PCT/ US2006/ 031061 WO 2007/ 019545 TI SSUE PROTECTI VE
PEPTI DES AND USES THEREOF 1. | NTRODUCTI ON TherpEfs&iiost
wo ddyeisin is directed to novel tissue protective

peptides. The 5 tissue protective peptides of the
invention may bind to a tissue

rotecti r
conpl gfsStR PROTECIEE PERE AND ﬁﬁbéﬁqﬁﬁﬁpspdr awn
to tissue protective peptides derived fromor sharing
consensus sequences with portions of cytokine receptor
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.

or di the tissue 10 protective peptides of the

L [ﬁﬁ&gﬂpg%ﬁg% derived fromthe am no acid sequences of

regions of cytokine receptor ligands that are ) Th

general Iy | I&g %tnfﬁvgﬁio‘ﬁris Wik &bditd fevel Bshio proféciivh geptides. The
a

i gand I'S opposite of the receptor
conpl ex, i

i i | doaki teatiive cecaption
5 ﬁsswm@mﬁﬁgpﬁ??h@%gffgﬁ evgfel{lﬁilﬁ gﬁﬁly%%d agtidst®proteiive

igand protein that face

fromth tor, . iLe - ace
con%gg% dhltr pc;rrnﬂiwéa(i‘; é@;&f’sgﬁ{mﬁ{gﬂ%ﬁg g%at‘édﬁ thishtSprblegivtcheptides

on i1s further
irected to 15 the consensus seguences deBotor ligands,
de hgifaﬂtgbf mﬁagsy?ﬂeh?;siscqqu?ﬁjgﬁgp l’é’@? Pé%’&%l%%fgf él: EI.) s
ese tissue protective peptides also include . to the
- c;@gggﬁﬂmo SBITEERG), (s aweidt iewotysdip HiFen B%S’thﬁel%%a?% 0
M T the gpati al localization of keyéarri g_og&chl%lﬁssue
resi dues: wijhi g, {Berl seitor Pomedinel.vaAcELEEYo
reqep’@aﬁta@pleg égg’ {bEPO. The iéiﬁventi on al so enc:o_ré*passesi;ﬁgogegions
net hods for treating. nreveiNddfeom the @finameid oA
10 prefeebiederl esdqulg?'ldmer%&lgr?gﬁor treating, restoring or &h
aneliorating a tissue inj B8 oh o Sithinpthe region oktne
of petokintagceptordigands inptaie g?‘!rl}e\l#éﬁr{mé%n. The invention al so
enconpasses net hods for enhanc

( i ) t fBleBndrhpderived from
ligaut protein thatiingpnasie pbhF IR i°\9‘2‘%1°g‘)é%]ff de§=€%f the

RTINS (o e
I's a glycoprotein hormone commonly_associat ede W.I Biected to
céﬁ@eﬁlﬂ%%@ dGé bdvewdetd dleg TereRiod, ThegpEetion 45, %:L}I%ﬂ’el: Bire
I'Ssue protec ion. Mature human EPO protein %OEP’r i gﬁt?de.
15 ﬂ%ﬁc?oﬂé‘erﬂsﬁé’seﬁﬁé&%s Athsb aScrRinaetiag alspnthakid BHRIe BIOWATVR Bt
i tides
These tissue protective peptides also inctude fragments, chimeras, as well as peptt
) - - . 0 - ‘ti Sue
designed to mimic the spatial localization of key amino acid residues within the tis
protective receptor ligands, e.g., EPO.
The invention also encompasses methods for treating, preveniing or
70  ameliorating a disease or disorder and or {reating, restoring or amelioraiing a tissue

. . . o1 also
injury using tissue protective peptides of the current invention. The invention

. . ' ing ti rotective
encompasses methods for enhancing excitable tissue fimction using 11sSUS P

peptides of the current invention.
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5 gl ycosyl residues contributing about 40 % of the
wei ght of the nolecule. The EPO nvol ecul e conpri ses
wd 2007/019843 ces that interact via their hydr ophobCEUS2006/031061
domains to forma predom nantly gl obul ar structure
wi t hi n an aqueous environnment (Cheethamet at., 1998,
2. BACKGROIAYD (F AHE EINSENBBEY whi ch is hereby
i ncorporated by reference inits entirety). The
i nvention derives fromthe discovery that certain
am no ackgthrbpsieig(“EPO qineglysoptSeirwirmoneresthmpnlyeassociated
away fromthe hydrophobic, globular central core)

Wiﬂgg%i ﬁ&ﬁtgh?lfc% 4 heRhRkBEAAD rorE RBEMAE FishRProBetil, I MBEreHiuman

i gne om an under standi ng of the tissue

881 g VAR o 2
155y Lo e O R PO Dvs LIRS bEERFESES Gl ELO

into 15 erythr oc;ll.t es. EPO acts as, an_anti-apoptotic_ -
molggdla comprisssdoarhelives thetintesrt ylagheis Bydophehic dempaing to form a

progenitor cells, permtting progenitor cells to
predatinaetly globuler sthivhure yiithin an @preoesesironmest Cheethningt ab, 1998,

oxygen (hypoxia) trigger an increased production of
NateBiidt! BROI £8411860, vitlich fsiheredy indtfbetbiel &F ubfefenkdin its entirety).

i ncreased erythropoiesis. Gven that the Kkidney

Y% (REthk §@h1&£ﬁ1§ﬁﬁﬁﬁ%' thy
Thé;iggfg&ﬁlroépdg ?gilmn&ﬁﬁhéeaﬁgs s o f(?/e ney 20 _Of unct i célﬁlg, g ljl g%eous
as in chronic ren ai T S o
enBgiate 6n oty R s P shh e, A el RO HAR R, e
may result from ot her chronic . conditions, such .
profegiigter BeRsiles FaPiie lsiived SE LOuEH SPRAR HGRTE phide Siswe

such as_ chenot her apy, which directly suppress the
profectiveiregions thet hevebeeaadensifiesl Y the ApplitaaBt e r econbi nant

eryt hropoi etin has been avail abl e under the trademarks

of PROCRAT noted abbwady E® (X is pinrii®tedt.t oitBiameoal otes EPO regulates

Raritan, NJ, and EPOGEN, available from Angen, Inc.,

henldi6¢tiamdugh #s Wk 300/t Qton BXErtISddoodatO6dells Grtkss ,
CA and has been used to treat anem a resulting from

ery?f;(?caﬁés?‘@,‘i’d £08khs s SRAGOptoticPeANIriMgtthe ﬁaﬂuelttion process of

ovudi ne) 1n H V-infeéected patient's, oncol ogy

o S Bt RO ARl R Rl ey

Thousand s, CA, is available for the treatnent .of
Deciiaii Jovelac S eRvEgt (Rt BLkebr b BRI HLB 0N hoed

to increase the hematocrits, of patients undergoing
eryBupppietin bithe kidneyewhich roulis ity weregsq QPOfsSip dUtven that the

transfusions. Recently, several lines of evidence have
kidserguastadly provhice SO nadjeuity 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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functions locally in a paracrine-autocrine manner to

mnimze tissue danage. For exanple, EPO inproves an
WOHGRLW4Tel | ul ar m croenvi ronnent and decr easBET/AB2006/031061

programmed cell death caused by netabolic stress. Both

of these activities are noderated, in part, through
Ogkm(4 andhay beshiused toi tréat ansmis spsultingcleom esd stage eenal disease,

receptor conprised, in part, by the erythropoietin
theramewith AZT ERIORlinpYy ot ETVvinfed?eRpatientsn oneybpgyopatients cangd

66 kDa protein and is a nenber of the Type-1 cytokine
chéB6@REPY. Caffbﬁﬂyahﬂﬁr%lyﬁ@sgldtéﬂ bpci€ts, MECANESP B %gagen,

e

are grouped together bas on the shared honol ogy
. ' . . : d

B e e e e R e

[L11 ranyl ocyte. nacroph - col.ony. st.inul atin
comgpps Tofq predrysed 14 aEtaRe B Bemali el bt pRliril miicpgitng surgery to

factor (?CSF%,g I,eﬁkem' a inhjbiting factor (LIF),
redyepithg geed den Allogerip Rlaodit@sFSIopPENTF) | t hr onbopoi et i n,

grow h hornone and prolactin. The conserved

ext r acel |Recentlyd oeneeral links phexddence beyr migsesiedthat ERQ@lde

of approximtely 200 20 am no acids, conprises four
fugeiding loepldy inya p@aGBIevAGOE NS hednher foatiniluies tissue danagel For

term nal region (Cys 294, Cys 283, Cys 248, and Cys

exdBfle, BPOGRMPRAIRE 8 hio:B€ cQhldritiRtochPiroriéht AR BE&BARE €
d the structural integrity of the receptors (Mirray,

an
B S LSBT A, B BBy s e
LS B 4 g P e SRS o

PCT/ US2006/ 031061 reference in its enti ret_y)@ and a
compiisesh in pearty by taperytheersicts rgepey (“‘BROR) perteifte POR 1s an
proxi mal to the transnmenbrane domain. In connection
appiaxkmatelytGoridproprotsin andEip@rnémbertaf diesTye- hoyfakine receptor family.
simlar to other receptors within the Type-1 cytokine
THiefeplyaonipaised ieceftonsshat atdgronparipbetherd bagedidy e shagd homology
EPO, binds to a preforned dinmer of EPOR, (EPOR)2. It
of e HRAPCI R oM ARhnkiNAdTuddsedplir® ERGRrIviiih ILPSIL3, IL4, ILS,

extracel lular domain of the classic (EPOR) 2 honodi mer
| | .

L, L R b e T oy i BEBF Gy,

1 and | ow af.f.ini r r. bindi ng.site It
saplo el Atk CE A R ambiPloh® gy’ € citiery

| are, TKVNFY, S ID NG 2, correspondi ng to, anj nQ
neazq%hwg%@r ) 758: Brempepaigtin ,gromﬁfg%snnﬁl?@ndﬁ apiip. The

NO 3, corresponding to am no acids 146-151 of SEQ ID
cong@rvert extineelkidaydompas oibswoteantal's has hleigtheofzppraxinaiey200

SEQ I D NC 4,
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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corresponding to am no acids 11-15 of SEQ ID NO 1, and
SGRS, SEQ ID NO 5, corresponding to am no acids

wae@inosipf SEQ I D NO 1 (Cheet ham et al ., 1998, PREAUS296/631061
Structural Biology 5:861-866, hereby incorporated by
reference in its entirety). EPOR 15 honodi mer

refetendontiisentitetsddi snd @ TrpSesthd rpRosEEa ID MQ: 5% metif located
signaling proteins that are associated with EPOR,

proirfial, to dieditarisineadiae donp@ses, that may in turn activate
several different pathways including, for exanple,

t he phospnadinddidn 9k EQAhroBbibsis HOOR SthctibAd MVEManidd fimilar t
Ras/ VAP %]na{ige pat hway, angllllosf1 t he STA'Ig pat hway. These oo

osRE B e G OB B g
e g4 R IEE 1 prefomund et BPOBS TSR oS0 i detarmped that

al ., 2002, Endocrinol ogy 143:2293-2302; Remi1 et at,
EP@Qdg@ractsowite theextiges! iay i%g@m aiihe visssir B QRYthomodimer receptor
1996, The Oncol ogi st 1:337-339, each of which is
vialtewelistinctuegions pa tledigand seffeces a dégh affinity rasapior bindjng site (site 1)
Recently, Applicants have di scovered that the tissue
andi RIvESHInIS rédepRe biddass sitsié 2F-Phednsindacidabqibnoys 6 EPO

receptor that conprises not only EPOR but al so anot her

assbﬁﬁg%é@vgiﬁpszt{eollﬁé %Wﬁﬁ 3-8 630ne"s§&ﬁﬁﬁg°ﬂ'o AMiRb 8kids 44-49

peta conmon re e EPOR 0(c) receptor Is,

t
o EQEE D7 5 6 A o Rt e s
o BEBEENb R b B B B ey S oo,

Decenber 28, 2001, U.S. Patent %pl ication Nos.
comgprading gpamipofacided 1 5ScefitBiQ IRNOoawl SGRRAS1BEQID NEw,
filed July 3, 2002, each of which is hereby
cotresponding &t adinbyacide 160 difd @fiSEQ IR NEh1 (Clagefhamiet dloLRPS, Nature
Applicants had established that the | 3~ receptor is
Stri€idl BiolbGy 513611866 Shigelpr Btepbiave] Padelosnce ih fts bhitieey). EPOR
excitable tissues, the structure of the activating

b RIS g g ot

ass%?i%{e@%ﬂﬁéﬁ Q?It, g@@?/tﬁrcgsﬁr%é BR%Es, (R I litilnBHotivate several

e acti esponsi ve ¢ ) I ssue, O

/
qrgan, .whi ch po). tides ont.ai i NO_aci Lfs
s PR (A 0 Gl S sy ool (Ry Snditee
-H2 wherein" is 0, 1, 2, 3, 4 or 5; (Db)
pathyayy the ResMGP kinasypathwry, agdfos thy SEAT pathavay. Fhesg pathyays
LI- NI-(X), N2-H , wherein nis 0, 1, 2, 3, 4 or 5;
trigasy thdlanhkapppiotic Bindtans neressicn for ergh®poiesis thayare 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 af., 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

-4
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15 (e) H-Pl-(L)am NI -H2, wherein nis O or 1, and
wherein H and H2 are hydrophobic amno acids, N and
WONDOHP54fegat i vel y charged am no acids, X is aP@QT/4f2066031061

acid, LI is a polar amno acid, and Pl is a
positively charged am no acid. In certain enbodi nents,
rectpter proggih,i tHe beta fcotningon revepibdn (6B, "R The [EREOR/ B, receptor is, in contrast
erythoropoietic activity, e.g., do not increase
to A6 WBfloafthé} (BPORSIBheRfdcbmiplexd séLmia) it is knBwhs blagTa role in
enbodi nents, the isolated 20 pol ypepti des of the
[ ' [1St: n e n 15,
the Iﬁg&ﬁg@%@ﬁ%ﬁﬁé’%@s&fes, 933”9.'g.é vyﬁgzr?o%@si‘é’s i Ect hs! "

or no ho amno acids. |
P ySgu RERR Bl amborat 20D R 17 S, o A5uiBfon N8 o9 A2

| ess than_ 70% | ess than 65% | ess t han 609% ess
filegTdgrenies 29,2000, 2nd 0KFR, 9030 Sled b3, 2000, ek @ Wh@ir 15hoeby

|l ess than 35% |ess than 30% or |ess than 20 percent
incorpeased by raferenéd in itei anbireiy.y AitboughoApplicantsdad Bstalpished that the B

2007/ 019545 PCT/ US2006/ 031061 am no acid sequence of
receptotisecehttilas tey tidshe prddotive PathWakOin thest exitabile tissmeSHGR

ID NG 1, wherein said portion of EPO contains the
str@ive JPWEREIvin AR BftitHe FeRehigHORasatill ikhSwREPT | de.

