedarecipieﬁ%. O her conponents
t hat r Nt 1l A1 '
10 i peid RS R R bbRatiiy, SRIERETER: ApedIE Udl
ils, for exanple. Conposi.tions adapted faor rentera
adzRiASHRRR HEY GRS NG RSBt 8anr tRIFYS FEEt gFops:
mul ti -dose containers, for_ exanple seal ed angules and
Aljpraptively,dnlplation ofcompeiads disectly fte thedupgs ragy be accomplished by
(lyophilized) condition requiring only the addition of
inhalatien dé¢eply omjustdllatamrtheugh e niputha¢cerinfoghe atopharynx. These
solution for injections, imediately prior to use. 10
cIRXPRIINE ARKVotnpride BGlco0Nossil sulutss ol tisp ansediag. may
be prepared fromsterile powders, granules and

15 CéﬁBbﬁﬁ&ns fof c?}gﬁlé i 85 b RiHalatiBh nBHRIsBbSIRdah sEQAATy a°d:ag@d

I njecta ution of a tissSue protective peptide
may. be.pr.ovi.ded f.or. ener .
oG RN o A, BB R ATRHLRSE o

or se|f- . . .
wLic% 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. Pharmaceutical compositions adapted for vaginal
administration may be provided as pessaries, tampons, creams, gels, pastes, foams or

spray formulations.
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admnistration in a donestic setting, particularly

where the possibility of traumatic 15 anputation may
woaeeurro9ssch as by i nprudent use of a | awn nowecT/USh®6/031061

i kelihood that cells and tissues in a severed foot

or toe wll survive after. reatta nt €, .. .

i ncreas edi’hwag%c%li Wﬁ%n%ac{%p%r qusn']?a%@? fidrginistration
_peptide to nultiple sites in the severed part as soagn
inghide peaons A Bon-aquepub el dnjesiablg splutians QFsupReAsIORs, which may

personnel on site, or arrival of the afflicted
comtan witthradantd, bhffemsyleactatiostats and soloesdhattréralee theragepoyitions

room 20 In a preferred enbodi ment, the conposition is

sifbetatid]Bt i8tohid vAGCHE bidtdieof awlifitbndedutdipiRni rObetttresonasts ahat
pharmaceuti cal conposition adapted for intravenous

maf Bt gfé&{tqﬁ SR doPnddefiRbs Rl SvatelY AEGRIIY, Yolyols, glycerine and
conpositions for I'ntravenous adm nistration areé
SO ions.in sterile is nj f
SRl o BBl sl g BEY Borditpifhergtefon may be
solubj lizing agent and a | ocal anesthetic such a .
pierepiRELin e se LB URfpse sonBsior, Brepmplsrseplag ampiies and vials,
injection. Generally, the ingredients are supplied .
ansi minebe stersdrinndtopzedried (xophihized pyrditdgysquiring only the addition of
PCT/ US2006/ 031061 m xed together in unit dosage form
a bteriledimitbtagricras. ga sthrie safiap bollificrefbr pgectems dmmeatiaely prior to use.
free concentrate in a hernetically-seal ed container
Efiéfiportfedld iAfERldEsdMiticiB Ghe bisPensislisGady Biprepaed Gt dtérile
of active agent. \Were the conposition is to be
i L nf bS] Co . -
pRUB GRSl an o, PO R ol AN B ALRRERE B il 26
. qr ter sal i ne ere. the cqnposi.ti i S
o il RN BStaelfe P s g ik B efreency use by
sal ine can be provided _so that the, ingredients y be
ARPHARFCHIRFLERSY rawméia%ﬁ%ﬁ.ﬂfwwéw% :selt
eneral ly contain active ingredient in the range of
admiBigiration mowdwyestieisgiting, mwtaduldrbr where theapessipilisy ef tigymatic
contain 10%to 95% active ingredient. 10 A perfusate
araputpiis ihp oceurysubk apbpuhpiaderftase ofelawn howeas pllwrilketihood that
organ baths, for in situ perfusion, or for

cARIhA tisivedtd HEeverRdlBSt HASEWIRSUN R AfterRa@icBARNEMBP be increased
prior to organ harvesting. Such pharmaceuti cal

h
o AR AR B4 AR MBSt o
assfg'{rl'clétfacg{)lg, év%% b%%olilﬂte She Arrival of medical personnel on site, or arrival of the

afflicted individual with severed toe in tow at the emergency room.

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

the site of the injection. Generally, the ingredients are supplied either separately or
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chronic, local or systemc admnistration to an

i ndi vidual, but will serve the functions 15 i ntended
waenw@indi4n a cadaver, organ bath, organ perf usaCeUse6/031061

in situ perfusate prior to renoving or reducing the

evel s of the I Ssu tectiv eptide caontaj ned
ol e 41 B 0GR i g Bl P i 8 PO bolr o water
or gan or tissue to regular circulation. The invention
freg eomcetenle esheamstieaivescaled icontpingngiich@s ak empylemyshdictig
one or nore containers filled with one or nore of the
infiegtirgtiheuantiy of haivehagemtn déhire drl codfbositiopdsiot beariminiktered by
the invention. Optionally associated with such

in@BInaitRan 68 Hispéived vith an8fisidA bofild ddatdihasteFiRSHathgRutical
by a governnental agency regul ati ng the nmanufacture,

0
e S AR T a%%ﬂg?%%%ﬁ‘a‘-’da‘aﬁiewon an ampule of
n nufa e.or sale fo
st Mihetton BF 810 AR e dingdRisiont be P iarf e,
ti.ssue protective peptide can be 25 dellvered in a
admypHali9d- r el ease system For exanpl e, the peptide
may be administered -75 WD 2007/019545
PCT/ US200%/rp8dit6its gesdrally ¢ontainaetinsuingiedientindhe range of 0.5% to
i npl ant abl e osnotic punp, a transdernal patch,
10% py sweigs; oral fonhtlatiomnsteferably eshtainil 0% @t950hactive ingedient.
enbodinent a punp may be used (see Langer, supra;

10 Sef t on, ?Z ﬁls(aﬁgcéﬁ'i 6s1t103%ay B IBfded EStise %fltrgl%iﬂanted organ
Buchvval de O Surdery 88:507; Saudek et al

bafsSfor 11&“51&?%%1”%51 1%\/1%9 adr%ﬁ& trafidn tc?ﬁl%n/a Julfyefﬂll[ G eab%)rgan] donor

|néorpora er ence herel
e Co Q be delivered

et o Eien SRS l%aﬁwcla BSPage eE ambsoBs iy giprioe vl of
Sci ence 249 1527- 1533 (1990); Treat et al., in

tisgpsprotsetive peptiden orRderangf tivus protastive neptides aalswitablg for acute or
Cancer, Lopez-Berestein and Fidler (eds.), Liss, New

chyayid loqab or $58n86 BdrhirgR8Yion WOADIhdDAdRM,; but wilbserPa tierfnctions
No. 4, 704, 355; Lopez-Berestein, ibid., pp. 317-327;

15 inteadediemeindh b yadaved opganibath] Grg’aﬁ@éffﬁﬁa‘c@ o atléiepyrfusate prior to
pol yneric materials can be used (see Medica

rerﬁﬁﬁﬂng %@Yéd&@fng‘?ﬁe 188 bf ﬁieltﬁgueeﬁrl)ﬁ@ﬁ% pégﬁﬁg %ntéﬁigd We$&n before

ress Boca Raton, Florid

S R T

York ( 1981“@(3 1nvent1%n hisd T’)gowggs pﬁuarméce%ggl %ac ¥ or kSlS[: }:omlﬁr?s\{ng one
or more 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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Macronol . Chem 23:61, 1953; see also Levy et al.
1985, Science 228:190; During et 15 al., 1989, Ann.

wWONewro195425: 35 1; Howard et al., 1989, J. NeurPS/U§2006/031061

71: 105, (each of which is incorporated by reference

herein in its entirety). In yet another enbodi nent, a
usipgrinirayeneys mipsion andpplagtable-grmesic puape d ttapsderpeahaaiahy y
of the therapeutic target, i.e., the target cells,

lipdsemues ooothsr grdes efadeninistraion. g one wmpodinfeng @triuorp By be used
the system c dose (see, e.g., Goodson, pp. 115-13 8 in

(sdéelargat, s20ra\Splton,av89CROCHEORES. Bidrest. Rapeht201; Buchwald ef al.,
supra, 1984, which is incorporated by reference

1939 Sindely8:567; @Ak ¥ ; lﬁﬁbﬁf ERSINS.Vbd. €3h 1. £142 88 of which is

systers "are discussed in the review by Langer (1990,

. Scj 49: 33, which.is A ]

inf SRR & AR n P ROHBELRETEB, (i soppound
PCT/ US2006/ 031061 .l n anof her, enbodj nent, tissue

o5 B PR B BRI, I RSP &1 IPGRCEER (A Liagt SEigon g49:1527-
adm ni stered by nasal, oral, rectal, vaginal, ocul ar

15334 ARYUD; Fregat efgths Enkippsamasrin tha Hharany i Inkghousi Risease pah Cancer,
In a specific enbodinment, it may be desirable to

LasbaiBerettein and Fiden(edss), pissi MewiYoek qapB86H{1988E WO 91/04014;
invention locally to the area in need of treatnent;

Ul$) iPét_eHﬁMobEméﬁ,l@iﬁ;Q‘()F@lz_-B}énest_feﬁf, iR PP 38 7- 3276 sdeQenbllyeBid). In
of limtation, local infusion during surgery, topica

a@% Seﬁlﬁgﬁla . é,%ogymericrhl&@ b R&] bORseW (Ede Medi’@n%lgﬁg)hg?tloans of

surgery, by injection, by

cat het by .neans Qf;,a SUPROS| .Qr . .
ChistEn it I REGr g W R RG-SR b Bae M alR Mgt 37
or gel ati nous terial, including, memranes, 10 suc
Canraljer Tpip Bicnutipailits Dreg Prodhgiaction R -Oﬁfp%l?q%ggmoﬁn and
exanpl e of such_an enbodi ment would be a coronary
Ball éads.).cWalerdNew torla (1984 % Rengetsind dieppas, pdasramobiSct. Rev.
present invention. Selection of the preferred
Matfoanl.i Cleent @S5 1wil P53; bee sleablevyyerddt €986, Salehee 288: 00; During et
skilled artisan based upon consi dering several

alf, 4989 Snn. MYutd). 26:841; PRWeR@OVLIt, 19899, Neurbdur@! i : 1@, Yeach of
skill in the art. Such factors include the particular

whidh R REodpbSRMEbyPflr&fde Mefein in its entirety).

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
Applications of Controlled Release, vol. 2, supra, 1984, which is incorporated 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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peptide, and its pharmacoki netic paraneters such as
bi oavail ability, nmetabolism half- life, etc., which

waizhbd7/hgs4e been establ i shed during the usual PCT/US2006/031061

devel opnent procedures typically enployed in
obt ai ni ng_regul atory approval for a pharnaceutica
conpound. In grigiher embpdizaest dissuse REelissi Fraptige. s drepsely formulated,
i nclude the condition or disease to be treated or 20

canthe ddeninistered by asalaotal.evetel, vagisalponube) trainsdérmiad, pargnteraleor
body mass of the patient, the route of

subtingunl admatisteationwnet her adm ni stration is acute or
chronic, concom tant nedications, and other factors

vel | knowy, 4 gefffcemibdditferttf it hﬁtﬁ% defiradiotiaadifi R tissue

pharmaceutical agents. Thus the precise dosage shoul d
r. . s als
pidfcife hotfide BRI Aok Todelf of HEORRTh g bi¥feaumens s may be
ependi ng upon .t he condition_and the 25 | ne st at us
oV BV 1 AR oF B ey B et doab I Ok S reery.
clinical techniques. -77 WD) 2007/019545 L
topicy) appPiowsY 8 8o én conjancienttity a wewed dresding sftersregssn by injection,
i nvention, a pharmaceutical conposition according to
by mearprefsemathetanyisnmeans ofmsuppusitonge oaby iresnseofandrpbdnt,\said
peptide in a fornulation with at |east one snall
inifhie Geing dfAdorQhéi-pSrohs, B8 Belafiicis@E4ter¥A, including membranes,
functionality. Suitable small nol ecul es include, but
Wwh&s Bifdstil ko Qtsetso 2J OA A8 i 48 ' i
5 gl Ef:ocorlt | cmtgs , ’(gni?%eo%(i%gﬁ? slﬁtlgr.l%.e% oégf;%%%gfb odiment
l.nha |1 poic acid d. : anti.cat abol i nzyme
wBlR R o R ety oo Rl iyl Elibue pRRS SRRl YT
. catal ase, synthetic catalytic scavengers, as well as
VPO cs), indol e derivatives (e.g., indoleanines,
carbazol es, and carbolines), nitric acid neutralizing
agents, adewivnmd the prafhared sifaetiveglone wild be readily determinable by a
phytochem cal s (fl avanoi ds), herbal extracts (ginko
skivlil ddcavtisaarta séDugonrdvasidening sevemhfaorg, whidnwilbbeindwn @rughe of
C), oxidase electron acceptor inhibitors (e.g.,
ordRFNLIIR iDthie AatS Suh Ekdre hcluyiRithd pRtisular A Aksue(RotBetive
copper, zinc, and magnesium, non- sterioda
i -inf . dp _ i rin. di1e
PRl s PR OMinChe Bt icfh vl P blop Pl RRY HERqU SRS bl
.agents.incl.udi n but nat. limted to ti-
RO P 3 B e ftrbfimc] inf o Purn R lopprembprosstiees
and_hydrocortisone), 15 glucocorticoids, steraids,
tyRisAll s eraployekm eifeining SRRk BIPYO M tRj$ Rhargaceufieq) cpmpound.
i bupr of en,
F urthelP factors in considering the dose include the condition or disease to be treated or

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

immune status of the individual patient, and according to standard clinical techniques.
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di cl of enac, and COX-2 inhibitors), beta-agonists,

antichol i nergi c agents and nethyl xanthi nes),
wonmmarraeyadul at ory agents (e.g., small organi c PCT/US2006/031061

nol ecules, T cell receptor nodul ators, cytokine

receptor ulators, T-cell depletjng agents, oki ne,

ant agoni s@n othah ARt Wrﬁwﬁi@?@mq’?ﬁgmgl al composition

inhibitors, or anti-cancer agents), gold injections,
acpording torbespriesert inventieminey fnciierseissuapriotesiitg bepdidiedn 2

agents (e.g., angiostatin), TNF-a antagonists (e.g.,
foﬂnulh‘eiéﬁi\lﬁiahanlebﬂ@ﬁhb afmhll naslecuddthasédiibits)tissutagrotactiye functionality.

psoral ens (e.g., nethoxalen and trioxsal en),

S@fable sﬁ{?dlﬁﬁblébuléegi%ﬁﬁe (8t Gre o HEHRY Y6, RER6i1@8I . £ Elagaroids and
anti-viral agents, and antibiotics (e.qg.,