In certain enbodi hents of the invention described

her ei nabove, wherein 5 the isolated polypeptide

conprises the structural notif (a) H NIL-() Q% N2-H2,

ﬁgﬁﬁﬁi?R" is 0, 1, 2, 3, 4 or 5 (enbodi ed by sequence
3'| ent| |g}s 6-11, respectively, discussed infra); (b)

H -Nl -(L)"-P1-H2, wherein nis O or 1 (enbodied by

Scae e S A B SRR KOl DR o
o R e SROEIE b oA B sy it vt

same 10 hydrophobic aning acid. In other e o&i nts

CORg A ARAENY AGE MRGTHR COEBHYINS thy wasisRRiravence @hdrBunXdmdz-Ha,
i sol ated pol ypeptide conprises the structural notifs

whergin iis-ONIL, 2.9, 4-ax2; (D), Hi-Min€KhiMe-Li.svigrein » 190, 132, 3 4001 B;(¢) Li-
(d) H-N-(L)"-P1-H2, wherein" is 0 or 1; or (e)

N; HBORPNo{H,) whereidly; #1D, 1yh)8t dion’S; (B H)-N1-(ID-Pihandeddih nisy) or 1; or
be di fferent hydrophobic am no acids. In other

© (IR, SH,, tWherdiy R 6rOl aRE Qheftes H ahd B atesi9ldab@dbic amino
po ypeptlclle conprising the 15 amno acid notif (a

iy ol o Mool BRI Mo By, sy pin all, i g polr
amgq?aaclféﬁgg[é’s ?’19 Mc’?%ﬁ{lell*&h%r zlirnﬁlélolégﬁg ' Ig}céﬁéi} eg’:gnoéin?erntss, the

di fferent, negatively charged ani no . acids. The .
pepiiips AF fsrinyrrsion dlse Ipd ery biropoisiics6HyiSe 5t «fiasnot increase

conpri sing the am no ) )
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%, tess than 55%, less than 50%, less than 45%, less than 40%, lessthan =~~~

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

-5
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acid notifs described herei nabove, wherein said notifs
are fornmed by consecutive amno 20 acids within the
wamonoraes d sequence of said pol ypeptide. |n sperubiosso3tosl
exanpl es in accordance with this enbodi nent, the
i nvention provides for an isol ated pol ypeptide
amGongid s?dqn@ldehﬂ'r@dﬁn@%uﬁﬁnder?ﬂir poishn (‘JEPN’Z’?\Ik& iR $HD ID
NO 6), H N-X-N2-H2 (SEQ ID NO 7), HL-N -X-X-N2-

NS BN ol AR5 B

sai&?é%de[’ NO 11), HL-N1 25 N2-L1(SEQ | DNO 12),

PREX- N2- LI (SEQ I DNO 13), HI-Ni-X-X-N2- L1(SEQ I D
-6 WD 2007/ 019545, PCT/ US2006/ 031061 . NO.14), | ,
H - NI - X- i% serfen e@PO‘%EQTSlO%ﬂmPY@}QOHHeSwhe@W%&OKQ Wwherein
LI(SEQ ID NO 16), H N -X-X-X-XX N2- LI (SEQID

thengplated polypengidenpmpisesshestroptugl 1@)if (4) (H;-N-CR.-Hp, wherein ,
(SEQ 1D NO 19), LI-N-X-X-N2-H2 (SEQ I D NO 20),

is Q,11; BlI3, ¥-ox-SX(ehibodizd by SEqenbe Mentfigrs 6L11, MspetiXeldy; HisbldsttRinfia);
(SEQ ID NO 22), LI-N-X-X-X-X-X-N2-H2 5 (SEQ I'D

- N1 I .
O] il (1 COEAly Mk ol

ooyt st B MR Vg Sl Y iR o
o RIS S, e, B S e

cid.. In certa] spects _consistent with this .
hY@ﬂB‘&hlmﬂo i B O RO MRt the Mysatian drecibaddiereiabove,
a 10 notif having the am no acid residues HL and H2,
wheyeirgihe isataterhyoly peptisie eemprisesdbhe seuctetik metifr(e) Hi-N-(X)y-No-Ha,
hydr ophobi ¢ am no acids. In other aspects consistent
whereirhy, i5 16} $, 23bddi Gl H-MREDRPH-Hhehéshl Ak Odr 1; or (6) Hy-Pi~(L)e-
pol ypepti de conprises a notif having the am no acid

N85 ivietem N& 0 andrNand Ny nsuythe\BrieRMt I‘iﬁﬁ%]gﬁ%}% RAinBRYidSCIn

different negatively charged am no aci n ot her

othSPRROUJFRBAS, the Iilﬁrve\:/hﬁ&? s P& 188 5te g»gi')r@hﬁgiei co (1)'1r31r1T:1‘§ Jhe

pol ypepti des 15 erefn the am no acl

o5 b A, SR, A B A
L R B85 0 5,0 B, 80 5T

i.e._tertiary structure, of the polypeptide but may

wheysinN padeilzman yheisagre orgnay bandiffsrent negatinglylvharged emino acids.
primary am no acid sequence of the pol ypeptide chain.
I n a spethd inveptianpioeidenfadwdatedpolypaptides 26mpiisg the amino
enbodi nent, the amino acid notif conprising am no acid

acid eftid@scliddd hddinat¥e, Rhékein4dicamaliR@Gforied BEebhdecutive amino
NGO 6, discussed supra, may formas a result of the

acidSWihiAthe 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,-Hy (SEQ ID NO:6), H;-N-X-N,-H; (SEQ ID

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

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

N2-L; (SEQ ID NO:12), H;-N1-X-N2-L (SEQ ID NO:13), H;-N;-X-X-N;- L; (SEQ ID

-6 -
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structure adopted by, i.e., protein folding of
peptides conprising, e.g., SEQID NO 7, SEQ ID NG 8,
WEEQADSMO 9, SEQ ID NO 10 or SEQ ID NO 11, wWheT/@s1006/031661
the amno acid residues between N1 and N2, e.g.
éx ,,, fold such that N1 and N2 becone Ilnearly 25
thid il - XpEeX Nl fg (SEQ RO ri6 H N XeHeXiipdbs Es(SEQ ID
[ soI ated peptides conprising the -7 WD 2007/019545

NOT6), UH2Np6-H3LFO-K-Na L (S IWNUHT]CLHNI}LN%Q SEQ ID NO:18), L;-
H?-%NZLl L1NI N2HL: Hllrl\(ll( PR vhororn HOR (P MO8, L

NAXN: NAH, KRS B No: g‘b)”fl‘n NY&I}?JI{L- i d%@@@%@‘?’g' H-X-X-XN,-H,

m)tl s are forne a resul

(S%r ein ?ll?é ’aﬁ'ﬁg 3 %ﬁ\ﬁgﬁ? @%Qﬁﬁ@g E?\T 1%%&%%%%\&-}{
SRR SR B R MR R T RS B iR29), H-

A to about 5 A preferably about 4 A to about 5 A
Pi MigHuGHHQ B d¥QsR ) oy HatRors-Ni-Ha (BEQ IR BUXL7) wherein Fy and H, are
ot her enbodi nents, wherein the amno acid notif

hydwphobis emind acids) N\lﬁndﬁ\fﬁrd: pedatiaely chinped hafresadidy; X i$ o amino
that the distance between N1 and N2 are confi ned

ackRY i d;bdlaﬁdﬂﬁho hfidt atd®, is E%ﬁﬁv&@ Qﬁﬁl%&él Qhhindacid, I&Jé?tam

char ged si de chai ns, of thé two I s between about 6.5 A

asf)é?:tsaok?) WikteRt With gtfif @mESéh?rlfeﬁféj a&%r&ﬂ%%&?t{éﬁ 819% eﬁ% &@npnses a

ar e us spati y con as a res

m&ﬁa'%iu’%ﬁld@@%a%? Flopii ggﬁ"fizmg%ﬁs'aﬁ%@?&aa% .

a acids int sequence of said_am no acids
di %}Pﬂ‘h f‘gﬂi’P‘gwﬁeW& aclaﬁ g’t%ﬁ‘f aspectsgaugisienb with teis egibodiment,
wherein the amno acid notif conprises NI and Pl, the
wheggin therigolated pabypeptids dostorisstie motifhaving thectining pcid residues N
bet ween the carbonyl carbons of NI and Pi is about 15
an@Na, Ny and Dty the sgmebemap by diffepertt ndgAiviely chaeaed mido acids.
and nore preferably about 4.4 Ato about 4.8 A In

ot her enpditERBhbodivatsethr ihitiofphRidEiishlapd bBlypeptldes
conprises Nl and Pi, t he tertiary structures form

WIRBGH tﬁehﬁﬁmB Q&d%ﬁﬁcﬁqﬁl Eﬁ'f&ﬁtd\ﬁ’@ &inbs ﬂﬂﬁi of%mﬁ%ﬁoﬁ Qf's:bﬂl%qamds

spatially such t charge se arat
R sl SR SR

Oconf| re It of being in an _ am no
SP%@?IH a? SRt mathse ﬁ}stgme e%?l%l BHUARII  -ea fer iy sactue,
hel i x, and may be separated by 1, 2, or nore than 2
of ﬁmmévpéﬁtléﬂsbutm&w sepgiatedchy Pt mere aminereeids adihitsthe primary
form ng said helix. In certain enbodinents, the am no
amdgi aisd sepueiaegf thdpolppeptiie whaihi fin & bpecifir ds}iaamle 1 dcooidane with
of said pol ypeptide are separated from each other by

thisembodialent) terehindfacidthef MR nlido a6iddedi@sdsdBE N, | Ns, and
the |linear am no acid sequence

H; analogous to SEQ ID NO:6, discussed supra, may form as a result of the tertiary

structure adopted by, i.e., protein folding of peptides comprising, ¢.g., SEQ ID NO:7,
SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10 or SEQ ID NQ:11, wherein the amino

acid residues between N; and Ng, e.g. (X)p, fold such that N1 and N2 become lmearly

adJ acent. Accordmgly, the invention encompasses lsolated peptldes comprising the
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25 of said polypeptide. In yet other enbodinents, the
am no acids formng the notif within -8 WD

wWQoBR7AF¥545 PCT/ US2006/ 031061 the tertiary sPETEBH0E031061
of said pol ypeptide are separated from each other by a
di fferent nunber of intervening am no acid residues

ariino gdié MatifEHN, Nl 1, NgNeL 15 EiNidhEl; HINEB).B1H,, whereinnis 0 or 1;
pol ypeptide. In certain enbodi nents, the isol ated

or IOPYEHN T ewhéreinBisi 0vtel) ihedtSmb A e Rorme@geth afsult of the tertiary
tertiary structure, e.g., a-helix or (i-pleated sheet,

stradfft 33l oﬁoﬁsg,eggaé aﬁﬁefatedfegmdﬁm;ﬁtg ;bg&deyélﬁ ?ﬁﬁﬂtaéldtnﬁ@uf

am n|0 acl rsi nfg sal not | not i f
B o LS
A LRI Y LT LI T

pol ypeptides of the invention formin an aqueous

A, andimase preferably abnyist. 4 Adigiabant 4.8 dn dintothsn gmbéd'glent%éerem the
(13 mM NaH2PO4, 137 mM Nad, pH 7.4) at 37 C. 10 In

anipe a¢ifl neotif cbmpiises N sandNbe tlierteﬂmry gsiruchrres/fotkasuéiothat the distance
i sol ated pol ypepti des conprising the am no acid

befRien N, salﬂq%v%e b&ehifRa sBAtikl E%&?ﬂlaﬁﬂﬁ char@6 Bépefi@ion, e. & , the
( APPRLI CDSRVLERYLLEAKEAE, "SEQ I D NO 32), pepti de