ST L B B g n a0,
sxSRORRAIS HPaEt e A RETHARRE DY %eiscuéﬁw‘*m@gﬁ’ B35S, catalas?,

perfusion solution is provided for perfusion and
sygtmtlgg@tabmc seayspeers, ¢8 wellas spmsties), ingeleslerivatives fe.g-»
solution includes an anbunt of a tissue protective
inpelparmihes,ehfbazelesy @nd oarbobinesy nitrie spdneitrelizied hgentsy ddenosine /
associ ated cells, tissues or organs. Transpl ant

adeR6dinteoniity phﬁoﬂf&mbaumﬂaazdnélas)§h@bém<traa§ pdiakd Bil ok nd
where an organ (including cells, tissue or other

mﬁﬂ&iéngl%{lhg (dlémlﬁbaA)éE,sa%n ) S)QHASQQEC%H %cegﬂﬁi inhibitors (ge. g,

tran anted into reC| pi ent bot h bel ng
t he ies trans ntat t he
xejgthine Sfidie Hechioy %%%?%Oﬁ RS ke ‘ﬁi} L ppgaesiym), non-
at apot her, includ ench sur i cal dur
steffdahanthndaarioRiriss (ege ASRIEE, VA BT @Rm%n)@nﬂ

resected, repaired, or otherw se nanipul ated, such as
comhinatipns theiofr edsiienallyagenth ieluding, breept lignitedeo, anti-
original location or xenotransplantation, where
inflammassy agends @agnscooticdstearid pastinisdnd endrpdrosptsirey. | n
one enbodi nent, the perfusion solution is the

glmcmﬁfcsidsyst%ldév SeiPfetsdal LM -irSRinthatey dridese. £ 2dspitn, uprofen,

4,798, 824, hereby |ncorporated by reference herein in

dlﬂsvf;nﬁ%ﬂw S, ;ﬁSES?E'%t??@EBTg%m Bt
RS R 1% A5 RS

free of ethylene glyco et hyI ene chI or ohydr i
HiFiR, eYIPHR? mocRig it &)L-celbdsplgtinaneents, oytokine antagonists,

monokine antagonists, lymphocyte inhibitors, or anti-cancer agents), gold injections,
sulphasalazine, penicillamine, anti-angiogenic agents (e.g., angiostatin), TNF-a
antagonists (e.g., anti-TNFa 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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mM gl ut at hi one; 5 nmM adenosi ne; 10 nM gl ucose; 10 mM
HEPES buffer; 5 mM magnesi um gluconate; 1.5 nM CaCl2;

wae®7oMssddi um gl uconat e; 200, 000 units peni cPCT/US2006/@31061

units insulin; 16 ng dexanet hasone; 12 ng Phenol Red;

and has a pH of 20 7.4-7.5 and an osnol ality_ of about

320 nOsn In anpkher geech ofdhe nyentiony a perthsatseraiesfusion solution is

cadaveric ki dneys and pancreases prior to transplant.
prosided forperfsiontand storage @f ergaas fayransplanthibe prafasioe solution

beyond the 30-hour limt reconmended for cadaveric
inklvdBedh a6 @ e v aiksdueprotéstive pﬁgﬁd& effdctive peprotesatespdmsive cells and

nmerely illustrative of a nunber of such solutions

as%éé@&te& @?lﬁ? Bs bt §9afOTrhiiS1aRE BRIAEs HSSs Ryt liiEddei on

an effective anbunt of a 25 tissue protective
e AN

PCT/ US2006/ 031061 _about 1 to ab 500 ng/ . of .a.
haryesiedirop ope PW@HSérﬁmﬁ@}teim 7 Bitfestt deide btasBine ot the
320 ng/nl tissue protective peptide. As nentioned
saasospeciesirayptatsnsplattatians sierethe prgan is/akerpbpm;age patwigdody and
used in this aspect of the invention. Wile the
replaeédatr mdtheedh¢liding bedchasutdiss peogedwes dn iwhéchpepdrgaiemiap be
the 5 purposes herein throughout is a human, the

refRIVEBQ i dREHIRI &t +vRRD kake @8 @pairell Cor@itieise igulgted, such as for
particul arly donmesticated aninmals, |ivestock,

hlﬁﬁ)qpé}ﬂbf‘ﬂ , an?lﬂﬂer?f%ﬂgﬁﬁtgq éorigihﬁl"l@é’a@iron ok Q@ndtfh‘ﬁgfgéﬁtgt@oﬂ, Svhere

not so I1Tmting an enefits can be appli to any
.manmal . I n further a cts of the.ex-viwo invention.. .
SR TisHE O nteoLba Rt Seciey, i oo Y Biktugion
to.the ones, described above nay be e ed. .10 I
sodinmHie thed piversity of M@Wﬁwmlutw& @ﬁ%ﬁyaawa No 4738824,
conpositions for enhancing the viability of cells,
herpleysinesrporatest yarefereuviedisrain @ woentirety) whish coniginstiinan about 1 to

vascul ature by an endothelial cell barrier are

atpuo 25 dEehl PN Bxp AB)) nhtisshe peaédtive peptidey 8%aydravygthys starch (having
directly to a pharnmaceutical conposition conprising a

a hokuBir AR OF Fémh 2dRRE 2602000 18abastBH00i090 @hll Bebstintially free of
cont act | ng a phar maceut i cal conpaosi t1on contalni ng a

VB, BRLEE IRy e ohleuencikaiup osgivite o,
kg ety T BB Finkt B HucSeIEmn HEFHRABRE! £
magnesium gluconate; 1.5 mM CaCl,, 105 mM sodium gluconate; 200,000 units
penicillin; 40 units insulin; 16 mg dexamethasone; 12 mg Phenol Red; and has a pH of
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

tissue protective peptide. In a further embodiment, the perfusate solution contains from
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exerted. Simlar to other tissue protective conmpounds
based on erythropoietin, it is possible that the

W0 p@3espF ot ecti ve peptides of the present i nvRCI/USI006/031061
may be transported 20 fromthe |um nal surface to the
basenent nenbrane surface of endothelial cells of

aborpl Iq 2houb800ng/o ghAsiswerrotestisisatidaor Siopy ahouh to about 320
junctions, including, for exanple, the brain, retina,

ngimdl titsns tpiroiectil@leqmptidce ss&sonaitiwaed:éidvs, agrfoss of Hesul epmtis@i've
may be susceptible targets for the beneficial effects

pphidé casbEEudet o 8§ hspectsTRhd ileentioand ot hers cel | types
or ti ssues or organs that contain and depend in whol e

in par{y9R ﬁ%@ﬁr&fkﬁéﬁ‘f@m@@ﬁﬂ of attﬁgﬁ@j?ﬁte%ﬁvé\}aébtﬁﬁ for the

targets for t the i nvention ' e not

5 WI o Iﬁjg%t OndS 8{#}9 BgﬁﬂaEﬁP%P"%ﬁh g‘é)hgr%% 4&@9 g(ﬁl%lly to other
L A B Pl i

responsive cell, for exanple, neuronal, eye .

Howevarathy inveatippsswt se Gmitng andehe berefits Qa@dlehlpphﬁg@s?éb’ mammal.
pancreatic, endocrine, aural, epithelial, skin,
nmuscl e, heafitthed aspects of the ex-vivh dmmmioﬁmblltis‘sud Iﬁeteicﬁlm peptide
adrenal (e.g. adrenal cortex, adrenal 5 nedulla),

sucBRE bliewor 1in8RAQb AR drRb dedcABEESHovR iddyYbe ddiplepsdionet ri al

cell, and receptor binding can initiate a signa
1o  transductjon GAsG @t SfARY rfv'eﬂ@o s A6 L¥R bé?@orf%ffof"
gene expre33|on ram w t € responsive ce

I ssue nIhe rotectl of the
cATRE G the %L@{aﬁ% P? et Nage Sy 1%035 ﬁi?"m the
chenntherapeutlc ents, .radiation __therapy,
vaseelatury by e endathelishesdl brsrier are R@theésl%‘fxs%%theuc\? s, tisbue or

peptide can be 10 cross-linked to a conpound that can
ogrosdirdcHyg tdnaphamta,celgmhccaqusammmmlsmg a tissue protective peptide,
erythropoietin, to be transported across the barrier

o1 ANAGBRA AR DS eomhétfhgt dshaieaciticyd compofidn Apphinirptd thsue

No. PCT/ US01/49479, U.S. Patent Application Nos.

15 pﬂo%%@péi%e%@ the V%Qélﬁﬁﬁre&ﬁlhe {60 bPEYoah BnRBIcEd Aothlity of

referehce. Thus, nethods for protecting responsive

regﬁclallsw% 2 1é3l nnt'hggr afeg E’leq{eforr 8?%3#1% Hers% @Ebl%] YR ﬁos?t”e%?&cts

nhanC|n suc I Ssue are
desgrlbed in deta|I herein below. In the practice of
enbodi ment of the invention, a manmalian pati ent

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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I s undergoi ng system c chenot herapy for cancer
treatnent, including radiation therapy, which
weewnordsys has adverse effects such as nerve, |PBPEIUS2006/031061
heart, ovarian or testicular damage. Adm nistration
of a pharmaceutical conposition conprising a tissue
patiatarchears afgr prapicy@sisad thedisene nr@éﬁ'ggﬁ%p@u Yy iptstask it an
prior to and during chenotherapy and/or radiation
tisshepaactive cecpptot en b respongvscdll, feessmalednargealseyer(om, retinal),
damage by the chenot herapeutic agent, such as to
adif b ehntdiRe 188 GSoth, hesdkdlEpdncreatic k@ deatte], aual epitidlial, skin,
circulating |l evels of the chenotherapeutic agent have

m{&%%a%]@?lgﬁhl‘é%’é@eﬂ, ﬁg@le%%frréag(ﬁﬁgﬁﬂea barefigl adrEndl BErtex, adrenal

( 077019545 Pc;{/g'%[szooe/ 031061
mpfitlanceBIIRS, s ot PRE b TG el Bl o S reeptpr inding

froma victimof an autonpbi l ?,ac,ci ent, for t ansr‘%l ant .
canvinigaie a g BRSO Fas A e B thA ASliYRLoR Ly ERtapression
transport for an extended distance and period of
prograen withinghe tasparsiyercet ar Vissie regulting én e poetestion; affthesesd] or
with a pharmaceutical 5 conposition conprising tissue
tiRue oz ot ganefrp@ianthgs, sush deby taxhedchveretherapdutic wegeits dadiation
organs for shipnent are perfused with a perfusate
thEﬁ?ﬂl?ﬁﬁ)‘OQﬁ, S IHenoMhet el R REMeitifg FotecHRSSPIEEdan be
herein, and stored in a bath conprising tissue
Of: i ' Qﬁ? rtai o1 e r8 5@k sly
crggésﬁlg%géx%cgﬁeéﬁpu gta%l Icg(?slsgl}ef usi %%J%va?cce, ut’i ‘?H;i ng
a_perfusate containjng tissue.protecti,ve peptides i
crxBeRietic o e EREPRECh QB Re PRBHRSror RG] thrgsechile of
deterioration of organ function occurs, during th
PET smnpisntiondNg RGEN SOMHOLAY. (il P atpre putiGaiesNgy. 108,905 and
organs in situ. In another enbodi ment of the present )
10/b8% 841, dmorporgtad herimplanteférencs. Thas.anetbods fat piojectipg respensive
could take a dose of a pharmaceutical conposition
célPEdnddining dissue fidrh $njerysrdiypotic ¥resspqid ahbasdifid theifendtionef such
ei ther prevent (i.e. delaying the onset of,
tidsAO LR desfihed 1R A0l BERAPHASY, Protect against, or
mtigate the damage resulting froman injury to a

responsi VFn[ t?lg lgkar(r:g%% 81?%&56 ehn%od%gfﬂ Q)F .’cﬂeni%l{?é"}{tfo!nC5!I hﬁ[nmeﬁﬁh%atient

met hod of _ ave application I'h various
isﬁ*;ﬁ;q%ég{g?sggter%lflcsc eeg'}oltt?éraepyt f%r Ic:Qﬂcgrr %ea%rlﬂ(e:rt;t, fan%lud?rlfg raﬁ%t[ion therapy,

which commonly has adverse effects such as nerve, lung, heart, ovarian or testicular

damage. Administration of a pharmaceutical composition comprising a tissue protective
peptide as described above is 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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prof essi onal athletes (divers, race car drivers,
football players, etc.), mlitary personnel (soldiers,
woanetmeaper s), energency personnel (police, fPC®USENEN31061
and disaster relief 20 personnel), stuntnen, and
constructjon workers, Additionally he prophyl actic
Lse of - tinds araspies efanother papedimeat oithe nvieation. ypeeus greans are
such recreational endeavors including, but not
plppseidite de hatvested Kol 4 vibtimepf anaptissidbilegecidényt foii tvangplant into a
raci ng, bicycling, football, rugby, baseball, and
nuhhbir g rdciFientpesmeaf mhddh rejuirdd tingpork forameixteated distance and
enbodi ment of the invention, a surgical procedure to

pdrRRafhinte. Fior A6 8fzhn hah¥@ideS & doBsr & $MRSEPKh a pharmaceutical
cardi opl egia and arterial occlusion. Prior to surgery,

s 200 / i '
AR LT AR BFTARAR A0 54 i
treat ment prevents_.hypoxic ischemc cellul damage,
fop SRPIET i PYrTUSeH it it R AARRi3SHE REQIFCJTve PRBIGES as
phar maceuti cal conposjitions of the present invention
degerjbadeherrinpng stsed ncbatl spmprising tigiue paotectivs peptdesi Gatpin
for surgery in an effort tolimt the traum
organscre avrdhuniisy petfiesed vathr gpu sdtilpparfestur devive, aiiligng mperfusate
the recovery of the individual fromthe surgical
captadaiag tissie prétettivey@htiddian peanédiice MathtBE pbert i®AhTBMt Minimal
usi ng pharnmaceuti cal conpositions containing tissue

AR RIcREIH HOrPaPlnbiEsh RUAN BES %e%zﬁﬁ?éﬁlt aed iqforpi 1R %nd

surgical procedures, it may be particularly usetul In

fe?ﬁ@fsﬁog}u%fgﬁe é&g}m ihdice tenporary ischemc events

not Timted to, bypass procedures

coronary, bypass),.angi opl asty procedures, 10, . )
énput at | olﬂéﬁmgmmﬂgﬁpﬁ%ﬁﬁ? PisRet INEnfia.ja BRStcipaRs ke
performed directly upon responsive cells, tissues, or
hagpigansaciyéty, ens q@.ugi ahdosgpif sathanacguienl gempositienicantaining a
heart procedures. Such procedures may involve the use
tisshe pratatiivg péptoleantfic{dne ar ¢itHeu pyeltypasikelaying the ohdee bf, inhibiting,
enbodi ment of the invention, in any surgical
orRICPPEEY [RoteBligAinsB Dr hiiti gedd ﬂieQﬁi:ﬂaE@ RRONInB YORS Bn Hirges ¥,
a tissue protective peptide of the invention can be

regpﬁnb'i%g dell tRs R 61 g:%.g.g %ﬁl{'ll?dgﬁcul%g Hi M st o MatenPmay have

pnar rrac_eutl cal C n C_OI'TpEjI S|bng t! ssue .
o VSRS R b RERA TR o,

rto,
ocedur to protect the. functi of brain, heart,
prgf?as%@ﬁi éﬁﬂqy?sg@ﬁ\ée_rs, race car gI‘IVGI'S, oot 'ﬂl players, etc.), ml?ltary personnel

(soldiers, paratroopers), emergency personnel (police, fire, EMS, and disaster relief
personnel), stuntmen, 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

heart valve requires temporary cardioplegia and arterial occlusion. Prior to surgery, the
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In the foregoing exanples in which a tissue protective
peptide of the invention is used for ex-vivo
w@ppriocess ons, or for in vivo applications to PCEHS2006/031061
responsive 20 cells such as neuronal tissue, retina
tissue, heart, lung, liver, kidney, small intestiﬂe, )
patientaninfused mitha tissye aratective aeptids, bmem?eyt prevents hypoxic
endothelial, testes, ovary, or endonetrial cells or
isdhiemsaies] luldn elamlag@ mﬂmulqn]rycafheu@elzfqumr daldisicmialip the
conposition in dosage unit form adapted for
phRfR4cRGHi¢a? BoposfitanTeneftseat investanshy be asdd mophyilasiogdy to
or organs distal to the vasculature which conprises

pré}%rggpﬂfaﬁwa‘ﬁag %51"5 n‘gé‘b%( [P0 t gcfrfS t%ﬁlgrﬁt? g&gtr%%na?%s%&aﬁgc’l @{cﬁﬁ%e

su%ﬁg ng%ggSOo . L}éﬁl}fdg Vgtzllyo%lthg g@é\'ffgual ffo%gth\égurgbcal Erocedure

Aliowe haetreroph mej ol et w s Pipapeciir Eopfhesitiops gonteining

enbodi nent, the anount of tissue protective peptide is
tissiet priotectiviepentidgeprovisies alpophylastipyse for surgigal pracegures, it may be
preferred enbodi nent, the fornulation contains tissue
papiicull8D1 hsetul ﬁ)ﬁ.‘ptoicdﬁ&ei that induce temperaryistirengio eetriteinchding, but
a further aspect of the invention, admnistration of

t
ndk 148 16 e%% Pry@duRs Qédr@@ﬁ? Hﬁ% sE’)e aniEiBpladty prastines

cognitive function in mamm avi ng undergone brain

mﬁaﬂdﬁﬂﬁs eﬁidttl i nﬁa?tﬁ{l&%’s 0 wll b ®ose ggﬁéfﬁnéarml?égtlg §§n responsive

nistrat séle protecti peptldes S
able to rest%ﬁﬁ ncti on_as co ared

colf 4310 PR A e SpRL St iy a%% PPt fpagprocedures.