SRR RO G AR g AP e
Wﬂ&%ﬁ@é NI Tgllz’D KVN SE%B%&%%ISS@ ?&ﬁ?tl dﬁ E . o acid
i e S Ve

NO: 41), pepti de K (VWEHVNAI QEARRLL, SEQ I D NO 35)
mere ;bhand?eammp liciRs i el STES KR S@E@mmcnd;s fuening )sa:ldllwhx In other
certain enbodi nents, the invention provides isol ated ;
relpteld \eadhot innkads, whergin i]@i amgind acixl matifeomprices Nparel P;3 thertertiary
nore, 4 or nore, 5 or nore, 6 or nore, or nore than 6

strafRR faeh Sudithitfthe BGaEd BatebeiRicArbohil GPRmk bE D, and P; is about
aspects of the invention in accordance with this

SRS BT e & P PR AR A
ab%né S?EKII \rlﬁ oﬁ%{r dfn?) ﬁk@e%ﬁ r? 'ﬁ'x% aﬂnﬁg hdd %?o%"f%bm%ﬁ's& 1@1 and Py,

the tertiary structures form such that the distance between N; and P; are confined

spatially such that the charge separation, e.g., the charged side chains, of the two is
between about 6.5 A to about 9 A. Tn a related embodiment, N; and P 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 1nterven1ng amino acid residues in the linear amino acid sequence

25

of said polypeptide. In yet other embodiments, thc amino acids forrmng the motif w1th1n



10

15

20

same notif or they may be different notifs. In certain
aspects, the invention provides for isolated

WO W8EI5¢3 des | acking an erythropoi etic acti vPEJUS2006/031061
e.g., increasing henoglobin in a recipient.
Preferably, the 5 isolated pol ypeptides | ack other

thefertiayy siredusens seidipolypepiide ao sefarated Sdmtaach otheobyca different
action (e.g., vasoconstriction), hyperactivating

nupibet ef imtesvenmgammagicldoebidasstin did fiear antho #eid seghéick 0@ said
proliferation and/or production of thronbocytes and/or

whiide) 18 iceithia enfhOBRAGES) thihlhted e SRS bntéth
e e e i e eby(pigﬁ?glr)por oy patitns forms a

! . . - i _h_.G t 7 .
e R SRl £ LB ol i PR e A of said
c rise at.least one cellular protecti agti vity,
strEE vooep it SBpo i sotmprising ol ot nd s thepggtifslf, o the
.rg? limted to, protecting, maintaining, enhancing or
integfagefithgyororin pirpetye grd die aguaens enyiropmens, i ecpessatathe motif on
mamal i an cell, tissue, or organ. Accordingly, in one
thesstaee of foldedghe pelypertidee M prefieries atitrodiments, ttioe tehtiary steuctures
of an isolated polypeptide described herein for the
of peqdypeptides offtheiheenivrpefoth t@hn SQBOSEdviRRmehDdt phYsiological
protecting, naintaining, enhancing, or restoring the
ohdifiedd, 812, PBSVi13 Rl NAHAO,! ESPANENLE Rk prccel | s
“and tﬁe?} as;%ciated c%fﬁs, ti335§s¥‘gﬁzaﬁéggﬁ§? I'n
rel at ed [ . I 1 . f.on .
FE RSt B SodiekhiS, (i FRRBOL SISRiGRE e i ited polypeptides

adm ni st nto a n-nee

ref.erred .enbodi s, said.subject is a nm and,
cofip 5 5 it SR Jpscirec, betiah 00, & ¢ o Bch

' ion is directed to the use of an jisolated 20
ARBKE B SRyL ERS ST AR RSB IP - Repeptidp & at | on of a

har maceuti cal conposition for the protection against
(NEEW?BTKNMIMWI@MV@, SEQ HoND28), tpeptidecDi nj ury, for

the restoration of, or for the rejuvenation of
(QRASHEVISIQELALESHAVIIRIGQA LT A5 BB Iy M O:B6)s peptfde et i on i n

a subject in need thereof. In one particular aspect,

(GCAEHESIROPSI VEPDRRIVN,| 3 98 N3 8] ?eletﬂﬁ:' ¥ fR?ﬁEeNI@T@@E, SEQ
cells, tissues, or organs are distal to the

Y e e R e N e L

CHIPDBOR A0S, AT BB col ated 1roma
QRS oM b o NO AT epc e col | or

tissue may be neuronal, eye (e.g., retinal), adipose,
(WESHMNAIQEA] i, BEQ B2NQ:3 huoiopeptide pa(KIREPE T AARRY VKEL, SEQ
ear, epithelial, skin, nuscle, heart, lung, liver,

IDRNQ@ABY, intestine, adrenal (e.g., adrenal cortex,
adr enal
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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5 medul la), capillary, endothelial, testes, ovary,
bone, skin, or endonetrial cells or tissue. Further,
WO 00710195148 | ng exanpl es of responsive cells i ncPOD@S2006/031061
phot oreceptor (rods and cones), ganglion, bipolar,
hori zontal, amacrine, Miller, Purkinje, nyocardi um
twipeldhe pmineracidingtifit deseribeddesin shovessanbatdeast tme tiotifs may be the
ti ssue, atrioventricular node, bundle of His,

sanepabitortthey may bt diffe@entthgtifer, mesangi al, renal
epithelial, tubular interstitial, goblet, 10

| nt esti najy @ramthsp&dty, MheShveRHnSratid NP Hol & rfnaofl}rqeﬁtides Tacking
chro ,

gl onerul osa, fasciculate, reticularis,

CTESHERS B i B A .
i{jBied obipoptlies g rabfiuts®s inshiofel bchot Wistho, vasoactive action

endonetrial, stemand endothelial cells. These
(egeatpppoppstyption)chynsractiyatingplpislels, eraveeagiant adtiyitiesandve.

I n one aspect, the responsive cell or its 15
stiaiygajigpreliffecation sindfor peadestiomof thrayaineytes end/sceétytirbpoietic-

cells, tissues, or organs, or predom nantly conprise
deprdenabdiB (e2| Cole@iantet 85.URR6, PNASEIE 89853906 Hepe3 inddMBorated

I nvention, the excitable tissue is central nervous

bySaéfdr&iBelih {S Hﬁtire@r?.r hpglﬁélg%spgﬁé,‘fﬁé'ﬁw?ﬁ/nﬁg iR 4SS ¥6kated

cardi ac tissue retin t1ssue. er aspect,

. Si I [ soci at ed ells I SSUEeS,
poepaSHRRTONBSE 1Bl ot PG RO R el syor RTHRE.
nor.do they. 2 redom nantly conprijse excitable cells,
PriReasindy mﬁﬂ@%éorehﬂt K R inaited o pieRtng, EtaiRfpiging, enhancing or
protective activity of the isolated polypeptide of .
restppang hgdiadtion or yiabdlifp ofi e resportve mammpalipe celldlsens eriorgan.
and/ or determned by any nethod described herein and
Agordinglyniniome abgech the present érvieation srdiredicdentte usé ban isolated
erythropoi etic and/or cellular protective activity is
poliateptide decribdil lsein Fovihe Heepatution of pRardfac@itlRel compositions for -
enbodi ments, the erythropoietic and/ or cellul ar
TSRS ratfaiBfiol Yitatcing, SGLALTASARR firikbtion bt vIABil i
P e, Vallalicing, Gk Bb T B flluﬁmbu\?flvovﬁlg?}.°ffeﬁp%nme
- [ ' . 0 td Vv .
il o AR R s S HEL B, it B el b Hfrpcimenss,
for a method of eval.yating said activity in vitro, b
thy Simsilioes Aregr aSPEUIatioh fo f Supdl R prd e paarbaed
n‘g}%a{ ons with N-nethyl-D aspartate and said peptide;
€ agts, qail SHbes iR g eamemaleand, preBmsablytahumans hour s
post said 5 contact, such that if the cell viability
det er nmi néd other sspepts( fhp presegfriewtreiontihdinectdidin thé usk of an isolated

control culture in the absence of said peptide, the
pobepplidiedpaiirddresdn tal the bRihaiioh 6€4 bi@madaitick] domposition for the

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

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

25

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

-10 -
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In a particul ar enbodi nent, the mammualian cell,
tissue, or organ for which an aforenentioned isol ated

whemriotksss s used are those that have expended BETMISE06/031061
10 expend a period of time under at |east one
condition adverse to the vjabi I|ty of the cell

beqilypasts ary isplagedrrom g masemplisnkadyvwuch a8 Hiose intepsier feriransplant.
the isolated peptides of the invention provide

By vatyarftnioo+linsigiap esamples)/acesgonsive nell ontissbe sayibs siguronal, eye (e.g.,
injury resulting from such conditions, provide for

rétingl)) Ripoae adonasetive, ha, t&ﬂgmdﬁsélppanbf@s repflobtiratdrpepithlial,
tissue and/or tissue function in a subj ect in need

leﬂ ehffde Qg%rﬂrlﬁn PE REnRY, iafeb e, aehal R R laliteRAScokRx, adrenal

rise. COﬂ itrons include traumati €in situ

n}eﬁ&@eﬁt ﬁlpﬁm thlpﬁﬁb@(fg dluolr\]rgrty'd &%Pwiﬁ, %%] ?ﬁdﬁeﬂlﬁdc%ﬁ? gr tissue.
teﬁﬁq—’,‘oqio RO osur 2 lgqegl'lf ?%}qglgqﬁ@%@él; ?ﬁe&%ﬂq rggep\{grt(pods and

enbodi nent s, the i sol ated peptides of the_ invention

cnes)s |ga@1wmob1@@1air,dwr@gmfﬂh gmagyiig, dtiles, Baylsinia, syogardium, pace
tissue injury resulting froma di sease or disorder,

npkey sideattial nddecsiis neele] jonetioroiissoé, atboveptrivulad @odg rbundhle of His,
rejuvenation of tissue and/or tissue function in a

h&pHd s, stéllutd Fahitch ah@aheiBE ki@ epithietin)) ehbilar dhtbREitiol Gbblet,

conditions arise. In related enmbodi ments said i nj ury

@%;%@;ﬁsﬂiy@%ﬁ%;&hw &dagﬁﬂé e merlibsd, FRcRubhl SE0& 1S,

I on, car arrest, |schen1a

oBpRefheeron Pafls St PR s IR bRPLERL AR et

al sy, neurodeg ativ Al zhej ner 5
ob-sngeitems moralisnGoRls vmeﬁéijs@eﬁﬁn?%tmm@a|°Sf&9<§le%§é)steoblastsﬁ
Al DS dementia, menmory |oss, -12 WD 2007/019545
emmqm@z@omao@mmmw@nmé gheotheliab pells. sidieas examaples of
al coholism nood disorder, anxiety disorder, attention
raspbnsivet cetls amermerely iﬂutt'raiiva. @ enet adfpetigthé abspohsidd: seharits
brain or spinal cord trauma or ischem a, heart-I|ung

afbppiad celif) tigfies, dtagdnsfand Exditeble @84 tigsucs, egem%na; 10N,
di abetic neur opat hy, diabetic retinopathy, hepatitis,

pféﬁﬂﬁﬁﬁ&ﬂ& t()b%})ngé @ké‘ftﬁﬁl@ cefl€bs tidhed SIﬁ'B@I%.lﬁ as&cfs%ﬂtﬁ@{nventlon, the

trauma, Ccar ovascul ar di sease, card IOpU nmonary

SRRt REPhIA LS pus! g,gs%e%ﬁ Bssuek bel[lRral hEGBILeysflnf RARE,

I Sease epro

ﬂ%@gem bone, agl seasi n di se’éﬁ connect 1ve t i ssue d
dsee aetinab fistugs {7 AY f’éB"afé ¢ TR el of its associate
abnormality, netabolic abnormality, or a disease_or
cellss issues, opPraane areaiet pxgitable qsllp.i tisaeasapr O1RNSy BOLAGIIEY em
In still other enbodi nents, the adverse conditions are
peedoegnant]ly @ﬁn‘@ﬁsdé}mitmlemallsmm@asyedoy pass (heart-Iung
machine), as is used for certain surgical procedures.
I'n 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

25

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

-11-
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still other enbodinments, said injury is cognitive
dysfunction. In a particul ar enbodi nent, the
worgiemalaseh cel |, tissue, or organ for which anPCT/US2006/631061
af orenenti oned isolated peptide is used express the
(3c receptor. In certain enbodi nents, the invention is
an & woo disapclreairel e bmbadiment, whatein s cebnlpopiotdctivg activity is
conprising the aforenentioned isol ated pol ypepti des
netirBprot@tibfl thé frivehiddh fiovides Sl eethod of Hrebehtip eaidalttivityin vifro
speci fic aspects in accordance with this enbodi nent,
. vy £ . . .
oy 4 ppOBSABAHAIGR, of B iy RRatl ] VAB Af

er conp accept abl e

BB o S P TS A B 9 PR it i
ol TR oo eSS B ot

formof a perfusate solution for maintaining the .
contfad ighitimejn dfe absesice of saif peptids, therpeplidapessessesgallylar prptective

rel ated enbodi nents of the invention the subject is a
actiyoal i an ani mal, preferably a human. In other

aspects, the invention provides a nethod for

faci | it ath Rgafiidlar bABOEEEHD ThSmBnlidR bt Hissusi 6f Oian 86t

endot helial "cell barrier in a subject in need thereof

o 0

Wi SOk kA AN B peBA I i S8 Hbof Uk e Grponded or will

20Q7/ 019545 .PCT/ US20Q06/ 031061 .. associ ati on W th.
exped) e QL HEIEG RS PRSI i Rp ks Vbl Bt the ool
. hereinabove. In a related epbqdi nent,. assqciatjon_i.s
tisgie} QRATERD. (AP RIEITS oW T b @eto i isnry BRetideg of the

non- coval ent association with a binding site for said
inveptier provideAwolertiivmagainst arberrrevention of adiSsuergjury resulting from

invention, the isolated peptide of the 5 invention,
sudscomditinns edvide fai the sdstowation of, apabide fafthe rawemsiiogobimssue

endothelial cell barrier. 1In a related enbodi nent,

and/BL1i&NE FhltBbh ¥ a gﬂg ket héddahere OB bR SuritiorfRe gudl cinditions
barrier, the blood-eye barrier, the blood-testis

angcfa gﬁ dgﬁrct)n&ilﬁsnﬁng B %égﬁxégp ?PH i %ﬂ[gwpo?ia% YA Ee iy Sfunction,

oL Od- he_artl, (0]0) -b ! 0] -_nerve, or

- . C . Qe . {
s 08 S BB AR PR o
A bR S BB 58 B e

i sol ated pol ypeptide as described herein above. In
embadinpasits, Shebiselated pepiddestof ghe inveniiongmovide arotedtion geeipstdaag/or

an isolated nucleic acid nolecule that conprises a
preventiaotf dissae injenycesytingfroma dEbiée ondisuder provdde 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

25

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

-12 -



sequence interrupted by introns, or uninterrupted by
introns), which encodes a 15 pol ypepti de conprising or
w0 ®sSing of the isol ated pol ypepti de of thePCT/US2006/031861
i nvention as described herein above. In one
enbodi ment, the nucl eoti de sequence, encoding the
ammlﬁo@hmdatpmll seenosis galcatfoliste mond dﬁﬂf@n angiety Shﬁﬂlﬁié%,laﬂé@mn
using preferred codons that facilitate optinal
defisR id@adepautismaCpaitifeidulakob Hissdse derhin or Spitial gord frenmecr
codons can be optimal for expression in cells of a

isQRERA, %al@flur%]%ss RRGLRY Hed a8 Shacul@ ¥R Enerdtitiy URbety

| nsect g invention al so prOV|des for a vector

e oﬁ{ﬁar gﬂg%ﬁ%ﬁf‘iﬁgﬁe{t@ g&l éﬁgl'e%ﬁﬂ% au-EBﬁlaF YRR

PO Vec conptising t

nucl ei ¢ | e and east one re ulat
5 roflug)toHme R oM I st Eo A P ey 1 géﬁﬂlem@

I n anot her enbodi nent, the |nvent| on_provi des J‘or a

kidugy disesag ﬁﬂ@ﬂ%@ﬁ%%ﬁﬁﬁ%moﬂsﬁﬁé%% er@lﬁog Vg §8tifney bone
enbodi nent, there is provided a geneticall

dissage, rskmrchsbasxe lcbnneetivé tissuediseasss gastrointestingl ésq:@e,@ndocmne
nol ecule. -14 WD 2007/019545 PCT/ US2006/ 031061 in

abRBAhAIRY, BeRbslicERrmAlRg, drdiBdasoor disarderiefthé oenteal or peripheral
met hod of reconbinantly producing the isol ated peptide

ne? u?l%srb?stleﬁv &R tsﬁﬂ’ Bthy gf’ eRbbéiRRA ﬁ{eea'd%@@ BMRitiofk WP A kSRS cardio-

Ing in luma host cell containing a nucleic

10 ptﬂﬁﬂbggiyn} Pass B@?% ! hﬂ%),taaﬁgéﬂﬁéﬁggf%ﬂ[ %gtgﬁmeﬂﬂ@%ﬁgocedms. In
st hrrrmbosmen éggiﬂgn.{q% A R °f1rg al, Gk oular embodiment,

expressed pol ypeptide from said rredlu .
7 BRNiRDPIIA S6.car CREancioR Whaqheantaéerﬁﬁma%?ﬁ isolgfed peptide is
"approxi matel y" when used in conjunction with a

usedrepresy $aé @e réa@pomy nunber within 1, 5, or 10 % of the
referenced 10 nunber. The term "adm nistered in

conj unct i Icepatémbdaditnaatscibe ievehtiof istdiw dirgetedad phafmaceutical

the invention means adm ni stering a conmpound prior to,

15 c&h%p&shgm% %Hfﬁghblﬁ@ ﬂ?@afore?ﬁ@ﬁ@ﬁe@iﬁ&%ﬁﬁ%ﬁfpebﬁdésﬁ@r Sdif@istration to

I seas drsorder, or condition he term "am no

a g%cbé%it i ﬁ%e%ncﬁeljléﬁ{: Fﬁl}gggﬁﬁ{; g'b;p%lcﬁri& Godor @Rl WA B Shtlodiment, the

y occurrlng proteogeni ¢

oligee dieironpostions i o et ol EEb s bR R

art woul d know that this
acceptable carrier. Such pharmaceutical compositions may be formulated for oral,

intranasal, ocular, inhalational, transdermal, rectal, sublingual, vaginal, or parenteral
20  administration, or in the form of a perfusate solution for maintaining the viability of
cells, tissues, or organs ex vivo. In related embodiments of the invention the subject is a
mammalian animal, preferably a human.
In other aspects, the invention provides a method for facilitating the

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

25  comprising administration to said subject a composition comprising said molecule in
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definition includes, unless otherw se specifically

noted, includes naturally occurring protogenic
WQ R00TGHSHD aci ds, their optical (D)-isonmers, cREMMUSAIpA31061

modi fied amino acids, including am no acid anal ogs

such as penicillam ne (3-nercapto- at ur
asspoiatiot t&angsqi@tﬂd periidesd g J@V%l%ﬁ%ﬁi} é“cfﬁ%?é%&gi’&f‘%%e fia tetated

norl euci ne and chem cally synthesized proteijns,that
embodienenr, apsictatien ikabhile covaléns band, astatiecaatang bew o5 8 en-

of an am no acid. As wused herein, amno acids wll be
covaltdit %%GIaﬁGn Withhesindig she for shidrmelebidiet er acr onym or

one letter synbol as follows: alanine = Ala or A

argi ni ne Acc&cﬁ’]ﬁof b dRothdP Q%Jeéigéﬂﬁe mv@ﬁt‘ibﬂJﬂld\lsoIa’@& paptidecof the
n

féCl d = cystel Cys or C, gI utamc acid =
inysedlonas 55@?@54 g:%rnf&ea&alpvg i c?% (’??enééf‘?raélg&ﬂg&b%‘& Thg%;g dcell bartier.
= H , |
In pydrivd cmbpdiuginites FARID Frilba%l{ cogiorie (e Bl

= Phe or F, praline = Pro or P, serine = Ser S
the bloedaysbarrieT lihe bloodtestis Wlﬂ@b tagmbleodroyarg bagiier; ’Q}PB Plagenta,
= Tyr or Y, and valine Val or V. Additionally, the
bld R MeartaBlood-kadriest, ldqud-neivemf bload-sgpisaltcordoarpetuinds 5
that depart fromthe structure of the naturally
occurrin %{ﬂﬂ'{ﬂﬁ% ff biftSaspBitlof WY i Vertiar therudb ptovidedainl iyolated
the structure an am no acid, such that they can be

nu%#ég Sécn{ Hof i thiy J&nﬁgs@?@ﬁﬁ&@oﬁd\é‘% nb&didASentddes a polypeptide

og ca act|V|ty esptethe substitution. Thus,

cogrisenmy e HROERG o G ca?%f%ﬁéﬁé‘% netude amno

substitutions, and_ al so inc¢lude rel ated argani i
ani des or ntqqgﬂqer iegbogient o f,he 10¥e n,l ergcnﬁg cged%% 1§jo§ated

i ntended to include am no aci d_equival ents. f&ﬁ term 4
miclebsacid ewlequlsf hriscdguuises anuelpgtids saarense Gric 25RO aapeleotide
equi val ents. Amino acids nay also be classified into

selyiknce etk iropied by grtmmssoraminterrggedroy infrans) whichenchdesgy t
1) hydrophobic am no acids: Hi's, Trp, Tyr, Phe, Met,

pdiﬁbégtlh@: Emmbﬁémg ot @ons{sﬁh% Bﬁtﬂeriéﬂla@& golypaytidecf dind ingention as
Cl

Ser, Thr 3) polar am no acids: Ser,

de-ggﬁ%sd’%?eﬁ%m %@ve éﬂ%n@%}r@bﬁﬁﬁ@ﬁ &hé Hﬁilé’otﬁé%é%ﬁﬂc@,%ﬂ@img the

charged am no aci Asp, du,

Al m@epﬁgoft&ﬁws@%g%%&%%%2%& gRUMARL BRIt it
.. As used, herei,n, "exci
ontnml cEBYSEHPM I eRATiIFWRY host 8%1f| é “"Fﬁ% podaR) F{i, 5‘3?@&“31 for
cells that respond actively to an eleCtrICaia‘%\p ¢
exquesstoanie calls ofd weeies @ﬁpla@ﬂaga@@ﬂwxeéﬁfew g% r insec
their cellular nenbranes. Excitable cells are 20

gener al | yThepakehtorodlsaipaeidps forp vastercomprisisaitbhrpdgic acid
Such cells typically express

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

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

25

engineered cell which comprises the nucleic acid molecule.
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channel s, such as vol tage-gated, |igand-gated, and
stretch channels, which allow flow of ions

W{ pof/arstum sodium calcium chloride, etc.) BCFOEH06/031061
t he nenbrane. Excitable tissue includes neuronal

tissue, scle tissue, a | andul ar tjssye. Exci l e
L seue | nih npther bt i parctro g8 e araed O
tissues such as tissue of the peripheral nervous
reggmbiagntleprodpeing the iselaied pplideridhatnvantions desstibed hereimmabove,
(brain and spinal cord); cardiovascular tissue such
condjfiisii AMYiHE 1195 AfedRET A HEZQER cOoRkIGIy a mscl¢ibacidahdiscudé
the heart and associ ated nerves; and gl andul ar tissue
comtribimSa hiBeRRIBGEQRRce ¥WQHRe b JolpRptiat 6 BN SRARDE thder
along with cell-to-cell gap junctions participate in
| » o .
S oopRRIGHS KM, o Gl o XATBLRHd, hPleoerfB AR iating the
nerve skeletal musele.. snooth nuscle, cardiac
e’ﬁ?ﬁ?&?‘g?dme@lhﬁg?j’o%?ﬂ“?ﬁ}eﬂ%ervous system spinal cord,
brain, retina, olfactory system auditory system etc.
The term "host cell" as used herein refers to the
3. parERMINOLOMYect cell transfected with a nucleic
acid nol ecul e and the progeny or potential progeny of
such a cell. Progeny of such a cell nmay not be

i denti cal pf ﬁsédlferﬂﬁrﬁ@ﬁerﬁﬁ|“bb61ft’aﬂ1s‘fa%§fcﬁﬂn%1ﬁ WHMR used in
nucl ei ¢ acid nol ecul e due to nutati ons or

ne t 0f | es th C '
ool VR b BN 5y ool BARBCE S pt 19 2001 the ssfirenced
acid nolecule into the host cell genone. An
muﬁ§31ated" or "purified" polypeptide is substantially
free of cellular material or other contam natin
prot ei ns Fhoterppadwinistersd in peyguretion yithe mﬁhﬂﬁqmﬂxg pf thee
protein or polypeptide is derived, or substantially
metheds of the insiehtien merescadnsivisteriog asohmoudd pridcho] aidhs sanhetime as,
chem cal ly synthesized. The | anguage "substantially
arid/araubdeqaeititol tirronsemdferdigiase, idiokdet an cpndifiatiat i ons of a
pol ypeptide in which the pol ypeptide is separated
from cel | ghéerf CaROMERIS Sfanbhefefdld & 4 ERAMNMNSRO abidii$ meant
a

i sol ated or reconbinantly pfoduced. Thus,
. . ti _ .
15 toBR ARy PGS pRAEAR kb Koikt BBl of gL Hoafiflty ocouning
|.ess than,about. 30%. 209% % of..5% dr .
oD gAY SB RAPHPS PORATRIOE o Faes SKURL Rt Bl Ve o that this
erein as.a "contam nating protei n% When t he .
defmiiondgeludes. valepsethamyiseaperificallbaeiebdnclpdesinatygaldpocourting
preferably substantially free of culture medium i. .
pretogewia|(L)raminveatidsathetpmpbisal(D3-isamsass, cheamicallp modp@ed amino acids,
10% or 5% of the volune of the protein preparation.
invihdingtanenp atiyd pagiopgs suchsis penidilaatind@B-mbeapiodd-valine), naturally