the tissue protective pep |d to re restore
Sushareredpres raninyslve thegise 0% ¢rEdio n%a’ fﬂl@ bypass.
directed to the use of tissue protectlve pepti des for
t he pr epalnanother efhbedipteat efitbe invertion, doaposirgicdpreesdure, such
the treatnment of brain trauma and other cognitive
asdi Shrdtsplulaogary bnedss Siragryt 4 @sduspndtestblelpepfidest thérenvention can be
injury (e.g. three days, five days, a week, a nonth,

us@ﬂ Pogebodlent ﬁkl’lﬁii‘l'iétﬁfioﬂ 8f @bﬁ&nﬁbé&i‘éhl%nipbsﬂmﬁ%bﬂ@ﬁsmg
for the treatnent of cognitive dysfunction follow ng

ti sﬂé g@fec? g;qu& 3t 8£sc{lge Ll ogéns?‘eﬁ'fo\ﬁ%e@ b‘xnﬂo n‘g and/or

Ive pep t1ssue” prot ecti

s _descri bed hereij used. f
fo g@&t& the PYpate pransiies Qroroteeh P e O i, et i gy graans.
aspect of the invention is directed to the use

n 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
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 pg to 7.5 mg, .5

pgto 6.5 mg, 1 pgto5mg, 500 pgto5mg, 1ngto5mg, 500ngto S mg, 1 pgto5mg,
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of any tissue protective peptides herein for the
preparation of a pharmaceutical conposition for the

woestiongtss on of cellular, tissue or organ dysf BaTaISLE/031061
wherein treatnent 20 is initiated after, and well

fter, the initial insult responsible for the .
503&@*8 GRS, 1 ME? & sveet @ tiisue PrAbeetive 2eptyler ﬁ%@%harmaceuucally

protective peptides of the invention can span the o
aceentpbe cagier. t Inee preteengd embedimeandiithe amowntof tigsuemzotgetineepeptide is

phase as well as a chronic phase. A tissue protective
witkiptthatengd fromeabony Sntgitori m@yInbepratimtedieatbodtent, the formulation

system cally at a dosage between about 1 ng and about

cohffnsGigstdploadiivevpédides thabaRmehefrhioporieut 5 -50 g
/kg-bodgg%eight?@dgst preferablfﬁag%ut 10-30 ¢

/ kg- body 1,.- / / ] .
ol gt par SR ry of isatvepld APRdR O ftsue proteetve
bﬁ suffi@ient to gchieve.seﬁﬁn% l.evel s o%lfissue brai
PeRHdtaBeX Uetird 5o Forite PRItV TUprign ifyptpmats hayizg undsreqpg,brain
ng/ m f(gf serum _after adm nistration. Such serum )
trauiie | Aftsraydely ofitbes 2 daystor 2 days, admynistmation of gissug pratective
8, 9, or 10 hours post-admnistration. Such dosages
peptidesshonldpeabldoasstore fasgimnys chinparsd éxplapdte-treated mammals,
adm ni stration may be repeated daily, as long as
indicatiigctht byilineckrhs dissue postetivieqleptiddtoapgimepité 8t @store brain
interval, e.g., every 1 to 12 weeks, preferably, every

aclivitp PhieBiSnvenfioR REalsSARQUIB Ihe udchf tﬁgdeelﬁi)f'e&@vé?]f@)i}ﬁﬂ&s for

of tissue protective peptide and a pharnaceuti ca
i Q
S SEPREAB Br £FhdhBba il SEREANE e e a0 e ana
i ssue. .prqtective peptides, which are capahl e of
oty EPETHE ERtngtions inBAng et Y0l HPBIHN e anBree days,
causi ng an increase_ in henoglobin concentration or
fivieedeas.ioveak, a mongh, ¢ langeny dhe inveaiien jsrabtoeditected tp e prgtipdsfor the
are preferred in instances wherein the nethods of the
treatmaerd of cognitivet dysfumstien foltosvinkethjury byedprinisiedeg an effective amount
chronically. 5.4 TRANSCYTCSIS 15 Carrier Ml ecul e and
of TissirlotRt tteqsiptives. PPt figae proketipe ?élﬁtnie ds e Sobe® Redeth may be
further directed to a nethod for tacilitating the

usbd BRIRQ alpelf ofthd iieHorLr Ot ective Peptide across an
endot heli’al cell barrier in a mammal by adm ni stering

OOt ARk SR Gl L LR AU e e
of %relg tt.}sgl?e protective peptides herein for the preparation of a pharmaceutical
composition for the restoration of cellular, tissue or organ dysfunction, wherein treatment
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 ug /kg body weight,

preferably about 5 -50 pg /kg-body weight, most preferably about 10-30 ug /kg-body
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capabl e of crossing an endothelial cell barrier, such
as erythropoietin, as described 20 herei nabove. Tight

w( eovehisws bet ween endothelial cells in certai PCDU§ANE031061

in the body create a barrier to the entry of certain
nol ecul es. For treatpent of various_ conditions wthin
weight, peygdnppistatinty a h 1S pEisalve dnse shquld be gutfigigniieashigye grum
the tissue protective peptide my be desired. -85 WO
lepel9af 15596 pBHLRATE PEBE6 LGB LD Ban abpsisiie 129,a1rd 60 ingénl of serum
Peptide as Carrier Ml ecule. Tissue protective
affee pllinitdsratioh. Sheh senwanévedmapye hehisiedfauhbas 1c2r3, 4es.%, 7, 8, 9,
for delivering other nol ecules across the bl ood-brain
ordMchoRkd5st-adiididfatiBR Bhe SoswbdsGhayt Bedp&Adl 49 ®¥¢6dsary. For
across.” A conposition conprising a nolecul e desirous
; : e : ti
ot 3 090 RSPl 0, K 98BS el o e
of the., conposi.tion results.in the tr cyt osi f the
A R0 BFer Al b2 cteRE |7 MBpkS, Frrtuaay otent | dpd weeks In one
bet ween the nolecule to be transported across the
enphadiment, ts¢iiepidve anaomg obtisue pratesdivp ppptideangwphganaceutically
| abil e covalent bond, in which case the nolecule is
acceptalzde eatrier onay s padiaged bra singlh dbérevitl erstigerpootaaet.i Ineanother
peptide after crossing the barrier. If the desired
enhrlireROthe dissdl pra@biive feptiaés, Whechnmé egpabR ofQxbding the activities
mai nt ai ned or unaffected by association with tissue

deRE Rt bRERK icgt?s%xlﬁ alﬁt‘lglgreﬁse iﬁ@l@ﬂ]!o%f&lbf}?ﬁ)nggntraﬁon of hematocrit,

adm ni stered. The s artisan e aware o

i.atin | ecul.es with tissﬂgmethods

ario s for .assoc
arg i e B LR rotseVeenlile b pelred it he Vs iyt
ents described ,aboye, by coval ent, .ngp-coval ent,
Ofgﬁ?jprﬁﬁ‘ﬂ’é vpteL are gpiey tPrgPé’,mV ‘ili‘é‘i’filﬁﬁjﬂ’of the 15

ef fi cacy of the conposition can be readily determ ned
in an experinmental system Association of nolecul es
with tissue protective peptides may be achi eved by any
nunber of neans, including |abile, coval ent binding,
nﬁ$gpj§py¥ etc. Biotin/avidin interactions nmay be
5"2np oy§; grgl%xanpl e, a biotinylated tissue
protective peptides of the invention may be conpl exed
\(/jwetsihr Zb: a@ i I Heal g ' 18 Pretedliva Pepf lgecﬁlg%#gwenﬁon is
d
1

| ecul e may be r
fmr'TtEer d%rected to )3/. methopd f%? amel tat?gg 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
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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reconbi nant or synthetic neans, for exanple, a fusion
or chineric polypeptide which includes both the
wdaomion9saf t he nol ecul e with desired pharmacol eqiraak006/031061
activity and the domain responsible for the peptides
ti ssue-pr 1 ecti ve recept or activity nodul ation.
Pr ot ease &lSsupLretect :ptidgas Garries Molgae.i hissyeprotective peptides
nmol ecul e. -86 WO 2007/ 019545 PCT/ US2006/ 031061 A
ofithe Evgnieommsy be usefi asgatrists foo delivarmguweheymutleamiés\aeross the
peptide of the invention through a pol yfunctional
blnod-braih end dther mmﬂapl@dn;dénsi mti¢lothay caf el adsrks@r .A Bsmpssion
herein, the term "pol yfuncti onal nol ecul e" enconpasses

cdﬁiﬂrﬁ@r&%@ﬁofé@ﬁle'&m@&% of tHRSh} ‘ﬁi’éaéarﬂér%ﬁfﬁl b B@stue‘b?&eét%%ptlde is

nor e an one tinme in succession, such
I r
5 e I eacﬁéfg@ %a? 8%%1 }a 181225{&% é:rgfé#)o? ﬁ?wesphyﬂl fie %rana&ytoms of
reactlve r ou efer to afunctl rou
thg F%B?ﬁlﬂ%?“?%gl‘e Pt TR ashpiA bR oca o TGSt Do
nol ecul e (e.g., peptide, protein, carbohydrate,
trapgporégdacgess ahe b%?lt qné&h@aiissye BICRSIYD ﬂ?é?tld&ﬁm}bb%% Jabile gpvalent
anti-cancer agent to be delivered across an
bosddiot wigich edsedlad moleanleiierccasal fremtassdemation avittotha tigsve protective
bond between the cross-linker and that 10 nol ecul e.

peptide bftgrrordssingahé baraier. Oif ehepdestiad @eﬁﬁa&:dl& 18&1%Bﬂﬁl'fsdofthe molecule
nmeaning in organic chemstry. The pol y uncti onal

10 is Hﬁluﬁﬁlﬂle@ or Mfecﬁéﬁ% bd@sdétcaﬁgn Hith t%sﬁé grro?&h% peptides, such a

bi oconpati bl e ers,

coprgp [ 'Héoagl?r}hﬁteréaom oxXi c and subs_t antially

I munogenic 1 n VIVO Pol yfunctional cross-1linkers
such as t own in e art and described herein
can be re ﬂtﬁﬁ%ﬁ%&@ﬁl%‘& Wil bgRiaeg © P megnsier assasigdng
their bioconpatibility. The 15 polyfunctional nolecule
mﬁ)@ﬂﬂ%%h Hpyup pﬁ@tﬁ@m@meph@ns of e ingentionandithg otheragentsdescribed
"bi functional nolecule"” refers to a nolecule with two
abpea blyicowalgnto ngrs-co Vet infl wthet neeaas. Funteernotecevahyation of the
het er obi functi onal or honobi functional. A
15 effigice o8t dongiosidalcas b@&iﬁdﬂ%’ dekehinad irpéi@e){g@flm\éﬁﬁl Ssteh.
conjugation. It is particularly preferred for the

AROEN MG hORBes With %?éﬂe&u&t@ct% ﬁ?{lﬁés%g}nﬁé é(ch?&JeH %& gﬂy Bumber

water for the cross Ing re ons t'o occur
of%‘?e grlﬁg A&(? bg‘i osvlé{%rqt @ﬁ%m\g,o(%rgﬁsﬁl Sn?ég -t 1ﬁﬁn/av1d1n
. con ate o re (51\/\/ater li) e for nore effective
infgracti ati‘(f]ssql?y %f:mgﬁ?/e for examp e 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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Typi cal ly, the pol yfunctional nol ecule covalently
bonds with an am no or a sulfhydryl functional group.

wolomewersss pol yf uncti onal nol ecul es reacti ve w POT/051066/031061

functional groups, such as carboxylic acids or

hydroxyl groups, are contenplated in the present 25

i nvent i onA m@gcuiOm2p b7 conjasHel PETivs petytize pertider ¢he

honobi functi onal nol ecul es have at | east two reactive
inbéhithakh g polyhienctivhilalolecude, . apatyunciiosalrepesstinkee. As used

functional groups on a honobifunctional nolecule

her&6! 146 Sorm§ " PolyErRARBLE:, mﬁ%&ﬁ@%ﬂﬁoﬁ?%%m@[&uﬁ@ hhvifig 68 er
g

roups. Honobi functional nol ecul es havi ng al dehyde

rou e : t Y.
"o RO i BB BB T e il S, 1o @0 dehy e,
crqgss-1linking agent was discl.osed by Poznansky gt
asgpell asqplgRles wh ,m%%wfgséeaeﬁﬁ%%s@m&ws?‘f et Bigprm
mol ecul es having at | east two active ester units
"rparéive geoupt refers top funcsianalgsgun on the icrpsslipir that reacts with a
N- hydr oxysucci ni m de. Sone exanpl es of such o
fulet$arat proupiodyl melstwe ée. £ npéptide, @i canbohydigte, susieie agié,
and di t hi o- bi s-(succinimdyl propionate), and their
paQbRtLa RbnonkOamibidt) bEardcedhcantgehi to-teulecfiosrad acrosd drs
such as their sodium and potassium salts. These

L ' y : . .
o TRReS SN Hi S0 ABYRAN 1 B e 6B BN TR b aliker and that
h I th . diff y ' . T ;
mpfeger e SOt il S ol ot B S i i Ui

graups,_e.g.,.present on th eptide . and the . .
cliwgnEn B tBoton moftules it Pt AR @Ff?ﬂi?éy piggpmpatible
react with the 15 reactjve group on the X ..
litkestrss . e ey raee henvatcinagsnis, nanide, aad substiaially ngp-igpupgegenic in

group, e.g., the epsilon anm no group of lysine; a
visell Pblytimytiog orops-liakers sudhhes thésedinognon pheoirt angstesinied herein
carboxylic acid, e.g., the carboxylate on aspartic
cbekcadily @BstBy 8 Mihl B6AIPto Etdmind fheir bivedipuiibiligy. Ol
on serine. O course, certain of the various tissue
P o . e \ ve
PR ARl S Bl AR Sy SRR T, P terte

use wt
e iz i %Pt pRAE 2B gy Kb bihlbional

molecule may be heterobifunctional 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
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 sulfhydryl
functional group. However, polyfunctional molecules reactive with other functional
groups, such as carboxylic acids or hydroxyl groups, are contemplated in the present

invention.
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I i nki ng agents based on the avail abl e groups for
cross-linking in tissue protective peptides of the

w0 pooefotdsen. \VWhen a reactive group of a PCT/US2006/031061
het er obi functi onal nolecule fornms a covalent 25 bond
with an amno group, the covalent bond will usually be

an ani do The hiomabifubetitmal mokgulpghagoit leasioisvpgreactive functional

PCT/ US2006/ 031061 The reactive group that forns a
gréwpsaivaith abothd siie.h Thareaotiveofugetional gmyps 6ma hemehiimstiohal

an activated carboxyl ate group, a hal ocarbonyl group,
méleclé m%ﬁ{a%r ol e@4tRple, T8eHye bRIupS Bnd Aalveeated goyps.gr oup

is a chlorocarbonyl group. The ester groups are

H(?mg&ﬁ{n%ﬁgﬁfal Iﬁﬁ@%&ﬂ \é%avﬁl Lfdeh g&%ﬁpsc‘hﬁ‘éﬁd@%r E}Qdinple The

ucci e ester group

olg h? O, &cggggéﬁf U athede BBl S aacrag;a iffing agent
wéa“élﬁélos%&e%aﬁ)@zﬁ@s&gk‘f%%@%Q%%sS 05 (BB Bingmgtiona

a thioether bond or a disulfide. The reactive group
moleales aving at lestveativbestdr witsineludhestirs gf digprbaiylic arc&s and
exanpl e, be a double bond that reacts with thio
NIy aeRgs@ciniiiRe Somitexdmles off fudheN-shcdigiaddylestegriocipdd 0
contai ning a double bond capable of reacting with a

Al RlimByP Sibekaie Eﬁlﬁdﬂﬁb %ﬁﬂsﬁ&lﬂhﬁ&m pro;ﬁbﬁzﬂébuﬁﬁﬁ okhebRible bis-

such as-acrylonitrile, are also possible. A reactive
L sul fi lis. Th
ugfoqucg%ndi Fjlgf gl ' r%%:usaltg %cheaé ?ﬁ}%l Sl afd potassium salts. These

heaePEOR et S%fa%é’ﬁ%%% AR AR MAR: ng

reactive disul fide bonds include Nsuccinimgd

3- (2- pyr i By hederohife)ctiondpnelpeiles fawa et lagAwo é’ff)f%Pnt reactive
1978, Biochem 15 J., 173:723-737), sodium

g1Bups. STheaeadtivie gydupxs yemt wuhydhff@fbmrfan@mhygrbem ylgt, piressnil gn the
ate, and

peptiatl 6hd fHeThol¥d X Y Tidsb @y difedr@h dumatiohyll gropspiiatirend: diithithe
0)tol uene. N-succinimdyl 3-(2-pyridyldithio)

reﬁ&?%irgggﬁ Sn R h@feﬁlﬁﬁﬁl@@onaﬁ%s -BXRFREESsudfly an amino group, e.g.,

unctional reagents conpri sing reacti ve groups
a .doubl e

th]e ﬁBPB)gl ATUN gr%prﬁ?gﬁnet g%ulfﬁfcﬁﬁt g%oi% e.rk. ané Hidl grdiPHfeysteine; a
(N-mal ei m donet X&&%%Iohexane car

| ate and 20
Caéb‘??@’hﬁ laﬁidd9 2> R RRY %ﬁ%ﬁ{c@md@t"ﬁ a ?‘yé%x?lt group, e.g:, the
het er obi functi onal nol ecul es include succinim dyl
hyglr¢xpd [gedun afogerine.