10

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

-15-
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synthesis, it is preferably substantially free of

chem cal precursors or other chemcals, 25 i.e., it is
WQ2WansSéd from chem cal precursors or ot her chREMUIS206/031061

which are involved in the -17 WO 2007/019545

PCT/ US2006/ 031061 synthesis of the protein.
or @ glycine méily o Ge histidime a7 Hision &5 issfleucing e opb fevctnes “hbeweor L,

| ess than about 30% 20% 10% 5% (by dry wei ght) of
lysixee+Tiys @ K hesthiofine s= Met sxdvipphongttalaiect Phée bal, frblne = Pro or P,

anti body of interest. In a preferred enbodi nent,

 serRRlY fQ&FHriSE' fiveStind BEHe BY $NRBphaA = THR@ Wi 8fosdic = Tyr or Y, and

purified. 5 An "isolated” nucleic acid nol'ecule i § one
| C&r i e r her..: sh e '
valffl-€ ol ¥ PR QRO Blind A S0y @G B TE U BB qunds
e it i e iR o e oo S o BEh o Bl Chave
substantially free of other cellular material, or_ . .
substantial s theseugirewican amisg geidgsush that decyrasm bgsubstituted within a
techni ques, or substantially free of chem cal
peptidec whivhiretans isthhepgicHlastividy desplie theosubstitution aThuys, for example,
synt hesi zed. In a specific enbodinment, a nucleic acid
amiid £idlbqfidlents b&PHicde amided i Havile side $Haén inbilifiebliars or

is isolated or purified. As used herein in reference

su%sgfﬁoﬁé,réﬁﬁwo%%aé‘féiht@d OIRhiR 8RHds Hnidb\& thE kR, %‘H@fe&ﬁ-l “amino

ers elther to a set of "consecutive am no acids

L e R R

within the 15 tertiary, structure of sai ol ypept i.de,

e SR RO P st bt Skt i e S RSRis it the
result of protein faolding, amno acids that are ) .
follyying ermups ps isrronaely kpewn ibthe prtngh) bydropbabis agyingagids: His,

O, 1 or nore, 5 or nore, 10 or nore, 15 or nore or 20
Troyr Tyrplle, Mt docwa liedVal, wild; 12 roauire! hyduerhiliaatining asidsdCys, -Ser, Thr;
sequence of the polypeptide. As used herein, the terns
(3) RadtandRo acidp ey Pt Astg Glan@) a¢ideieigativay eharg@bamio acids:
i nterchangeably and in their broadest sense to refer
AshOGRE P9 dhat e dnlibd adidd: SAsphEWi, AGe SIOPR HiS (6 FRitively charged
truétdre as, for exanple, the presence of am no acids

anﬁ%&é%q%grg{/@fsg;@% ?/'('{)%asfarmﬁn@g(gag:?ﬂ% SRehrg O f or

exanp he presence o e bonded

Cys residues),or.uncons ined (e.q,. linear) amno
aci d seq@n‘@gg he eW’c?fqtgf’%%Wogﬁeﬁngﬁue ﬂilqigo%tggx(s eeitable
of the _invention consists of |ess than 3Q am no achgs.
cellipizgiiable cqllsrire aellsthy rospone activels oran decdipe samplus apghave an
skilled artisan will recognize that it is not the
eldctrivgt ¢haoge differch@al 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
ions (potassium, sodium, calcium, chloride, etc.) across the membrane. Excitable tissue
includes neuronal tissue, muscle tissue, and glandular tissue. Excitable tissue includes,

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

25

and retina) and central nervous system (brain and spinal cord); cardiovascular tissue such
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WO 2007/ 019545 PCT/ US2006/ 031061 particul ar peptide
but its ability to bind a tissue protective receptor
WQai3i0e964and/ or conpete with the bindi ng of aPEEpSEHe031061
descri bed herein that distinguishes the peptide of
the invention. The terns "peptide," "polypeptide," and
as ther il ofithediesis and asspciated neprepandalandylar AisTiesyclpg the pancreas
acid equival ents or other non-am no acid groups, while
whersTithpe ¢adtiamrdhagndhalone sitheedllfonecl] panpinctaensipartiarpaié 1oy
pepti de. Peptide equivalents can differ from
seCRRNERE inONAl. DEBidriifarylist bhéxciteble aigauErn¢ludds czpansaind tissues
nore amno acids with related organic acids (such as
0 ; { Helan
635 de A ACRH A lc1d, Hobitifudlo, bfiat Wkl toh@llogiral

Ins or functional groups. T
term"preventing a, di sease, di sorde 0] Lo "
ek VRGP PR, Ol bR TG oA SN eme ARy st .
hi nderi ng the appearance, protectign agai nst., .
i nhi bit i %Eletemlg ostrelki #Sﬁ&géh@e%%g%ﬁ?gg‘?l’ cplapsrbige; cell
r

t he i ncidence, of such disease, disorder, or
transfedietlivith a hisdeiohcitlmoleaerrihibe peogenp oy petgntial progegyof such a
to inply that all patients in a patient popul ation

cefld 'Fr%eﬁﬁr%!feﬁhhaa alemenhetteddertival tafilie parbht ol iensieted Mot the
the di sease, disorder, or condition targeted for

h{HE? At ForidadniA MdfhRABeH tAat 194y occur in
n@ﬁ%‘r’ﬁd}% exci itue&é?@ﬁ%ﬁ@?ﬁeﬁﬁ t he i ncidence of tﬁye
di sease. di sorder. : bt : FOF
sop a0 hcasraROns & isBlauB DS e filei(id FoRiERl Baio B Ryt cel
in those adm nistered the vaccine. One skilled in the
PP Ccan readily identify patients and situations for
whom preventative therapy would he peneficjal,. such
as, but. non isoliteder {BUTReH A RGRHGe léﬁagita@@ﬂyéf?aé’ gellular
in activities that may lead to trauma and injury .
méferigl or draiortaminatipggiretgins from fhetcgH pr tissus sevige iy which the
race car drivers, etc.), patients for whomsurgery is
pioten BEPoly Paptide i deried rdrskibsthmiially fieerif hemitblpasusqrs or other
di sorders, or conditions, patients at risk for

cHinREAS Ghen ShRAEAISF Syntisize@OMHE langispePkelstpitialy dde by cellular
envi ronnental factors, or portions of the popul ation

IR kcul ' S IF . d
oDl o BRSPS ttmepice o
weakened i nmune. s e rt e ' ' .
TP GPBvars Ghas cndrep SRR B B Mcphbinantly
di sorder, or conditiaon. . -19 WO, 2007/ 0195 . 1
oRd¥pds 06, DRADEEP IR SAOHERUATH, T cELhAE Mot} ngfudes
and "patient' "are used int erchangeaobl z.o As oused o
pfap_amtllnns ofplypeptides havbjedess thamebous 3¢ 0e 29%y 19%; & 3% &bnsty
ani mal ,
weight) of heterologous protein (also referred to herein as a “contaminating protein™).

)C

When the polypeptide is recombinantly produced, it is also preferably substantially free
of culture medium, i.e., culture medium represents less than about 20%, 10%, or 5% of
the volume of the protein preparation. When the polypeptide is produced by chemical

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

25

j.e., it is separated from chemical precursors or other chemicals which are involved in the
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preferably a mammal including a non-primate (e.g., a
cow, pig, horse, cat, dog, rat, and npbuse) and a
W0 oN7Pidahit e (e.g., a nonkey or a hunman), and ROT&ES2006/031061
preferably a human. 5 As used herein, the term"tissue
protective activity" or "tissue protection” refers to
synthesieof the prajéin disichidinglysuph rienasstiong ofthemglynsplidralavg less than
of a cell, tissue, or organ. Unless otherw se noted,
abbite3 0% €084, "1 0%4) S8a(taoky sveightpdfichefic! pekirsotsios sompoends other
organ is evaluated relative to a control condition in

thdr e ARSIRIAGDIPhteRsD R bigiETeAEd EBodifieat) polyPeptide of tHedumrtion
protectiveé activity is useful in various conditions,

ardsSEASSS nufRgdgce! I ul ar, organ, 10 and/or tissue
anage, Por exanpl e, those described in section 5. 3.

Ti ssue prptective, agtivity i.S ecifig.l.o.tissuy
cells, »ad%? o‘FOIBY‘ega E&@ﬁﬁf’@s@ ]ﬁ‘é"ﬁ 1s[qn§8w8lgclb}s(§{e§%ﬁ%geﬂ om other
receptor _conplex (i.e., a.,responsive tissue cell, .
nuglete agid wlpgnles lugheare presesfyin the papralssoutsg T nu"kql?ﬁ‘?l@d
to, the tissues of the central nervous system In
malpadé.f Moreavbn divfiselated  mveleia asidbmobicyls, swhlag 28PN A srolecule, can
erythrocyte progenitor cells. 15 The term "tissue
beRubitaially €ree @F ofHed celbathixiialpsr cdieck hediamwhasprodaced by
conpl ex conprising at | east one erythropoietin

red ROSRAR techHRMBY, lor 3MhiaAtiall @ BSE o PARNEEL! Precui®RSY other chemicals

receptor subuni't. The tissue protective receptor

Wl'geglb b lﬁl?)ttxcsaﬁg%g?tggstlgég 1HY!shi i€ emBbathidhO Q%@fei&cﬁ@&%@c&{eﬁ)

a Cco n receptor "subunits, as we

as..other, t S receptars or proteing. See WO
euSosng B ppean dhe ISRbron oo Rl by° 20
reference herein in its entirety. To determ Te th
per cent L@%Wﬁﬁ@?“%ﬁHQWﬁ“@ﬁ?ﬁ%a&%WHm?éﬁﬂéﬁééﬁynﬁﬁgafm@“Xm
sequences are aligned for optinmal conparison purposes.
“nihid” afensoitheitd arsebothopsecutive aminoasisisvdthia therAmiso geidgequence
positions are then conpared. Wen a position in the
offthe sdlypeptide ehsin ahd/optocuigzi efliiarlyludjsentensnd addawittin the
resi due as the corresponding position in the 25 second

tefdRAHAREAIre LS bbSpERIdRC HeBsuse iR dndefNibg Bb fetinetiditor in partas a
¥ osi tion. eThe piejrlgfgﬁjft identity -20 V‘D%OO?/ 019545 P

P
inQ & $2 AHLEIRE G el Sndtif may b
re{ﬁé@%%&ﬁ#o@ﬁg%ﬁggéﬂ%@ﬁf %‘E%?‘fa)gg}t posi tlgonse sha? én Py oe
by , t.he uences. (i. e..~%identiLty = n . .
sePRBIStS A 190 BN HEOBoL £ EP 03 Pt oRt A br Bpre amino acids
positiogns X 100% . In one enbodi nent, the two
widlig amgna arad ge&#@iqe@f&woqmpaﬁe- alternate
enbodi nent, the sequences are of different |ength and,
accor di nghyysadthereiastbeterms Spepdidas’i“polypestided apd “protein” are used
conparison of the shorter sequence to a portion of the
intepel@@geably and in their broadest sense to refer to constrained (that is, having some

element of structure as, for example, the presence of amino acids which initiate a B turn
or B pleated sheet, or for example, cyclized by the presence of disulfide bonded Cys
residues) or unconstrained (e.g., linear) amino acid sequences. In certain embodiments,

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

25

the instant disclosure, the skilled artisan will recognize that it is not the length of a
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sequence, wherein said portion is the sane |length as
said shorter sequence. 4. BRIEF DESCRI PTION OF THE
WOEPWIRES4%1 G 1 depicts the results of an in vi P6T/US2006/031061
sciatic nerve injury nodel to conpare the efficacy of
peptide J (SEQ ID NO 41) to the tissue protectiye
partisiulag peptidethyt ita ebidity tochind a tsgyepreipeve fﬁfﬁéﬁ“&’i cﬁmé’le& qndéor
J, SEQID NO 41, is a chinmeric peptide consisting of |
cotrpeteoxitiethedinding ofmpeptidedestribed hereittbat distmguishepbe peptide of
(i.e., peptide G SEQ ID NO 40) conbined with an
thERBhIRAL ITHe t8@hd Speptidd)® p@lfp té,t apdiyroedi’ also refer to
(LRRYI NMLTRP, SEQ I D NO 28 |G 2 depicts the tissue
co;&{ggﬁugcg,tdo\&?aiﬁ{] Gfro Ahid 9@3%1&% op&hémqﬂ-.ﬁﬁﬁetagmgral s, e

In an Th vivo sciratic nerve | njury nodel.

the assay, the right sciatic Lye: of . = :
stfjiipfiages e aiMam I oFREA A Pl o PRl bon aitfer
with PBS, or PBS _containing equal nol ar . . .
frog esterinal oRBidse b Ahe emAcapeRt GEoRe SEROReEBiIY dgidA vithaglated
ID NO 32, corresponding to am no_acids 1-23 of SEQ I,% )
orj@id Jcidpéspeh aeP ABASEMIND acioosthe like or diswhsfitibon er modification
am no acids 58-82 of SEQID NO 1), or peptide G (SEQ
oflsRe2PaiN®od QinctibeslieratepsG (SEQ | D NO 40) is based on
those amno acids within Helix B of EPO that face
out war d fTiMeih epitivaiRidead dis@Bd, fisodder] diecofifon®d heaus delaying
into the hydrophilic environment, i. e., present on
tok gl A RE e Phe iofrRE MRRRLL UK. R B Hion Bg s Bihbiting
epi t.hel i derived factor. known 4 e ki :
onsRpttigiatls GRaeEft REFPEng J RoliBacty of 3 Wrease, disorder, or
negative caontrol. The recgvery from-21 7/.019545
c nsiiseof theitonn “Prevsatiop S et Wéﬁpliﬁea@gpa“en% na
denonstrates that peptide G _SEQ ID NO 40, and pepti de
peftient 1REQlation MdmbGsteredia pypyentative dharenypw it Rever geveldry g disease,
in this in vivo nodel assay that is equivalent to or )
dibetiee br tdigliticatahrnyl fot paveRon( BERGher thhGhe patiepipopelation will
the erythropoietic effects of peptide D, SEQ I D NO 30,
exhitiDsl rddGBRdn B hcidinb@Ekthe diskireodiobratd, or aaiditiod. yioragample,
tested in a UT-7 assay for erythropoietic activity.

. IS0 o .
TR SHAS S A BEr eSS o

GEAATERRAL By 588 D i P
Do e eraby wouls bt ban Rl N o) DT SRPER s 1givRiuals 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, disordets, or
conditions precipitated by environmental factors, or portions of the population at risk for
particular diseases, disorders, or conditions such as the elderly, infants, or those with

weakened immune systems, or those patients with genetic or other risk factors for a

25

disease, disorder, or condition.
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10 (SEQ I D NG 40) are erythropoietic or elicit

neutralizing anti bodi es agai nst EPO. The results
waleenoostsant e t hat neither protein increased hepoglustioso3tost

levels in the rats when adm nistered at 0.8 g/kg , 3

days/ week sub-cutaneously (s.c.) over the course of

130 daysAs used heidin, itertermefsuhject ’pagd f patient] grejused an

anti body response, in contrast to the adm nistration
int@fchﬁfé@abl?@ Aihiged BerdBpielismbdTeubest!|and “afbjécs™refer ¢o an animal,

studies that denonstrate that peptide D, SEQID

oy SRR pIRAEA G, O, S,

doses .of 0.1.ng/ and 1. nal r.ot -

mBEN T nsopiBee L g6 Binctikp Rl Ehpfah B Bols prbfhafiity Buman.
FIGS. 7 A-B depict the resylts of a niddl.e,cerebral -~
artery o %ggﬁegb Men’é%ﬁ?sﬁe P%ﬂtg"f"wﬁla@wl%A Pe PFe profection
graph denonstrating that peptide D (SEQ | D NO 30,

refesrto dlspefifst afinhibiting erolelayingdanapgegy desth ofecelb tigspe, py organ.
at a single dose of 4.4 ug/kg is able to reduce the

Unleds witeraise nbed] thik&delty’ in danemgb oaideath sf a otiljisbye eroorganis
doses of 4.4 ug/kg admnistered 2 hours apart. FIG

evalgadl pélakive thRohRBLEInIitRIn iA thePssedcRldfta (RPEEY of tBe invention. The
determne the behavioral deficit caused by the mddle

ns%gerrgﬁge?pxéf{ég@ﬁ %@&%hﬂ}}t Qo cGndifiBns 'a\%h\éﬁseg,%é{d_fbéhul%ﬂto%%an,

avil or I mprovenent s en adm ni stere

BR3P 5. e i
schedul e _{il X. 4.4 u%kg) and a nultiple dose schedul e
achivify isgpecifigtadissue.oeliss ahd/onotgans pYRIPSS{NgR HLSLe pradedhyve gpeptor
in vivo assay of a diabetic neuropathy assay.
cobiptdxeli.es airesppndvedsbue nelt.and.on 61298, wepesivdybsael 25, but not
After verification of 5 induced diabetes, the rats
lintiedcdeto] he aisags of the deripilindevdds sBEEN [ HScHR, envbodBents,i the
tinmes a week at a dose of 4 ug/kg-bwi.p. for a period
on§i"0@c¥1ﬁ‘eéf§nof&§'ﬂﬁr6 Mfitor €IBGUCt i on vel ocity and
re?{}e hot plate |la encc’ys/}@olgta he rats were observed. FIG
8A deno @ﬁﬁsﬁﬁﬁgglg&éﬁv&%c%gﬁ %@ﬁlgﬂ:xw!aﬁ fsdaaRldifl ghebns a
|

SEQ I D NG 30 exhi I mprove conduction velocities
in.comparison.to the untreat .
comBihrRmLe et 18 HBRARER Efior Sbta HiLatioastpncpeta
rats was reduced iﬁl ative to fhe un reate? rats tain multio]
CORQIHESEEPioTHEHE ?H@Sﬂﬁﬂ?@otPWPawﬁiqﬁtmm FJna CiyR multiple

velocity. FIGS. 9 A-B depict the results of treatnent
erpihrapiot ¢aptarsybenits 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

23
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neur opat hy and nephropathy with EPO Heli x B chi nera.
FIG O9A denonstrates that the aninmals treated wth

WQepriots455 (SEQ | D NO 40, a Helix B chinera) erariistme031061
i mproved 15 results when tested in a hotplate | atency
assay. FIG 9B denonstrates that the urine

bepwemiutbe ivom secmeneea s finofiok ofithe yufnbecof identioabpositions shared by
mai ntai ned as normal in the peptide G (SEQ ID NO 40)

thé sRplets %ﬂ! B i8entfty Snuddbetlopidestical beerbiphiptsivions/total number
pepti de (SEQ ID NO 30) on retinal | eakage

oTEARELEK0O Inthelithodil AP Bl pl i gt o

aiffgl BROGHRRF e ivsholt SRl No Gl floopfiubthe percent
ide F (SEQ ID NO _33 ide G (SEQ I r 40
iablty raap %&Pgﬂ??gwfi ﬂ%%ﬁegsee?éb%qeeftaﬁ ﬁt%%?fgh%&%
J

denmonstrates that both peptides reduced the injury

segeance, wesreintspidgpariiemisdbe saseshlength-ag sxid sherterspquenper y
of 60 m nutes when assessed after 72 hours 23 WO
2007/ 019545 PCT/ 1352006/ 031061 FIG 12 illustrates
that the adm nistration of peptide F (SEQ I D NO 33)

4. pBRIBE DESCREPTIOMOR J#E FRGURES er ebral malaria. FIG
13 Cdinical Score in nmurine EAE nodel treated with
Peptide E, SEQ ID NGO 3 1. FIG 13 depicts the
clini cal FIGukdepidts theuesulio @f amin fiumsdiatiomdrre mjug madehto
5 experinmental autoi mune encephal onyelitis. 4.4

coﬁgﬁ{ré@e Refiakdl 6f Feptiis JIIRQNMIPNEEAT td tHe-tissiproiective molecule
Adm ni stration of peptide E significantly 1nproved

oEFUFAGHcPD i) hblay s R0LEA ) i

coﬁ?xﬁ@fé P éﬁ%ﬁ%ﬁfﬂﬁﬁi&%ﬁ%@ 36145 b it B o BROUYS bple 6. sEQ D
' X . 10 5. TAl LED.

N@%@m&%@? %ﬁ%ﬁ%@ %@MPW@%PQ&WQ@H VE

PEPTI DES The erythropoietic activity of erythropoietin
MLERE, BEQHDMO28) char acteri zed in the art (see,

e.g., Cheethamet al., 1998, Nat. Struct. Biol. 5;

861- 866, FHa2elepicisihetigme pracctby affetsof peptides of the invention as

entirety). EPOinitiates erythropoiesis by binding 15
tedted ihah BMivaRedticWenre iR hdel0 findhdisedg tedght sciatic nerve of rats

erythropoietin receptor (EPOR) honodiner (i1.e.,

. . Iz s " |

(n%%?g%%%lgj v@aﬁnﬁﬁg@ Eﬂcﬁ B 1ifgRIiRa) WeSA WiREPBEI & PBS

on the 1 ndi vi dua

containing equal molar concentrations of carbamylated EPO, EPO peptide A (SEQ ID
NO:32, corresponding to amino acids 1-23 of SEQ ID NO:1), peptide D (SEQ ID
NO:30, corresponding to amino acids 58-82 of SEQ ID NO:1), or peptide G (SEQ 1D
NO:40). Peptide G (SEQ ID NO:40) is based on those amino acids within Helix B of
EPO that face outward from the globular center of the EPO molecule into the hydrophilic
environment, .e., present on the surface of the polypeptide. Additionally, a 20-mer

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

protective via another receptor was included as a negative control. The recovery from
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EPOR subunits. When EPO binds to the (EPOR)2, |arge
portions of the globular ligand are renpte fromthe

WO RMWANHF4F egi ons and face outward, away from t RET/US2006/031861
conpl ex of EPO and (EPOR)2 into the aqueous nedi um

. The Applicants have determ ned that t] .

iy puettthe pext dudays éﬁmﬁ%%ﬁ%*?rséﬁﬁtae?@‘?ﬁ g’p%ééiﬁsﬁ, 8;450, and peptide D,
medi at ed through a receptor other than (EPOR)2, which
SEQABIN@30pexhibit ERSRemnisative difectiovthisin vivermogal jgssay that is
anot her receptor, CD 131 (also known as the (3-comon
edueddit o oshetienitan CadapylatédEPOLOEPO). i nteract to form -
the receptor heterodi ner, EPOR-(30. Wether other

pr ot ei ns 3 pvnbned d jofetic-effbcMBT ORI 357G ID NO:30,
PCT/ uszoo%];%sm%‘q I nt Jr!tg%cﬁ onci S gur rgﬁﬁ?y unknown.

e ek Ay Rt AR e (oM B PR B

of EPQ,.and in rticulag,.fromthe ortions of EP .

Crp SRR AR VT o M FRSU oA i T GGy ShoqsBRf Bt petber pepide
interacting with, the classical,, er&t_hr opoi eti ¢ EPOR

D¢ BRQRPN Qi apne EPOngerhiti esptnpoicticpetnia plclosss wmitp 1,000 pM.
particul ar theory, the Applicants believe that this .
porti on oFIGhed&Ras it msulisefiantevaaassaywp detetrhise twhothee peptide
protective receptor and thereby nedi ates tissue

FISBEQEDINOIB3, tofreidvndioth AR fidd 14529 v SBQEDANOEN@nd peptide G
accepted as described by Cheethamet al., 1998, Nat.

(Sr%eq BﬁtNO:EO}IJéIe epyt g&feﬁé @r clfi8f RRYaliRGe AREbh & hhst EPO. The

erenlce n ||ts ntirety, and as sét forth in SEQID

1 , . . _

S B AP R B i
' j "1 BUY").

oSS R b TR0 5O s E b Pl Bpprgor 130

menbrane- proxi mal portion of the EPOR honodi ner when
dygisuda additieningithergreptide eligitsan antibpdy reppapse.tip goptgast to the

menbr ane when the (EPOR)2 honodi ner is expressed on
adrhimistuatibmoBEBO. a cell) consist of the foll ow ng

secondary structures: |oop AB (corresponding to am no

aci ds 15 RP&DS depicSia 1bulNrly virhedtudieBihatdemesratedhatgpeptide
to amno acids 56-82 of SEQID NO 1), I|oop BC

5§ SEq EFRONSY, Rebib Qs Bt hedfond Sgfisst Xirdle inEhldeM® 1)

and 1oop CD “(corresponding to am no acids 112-138 of

SEQ I D NOgyd) 6 Fﬁ&w%st,géggtagyggﬁc 83 NS0, 4 tﬁﬁ&@%@f.@ﬁ’ng/xxﬂ and 1

the tissue protective nsi st of e am no

g R S £ i ol SRt AOp SR Farocatr A Sy Ry aliog
bound to an particul ar theory, the ﬁgpl%aﬂgts bel i eve
that the FGSyEAsBsicpict theaesulis b ardfle cprebral arery ocelusion assay

e. that the EPOR and R protein
in rats. 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 ng/kg
administered 2 hours apart. FIG. 7B depicts the results of a foot fault assay to determine

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

25

tﬁét rats demonstrated behavioral improvements when administeféd peptide D, SEQID
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subunits are functionally associated prior to their

interaction with EPO EPOis a nenber of the type |
WIS superfani ly. Menbers of type 1 cyt okiP&d/US2006/031061

superfam ly branch are characterized by four helices

NPT RO s DR 04 e i B Bt et o

4%@%&% s mediumand is -25 WO 2007/ 019545
2006/ 031061 ternmed "externally-facing”.
Unexpect edl t he Applicants have determ ned that nor e
t han one $i 81A-B depivetic results phian imoter sty 9t 4 diebetip
portion of the EPO nolecule is tissue-protective. A
nduddpaier assay. MDiabetegisdhdied i yatd Gsih@sttepieptdeiie A fter verdtdation of
fromportions of the EPO nolecule that are buried

mm;ééal dRalich, HEGhtE %%&twm?ﬁ pRACD PSR ITBASOLII0Ab: PBE R e times

al so contain portions of erythropoiesis binding sites

a Jve (?orsg O?Lr,%%ﬂ%ebvp ; gh#(% Fl%%ﬁ&'f be tng‘vaék%s Woth the nerve

I on oun ese di scoveries,

||.C t hat uccesful activation
ﬁﬁ%@éﬂﬁ@ hesadise Dty Sk et Migre SBfron ac 88
spatlall conpact charge configuration mnthln t he
desegnstrates ﬁ:lagﬂmats tigeted ayith ppptid {D ¥3Qé=xh1bﬂed improved
configuration is enbodied by two distinct structural
comdtiéticar velditidsvin compatisoneb yheacieregted rd. HiGdB demdssirates that
adj acent to each other, and flanked by hydrophobic
hcﬁﬁliafﬂlaﬁﬁuigdﬁ);r ey trdafdd @ts Wasethoed rélatlvetothe ahirstted fatsg further
basic and acidic) amno acid i nmmedi ately adjacent to

dé?ﬁkﬁlstr e hn;gﬂ)‘b@m@hﬁﬂ'ﬂ:%ﬂd@ﬁoﬁ'v@ﬁc&y hydr ophobi ¢ or

pol ar am no acid residues. The proximty of these

char s IBIGE e \ddBick Bt FebBRAIr LG UF st TROREADY

pepti de bonding, ure e

c o nsec ; %ql d\\%p opa%é’%%h?ﬁ;b&é%& gﬁ% :f:‘fq' gﬁ éieglﬁgft}'%‘?s that the

reI ationship between different parts _of the
anyppls digpied (v@ﬁﬁ prptide G SEQ B NQ:A@, aibelx Bmhﬁ@erﬁbpﬁéwwproved

inmparted by the protein's tertiary structure, i.e.
resultsewhah tested inonhdtpkte lateingy essajoFIGv %dmgonsuawe thpo threclirine

to any specific theory, Applicants believe that, in
prodigionl a mchiuse bEKdheefmbtion] ivaisahfiatainedtas dorrdl S5 e peptide G

protective peptide will have a distinct tertiary

ST HS N 80) tfeatbd arfd@hisces or pleated 20 sheets) that
provi des flor the required spatial l|location of the pair