Of course, certain of the various tissue protective peptides of the
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

bond with an amino group, the covalent bond will usually be an amido or imido bond.
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propi onate, sulfosuccinimdyl 4-(p-maleimdo-phenyl)
butyrate, sulfosuccinimdyl 4-(N nmal ei mdonethyl -

we s osxane) - 1- car boxyl at e, PCT/US2006/031061
mal ei m dobenzoyl - N- hydr oxy- succinim de ester. The
sodi um sul fonate salt of succinimdyl

Theweastio graiwibaiAormea evalepobyd wish an emisugroup may, for example, be
PCT/ US2006/ 031061 preferred. Many of the

anabtvaedeabooisd ghatpen bidoéarbartyil graip, oragestar grapd Ehegireferred
sulfonate salts are available fromPierce Chem cal

hafeRarboRPCsbep & a dHlbloBRbSnYRdupT MhereRE glo@ps ﬁﬂ&épreferably reactlve
above-descri bed conj ugate to be reversible or |abil

esfcggéjroﬁg @c@ldalsl é egﬁq- D¥rd 9—%u?<5hfnlngg e brEaN- A

e may Vi t 5 desitabl e

phar rmcol ctividt con a
bot h prop (?qﬁ? @?ﬁ@nﬁlr%ﬁléﬁ’{ é°§ of® ?%glg %)IHJO{I% @é% gtoup
nol ecul e and the propertjes of the tissu rotec

capaifle pHbging penyerted, mt%uﬂvlplt %fo%fftalﬂéwpoé fg?gg%a CPYP \?i’Bnd with
If the conjugated nol ecul e requires separation from

a thivé gtiups (Rhepouslentttiond will psialky tear thinsthiey bend ora diswfide The
bond or reversible association with |ong acting

refditive [ QRCthet fofin®4 coVitent bogl @ithiankiol gwepenqyt firexample, be a
cytokine wll be preferable. 10 The lability

do%ﬁr%ﬁtd%éﬁ%dc?sswﬁﬁﬂnﬁl g?@uﬂ%%rtaﬁ%%té@dhﬁgﬁéé apdaddtive Broup

tro procedures before 7in vivo testing. Addltlona

Eﬁlqﬁ%ngtdog?qﬁ b%g@r %‘aﬁﬂi J}‘%é%c‘nﬁ %ea AR §l’b§]§) @ﬁmdo group,

uncti ona reagent t al ne

fromthe fol | ow |cat|onso ers.. |I bl e
alhugh s suc!l@s @%ﬂ&t&# atf alsg pogpible. b iegetiys %‘8?1‘8@? gipup may,
173:723-737; Cunber, J.A et al 1985 Met hods in
foEpwapaple.dipye 2-peridyidithio groupnya 5, R -dighioAyis-(2-nigrpRenzgicAcil group.
17:5399-5405; Sun, T.T. et al., 1974, Bi ochem
Sdide @&ﬁzﬂpl&’m@eterﬂbiﬁtttctima,l rdAbnts et)ntainin,g t88iye dbiudiadechonds
24: 1517-152; 20 Liu, F.T. et al., 1979, Biochem

ind18d6 N0siRBihimIUB &2-pRridyl-dEikibo)evpibhate (ChrMdsonl fet al., 1988, Biochem
Proc. Natl. Acad. g U S. A 77:5483-5486; Lerner
J 5187%371@ :-37 Sl,bs%di]u%?9‘5=4-ﬁfc@ﬁlmf}@wxycﬁﬁ@ﬂll-aﬁﬂia-méihﬁbémzylthlosulfate,
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
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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Jung, S.M and Mroi, M, 1983, Biochem Biophys. Acta
761:162; Caulfield, MP. et al., 1984, Bi ochem

W@0077B4Y776; 25 Staros, J.V., 1982, Bi ochem PCT/US2006/031061
21: 3950-3955; -90 WD 2007/ 019545 PCT/ U82006/ 031061
Yoshitake, S. et al., 1979, Eur. J.

preforred Adagpoef thyabovemkationsd hetercéqlﬁmcch@iz reagentsﬁl&%msulfonate
92: 1413-1424; Pilch, P.F. and Czech, MP., 1979, J.

salt @b av4ilable fratb #1636y Ghélﬁféﬁt Co.L\Bufckﬂard, Dlineis UaﬂA., 1987,
J. Biol. Chem 262:8483-8487; 5 Lomant, A.J. and

Fai r bankspheGeed 7 s abbveMéécnb@ﬂ Qbnj uéaﬁéd A 1ROdrsible or labile
Harrada H. and Tsur uo, T., 1987, An Bi ochem

4 i ’

CI%?(%Iy %%%Q%?ﬁé i gﬁ’ﬂl};@ V\gl aA cowjaggg malr b RRED §fvitro for
deﬂ&ﬁa SRapt ok te df e eDubbite Fbthg Balfaronstin g mygpertes
e pndovgonds el by Hapei oot bl bt 16

Barriers which are crossed by the above-descri bed )
suitsbiilitydnayathen be tasprdsi vivondf e comjugged swhaculerreetas gpparation

i nclude but are not linited to the bl ood-brain

QR KK tkue protechlOpebtil dotmtivitgra labifebdrldumdeteesiblesssociation with
barrier, the blood-ovary barrier, blood 15 nerve

10@%5&[& reryt% %gfé’gﬁ%'r Al 1080 Ecglﬂgafsﬁlheeﬁrote@ﬁ% &t6lade PhilR b€ pieferable.

ate nol ecul es for transport across an

AR5 AT B e PR SR ocedues bt

factors, antibi ot| cs, antivirals, or anti fungal s such
inZYOHEHOE: nor nal | y excl uded fromthe brain and ot her

barriered organs, ngpeptl de radj opharmaceutical s

ant i senseA@Idl’ug@ll Armasisul rezarding how tammakgiand use Higss arotell as

bi ol ogi cal | y-acti ve agents, pharmaceuticals, and

othsitpolfantionalagegits mahbe obtaimed oy e dotiiveing prblieasians or others
nol ecul es i ncl ude hornones such as growth hornone,

avaghye ithewtth factor (NGF), brain-derived neurotrophic
factor (BDNF), ciliary
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neurotrophic factor (CNTF), basic fibroblast growth
factor (bFGF), transformng gromh factor (31
WO D@FM1ds4st ransform ng grow h factor 02 ( TGFO2PCT/US2006/031061
transform ng gromh factor 25 03 (TGF03), interleukin
1, .interleukin 2, interleukin 3, and interleukin 6,
Yoshitake, S ¢t 4l 198D Fusak Bicrhemr 0839089931061  ant i bodi es
agai nst tunor necrosis factor, and inmunosuppressive
Yagivtake, S et#l.,d982,dyBlasbeor 9211418dtH24; onal |y, dyes or
markers may be attached to the tissue protective
PihgpPikdaad Qzedhn®1.P), €SN 1. BioV.&lHen M348 3IPSBI81L O
visualize cells, tissues, or organs within the brain

N8Rk ad &l bRIRT £ eheRNSeS gUg3084pgn0Sti ¢ purposes. As
an exanple, a marker used 5 to visualize plaque within

br ai t h o] t4 otective
5 Lo A M PR o B IR BRI R0E 51 o
Al zheiper' s. di seas jthin_a patient. The present
Hf“ﬂ@%’n%ﬂd isr§ur51)’s , g?ﬂeé?@ﬂm%%ﬁ%i%ég"gggﬁrconpri si ng
a_.nholecule to be transported via transcytosis across
Haghidan §oetied {284, &ebpplieddtiochenn 656003, epelr of which ischeseby
ti ssue protective peptide as descri bed above. The
incorperataddyy deferéneetiiis edtfreyi rect ed to t he use of a
conjugate between a nolecule and a tissue protective

pepti de sydigkhdlR, artdAs of tleAliAEAY GrelrBVielv& by Means and
preparation of a pharmaceutical conposition for the

j I r . ' is
10 EERL a0 ot R LR, 2P RS irk Ll e i
enEUr opr ot ection and transcytosis are provided in
nﬂ&&i{? US01/ 49479 (hereby incorporated by reference
herein in_its 15 entirety) fo denonstrate the
effectiv @@@rsavhlslhéretqr%%%fnpﬂ@ta@ew-é%scabﬁi mgthedpand he
invention. For transcytosis, nodel proteins conjugated
compostiions ohthe peasepignesnyioh imbededit ars napiintited to thedoodsbrain
are evaluated for transport into the brain follow ng
bapaerethiedd edd-eyedrmdrsthe dldodrestddiergert, drttdoodiovany badrieq) blood-
nodel s and ani mal nodels are predictive of the

15 ne®¥d by bRlodispmaPédia BRirics G DLdbdSplhdbnB Bifiedrammal i an
speci es including humans. 20 The present invention may

be bett erc%@ﬁ%rtxiﬁnlg duRy \fl‘é]rlq{:aﬁgmfcrss% ah%@éotilglliah Q1 Brier

non-limti es, are provi as exenplary

g I R T 2 o ARE S B g o
mrt)i%ﬁ)t[igg,ra%gvirals, 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 31 (TGFf1), transforming growth factor f2 (TGFf2), transforming growth factor

25 B3 (TGFp3), interleukin 1, interleukin 2, interleukin 3, and interleukin 6, AZT,
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enbodi nents of the invention. They should in no way be
construed, however, as I|limting the broad scope of
W b@7iomsent i on. -92 WO 2007/ 019545 PCT/ US2006/ PS1/082006/031061
6. EXAMPLES EXAMPLE 1: METHOD OF PEPTI DE SYNTHESI S. A
Synt hesis of Peptide A (SEQ ID NO 32, corresponding to
anfilRQigsgainst @oiod neagqsie fw@ra&demmump:sm@g@te sEd 35D
NO 34, corresponding to EPO amino acid 5 sequence
cyS88spddh. ARRWidmEy AlyeSbnkikeNnay be attathBent thd ¢is@ie fBEXtHD
NO 34, fragnents of EPO (see Table 1), were

pe dgsl?)?ﬁieéﬁgseﬂfsin'i}gntldﬂn%kdéﬂ 1§'eldbAIBkIcERd, Higfies B Grgans w1th1n the
em str st epwi se sol i d-phase pepti de synt hesi s,

br%f} %&i 8§egbag?1er%?%g%an9fqr %Wg O%S%’exﬁnple a Ml&k used
2004, 1 2 1377-

o R MG G RO BT Ao PG HRRE: pepticein
corresponding to EPO amno acid sequence 38-57

ordgépdetaamige tha propovsunhlRkevEys dissers WiiRE PAB§Itand
EPO am no aci d sequence 58-82 (peptide D,

QRAVEWQA halirSeaMinREG{iahlid/also SEe@td:C[Iomcrmposmne:ompmsmg a
synt hesi zed on- OCH2- Pamresins (free 'carboxyl

mdlERllé BE8 tratispSiied ViSGHRCHREDkrgs BERIdHesaRes] tight junction
(thioester peptides). During synthesis the side 15

afljﬂ?l?'aﬂff a%ssﬁ%{r#ﬁl‘.‘?véaﬁipﬂ?& gsﬁgéiénﬁﬁf ghoRE. )(:’)Tﬁé: ﬁﬁ’gl‘(ﬂﬁﬁl C%I%B fuBI'g’]ie)I’

difﬁﬁftﬁ%} ge%/%ryf % %?1{]2%816 ﬁ%tyg?)( ? %éo pe petzaﬂél AT &uBéllo)tectwe peptide

assenbl ed, .t he pep es were tected

cy IR AR TISA oY LR Tt 197 U TS Copgosition fo the
treatnent with anhydrous HF containing p-cresol

deli9ery 1 thesholectlo acibsha bariepasalesagibedrabey@por at i on of t he
20 HF under reduced pressure, crude products were
pr eci piviasibedardmel moildlsamd mevitb tiéstsodhi nelgproteétmiapd transcytosis
et her, and the peptides were dissolved in 50% aqueous

ar@ﬁﬁ)tvﬁféﬁtlﬁ PCT/G901/30 49N BereBy dncth ?B’Eﬁe@ﬁﬁ rq¥etehdd legleibin ithe
preparati ve HPLC system Peptide conpositions were

en??éf{r)' o RhousiRY theCtfiBriveness of the tissue protective peptides of the

invention. For transcytosis, model proteins conjugated to the long acting erythropoietins
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.

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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-93 WD 2007/ 019545 PCT/ US2006/ 031061 EXAMPLE 2.
VALI DATI ON OF PEPTI DE- MEDI ATED Tl SSUE PROTECTI ON. The
WO e@3espF ot ecti ve peptides were tested for anRCT/US®0€031061
protective activity using a Sciatic Nerve Assay.
Sprague-Dawl ey rats (250-300 grans) (six per 5 group,
6. MICAMIPIICS control ) were anestheti zed using isoflurane
(Baxter NPC 10019-773-60) and a Table Top Laboratory
Anest hesia System (flowreter set to 2-3 liters/mnute

EXAMPLIPSi ) T OMBTHGBOF PEFMDESSYNTHESIS! was then
—praced on a honeot herm c bl anket to ensure that the

core temperatyre of..the ra Lot ai f4:35- :

Gor oG t e SSpiiess PEpesttes (s R aTa R iadiginio e damino

via a rectal probe. The right_ sciatic nervye of e 10 .
acidrsoatcnes F-8d) kst Peido SSBELHD MO M- GoTRTGN R EGH o acid

qguadri ceps muscle dissection; a 2 cmincision with a
sedilentd 38182)xcal pel was nade through the skin paralle

and over the quadriceps nuscle and the quadriceps

nuscl e Wagphdd Al SE@ADASO:30h endsRépaide B, SEQ/ED NE):3¢y fegments of

pair of dissecting scissors. The sciatic nerve was

f hRiHgaH RG2S BOc THemist
Eﬁggsl@%géﬁg ﬁ%&%ﬁ?&@%es‘?%ﬁﬁ%&% n‘,ﬁrp%%uS- €) vlvas passed uﬁlése?

stetgr\}vgﬁnsggg-e ?%%Pe\%?ggé Q%tlﬁ«{%ﬁsaso%séﬁfedsiﬂ 8 ]ﬁ.aﬁffleﬁirtathgraﬁﬂ%nt, S.,

ai ned perpendicular to

nerve. The end qf t{he su t | .