Char gos aa Gl (ke AEt 8 crichs B pepll %’V@f@iﬂ%”n@‘ég"’t g
tefiReP Brvr e s bR BURAHINY. < FBuF delaPy oy Baieptce D

to each other, with the required rigidity inparted by
(SERIT NQ: 3 ewasaablarisrwbstaniallyrradunsi rptinal frakags inche raated animals.

notif (1), is enconpassed by a |inear sequence of
ami no aci HIG. 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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25 residues, e.g., H-N-NI-H2 (SEQ ID NO6), or by a

i near sequence of amno acid 26 WO 2007/019545
weei0B3@96/ 031061 resi dues wherein N1 and N2p@rms2006/031061

separated by 1, 2, 3, 4, 5, 6, or nore intervening

resi dues, e.g., H-N=-X-X-X-X-X-N1-H2 (SEQ I D NO

11) . For FiGid2dlipstnteschatdhe adoimigpation of pephide F¢BEQDNNO:33)

acids nust be spatially oriented such that the

préRERYE HBAY BPBEmBAIR] @RSl Bal@ngst ronms (A) to about 5
A apart, 5 preferably, about 4 A to about 5 A apart,

and nore fqarahl: t: 4. .
Thi s can %‘?’é“?c@rﬁlﬁ%{%l? Eg% IF#%E%%L? e?{&g& t\};\%)t/egﬂ %?%&e E, SEQ
Tl dj.acent .charged apino .aci in.a.inmle.
R Tycols BebREE il St AbRdPordgiee phdich B ke Bt
SEQ I D NGO 40, Table 1) or for peptides that can form
experimepRkatteimmunc sngeriatomyalitis. 4dinedke Renbide & wep asiministered i.p.
i ntervening am no acid residue (see, e.g., Exanple 2

dailjid Aglagnisttatids of3e@idOF sipnifinagdy intpdoived gdurologicakiunctitrerelative
noted that tertiary structure (e.g., an alpha helix in

to 3ORROIP Wil Pasing 0L Daceidailll 25 ataki dndfod hiridlimb @aresiRCor slow
peptide is within a specific mcroenvironnent, such

- v [ e -
Ry (e L L gl IR IEY, ppgts of

reby | by reference inits entirety).
fo&?ﬁ%ﬁér%n%&g@gcgéra&ﬁs ective activity is predicted for

peptides that contain 15 pairs of charged am no acids
such that the charged side-chains (either positive and

L ' j spatially to
s PR EREhEsE R AAB SESHARGRRNIROR £ 75t her . hi s
can be provided for in an al pha helix by the charged
pair being separated by one or two am no acids, which
5. MTISSURPROTECTIVEPENHIES to be nore or less on the
same side of the helix with the required about 6.5 A
to about 9 A separation. A non 20 limting exanple of
such a pepid é#¢thkchol@ien@tivity BERY IS ofetinSEBPOEX B Heen Hell
SEQID hﬁlég?tfgkle 1). ?%e skilled in theEgrt can
i sie a:t i r f t td t Y-
chgled\éfeﬁ‘i?cfly 88 gi&?%eéaéérb@gi%&ﬁ&‘l ePhL. 1068 RGR! 5! ?ﬁ?.esésa 866,

gener al ( tarn theé appropriate 1
M A g N
R TR RL N I —

_between the carbanyl carbons of any to am no acids
(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); info 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 B-common receptor subunit (§.)). EPOR and [ interact to

form the receptor heterodimer, EPOR-B.. Whether other proteins are involved in this
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or between the side chains of any two am no aci ds can
be deduced by any nethod known in the art or
woesisms herein. For exanple, where the PCT/US2006/031061
t hree-di nensi onal structure of the protein is known,
the charge separation of two side chains or the
infepationlis dirssntln aekieinyeElr ibsthmdneartioa didclases tissns pwitedive
a portion of interest of said protein can be

@ﬁh@é&@&s@ fipaAsHE thed dinh@siHR siebees ofEPO] i icular, from the

rt-accepted, three-dinmensional coordi nat es of the

o1 gof Ll:%‘b faﬁfn?dvgi:ﬁre%or% ﬂgﬁ@if@%{%@%ﬁ# pﬁtegf 42 tr}%?% ﬁ:ﬁéfactme% with, the
R R e R 10 s

based on the teachings herein, whose three dinensi
pastigulartheasy.the Mphm#%bwew that thisperion eptbe FEQ ol Jgteracts
side chains or the spatial distance between two
with tHedisyhe patdotinsreatpitl mddherdby epstiates tisswe Iretegtion.mat ed
using the three-dinensional structure predicted by
pr ot ei n npgeihiétalimehdivel er@suref IPPONR acceptdiasateberibed by
Non-limting exanples of such software are MOETM by

C@é’%ﬁ%ﬁé\{ al C‘i’%‘ it Btfdel ol Q‘zﬁ‘ﬁe@éG h%g?ﬁﬁzb &te&/ﬁji edfB¥ence in

rys”(San D ego, California) imlarly such

AT R SN o i
P e A 0 e T P

herein, would be able to nake snal I mol ecul es t hat
"IBHY " dhemertians of thedeRO molassiathay fappawasirom the membrane-

Non-naturally occurring or chineric peptides can be

proginag perticnfeftheEROB. hoptodither whert bavall te aid iredeptor (i.e., away from
proxi mties described herein above via a |linear

the @ell elatbrafe Whdnthe (BRORY, hotlodindrds exiredsad on theosurfase of a cell)
therefore, directed to novel tissue protective

Rt LEBS f lldvﬂﬁ% ?‘éﬂoﬁﬂar?@&ﬁ&tﬁe@aibo 5B Rotreét@8mg to amino acids

structural trigger tissue prot ectl on. The

285831850 S BB os?ra i i i 40 O,
B e T

(1L-3), Thrombopoietin Ollar -
(cguemimsdzgam@n rfﬂﬁm)éﬂi J%HP% emaewnt of the
(CNTF) and Leukem a Inhibitory Factor (LIF), that are
insemtinnt, theaiskye proteetiveopeptisleswanisist abthalamizo amd sefjuences
external |l y-presenting am no acid sequences of EPO

caPRpOHdiLO these diftinct itrusatrey ¢ff theBPOf mokkesler i bed above.
Further, the tissue protective peptides may be

chi meri c RERAUMESIRRYREN o any particular theory, the Applicants believe

that the Tissue Protective Receptor is preformed, i.e. that the EPOR and {3, protein
subunits are functionally associated prior to their interaction with EPO. EPOis a

member of the type I cytokine superfamily. Members of type 1 cytokine superfamily

branch are characterized by four helices which interact hydrophobically to form a

globular protein whose exterior surface interfaces with the aqueous medium and is
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5 upon structural notifs described above conbi ni ng

non-adj acent structural elements and surface
w@ERRMsHNY am no acids solely. In particul ar, pef®s2006/031061

appl i cants have determ ned that the addition of an

anphi pat hic peptide helix to the above noted sequences
terhta e RS R Hing0 ek Yedtédly the [A@Pl;ibedﬁ hae dietermirekd|flyat more
the tissue protective peptides of the present

| | ' W1y ipdafon FIE EPOMbleauR is
thael O Bebfidl deHell ‘ﬁg#ﬁ’ﬂl% e%aggrfg&ig pERR

( i hat1 on 0 twoJ or t he above noted
. { it t .
P EPbifSEre 4 Vil sfgr SR8 Py 5] FERTRAR AL foons of
i ERG rarleaila Biaiivs byried BRI (50 ER0-0iF Gk SoBEI fpatides that

tissue protective peptides that in, one enbodi nent are
mayoalpy ¢antain portions gfienytlzoptiesinkingimg sient PH2 greflimbehighly potent
EPO, derived fromthe three dinensional structure of
in tieefpr&eiont dlonaccamtt fonthpser discovbriss, Applieantsipopessdhétrspesessiul
t hose regions of EPO facing away fromthe |igand

achV Rfn T 1% §8fe PR BRe Hb%?to't R died bn BEprobame Ofpatisity dddbpact

onodi ner. TheSe fragnents are derived fromthe 20

f ol | ow ' I L qaal
ol BHRRA R A5 B e\ PORAT B
congsptiof g RER Gobfl BRifariedl: 3D oAl ncdiRAP chareed

VEVWOGLALLSEAVLRGQALLY, SEQ | 1 30, ] .

anéiggﬁgidmqungtq asoh oS ood deaecshy g‘zﬂg?h%ecﬂfpﬂom&dﬁ or(2a

and (3) a portion of the A-B |oop consisti n% of a
positiveland 2 e iiva @D,/ Db odiv)astioo e¢id dmostiately ediacen to one

| oop and a (3-pleated sheet ( GCAEHCSLNENI TVPDTKVN, SEQ

anbBeNG@nd Hank&Dby dfgie hetinphétic anpolar animbsackBredidued. Be@roximity
ID NO 1). These peptide fragnents are all

ofHRERRALLA! £y bBoEXAMPL $indar(s8@6mid Empoked By pdpttiletobdlingi.e., the

exhi brt “tissue protective properties. 5 Unexpectedly,
st BEE b Aifnedty el isReids A IR i
R A e S e i
of{ AP BRDY e At eE e ek P KRRy RN e

protein’s tertiary structure, i.e., three dimensional structure. Not wishing to be bound to

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., Hi-N1-Nj-H; (SEQ ID NO:6), or by a linear sequence of amino acid
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to amno acids 1-23 of SEQID NGO 1) that contains a
portion of EPOR binding Site 2 10 (underlined) is

wbh6@Eeysas ot ective (see Exanple 2 and Tabl e 1) pcr/us2006/031061

However, the presence of Site 2 am no acids does not
account for the tissue protective activity, as a
pes weereindWisandiVaage sdpagatedhoy 4.3, 3s4.1%,-6] 6r mbreSB@rvding residues,
NO 1 (RYLLEAKEAENI TTGC, SEQ ID NO 33) and | acking
. AUHPN; ZCX-XIX D -85 (SHGXD OO (Le., VLE; the site 2
amno acids that are required for bi nd| ng of EPO to

t he EPOR @i fREue ﬁrg%%@ thd qm%ﬁ%a{'% e SMind 2ciRS Hﬁl@ﬂk’ Sphitially

(see, Exanple 2 and Table I|ott et a

°‘9e%?eat%‘@ﬁeﬂ?‘9%h§?°”§f’%ﬁ)&p&?* S SRR )8 TG Ko
PrRRROLY FRAE LR dh P eRATD 1 éiq?ég x50y SREkH 4 0 orgbout 4. A

tissue protective properties of EPO (Leist et al.

apagi diiscapbeeayoradshodo 2 nyabesisf waye.doperamme, tyyadjacent charged
reference inits entirety). 20 One of ordinary skill

aniino ttids ar 4 siwipld lineac pgnidedsdehak., Bxampie sndpeptide 3, SEQ ID
| engths can forma tissue protective peptide, although

NOR®, Thisle Mpoi for petideh SR Bhy fdrRSH dlﬁlﬁhel&oclf’a%é&ﬁﬁb d8ids
in | ength. Further, judicious selection of other

seﬁé}hﬁe “ék%fi ufltefve]hfﬁ & dﬁht\% 9?1[1 réasﬁche’ (sg; Q?I {E:ktaigﬁ)géj? afid Eeé)tlde F, SEQ

pol yet ene gly CONS’

PP T DETI G oy bllelf PERSe g 38’?‘/381?5‘5&15

2006[ 31061 peci fically, the f '] owin
af@ﬂﬂfgﬂlﬁ PEpl ?Wlﬁﬁ’iiﬁe‘ﬂﬁ’é@ﬁ‘? P hermeptide Waww.ag%@@crlﬁc
the Tissue Protective Receptor conplex: A Negative
IICFRSRHEOTTRPIT] Heh as pighe existqeﬁelam%{l suvfic fnemihrandintenfach (e,
structural notif, the peptide possesses two negatively
Segteat, § 820, Paotieins 8akﬂ3dls],7, hiiebi inzarpobated by aefadeact inyitsumtitady).
5 am no acids, flanked by hydrophobic am no acids.