TR SEBSTY 6 GOPEPNT A e il a3 Pydneorporated
pul l ey system (a NYL pul I.e%r bearing MID 1/4"B_ (PO .
byNefebence bereininGts)entivaty). Beiefly two Bpgmenis corraspandjpg fp EPO amino

wei ght attached to the non-elastic cord was sl ow

acldedeqaard 38-5ThpeptidegBitNVAP RIK UNEY A WKRME VI SEQ HgNlQ%‘)) and
before the silk suture was cut to release the 20

ENMG biifo acl $38efEg-$0(pepide Df QQANEVIMQ@GEALLSEAVLRGQALLV,
erythropoietin, a 289 pnol/kg dose of one peptide

Sél(gji’lgg\{(gzgOf%&le%?fﬁtgfe%igécﬁ%f—d@ﬁh@’aﬂn)—resﬁﬁ (P& camdx{gaptides) or on

. nto vern using a % ccmsuin
S L T b PR O BRET F R Tiesis e sce
ch;gygfpg ifwggl%gg;ac\;\gé%g ngeséptggtted ];g %cllﬁ)v\\z(lst: E\?g(’[%s , k%r?&&in?,g
Asp(OcHex), Cys(4-CH;Bzl) or Cys(ACM), Glu(OcHex), Lys(2-Cl-Z), Ser(Bzl),
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 hrat 0 °C. After evaporation of the
HF under reduced pressure, crude products were precipitated and triturated with chilled
diethyl ether, and the peptides were dissolved in 50% aqueous acetonitrile containing

0.1% TFA and purified by the preparative HPLC system. Peptide compositions were

confirmed using LC-MS.
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-94 WO 2007/ 019545 PCT/ US2006/ 031061 The nuscl e and
surgical incision were then closed and 5 nml of
woamvatesds R ngers sol ution was injected subcuteCEUSRDE031061
into the rat. The core tenperature of the rat was
mai nt ai ned at 35-37 C using a heat bl anket duringU
EXAMBREQ, OverVAREDATION O PEEJEEAEDIATR,ZISSUE
splaying of the rats was determ ned 5 by placing the
rat in an acrYWROTBRGEON: h a di aneter of 30 cmon the
scanning surface of a digital scanner. After waiting

5 m nut es~in.ord t ' [

Caken of PPy ShresupBilides FRECIRLER foy B RN

al] 5 toes.. Three acceptabl e scans of at re
acfuie iR St SevAS Y HerepusDan s ERE M) BantfE i per

between the ball of the first toe and the ball of the
groug, thcluding cemiepl) werelaneehetizad ysing 1odurgne dBextey NEC 10019-773-60)

di stance 10 between the ball of the second toe and the
ankial Tabdd TopBabavatotyhAhesthesiasSysteneéwmaeter sehto 2-§tliders/inute @ 55

sciatic index was then conputed in accordance with S

psbY foAM18dsk 3miftitedt! The APOBs theRpledNdh la heaRdthSahiclblnket to ensure
100, 6741-6746 (hereby incorporated by reference in

: : St ) .  of R boedbibn
oy IR TS ol 507, OB oottt
th 15 PEDF deriyative were, e I t Ny
Clye Somagrees ST VA 8ERL FRNE T PSRl Y of the
-0.57 versus a SSI_ of abqut -67 to ahaut -68 for. PBS
anpeb oA S ApRICA ol 2id Tk ety g e el g et o2
efficacy of the positive peptides was at | east
cra ineisien with 2 Ifbladscealpebvas/aele by thskinparelie and over the
carbanyl ated erythropoietin. Table 1 also presents the
quagddcepsinmsck id shaqedribeisumeslecaasn yd expasdiesciaflo nénye using a
the tested peptides. D stances were cal cul ated usi ng

pdif\6F dif¥eaBglciBas] qhakciaGOddb At fenBFead fidadthdurrounding
Cheethamet al., 1998, Nat. Struct. Biol. 5:861-866,

m?@é%@és. A%? bRALAR ti¥ad @ﬁ%@&%‘%&@;ﬁ@ﬁd@&éaﬁﬁ%ﬂ% @Brve and

positive Tor tissue protecti activity each
e eeg By Sanat RORRSEEa Eigd YR 5 RS heipsg ngppspicglr o the
né?ife.- %1?6 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 cord was slowly released.
The weight was allowed to hang for 1 minute before the silk suture was cut to release the
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

teaching above was used as control.
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WD 2007/ 019545 PCT/ US2006/ 031061 + | + + + + +1 ~ 0
OC_~C) T A~ANNNNNNNN aNOO"0O00N roD"~+
woeborw1g4N d d d MMI~ rANN MMN z z z BCT/HSA0&031061
zM azZCb >41 ao0o QCO1-11-1 owa W O ~I z
cnQ ao WHvZ xIl ~fo~l za A Q1000 z .
Xl a The muscle and surgical incision were then closed and 5 ml of Lactated

Ringers solution was injected subcutaneously into the rat. The core temperature of the
rat was maintained at 35-37 °C using a heat blanket during recovery.

Over the next four days the rear toe splaying of the rats was determined
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
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
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 equivalent, if
not improved, over that of the carbamylated erythropoietin.

Table 1 also presents the approximate distance between carbonyl carbons
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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used | for the determ nation of| the erythropoietic
pot enty of threjpeptides—UT-7epo tefjrs—|( Deut sche
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10 exposed to erythropoietin is nediated by the

cl assical erythrocyte-type erythropoietin receptor
W@pe7/089535 quant i tati ve neasure of the capacit yPOrf/US2006/031061

erythropoietin-variants to stinulate the classical

erythropoietin receptor. UT-7epo cells were

transferred to fresh conplete RPM 1640 nedi um

cont ai ni ng 10% donor calf serum 4 nmM L-gl utam ne,

ME“ " TES. \rllwr éﬁw ?%%E%rrlgkrmi | n?al nﬁg o jg an
20
| neabat o wi ¢ REBYGBOFORIG T 45" & day two of
the assay, i.e., at 48 h, the cells were transferred

Af r ondu Vitrd Asseksméritp a 50-nl conical tube and
centrifuged at 1,000 rpmfor 5 mnutes at room

tenper at Upg.7epbea ﬁtﬂﬁﬁf&?ﬂ%}imeﬂ&@&ﬁéh&&ﬂéﬂﬂ%@mﬁ&llﬁhﬁ was used

cells washed two times with of starvation nedia
fog ﬁle" d%?%&ﬁna%%n%%éﬁeeezg%w&w%cm %gﬁ@:ﬁegﬁc}es. Tﬁe-@?d defts

013%‘3%@(’3“%%1 oh Bndutier viLrr iR @?WL&M% Acc

starvation rredla to a obtain a density of 4 x
3633 Wetg BIOWIHR@ coppigte BPMI- wmqlmamm}%mw SOmg/@é)
m per 25 cnR flask. Following a 4 h incubation, the
ergthrdietor. Fha guiliferationisireival@ tabititySi0cnehsed oespose of theecells
Control cells were maintained 25 throughout with 5
expobet tockythifoporein tisrmegiated biynhe cl96iA0RNE¢3d-YseTerythropoietin
PCT/ US2006/ 031061 Cells were diluted to 200, 000

reiEﬁJtJnSirﬁl is 5:@1}1&&&5%%%@&3&6&9 IR aphtiR)t Stkrhrofdftinl varahis to

plate and exposed to varying

stﬁ&ﬁ%t%%g Abds cgfer%hrgg%étﬂ-{ L%g%t%[ o car banyl at ed

erytnropore Q I D NO 30. Aserles

of 10 f ol |Iut ons in M 1640 _ nedi
2% sor um TiZsTRe sls B eftafered & o ibmald: R Otrﬁif{m
congaining 10% danen palf peshm, 4 mM|Lyghugamise. and snpplvmntid Q‘Z’é‘lhl 5 ng/ml of

conpounds fromO 2 pMto 20 nM Following a furt
Proliferati on Reagent (Roche) was added to each well,
reeordbinat vatancerythropbictiou (Tha tceldsiweimaifi@hed Al 78 cmﬁﬂxsksgmth 20
for 1 mnute, the plate was read in a plate reader
mi{ ab@edipti/faxkah akbmhidified Gichbatacwie 594 0, begiedy fornglh. On day two

absorption at 650nm.
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
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 ml per 25 cm® flask. Following a 4 h incubation,

the cells were again transferred to a 50-ml conical tube. Control cells were maintained

throughout with 5 ng/ml of rhu-erythropoietin.
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10 Peptide D exhibited no erythropoietic activity at
doses as high as 10,000 pM(FIG 3). Preferably, the
weepriodsswi | | have no erythropoietic activity POF/US2006/031061
dose |ower than 1g/m, and nore preferably for a dose
lower than 10 g/m . B. In Vivo Assessnent: To eval uate
the eryt Hedlsovese ddutad to 200.900xellsmidn stapyagion srediun, plated at 100
peptide F 15 (SEQ ID NO 33) or peptide G (SEQ ID
nINGIKIA 2 Howell platesaddxpogedado sarymgtdodeentatinss oflarythrbpofetin,
the presenting residues of Helix B), the peptides were

cafthyMted &8 opHetth, 3hd PepitRDISER DN 30N Regries 6B 1 PRI

weeK to nal e Sprague Dawl ey rats. The dosage schedul e

difi b -W%w@gﬁg@dﬁwﬁhgg% &?ﬁﬁ\&ﬁ‘%%@d cAbraR2Si S)

previ ou etermn to be elicit X1 mum

er yt hr.opoi gsi.s. Henogl obi n .2 oRgent rati Q
S oA RY BePBER BRIy 2 d oA ANt L] Turther or 48

~anal yzer (Keska Corporation). i t.her Peptide nor

ingghgtipyea 9@{@%‘\@& 5aphWiSTct Ga’éérthgglﬁté% agent (R%l}grwﬁsrf’éided to
course of the study (FIG 4; the response to an

eaely wiehparal inddséagefool hemOti3g "Cpn £5bntAtermaikingdap hlisgp,)the plate
The decrease in henogl obin noted for EPO after 3 25

waEeksin Spldieareider (dAbsomtio urd I0omm afubaradted FBM background absorption
neutralizing anti bodi es which cause pure -99 WD

at480 619545 PCT/ US2006/ 031061 red cell aplasia. In
contrast, no neutralizing antibody response was

s et S
P3P 55 PTG, DS SPGB0 PGS B BFER o

protection fromexcitoxicity can be determ ned using
thrmil migfrel, prdimeipigieaatly 63t afsse wasdlanelf @l spi nal
cords were obtained from 15-day old Sprague-Daw ey
Br at Bnbivgassessmenévi ously described (Siren et al.,
2001, PNAS 10 98:4044, hereby incorporated by
r ef er enceré Bvdltfe GRidry@tapbictiChetivignsftisudiprotectias 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 ng/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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trypsinized and centrifuged through a 4% BSA cushi on
for 10 mn at 300 X g. Cells (representing m xed
woewromsgd i a culture) were seeded at a densit yPof/U200001061
cells/cnm2 into 24-mmwel| plates precoated with
poly-DL ornithine and | am nin. Mtoneurons were
refl ¢ell pplesipy i andigsthyo nevakising Aatihedyaiespanse was pbservad far
seeded at | ow density (20,000 15 cells/cnR) onto 24-mm
eithet pepidatesr paptide&t ed wi t h pol y- DL- or ni t hi ne and
 am nin, and containing conplete culture nedi um
[ Neurobasal / B27 (2% ; 0.5 mM L-gl utam ne; 2% horse
serum 25 nM 2 nercaptoethanol; 25 mM gl utanmate; 1%

E%\:!: PiLE 4N andPngl“iBEtIS SHE PR ECTRANN INVETRO

t hout utamate) was re-added to cultures

on days 4 and Il death was induced on day 6 in

cul ture by incgggéiq@gefor 48 h with kainic acid (5 nmM

for m xed_neuron-glia ltures; 50 mMfor purified

cul t ur es) Peniat satbe eadilsiagpesnsd foF tosingpteotipaisinedoy ugber of
_the cultures 72 h before induction of cell death, and
intvitsaesseys Fopenanmle droteetiongiom ereitordeityu parvkesdaterarined using

di scarded and the cells fixed with 4% (vol/vol)
kgimiteainducsml ddathydfenouse RRSorenrond OSpinal, copdsrwara lobtained drom 1 b-day

0.2% Triton X-100, 25 blocked wth 10% (vol/vol) FCS
oldBpRBReDAGID 2416 BM d s Vi DR 8SscABE (SenRPAL, 20000PNAS

20 77%?319545 gCT/ USBZ%%/ggl%l phosphoryl at ed
9§ 1Z6U L {hélleﬁgﬁ%{)ﬁ)oga%ﬂ Bf‘ ﬁeefer%nge 18?% _egﬁ?’eﬁ). Tﬂgb%néngﬂ \%ortnhwas

visualize Y “usSi ng avl I ot1’'n net

di am npobenzi di.ne.. Vi abj | i f. noi.oneurons.
iR SN oRaR P DB S utib ROl SS90 X gy Qells
cells acrgss, four sides of the cover slip, ang 5.
(reprasentipg MHEd Doy gia Quliysaivisse seeded g iedansity, 8 00 cells/cm” into
H33258. 5 Peptide D (SEQ I D NG 30, corresponding to
24minn wel plates B8c@edovitispqy-IPIDodthirn) anddarpingn. digtoneurons were
protected notoneurons frominjury caused by kainate
fufthbGouriled byAhingunophannigg ¥nd the sslliewpregtaidiao ovalémitd €20,000
by peptides can be determ ned using an assay enpl oyi ng

cdlRMES) 58 2‘4%!11%61!/\%715&9 pRIcBatBE Wi Rlly-DILKSmaRthe @h& 1athiin, and
apoptosis wupon withdrawal of serum Tissue protection

B R R W BB R IR0 MO Pl 26

ho sSela sre?'l?m;e£5 mM 2 mercaptoethanol; 25 mM glutamate; 1% penicillin and

C

(o)

streptomycin; 1 ng/ml BDNF]. The medium (without glutamate) was re-added to
cultures on days 4 and 6.

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,

blocked with 10% (vol/vol) FCS in PBS, incubated with antibodies against non-
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al ., 2001, PNAS 98:4044, nereby incorporated by

reference in its entirety). Cells were nmaintained
waparoiseenti ated i n DVEM suppl enented wi th 2 Pi/US2006/031061

Lgl utam ne; 100 wunits/m penicillin G 100 ng/m

streptomycin sulfate (4 BCO% 10% (vol /vol ) FBS
plifaspBinylaegd neveafilainents (SMI-325):Pi008) oveamigns arthvisuadizad/by using the

Hepes buffer, hereafter referred 15 to as conplete
avigia-biotin Smtlnm:} Witk diarenbbenvidort Hiabdity ol mos@rmrons was assessed

conponents as above with the deletion of serum and

mbl$ho 32 Qositike béliskicrokd foutBidEk oPfhe cover slip and
trans rr| n 20 n progest erone; 100 nM putresci ne; 30

st&%r%af%§§ﬁt&ﬁ 183 VU b %mglfﬁ-ﬁ),3§§§e” ments, 50%

s were pretreated overni ght W|th EPO or

Serum 1+ BHBRTD G b A0ciPHRRpP S el fidsp 82 of SEQ

culture flasks at a _final denS|t of 104 cells/cn? in

113 Qi qarelciglschraieeied SRICRAUaSHFo i Gapsed bydgnate (FIG. 5).
viability and was determ ned by trypan bl ue excl usion
and a hedidtesmativay gissudPeoteaction gfordedby Pepiitleg 8an be determined
(corresponding to am no acids 38-57 of SEQ ID NO 1)

ushas ahsshe amblodthg hoise PAD&eNg tvitich &8 nauroRkldilte dddslisvia apoptosis
than EPO in preventing 25 apoptosis of pl9 cells

o5 e CRREAIERA DSR2

co“%?%?aﬁeah%%@@%&%ﬁ PP IR 35 br il g Siren
or dance Wi t he teachin
el 3OEP RS TFlosd a5ty AeRs aiat by it es Rt ﬁﬁg} Ggls were
I ncorporated by reference inits entiret Brlefl
meingaiped endifersntigied irHaMEM qupplemenied with|2 m%L%MIQ%MO
ng/ kg-bw, i.p.), the carotid arteries were visualized,
u@tsdnt pmﬁcrillgm}; Hrmog/ind stwestomycinl sutfed (GYBCMY; K14 (Ncé/yob)rﬁBS
severed. A burr hole adjacent and rostral to the right

(HyfClend), torddihipeich wiligtaNJHIR03 @i 00 niNi @lefesibll ferClasiedite beferred
artery ("MCA"), ich was cauterized distal to the

tof 441 dORHpl &6 hrfelidrm. Kerdh M G dBurk €B4tARER AR &onHBAEs as above
with the deletion of serum and the addition of 5 mg/ml of insulin; 100 mg/mi of
transferrin; 20 nM progesterone; 100 mM putrescine; 30 nM Na2SeO3 (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
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

apoptosis of p19 cells (FIG. 6).
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surrounding this fixed MCA | esion, the contral ateral
carotid artery was occluded for 1 hour by using

W e@eoisws provi ded by a fine forceps and then PCT/US2006/031061
re-opened. Sprague Daw ey rats (8 per group) were
subjected to the above noted 15 MCAO protocol. The
rats were adm ni stered PBS, carbanyl ated
erythropoietin (44 wug/kg), or peptide D (aa 58-82;

EXAMPULLEN)) upoMID®ISRCERIEBRAE ARTERY @CCLUSION
Additionally, peptide D (aa 58-82; 4.4 ug/kg) was
adm ni stered ipgydPRL, doses at 2 hour intervals
followi ng the occlusion to a separate group. For

SRS RSB S SOk g
SRS Rl SR BB P e

accordance with the previ ousl not ed]cqorot ocol FIG 7
tepghingsof Brineg ptaln 2AANTANAS HSANY 1 9r260H15a kéheseby ingprpacate

resulting from the MCAO protocol. Treatnent with
bypefirente iDit SEQetyD BB0 e reistwrze ansstiwtizedyith chlowd dyduate
by multiple doses, reduced the |esion volune resulting

(400 HB/ELBWMAS the dQ8tid MELrRR ok © 113 bell re R CIHAWER APV At [A64as
surgery by a jout two thirds: statisticall y equi val ent

oécﬁldteﬁ %gttévé Stordd a?ﬁ %%éré’ds L£bifHok RfjacehPddatittA ¢ the right

eryt p0| etin. her apeuti c w hdow of tissue

r.Q ect kin i.ned
r§g spé%zgg?n F IEE ﬁl@ s Q{té’l’y arrp@z ‘glﬂ—%c*‘l‘%gvl ng
|on ocedure PBS,. car banyl at

caspigizn Sisth e e féml iy KBo DIoySS & POREB{TaIeraopg | b
NO: 30) (4 4 g(g gx were adm nistered to the rats
surrm@matﬂ@s ﬁx wg.? Aesiang ghel cantr@lﬁtem@a@gflaﬁﬁmygﬁ@%pchdﬁﬁ for
carotid (i.e., one hour fromthe onset of ischema) .
1 hourdwydisirgoimctipa pravidedy( SR forradOasdihenas-opehedni st er ed
in 10 four doses(each 4.4 ug/kg-bw) at 2 hours

i nterval SS};n@ hODARREy e (P& dish)weré Subijédtsd toftdé above noted
group). (c ehavi oral testing. A separate group of

MCAGS p%éccﬂ.l e RS HRA ddhifisleRRA PERWalbaBEAYA &5 #ropoietin (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
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 protocol. Rats were tested on an el evated stainless
steel grid floor 30 cmx 30 cm wth grid size of 30

woreoaocsesli ng to the protocol of Markgraf et aPCT/USBBR031061

Brain Research 575:238-246 (hereby incorporated by
reference inits entirety). Wien placed on the grid,
sutizaty tyoatodt tect thirds: statistically cantvalest torflie Hesg preactiveyettects of
place a foot, rather than on the grid, through a grid

ca®BRifd drythesfoidtiaul t“) . The number of foot 20 faults
was neasured for a 1 mnute period. The rats treated
wth peptide D (SEQ ID NG 30) follow ng reperfusion
suffered fromfewer foot faults than those treated
Wth PBS { b orab Sltic winde | GRS GRBE R GIRI  benef it
was observea—To 0 e dU arT o mul tiple

doses of peptide SEQ 1 D NO.,30). Al though,the, ne
nunber ofﬁﬁ%gAplﬁfﬁg i q%° PET yeﬂg%ﬁ%%‘?rggi%a@m
faults was less in the group receiving nultiple doses

exafiploe flollowingrthe oerilngien piosedusn &S, serbapylatest erythropoietin (44
significantly different fromthe group receiving a

ugeN oV 8, dtgeptide BEXSEQUD §0:30) ABETiBNEERCRNTIRstBed to the rats
Di abetes was induced in nale Sprague Dawl ey rats

iminfdaBHid1§ 26tE Bikoul4RInGRas establishédiin thesdakatill @29 ohahour from the
admniStered at a single dose of 60 ng/kg ip in

oA PR SRR R ety st
oSSR PR by e Pkl AL PO B

greater than 300 ng per deciliter (nmg % (nornal

per sy are < 10 100 ng % . Diabetic aninals were then
treated with peptide D (SEQ ID NO 30; 4 pg/kg) or
vehicle 5 tines a week intraperitoneally. Two weeks
after induction of the diabetic state, nerve
conducti on vel oci ty (apBeldwicralntestang. usi ng t he caudal
nerve. As shown in FIG 8A, the diabetic aninmals

exhi bi t eda 3egRalH Gt Eirits GAYERD teshell i@ FoONUIE beleivioral
velocity fromabout 22 mis (normal) to about 19 nis.

pr’é\g)?gfg : Igﬁttge %E%Qgﬁedégn f c1RGRLA HSinksE %g%cé[rﬁ MN3r38)en¥R30 cm

I'ncrease I n co Ion velocity to
wit gﬁ& 31222 0%8 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
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
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Addi tionally, the thermal nociceptive threshhold was
guantified by neasurenent of the tine to paw
woizodrdngsaal in a "hot plate"” test. Wthdrawal Paraiseoe/031061
was defined as the tine between placenent on the hot
plate and the tine of withdrawal 20 and |icking of
faylts wap loss inthe growpitpesivingsultinle deses of peptiseptie difiatensg a
30 minrest interval. H nd paw thermal thresh-hold
olwarverdaes moesi gdifiamdlysdifEtent fromdbe gioup redeiving akiagkeslose.
Peptide D (SEQ ID NO 30) reduced the latency tine
spent on the hot plate by the diabetic animal (FIG
8B). 25 EXAMPLE 7: PROTECTI ON OF SCI ATI C NERVE AND

F‘RO\A URY. - 104 WO
%45 P%/ﬁ%ggggg%l%l spl ati num (CDDT) was

adm ni ste jntra i tonealdw.to e.Spr e

Sars . ongpelsT i BEGERA Sptdof Hei e EA R R Calco
ITnisiBigatepiozedin admini?&ed at a §hile d68NeR0 Mekg i@ in fasting rats as

2607-2612, hereby incorporated gy reference in its
prewionslydgscribag (Bianehi ghale 208hdirae MatliAnad Sgi Hupa 161, 823-828,

4P BISH A0 S ORI D I Sy Bl
seurd gluogsdlevels tdgiBater than 300 neepetr ideeititep éhg Weeorndal levels are <
ERSE, SHBUR S e ol StheSin EBlapii S06
u%’)g V& veitidBtithel Beek ﬁﬁﬁb&l‘}gng?@TT%%%g §ﬁ§1§§duction of the

exhibited an increase In at y conpare
dighaticrstite meiveecopd@Dion vaksity yee detateihediusing ithepaudaderve.

o el SRS AT Ko SR B Bbcion i s

Specifically, aninmals that had received PBS exhibited
ofzpeptiderDi (SEEND NI B aws associpddd with an insrease oueentliietipnf vebopity to

about 30 nL/day to about 47 ni/day. In contrast,
abmint PBhes.havi ng 15 received the tissue-protective

peptide did not significantly differ fromcontrols

ani mal s AB@tiohABLtheaHerRRPnbASRRE 1RbsHaBldTwas 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
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).

EXAMPLE 7: PROTECTION OF SCIATIC NERVE AND KIDNEY FROM

CISPLATINUM-INDUCED INJURY.
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EXAMPLE 8: PROTECTI ON FROM DI ABETES- | NDUCED RETI NAL
VASCULAR LEAK 20 Beneficial effects of
w0 e@3nespF ot ect i ve peptides on hypergl ycem a- i PCiiosm06/031061
retinal vascul ar | eaki ness can be determ ned using a
rat nmodel of diabetic retinopathy. In this nodel,
Evans bl ueispiatigead COD Devasradmiaisierssiineperiteneatlnto mplgotprague-
vessel into tissues as described by Xu et al., 2001,
Dawlegstts aCRinp/fgltwicdi veeekBcfor 8 2veek 885 d@drilfddan dlignchi et al., 2006,
incorporated by reference inits entirety). Evans
Clih @8nées Rek abt 260702810 0hdrebytinbotbratadtsy feferémerie it eftireth05
WD 2007/ 019545 PCT/ US2006/ 031061 retained within the

Aﬁf.rﬁa‘w{v@feiss%g#dﬁh% &E@% ioES%ﬁc}QfD%lﬂri&g% $E8S5SHLek@HDT administration,

occurs, as ca y uncon 'ed di abetes

| ]i . hj [~ f [ I - Dawl .
5 agels yEg o teraban s R DNORT s b B R vl
ip). Two days later, follow_ ng verification of the
theravtheses meek SA gontenl setipasceirtd PBS énstard of CRPE diefmlate latency

gl ucose greater than 300ng % aninmals were divided
wandaergrinetss decrbedrin xbmpleacdboas. wel | as a control
group that did not receive streptozotocin. The two

di abeti ¢ ARRKAS tHALFRREATDIFL fidshl PBISIxhiteRl aféndase in
(SEQID NGO 30) at 4 g.kg intraperitoneally 5 days a

la%é?l@% o oﬁ%@%{ﬁfé}b&ﬁ%ﬁs g.@ MEDIFPGY le%ociétfeﬁ &Hith ihgfafr@d WREkS!

abetes, aninmal's were anestheti zed

0 R BB R N B v e

hours. Using transcardiac puncture, the aninals were
lafomey, (J&-Plded with PBS until the effluent was clear

foll owed by 4% par af or mal dehyde. The eyes were then
removed aftbatrhent vathi peptide alae preyentpd Einduged polsvug(d’1G. 9B)
gl obe. The retinal content of Evans Bl ue was

Speifivaiily nadmblg thdt had beeived PBISexhitiied asignifidant imardaskeinataily urine
80C for 18 hours. The supernatant was then 15 renoved

prRAGCtRAVES fa@éut@@%ﬂ/@%}% tPdlbut BT G8dynas coRtat ihehMs having
dri ed and wei ghed. ncentrati on of Evans Blue in the

s oSHELTEIR ] PR AqPasa N L
i . As in FIG 10, i mal h i ved
OSSP BRI 1§ 10, o el s hat recelve

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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(SEQ I D NG 30) experienced no increase in Evans Bl ue
dye within the retina, conpared 20 to control. In

we@eonwroassy di abetic animals that received onl yPEBBS2006/031061

exhi bited an increase in retinal Evans bl ue content,

i ndicating the vascul ar | eakage had occurred. EXAMPLE
retpin ecqropfton Arlgrlepiingss of g vgsgel walligggursygyeh as caused

2007/ 019545 PCT/ US2006/ 031061 Ti ssue-protective
bypepontteledadiebes¢ssmeldifusect i ve in preventing injury to

the kidneys in the setting of ischema. Adult male

W star r alnshisen®ielfasingahdlz Sgragael Dakvleyahtiagtdiad a single dose of

i ncision nade to visualize both renal arteries. Using

StRPtEbIRHBDInG. légqu dhR dayS 1R80P folf?)%ﬂé% FABLLES oMk [evelopment

conpressed for 60 mnutés, conpletely arresting rena

of iR TpdIi A f%”@%‘iﬁ%%ﬁ%%&i‘?ﬁ&%@%gdﬁ%{éﬁ? Wt givided
. ( SE ;1 40 29
i R AT PELS A, Vel B Foraied Gt e o ol o tihern 2

received only PBS intravenously. Seventy two hours
strepiazetacig Th@pym fliabetimgrouprewersiadming sigred eitherepaptide PASEQ ID
10 and underwent perfusion-fixation using
NPa3®fao4 pelkdaehygeritdrexléylS daysmvse e RBS s tHd sanedchedule. After
sagittally into halves and further fixed by imrersion

thid2 v&&?@ Bpmhggﬁ?/dj&iaﬁétes bR @%%ﬁ@stth@t{%eﬁ Qhd Qd?ﬁinﬁ?ééed Evans

H st ol ogi cal eval uation of thehkl neys was perfornme
0 .
BRGE0¢ A U RIS Bhicly BB Sl 1200 e

A %@gggagﬁvwﬁp%g@wg S e L vas
enbedded in parafin, cut into 5 mcroneter sections

cleasdollomrshyedlbdarafprenideliyieickhe eges wersrberremavied ead therretinas
deparaffinized with xylene, counterstained with

canefrHly disydciad faord tleoglobe. Thedetmehoorried of fidens Bluk ivgltdetermined by
m croscope. One hundred fields were exanm ned for each

inkhtshtiay thedBlin if EHeinlilO M $0°C Fo3] $'BSurdl MR¥up&hata®dedy then
tubul ar profile: 0, normal histology; 1, tubular cell

reibd hftBsavBd Hﬁt&nﬁl%lg Ghd {H%Sétnn g&&ta ‘Eih@&‘ d we1g]21ed.

Condensatl on wmt to one t nUC ear 0SS
TR %ﬁﬁ%ﬁutpg@ skl 3 %@e?m@hoaometer

, t ) ;
and a s%nedgrde 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
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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than two thirds tubular profile show ng nuclear | oss.

The hi stologic score for each kidney was cal cul at ed
woypoadddsdson of all scores, with a maxi mum scoPeTmiS2006/031061

300. -107 WD 2007/019545 PCT/ US2006/ 031061

Adm nistration o ther ti | D NO,,33)

pepti de Gfil SEEPEC E)?Btld\%gr zfg%"(fgfe;f“é‘?j ngreypugng 1nJury to the

signi ficant reduction in i njury score (p < 0.05)
kidpeysdn dap sefting afdschemia: Hdylt mpleNippr mts werepnpstimtzed apd an

TI SSUE PROTECTI VE PEPTIDES IN CEREBRAL MALARI A, A
abdodendl ingsieh mafle cevielrliak both ranal artedss. dsing] anpddumatic vascular

according to Kaiser et al., 2006, J. Infect. Ds.

clag; Bl af&fes(hat ebyiptessed fPO6Gin@elitey cb Fl%fe@ﬁ@t@es‘tlﬁg kdrial blood
entirety. Female CBA/J mce 7 weeks old were

SRPEESLISHPE RER tﬁé@f&g@% t%%rstgﬁéel Léeglo'ﬁ%sg R)gg;@deﬂﬁ EORS

infected wth Pl as X )
I PbA
NELT BRI QTP RO SR i dee B ERathotep

tide F I D, NO 33), on,days 4, 5, 6, as
Ha%ﬁ{')wa@% ééﬁgfgrwmﬂ jEERuP ilergoing la@seem%feczwsg grig’BS
Clinical status and bl ood snmear data were gathered
inrgvéneyslyhe fol | ow-up (end point D30). Cumul ative
| ong-term survival was cal cul ated according to the
Kapl an- MeSeventyettsoduisiot oo repgrfusieay, ¢hecmimals @draniriebthetized
the log rank test. Survival tinme was the dependant

andadddeilét pbifasiai-HRatRn ﬁ%g&%rﬂf@ﬁnél@é}@'d@ eFBQd animals were
significant. As shown in Figure 12, "all mce in the

see%‘ﬁéd%lﬁ%%fgg (E:héé \ﬁ/@b;éé;@& ﬂgﬁ&@{eg%gx@%w g@fdb ﬁ%%al%eharde at

ro on urV| val nlf can I t fromt
%?F‘é’?mg% 'ofs 8y o it eici Rlyation b g kibey bR bérBgmed
LE 2 EFF CACY OF Tl SSUE PROTECTI VE PEPTI DES |
acgo }Bﬂ?}@? ehdn 2805, 4 fBeragAephrol: 15: 2115 (hereby

encephal orTyeI itis ("AEA") was induced in C57BL/6
inpenparaediycisfqrecs inge kutirefy).aBepflnedier dehygrationSaingrapaded
etfllelmo,l, pzigcgg of liidney 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
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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25 Neur oi mmunol 172:27- 37, hereby incorporated by
reference inits entirety. EAE was -108 WO

waQw/0a48545 PCT/ US2006/ 031061 i nduced by subedraszmes31061
i mmuni zation in the flanks with a total of 200 g of

MOG35 - 5 Mul tiple.Peptide, | €90, ,
Us) i n © AciriaBnier B veSude TSR (g S et 6 (sEQ D
ouis, MO USA) supplenented with 8 ng/m of

NiRALD e pesorigtad Withhe signitisantyeduationiim iniyReerer f<(h05) compared
Detroit, M, USA). Animals were housed in specific 5

torsbe ¢rogiots. f r ee condi tions, allow ng access to food and
water ad libitum Mce received 500 ng of pertussin
toxin (Sigm) i.v. at the tinme of inmunization and 48
h later. Weight and clinical score were recorded

B e R e A L S R

3=paral ysis of _hind |linmb and/or paresis of

forel i nbs, 4=p¢ERERRAL MALARIA.| | nb, 5=nori bund or

death). Food pellets and the 10 drinking water were

pl aced on Petri plates on the floor of the cage to

enabl e si&kodang gode! ofecgrebaaldnalaiiakvas Beysloptd fec@r8E@ tb Kaiser et

NO 3 1) was adm nistered daily subcutaneously at a
al(@8@6,a. Infedt. Mis.r O3r W6II0cthyeby sihedrporagdoby thfyredceaint € entirety.

i mruni zation. Adm nistration of peptide E (SEQ ID

FedMASCBATY @iled 7 eaRkd yldrweéts Geshrited linto lohduplsi JTR0CRAMNSS. BRYE group
severity of the clinical presentation of AEA in the

10 wis' RfdcRA Ah BhsSnddhum boroheP 4Dk (éﬂ:A)Gadn%iﬁ}s%egg—({] ﬁ1etraperitoneally as a

invention I1s not to bedimted in ‘scope

L fd nbodi rent esqri bed which. are_intended as
aogPREMY PR TRRa eRlEros R iied ey Lt PBSCh Hepite Flsma 0
Invention, and functionally equival ent nethods and o
Neég\r??b SRRYS 4ar-cAnf; ; R$ HitRREItoBeR dUELmE 2 dosgetitl. ne/ke. Clinical

I ndeed various nodifications of the invention, in
steigid pnd dload stkers datghwous gathered diwingr thoefbllowrep fend Ipbint D30).
becone apparent to those skilled in the art fromthe
Cunouleijce foapg-tei@s Guivixtal ovasasaibudated apanding Go dhe M apim-MEie inethod
nodi fications are intended to fall within the scope

15 an@fgrbiy® ABREOSIBFhred aUiffE theMldg Falk QERNSASiFdl lififle RRESHE dependant
are incorporated by reference herein in their

vafgbler & A-65tub 8F <G05 wANCRRE&Sed significant.

As shown in Figure 12, all mice in the control group (saline) died by day
8. In contrast, mice that received 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
C57BL/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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-109 WO 2007/ 019545 PCT/ US2006/ 031061 WHAT IS CLAI MED
IS: 1. An isolated pol ypeptide consisting of a
waeegaemses of no nore than 30 ami no acids and PCT/US2006/031061
conprising the amno acid notif: (a) Hl-NL-(X) -N2-H2,
wherein nis 0-5; 5 (b) H-N-(X) -N2-Li, wherein " is
indirc&d bpﬁubcﬁﬁhedlik-lﬁquni{z)anem tHe flankewith g total of 2005:g MGOG35 —
wherein HL and H2 are hydrophobic am no acids, Nl and

55N Bndifie Pgﬁ&@tsy\é@hm sheDagd, @A} USAJG Hsom¥letesFrenyd’ s adjnoant
acid, L1 i's a poI ar amno acid; 10 and wherein

(Si%g{adStp ?;loﬁﬁelglg %A‘)asﬁggl%lﬂeﬁ!ea FvitH @hl%grhl ¥EMPEdattetivml N @

esponsive’ ue or An isol at ed

|
t t%ec%&ﬁéﬁ%%.l%@ﬁ%ﬁéﬁ%‘og@% ol W °¢f§§f éﬁqﬁlgﬁwﬁ%ﬁiﬁwwﬁ°
a) HI-NI-( -P1-H2, Werei

pa Qg@ztfrewonqmm= aligvdpg pepess 1103’0%1 gud ‘é(ﬁfaf G\Sﬁ@i’%‘f"h Weziﬁ%?lved
H2 are hydrophobic amno acids, Nl is a negatlvel

500 g rof eertassintoxiad Siyma) 1.vi & the tme'@if immupigaten and 48 Yaﬁlr Weight
is a positively charged am no acid; and wherein said

anf QliMiegnRtbdavdiasecorleddaily (Prinhitit, ilv-flacuid taill Dyatixiagand/or hind-
responS| ve cell, 20 tissue or organ. 3. An isolated

lnﬁ& arcs fét bldﬁoﬁlcﬂﬂﬁﬁh bex, 28 . $5parally 419 oPKind linOutlist @aresis of

fess than 90% sequence i dent | ty W th any

f
B ol PR b i, SHUPLE ST St

fhe am no aci e
drinking water were p acng on fPetrl 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
<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
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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- 110 WO 2007/019545 PCT/ US2006/ 031061 (a) HI -N - (X)

-N2- H2, wherein,, is 0-5; (b) H-N-(X)n N2-Li,
wob@rei19s4si s 0-5; or (c) LI-NL-(X).N2-HL, whePE&I/lS2006/631061

0-5; and wherein HL and H2 are hydrophobi c am no

acids, N1 and N2 are 5 negatively charged am no aci ds,

WHAT 3S @MAIMEDES: aci d, and L1 is a polar anmino acid;
and wherein said polypeptide has cellular protective

activity in a responsive cell, tissue or or&m 4. An
1. i soAatisdatpdpylypertidd eonsstingi ofiarsgquenge of o gereian 40 gEing acids
sequence having | ess than 90% sequence identity with

any anP&hpridingthe #E@d Ridolithavi ng the same nunber of
amno aci'd resi dues as said pol ypeptide; and (ii) the

i P1- H2, wh .
am no (rg):H% Y )“ Hf(}%)ivmgrem i(Sllf)|)2-5 wher ei n nelrglg 1; Ian

5 V\,her e!@ém'ﬁ(’:@g;@éaj ewggrg[ gg %ia_m no acids, Nl is a

negat i lam no is a polar am no

acid, and Pl | |vely arged am no acid; and
wher ei ) $aih- (53-» &Bgﬁtw B Hus!S é)e{ll ul ar protect i ve

activity in a responsive cell 20 tissue ar an. 5.

The i saidawlsseip &11yapd phiagehysirophobigaming cis, Tbbh néehe

di stance between N1 and N2 as a result of the i
terti aiegagielychapel afinoaicids¥liypepanide arid, frut eiga polar amino
about 3 Ato about 5 A 6. The isolated pol ypeptide

of clajda.5, wherein said distance is between about 4 A
25 to about 5 A

10 and wherein said polypeptide has cellular protective activity in a responsive cell,
tissue or organ.
2. An isolated polypeptide consisting of a sequence of no more than 30 amino acids
and comprising the amino acid motif:
(a) H;-N;-(L)n-P1-Hz, wherein 5 is 0-1; or
15 (b) H;-P1~(L)y-N1-Ha, wherein is 0-1;
and wherein H; and H; are hydrophobic amino acids, N is a negatively
charged amino acid, L is a polar amino acid, and P, is a positively charged
amino acid;
and wherein said polypeptide has cellular protective activity in a responsive cell,
20 tissue or organ.
3. An isolated polypeptide comprising:
(i) anamino acid sequence having less than 90% sequence identity with any
portion of SEQ ID NO:1 having the same number of amino acid residues
as said polypeptide; and

25 (ii) the amino acid motif:
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- 111 WO 2007/ 019545 PCT/ US2006/ 031061 7. The
i sol ated pol ypeptide of claim®6, wherein said distance

WO g00betaseEn about 4.4 A to about 4.8 A. 8. ThRCT/US2006/031061

i sol ated pol ypeptide of claim2 or 4, wherein the

di stance between N1 and P2 as a result of the
tertiary say ubh«NeCOi-Nsdigwhoteypeisth-fte i s bet ween
about 3 Ato 5 about 5 A 9. The isol ated pol ypepti de

of claim & DeLX)sN, 4. ivhéRACEs 0s5; et ween about 4 A
to about g)AWPﬁO qI)'(h)e izsolf ated pol ypeptide of claim9,

wherein sajd di ent. 1.0 ; t 4.4 A to about
4.8 A 106&1)1. iﬁnﬁlﬁ@g‘fg Z%l’g’g yggan??gsé consi sting of a

sequence of .nqg nore th 30 .am n [

conpri si n@nfll‘f@‘eﬁ?ﬂ?ﬁéa%%ﬁ& WY?‘}“:’P%FQ% agﬁlﬁi@gﬁ}\h a(ng)Nz are
HININ2L1; or  (c¢) LINLN2H1, 13 t}Eat IS f.orme(iI as 1@, 1
resul t of neEeiively ¢hapzedaning AGds ¢y (HANY AEIRE 3G, 4pe L1 18 a polar
pol ypepti de such that the di stance between the

car bonyl caribonsidof N1 and N2 is about 3 A to about 5

A, wherein HL and H2 are hydrophobic am no acids, N1

and o wikRin 8dblypeitie bhacdmibrpootactivecictisity traresdonsiye cell,
a polar am no acid; and wherein said pol ypeptide has

cel Lyl arorRr@iective activity in a responsive cell, 20
tissue or organ. 12. An isol ated pol ypeptide

consy sting ,of u e. .no nore than 30 am no
a%i quiisgla d(?é’%@re?@&ncgﬂ&%ﬂ{ﬁﬁ no acid motif: (a)
\I,_\IAIWEI ;L(e:_ i) Fz%;%gngggcrl giﬂrillgnclzesha(\)f_in]g’ legsrthar{ 9(3%'5%(?1%3 & id@%’with any

portion of SEQ ID NO:1 having the same number of amino acid residues
as said polypeptide; and
(ii) the amino acid motif:
(@) H;-Ni-(L)s-P1-Hy, wherein , is 0-1; or
(b) H;-P1-(L)n-Ni-Ha, wherein , is 0-1;
and wherein H; and H, are hydrophobic amino acids, Ny is a negatively
charged amino acid, L; is a polar amino acid, and Py is a positively
charged amino acid;
and wherein said polypeptide has cellular protective activity in a responsive cell,
tissue or organ.
The isolated polypeptide of claim 1 or 3, wherein the distance between N; and N,
as a result of the tertiary structure of said polypeptide is between about 3 Ato

about 5 A.

The isolated polypeptide of claim 5, wherein said distance is between about 4 A

to about 5 A.
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WD 2007/ 019545 PCT/ US2006/ 031061 that is forned as a
result of the of the tertiary structure of said

w@oloypepsts de  such that the di stance between tPET/US2006/031061
carbonyl carbons of Nl and P2 is about 3 A to about 5
A, wherein Hl and H2 are hydrophobi c am no acids, N1

7i s aThamisglatadpelypeptide ofedaiamt, wheacin deididistirze ds Imeaesn about 4.4 A
amno acid, and P1 is a positively 5 charged am no
aci dto %ﬁdt%éf.ei n sai d pol ypeptide has cellul ar
protective activity in a responsive cell, tissue or

8.0r gaThe hdlatePolypRpAILEE d@é&hﬁ’?&m SRR 4iShAG betlvdendl,; and P,

am no acid sequence having | ess than 90% sequence

L dentd £ X éﬁth@ %arg%tregtu;e Q aﬁf %%pu gtlg)e {\ng‘é%qea alb019[ 3Ato0

t he sane nu m no aC|

pol y e; and (ii) the amno acid notif: (a)
> HlNl%Qﬁggg‘(b) HLNLIN2L1; or 15 (c) LAININ2H1, that is

formed as a result of the of the tertiary structure of
9.sai dThesispisd poiseptidecef alaim 8, trhsrain said distanse isftweanabout 4 A
carbonyl carbons of N1 and N2 is about 3 A to about 5
A, vihebeutrt Al and H2 are hydr ophobi c ami no acids, N1
and N2 are negatively charged amno acids, and L1 is a

120 phieisolatdd polypeptide cludhimite fdieftis 8did d[&@irﬂé@ melt@@en%%ut 44 A

cellular protective activi ty in a responsive cell

ti ssenLeht £ @an. 14. An isol ated pol ypeptide
conprising: -113 WO 2007/ 019545 PCT/ US2006/ 031061

10 llg eZq uﬁ ésép]t%lo Lpalyp e%tlaﬁ? ?%ne it \a”sen engesgf r}ohr%cr)]regc an 30 amino acids
and comprising the amino acid motif:
(@) HiNiNzHy;
(b) HiNN,L;; or
(¢) LiNiNoH;y,

15 that is formed as a result of the of the tertiary structure of said polypeptide
such that the distance between the carbonyl carbons of N; and N; is about 3 A
to about 5 A, wherein H; and H, are hydrophobic amino acids, Ny and N, are
negatively charged amino acids, and L is a polar amino acid;

and wherein said polypeptide has cellular protective activity in a responsive cell,

20 tissue or organ.

12.  Anisolated polypeptide consisting of a sequence of no more than 30 amino acids
and comprising the amino acid motif:
(a) HiN(L),P,H;, wherein ,, is 0-1; or

(b) HiP(L)aNH,, wherein  is 0-1;
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portion of SEQ ID NO 1 having the same nunber of am no
acid residues as said polypeptide; and (ii) the am no

waeoodonses f 5 (a) HLINL(L)" PL1H2, wherein " is BEWUSm06/031061

(b) HLP1(L)"N1H2, wherein,, is 0-1; that is fornmed as

a result of the of the tertiary structure of said

pol ypetitai defosneiastanasult dithe b tha nerdatyetinverine dfwaid polypeptide
carbonyl carbons of N1 and P2 is between about 3 A

and abguth thatAhe dBRAG Bretierthe chtBoRYIRatfdns YENOBREOP] & about 3 A

amno acids, Nl is a negatively charged am no acid, L1

is a ' ol ' it r.ged
i o S S5 WReBEL ), oA, B i e GrBAT At Fnihar 10
protectiv ctivity in a responsive cell, .tissye or ..
o gan. nagstvay chiteed anihe ol TRILE pilfe Gfingrapidy R Bris ¥ positively
clainms 1, 3, and 5- 7, wherein said amno 15 acid

notif fhargedamyingagierein HL and H2 are the sane

hydr ophobi ¢ am no acid. 16. The isol ated pol ypepti de

of cindiwhetein said palypeptistedian celhilar pantenidvenasitistityrix & fespensive cell,
(a) and wherein HL and H2 are the sanme hydrophobic

am nizswcirdbrgah/. The i sol ated pol ypeptide of any one of
claims 1, 3, and 5- 7, wherein said amno acid notif

i 3}3_(&)3@1&{&%@%&%&-@0@};&@2 are different hydrophobic

am no aci ds. 8. The isol ated pol ypeptide of claim

o eggi 07 ii%‘? ba Eﬁﬁaﬁﬂﬁ?ﬁgﬂgéﬁ? %%Jogisﬁg&gﬁdggﬁ@ with any
[ .19, T j i . . '
a2 poriongl R o KR Belhe e S o arimyasid Fesidues

is (a) or (b) and wherein HL and H2 are the sane

hydr opholss saig pohpeptids; and - 114 WD 2007/ 019545

PCT/ US2006/ 031061 20. The isol ated pol ypepti de of

cl ai m @D the aniho asidametifh sai d anino acid nmotif is (a)
or (b) and wherein HlL and H2 are the same hydrophobic
anmino aci da) HNN;Hy;

¢l

(b)) H;NN,Lq; or
(© LiNNHj,
that is formed as a result of the of the tertiary structure of said
polypeptide such that the distance between the carbonyl carbons of N
and N is about 3 A to about 5 A, wherein H; and H, are hydrophobic
amino acids, N; and N are negatively charged amino acids, and L; is a
polar amino acid;
and wherein said polypeptide has cellular protective activity in a responsive cell,
tissue or organ.

14. An isolated polypeptide comprising:

-113 -



10

15

20

21. The isol ated pol ypepti de of any one of clains 2,
4, and 8-10, wherein said amno acid notif is (a) or

w@ bjo7and4mherein HL and H2 are different hydr optinbszm06/031061

amno 5 acids. 22. The isol ated pol ypeptide of claim

12 or 14, wherein said amno acid notif is (a) or (b)
and wh@y ennantifio and séddeacechavirfgf lessethan 9§ drseqlenbe Rleatityrneith any
acids. 23. The isol ated pol ypeptide of any one of

cl ai ms L(poﬁtionad'ﬂs D N e haling $ied S Audsber 8€ hdlindcid residues

is (a), (b), or (c) and wherein N1 and N2 are the sane

‘negat i VelaXsQiQ#J‘B@/?E &fl. gy no acid. 24. The isolated
e o0

pol ypeptid m 11 or 13, wherein said anmino acid
motif is (&), b). or.(c),.and wherein N1 and N2 are
the same éjatﬂi’eg/aé%’yoc?ﬁ]éirlﬁé%ﬁam no acid. 25. The

i sol ated po] ypeptide of any one of clains 1, 3, and
5-7, wher d@h %Rh(lamﬁlﬁe:%?ralmmdfpfhpg (a), (b), or (c)
and wherein N1 and N2 are different negatively 15
char ged arfboho h®i@3.N B, widreini,doldt ed pol ypepti de of
claim1ll or 13, wherein said amno acid notif is (a),

(b), or (chatdscbridedash hesiit ofititt Mhatettidy bfradctartof said
negatively charged amno acids. 27. The isol ated

pol ypept i %l%fepﬁ&%’s&ﬁ@hﬁfth&a@aﬁ& Bet@Eon fﬁ@@ﬁr%bgyl%ﬁf%ns of N;
peptide is erived froma type 1 cytolcine. 20 28.

The |50l at g sphie Plooth S AT PEeU i YR e

cyt oki ne i'S granul ocy rophage colony s
factor, interl eukin-3, Thronbapoietin, Cliary |, . .
Neur ot F opHYGTeEREPIS AT FtiedVi 4 FREATFVGgreRE Ao a0, Liis a
The isol ated pol ypeptide of any one of clains 1-28,
wher ei n sdRTEBIGY e and Pifiyp Phutivelp shareebamino acigast
one other of th efollow ng amno acids notifs: 25 (a)
HI - hd plpreididgolyppeideihas cellwar(réective abliGity N responsive cell,
2007/ 019545 PCT/ US2006/ 031061 (b) H1-N1-(X)-N2-L1,
whetigéue,or organ0-5; (c) LI-N1-(X)"-N2-H, wherein" is
0-5
15. The isolated polypeptide of any one of claims 1, 3, and 5- 7, wherein said amino
acid motif is (a) and wherein H; and H, are the same hydrophobic amino acid.
16. The isolated polypeptide of claim 11 or 13, wherein said amino acid motif is (a)
and wherein H; and Hj are the same hydrophobic amino acid.
17. The isolated polypeptide of any one of claims 1, 3, and 5- 7, wherein said amino
acid motif'is (a) and wherein H; and H, are different hydrophobic amino acids.
18. The isolated polypeptide of claim 11 or 13, wherein said amino acid motif is (a)
and wherein H; and H; are different hydrophobic amino acids.
19. The isolated polypeptide of any one of claims 2, 4, and 8-10, wherein said amino

acid motif is (a) or (b) and wherein H; and H; are the same hydrophobic amino

acid.
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(d) HI-N1-(L)"-PI-H2, wherein" is 0-1; (e) Hl-P1l-(L)
-N1-H2, wherein nis 0-1 5 (f) HINI N2H2; (Q)

woRNTMSKS  (h) LININ2HL (i) HINL(L)"P1H2, wheP@i/ms2006031061

0-1; or (j) HIPI(L)"NIH2, wherein n is 0-1; 10

wherein notif (f), (g), or (h) is formed as a result

01201 Hes isblated @otypeplide ¢f daimult arld, pheremsaid poinprejt indef is ()
such that the distance between the carbonyl carbons of

N1 asrdb) M wheraindidif andl I dro tladwattie HydAiphobieraéiino aaidi f

(i) or (j) is formed as a result of the of the

t o LTI Molatel Wolypestidf ofSal %n@ Glf YIRER! 2 d€ 25461 0! Qﬁécfeflgrz]s%}dsamino

di stance betweén the cafbonyl carbons of N1 an

nyor PR PR R Oy PR bRy 858 amin

cha;a%eag amno acids, Xis any amno acid, L1 is a

pol &@nino acid, and Pl is a positively charged ani no
acid. 30. The isolated polypeptide of claim?29, .
whdr Bieriselater palpeptigs effclaimi @ cmfidnwhersinsaidrgminogcig motif is (a)
different. 20 31. The isol ated pol ypepti de of any one

of cdrdbpandiwR@einiiieanei i, sre ddfeperthydppholsc amincavidser i c
peptide further conprising an anphi pathic peptide

he i Fhe iddlated pBlypsHtidt Fhnp Ohy BEEIhingte1 , Of ad §17MwvBdrein said amino
wherei n sai d anphi pathi c peptide helix conprises the

o7 RIS T AR By
L hht : NO 51); AARP
:\Ig @%a%ﬁyﬁ L%Ezggsg o|15545 E’C)T/ US2006/ 03106(1 N

LRI (F2 100 200, CHIENESE (2010 s
‘P I\(I%,%? (é) and wherein N; and N are the same negatively charged amino acid.

25. The isolated polypeptide of any one of claims 1, 3, and 5-7, wherein said amino
acid motif is (a), (b), or (c) and wherein N and N, are different negatively
charged amino acids.

26. The isolated polypeptide of claim 11 or 13, wherein said amino acid motif is (a),
(b), or (c) and wherein N; and N, are different negatively charged amino acids.

27. The isolated polypeptide of any one of claims 1-26, wherein said peptide is
derived from a type 1 cytokine.

28. The isolated peptide of claim 27, wherein the type 1 cytokine is granulocyte-
macrophage colony stimulating factor, interleukin-3, Thrombopoietin, Ciliary
Neurotrophic Factor or Leukemia Inhibitory Factor.

29. The isolated polypeptide of any one of claims 1-28, wherein said polypeptide

further comprises at least one other of th efollowing amino acids motifs:

(@) Hi-Nj~(X)n-N,-H,, wherein , is 0-5;
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LRRYI NMLTRP (SEQ I D NO 28); or LALSILVLYQA (SEQ ID
NGO 57). 33. The isol ated pol ypepti de of any one of

w@b@i7e9515 30, wherein said pol ypeptide 5 doesPeDUS2006/031061

i ncrease henoglobin in the recipient. 34. The isol ated
pol ypepti de of any one of clains 1-31, wherein the

cel | ul &) HipNo{¥EtNyb;, adterain t, ¥s 0-§; pr ot ect i ng,

mai nt ai ni ng, enhancing or restoring the function

and/ Or(c?i[qhﬁﬂ-(X)){-}QngaﬂféréiﬁL!'ls,o-si ssue or organ. 35.
The isol ated pol ypepti de of any one of clains 1-32,

wher ei {H)%ﬁi-lqrg%wﬁfzi, q)gxell?:ﬂ?n iSJe(_)l.ceI | ular protective

activity inn ona one, eye, adi pose, connective,

hai r, I ancreas, endocrine, ear,
epithe&§g%PP§Q5¥$ﬁ%§$8P%?Hh%§?%{ lung, liver, kidney,
i ntest]| nal, capillary, endothelial, testes,
ovary,hgﬁhgﬁgrr trial cells or tissues. 36. The

i sol at ed olﬁpeptide of any one of clains 1-32 wherein
sai d pﬁDﬁgéb pld¢ has 15 cellular protective activity
in astemcell. 37. The isol ated pol ypeptide of claim

any oné)dfNelNgijms 1- 32, wherein said polypeptide has
cellular protective activity in excitable tissue. 38.

The iSg}Qhﬁgaggﬂtﬁgﬁh&ﬁhﬁhﬁbﬂh%5, wherein said

excitable tissue is central nervous systemtissue,

peri phﬁj’ zﬁlpﬁzn\mg%’ V%&E’?Fmig pssue, cardiac tissue or

retinal’ tis e I'sol ated peptide of any one

of cl,ains 1-. erejn said peptide is, C bl e .of

Cr aVERLR o U i oniscfs Bt g SR Gty strueture of
i sol at.ed. peptide of claim 37, wherein the endotheli al

cel [SaHpokipeptidetrsh that she dipfangs bebueasrthe parbamylicagbons afeN: and

bl ood-eye barrier, the bl ood-testes barrier, blood-

ovamY ipabait 8rA tdteutls demberan ntohié (i boGlisspimen aseoreshilt of the
barrier. - 117 WD 2007/019545 PCT/ US2006/ 031061 41.

A phitdrsegiaty stalcthre oPasd bolgpemidepuelsihagiht ldistinse banedn the

pol ypepti de of any of clains 1-38 and a

pharchmesAtdafiRink ¥f RG 68P PARI BoGEd Ait6abottd A T4 wherein H; and H,
pharmaceutical conposition of claim 39, wherei n sai d
¢ 0”%9&1&31&%05& amino acids, N; and N, are negatively charged amino acids, X is
any amino acid, L; is a polar amino acid, and P, is a positively charged amino
acid.
30. The isolated polypeptide of claim 29, wherein at least two of said amino acid
motifs are different.
31. The isolated polypeptide of any one of claims 1-29, wherein said polypeptide is
chimeric peptide further comprising an amphipathic peptide helix.
32. The isolated polypeptide of claim 31, wherein said amphipathic peptide helix
comprises the amino acid sequence ALSILVLLQAGS (SEQ ID NO:43);
VALLPCPPCRA (SEQ ID NO:49); NAIIKNAYKKG (SEQ ID NO:50);

GSWQRSLQDTE (SEQ ID NO:51); GGSAARPAPP (SEQ ID NO:52);
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formul ated for oral, intranasal, ocular, inhalational,
transdermal, rectal, 5 sublingual or parenteral

w@eaoo7i01s8s at i on. 43. The pharmaceuti cal conposPCT/U82006/031061

claim39, wherein said conposition is fornulated as a
perfusate solution. 44. A nethod for protecting,

mai NALAEND TOY Ye (B1EQ D NO 58 GABAEAYRSKI (SEQ H3pdnSiye
cell, tissue or organ isolated froma nanmalian body
CONMBASHPHWSVTSS [SEQ $BIND:55%) ol VMIATEFISSEQ 1) Ban54)0
a pharnmaceutical conposition conprising exposing said

_‘;ﬁ'n%g;*ng:ﬂ%ﬁfg?i; s?%.f@%%,@ffgs?m? P%%%%@ﬁ%gg%? N:5D.
P 3B SO b e i A n ot elfind d o B R i g peptice

protection agai nst and/aor prevention of a tissue

i nj dpsp not grerease heraaglabiaip e 1SEPIEHE for t he

rejuvenation of tissue and/or tissue 15 function in a
sibThe isolatedyadypaptide ebiny o, oflgbadme fl-Hi whersimthe gellular
peptide of any one of clains 1-38 for the preparation

of Protedtiat ABRELL ik pedtetdigpRaintdiningf enhahdigg pr @vierihg die, function
therapeutic treatnent or prophylactic treatnent in a
Subpedby yibilBESk Lltesf0fisQk ofofp@hdi ovascul ar di sease,

cardi opul nonary di sease, respiratory di sease, kidney

. . ; ur ot
e T2 fobERRNERe L el ALY 1215 VBRI R E B GpAlac bas
gastrointestinal di sease, endqcrine abpormality,. .

ot SEIRPTORHEY ALY I BeARAL RSS: S5 FRGSe: eapntiveghair, teeth,
di sease or disorders of the central  or periﬁ)her al
ner woAgesalynanenens, enducringecanswpithelial) shimmasclgy hoptt, {ymer Byss,
the subject is a manmmal . 48. The use of claim45

whe kiinay tihtestiveepadienal scapilbaurygpemdothe 4l SteWies, 206ry, 0d8tldtetrial
PCT/ US2006/ 031061 49. A nmethod for facilitating the

t r agslydrakksesOof a nol ecul e across an endot helial cell
barrier in a subject in need thereof conprising

ST SLALL R85 OB e

I sol at,54 &Sﬁgtii\geeac%]:/ity Y9G Q. claims 1-3 8.

37. The isolated polypeptide of claim any one of claims 1-32, wherein said
polypeptide has cellular protective activity in excitable tissue.

38. The isolated peptide of claim 35, wherein said excitable tissue is central nervous
system tissue, peripheral nervous system tissue, cardiac tissue or retinal tissue.

39. The isolated peptide of any one of claims 1-36, wherein said peptide is capable of
traversing an endothelial cell barrier.

40. The isolated peptide of claim 37, wherein the endothelial cell barrier comprises

the blood-brain barrier, the blood-eye barrier, the blood-testes barrier, blood-

ovary barrier, blood-nerve or the blood-spinal cord barrier.
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5 50. The nethod of claim47, wherein said association
is a labile covalent bond, a stable coval ent bond, or

w@20sn1seval ent associ ation with a bindi ng sitBCT/082006/031061

said nolecule. 51. An isolated nucleic acid

conprising the nucl eoti de sequence encodi ng the

i 4blAapbatnpegtticdbconipoaitipn@ompoibingltia w6lated PBlypeptidelof sy of
vector conprising the nucleic acid of claim49. 53.

The ¥k QL3 804nd FHanBRuibdIB hcksptale 8%PieL£SSi on vector.

54. A host cell containing the expression vector of

Ch?'l‘ﬂegag}anéaﬁzeuﬁaﬁr@{)lﬂggsﬂ‘? 1 5@&@@%@ %fe@frl 9&&@ g&ﬁg&%&&hﬁ

i sol at one

0 9. tur
col HopiRRR fipslt mﬂ)feaS& e taE Srtaty oot St o ep gl
the expression of said . peptide, and ii) recovery and
i solsgéiu%ﬁ‘\‘ ergaafflﬂerslea&ema’é 7% sai d medi um 56. The
i sol ated peptide of claim2, wherein said peptide
chpitegbarmaveutionl pompasition efadaieniSs whersin skid gomposition is
( APPRLI CDSRVLERYLLEAKEAE, SEQ I D NO 32), peptide C
( NI virialie ey ApERaidGolltioR. | D NO. 29), peptide D 20
( QAVEVWQGELALLSEAVLRGQALLY, SEQ I D NG 30), peptide E

( 4CAERICENED! Jr VP@E@/ MaaiERiddbMNdhdding Ql%R’tldbqil?t or A e onsive
(RYLLUNI TTGC, D NGO 33)° peptide’ QL ERACNSS,

noris, Bt Oggﬁﬁﬁ%%@&ﬁ%%%ﬁ%ﬁ?%ﬁ%ﬁé%& wid
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peptide L (KIRSDLTALTESYVKH, SEQ ID NO 37). 57,
i solcal.dissyronoraen torthe Aharmaeeusicalgomnesitionag claiv éPeﬁ“h or 41.
said at | east one cellular protective activity is
s LEse rof e col ade], pepttiide bf agt onel dficldims v foattedgréparationraf a
by a 5 nethod conpri si ng:
pharmaceutical composition for the protection against and/or prevention of a
tissue injury, for the restoration of, or for the rejuvenation of tissue and/or tissue
function in a subject in need thereof,

46. Use of an isolated peptide of any one of claims 1-38 for the preparation of a
pharmaceutical composition for the prevention, therapeutic treatment or
prophylactic treatment in a subject in need thereof of a cardiovascular disease,
cardiopulmonary disease, respiratory disease, kidney disease, disease of the
urinary system, disease of the reproductive system, done disease, skin disease,
gastrointestinal disease, endocrine abnormality, metabolic abnormality, cognitive
dysfunction, or a disease or disorders of the central or peripheral nervous system.

47. The use of claim 43 or 44 wherein the subject is a mammal.

48. The use of claim 45 wherein the mammal is a human.
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(a) contacting a test culture of primary hi ppocanpal
neurons with N-nethyl- D-aspartate and said peptide;
war@70s48let ermi ning the cell viability at 48 POINUS2006/031061
post said contact, such that if the cell viability
determined in step (b) is greater than that of a
ONArfAéthod Srdudilitatifg the ttdnecyadsicotemofecalaiadropei emtdthelial cell

t he peptide possesses cellular protective activity.

~12Qamierina subject in need thereof comprising administration to said subject a
composition comprising said molecule in association with an isolated peptide of
any one of claims 1-38.

50. The method of claim 47, wherein said association is a labile covalent bond, a
stable covalent bond, or a non-covalent association with a binding site for said
molecule.

51. An isolated nucleic acid comprising the nucleotide sequence encoding the
isolated peptide of any one of claims 1-38.

52. A vector comprising the nucleic acid of claim 49.

53. The vector of claim 50 which is an expression vector.

54. A host cell containing the expression vector of claim 51.

55. A method of recombinantly producing the isolated peptide of any one of claims
1-38, said method comprising i) culturing in a medium the host cell of claim 52,
under conditions suitable for the expression of said peptide, and ii) recovery and
isolation of said peptide from said medium.

56. The isolated peptide of claim 2, wherein said peptide comprises the amino acid
sequence peptide A (APPRLICDSRVLERYLLEAKEAE, SEQ ID NO:32),
peptide C NITVPDTKVNFYAWKRMEVG, SEQ ID NO:29), peptide D
(QQAVEVWQGLALLSEAVLRGQALLYV, SEQ ID NO:30), peptide E
(GCAEHCSLNENITVPDTKVN, SEQ ID NO:31), peptide F (RYLLUNITTGC,
SEQ ID NO:33), peptide G (QEQLERALNSS, SEQ ID NO:40), peptide I
(CSLNENIQEQLERALNSS, SEQ ID NO:43), peptide J

(QEQLERALNSSLRRYINMLTRTR, SEQ ID NO:41), peptide K
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(WEHVNAIQEARRLL, SEQ ID NO:35), or peptide L
(KIRSDLTALTESYVKH, SEQ ID NO:37).
57. The isolated peptide of any one of claims 1-38, wherein said at least one cellular
protective activity is neuroprotection, which activity is evaluated in vitro by a
5 method comprising:
(a) contacting a test culture of primary hippocampal neurons with N-methyl-
D-aspartate and said peptide; and
(b) determining the cell viability at 48 hours post said contact,
such that if the cell viability determined in step (b) is greater than that of a control
10 culture in the absence of said peptide, the peptide possesses cellular protective

activity.
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