St ruct ur &urihet, bik& Bieve REVEP R VregicRd fof 4
(82) HNXNHE 20 (ggmﬁlNH (ad) %xxﬁH © 1% é”“ E9NNet contain

paliNEKeiBdEdd an®iho acids such that the charged side-chains (elther positive and

negative or two negatives) be confined spatially to within about 6.5 A to about 9 A of
each other. This can be provided for in an alpha helix by the charged pair being separated
by one or two amino acids, which will provide 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-
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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(a6) HNXXXXXNH, where H represents hydrophobic am no

acids (e.g., the noderately hydrophobic amno 15
weeondm195gs yci ne, proline, cysteine, tyrosine, o#/US2006/031061

tryptophan, and preferably the highly hydrophobic

am no acids: al anine, valine, isoleucine, nethionine,

| euci ne, Tmmpaudl@mncaebembbn thercehentys carborsyefiany ¢ gmino acids

charged am no acid such as glutamate or aspartate,

or BBEveXn HRINIGS SIS ity 3Wb RRIRCAdids @hntbsleghicadrbyfaay aldthodknown
hydrophilic one. In certaln enbodi nents, the flanking

in ﬁ?ﬁ%‘@%ﬁ%ﬁfbeﬂ'ﬂn PélP agh Sk afpfe, WitrSl eé-ﬁnﬂéﬂ%ﬁfnalzﬁructure of the

1 anki ng arh no acids are different.

vasi.a ono is stru nod,i f
i g B ot of o drs ﬁ%%ﬂ%&' {16 Rl SRl betwean
been re Iaced wWth a pqlar am no such as, ser,i based
oD BN ESTbaS A B RATEe OGRS PR BRI CF PEFH Lﬂtﬂs‘é ase
to peptide |inkages establi Shl ng the mutual proximty
onche p@lishbd, orwthemwipa eitvascertied; @l@wdnnelsmmb@nor@éat@eﬁ%@e amino
the necessary charge proximty may also -31 WD
acRDRiA06:9 D 45idRGH &IE30R6HAR 1 Wikre the flee-dimdrisiinebistingtume of the
three di nensional structure as discussed herein above,

préteft bhd 'theréfol'é thd 19(511161‘.{ 8P RkGest @GRl biRhateafull Gynthetic

am no aci ds rmy be spatially imedi at el y adjacent on

pegﬁg ggoﬁl icte ds%rs&?gﬁth% ag:hﬂl 'hélﬁup Whodd tredGin El@ﬁﬁtsﬁ'ﬁcture

amno I'i'near pept |

s PagpvS B RS 578 PR éE%tPagécth"Bﬂﬁﬁc?ei‘yeeﬂ two
cagljésnﬁggﬁbgégwah%%g P%{] bé ng;%h%ie%#é] en]gqea-gjmensmnal

between themin the |inear peptide sequence. As_an
stradiicg prodisteddbyaprpted miodeling softvirg peipkngen i therg. Mpn-limiting
N030 corresponding to am no acids 58-82 of SEQ ID
1os JEGEctaddvErE ar M OFEY by alleshibat GonputiagiGrouaQuibec,
(£5 and L69) on the surface of the helix, but have 9
CATRACRC MR I s [RDBES, THifbiAey)] |Siﬁﬁlhr19@@éh tedictive

Pept’i des constructed romhelrX A or helix B are

I f
AR AR LAl o
th d t h
thgﬂgsegrbi}? %'(m :g)lobecu §ta§1 a%(f\h%dll'%g i O ofaérg.fﬁ%ﬁeﬁp %fl‘zhe%}t based
whopngpLe arno acie a,ttqsfg;g;@gf e LSS Kb

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
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(b) Negative/ Positive Am no Acid Configuration
("Structural Mtif B" In this structural notif, the

whSRbjodsflas a positive amno acid next to a pegaishigo31061
' ' db

amno acid and both charged am no acids are flanked by
si ngl e hydrophobic amno acids. Structurally this can
Nberotrepliie Fastoe(CITF) 2 LélibmbdNBHibiRky FARS) CIiFNhat Weak@cturally
P represents positively charged ani'no acids ‘such as
héth&loBhUGyith ! préd] [t
biSith R BB vOhotdh Skieflalle 4 sf%%%ﬁ%g%éﬁ%%mpo

negati vely charged am no aci At € Oor as

{5 oA BB s o GesptOSL AR | P by 25 (hroo

di mensi ongl structure. For exanple, a positive and a
negative F’{a)“fé'}?& %HS%IWG%WS@SB@@ gy &)dvmmg sagpounds based
PCTI US2006/ 031061 nmay be spatially adjacent on the
upogstrgeiaral imatifs descxibedbehowsichmbidngs egaadibeit btyuoturel elements and
nore amno acids in the linear peptide sequence. For
suefeaerptesenting ahehé xcils {alelys &S paticiing thedappRBari®hak défermined that
58-82 of SEQID NOI) E72 and R76 are immedi ately
tha dil 66N bf AParR S PathRl 1A RIS (RXLRIA oteﬁ'*%éﬁ%ge?i‘%m%g&s the

hel i x and a peptide constructed fromthis

p&é@?%gﬂgr&gﬁaéi ve (see Exanple 2 and Table 1). In a

varfatio this particular notif, the negative and

positive 1.n0 ci,ds.can b epar at.ed a pol ar .
ani no aci ‘%‘:%JEQ 11y, Fﬁ%ssmrpqu W{)B%udﬁipﬁ e PIgFERHHBY @i
. L1 represents a polar am no acids such as serine,
in¢lpfe Suiondrertidesaesiing Togythe cpmbisationof taye antaerglof thefabove
this notif is peptide E (GCAEHCSLNENI TVPDTKVN, SEQ I D
nokgd [Bpfidesphi withiagelatedaremplatd otbsoendlemde fx apgiific @ampdrt, such
Table 1). Gven that the core of the above structural
asmetivé EPQ, hewlin anfepin.aci ds in | ength, a peptide of
this core structural notif may trigger the Tissue
Protective Receptor. 15 In certain enbodinents the
| ypepti des of the invention conprise 1 structural
S‘ﬁgtﬁ(’%g el‘?sj%llter nat e enbodi nents, the pol ypeptides of
the invention conprise nore than 1, nore than 2, nore
tE?E’as Qr nore than 4 of the structural nmotifs. In
A flernedoPentide K ragmepter ei n t he pol ypepti de
conprises at |east two structural notifs, the notifs
are the dkemresent invention relates to novel tissue protective peptides that in

4/
Cé'
3

O

one embodiment are comprised of fragments of the amino acid sequences of EPQ,
derived from the three dimensional siructure of the EPO protein, and in particular, were
derived from those regions of EPO facing away from the ligand binding sites and/or the
internal portion of the EPOR homodimer. These fragments are derived from the
following EPO structures: (1) loop AB and N-terminal portion of helix B
(NITVPDTKVNFYAWKRMEVG, SEQ ID NO:29, cortesponding to amino acids 38-57
of SEQ ID NO:1); (2) C-terminal portion of helix B
(QQAVEVWQGLALLSEAVLRGQALLV, SEQ ID NO:30, corresponding to amino

acids 58-82 of SEQ ID NO:1), and (3) a portion of the A-B loop consisting of a small
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In alternate enbodi nents, wherein the pol ypeptide
conprises at |least two structural 20 notifs, the

waoubi7foassase di fferent. Preferably, the multipl ecT/us2006/031061

pepti des of the present invention that one skilled in
the art can generate are |l ess than 30 amno acids in :
cysteing loop @nd a Brpleated steet (GRABHOSENENITRD TKVN, SEQ ID NO:31,
recogni ze that it is the above noted structural
cdf%s%élﬁiin o RRROAEHs R8-47RA SEC) IRNGAN). "Thedé pebtiie diugnrats are all
of EPO that is inportant to the current 1nvention.
: i i 14, oy : j:

AdBARE i BRIl PIG, e TP A0 DY (Bl roRRis

| ess. than 85% I|ess than 80% less than 75% -33 WO
POBE7PH19545 PCT/ US2006/ 031061 | ess than 70% |ess

than 65% _| ess than 60% | ess .than 55% Iess,thgg~ SO]g[IQJ

| ess t hanUngsmeetelys some peptidgslenivadsirom gtheg segonsag dhe EPO
than 30% or |ess than 20 percent sequence identity
mpiechleghat apoburicdrandfothey @eptn'nfeﬁ that dnaludespprdenseof ghe bindingesites to
human erythropoietin (° EPO') set forth in SEQID

(HYOR), avdwlseiissus piadediive! FarexamplkePOpesiideaionsistidpofthedl-tefminal
nunber of am no acid residues as said peptide.

p(gﬁGh BE PRk |AV¢ARPRE. ICERRVINGR YL EAK IPAB, $RQEOBIOSR, 8drresponding

., hereby “incorporated by reference inits
b RS UALSRAp fppegh s acumsng s
PHEHBRONS tsfPatvirrlye Goeipuruile 220 GADIeH I HOBP 6T dbE PriEnce of

and prevention 10 of neuronal cell death. SEQ ID NQ,&l
Sise 2 eming agidy dnes pgiregoup dpitbe tisnieguptectiye acbiyy, as a peptide
prophetically disclosed to have erythropoietic
ceansisting oY amine deidst] 4 HtafSSEQ 4B NOy t (RYJdE AENETIGE, tSEQ 1D
and was subsequently found to lack in vivo activity.
NOHE3) aaf dpukirig AeindBeidas 1-13ngfSEEID INQ:0 (1 heViEsthesitoD amino
m ce, the frequency of notor end plate sprouting in

adilEthafeth 3&Riiled TBISih@ag PEPOAS Tk EPOR dIRENEEPORN, |idblsh @issue
that induced by ciliary neurotrophic 15 factor. These

[ .t Ri . p I
pisflcfivaliEe INIE FEE 1UHLN, fs) BRIGOHSER 007 BlodCHOATR hercby
. sequence, Wi thi n EPQ an at, EPO have . s at e
R OTE PHfTHEhD s AR RIS b o REE SRS tat
b SRS ciythigpoiesibinghis sitebiit abslish ehyhropoiesis do not

5,700,909, issued Dec. 23, 1997; J. S. OBrienin
mgdidy thedtissug\prot@:tisg propeities o EROJ Ly et 4. Scigws (2004) 805:239,
OBrienin US. 20 Pat. No. 5,714,459, issued Feb. 3,
hér@BBincarpdrated By reférBndedn igretidéty)Kashi moto in U. S. Pat.
No. 5,696,080, issued Dec. 9, 1997). However, O Brien
di d not appeeebafieiry SEIIGH KRt 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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structural notifs based upon the proximty of charged

amno acids in the tertiary structure of the peptide.
wé200tops34d Cytokine Fragnents. 25 Gven the spattalsoos/o31061

conpact charge configuration able to activate the -34

WD 2007/ 019545 PCTI US2006/ 031061 tissue protective

r ecept or , Spemificatiznths folkoreng streuuet etifikmve beer identified that

fragrrents of type-1 cytokines are expected to cross
triggacthe Widshe PRfedtive Régeibicdcdgilexte receptor. This

cytokine famly includes, but is not limted to,

i nterleukin (IL)-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-

9, IL-10, IL-11, granul ocyte nacrophage-col ony

stimulating factor (GWCSF), leptin, 5 granul ocyte

col ony st i nigh & NefaftiRed CodSraridEk@ el MU NG
fﬁct%o(lc_)!e L Crrrary neurotrophic tactor ,
::olrgny gt mﬁt\‘%@?&acﬁﬁoﬁ%%ﬁ ,OQE?S_@ hropoﬁﬁ?&}ycharged
aéﬂ“&&}{@ 0| a E)‘?W If:l,lglgm?azﬁl s, ﬁﬁtﬁ&%ﬁ%ﬂ q‘ia%}/ophoblc

preparation of a candi date t| ssue protective peptide
aming acids. Spactullythisoagbaesmressatedds: ani no aci ds deri ved
from honol ogous am no acids | ocated w thin honol ogous
seco(udnr yHNNHrt ures within other type-1 cytokine
receptor ligands: e.g., GWCSF and |[|L-3 (Kannan,
2000¢g2Neurpizoqpnonod. 8: 132- 141, her by incorporated by
reference in its entirety), anong others, have been
sho O PRESRREL: POt ent neurotrophic and
neur ?ot ective activities, due in large part, the

Appl i %? @W@ by Stlm.l| ating a 15 tissue

prot r. For exanple, considering helix B

of these oki nes: Honol ogous am no acids in
thro%%poﬁm%“wotei n Data Bank (PDB) accession

1 VIM conprise D62, 65, T68, L69, E72, A76 and (8O,
wher &6 he%Wﬁ@%i ds are spatially adjacent to one
another in a |inear arrangenent; honol ogous am no

whereds répresehisiiydrtiphobia airiing avigs Gecgsttbe nfadefatelPbpirophobic amino
accessi on 1EMR) conprise E61, R64, Y68, 572, 20 N75,

adlfgl B, Eﬁﬂﬁb%&@t&ﬁn@@ Hdiné) @hd Sryptopbad, iadd yreferably the highly

neurotrophic factor F; PDB accession 1 CNT)
e e SR
p%!%ﬁ%%lé@%dw%@?enﬁ%ﬁ@gEﬁ%%%?n&?ﬁ TR0 glusgmate or
AT Aol B e o

limted
certain embodiments, the flanking hydrophobic amino acids are the same. In other

embodimenis, the flanking amino acids are different.

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

As an alternative to peptide linkages establishing the mutual proximity of

the two negative charges in a linear sequence, the necessary charge proximity may also
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25 to, GWCSF helix A fragment, WEHVNAI QEARRLL (SEQ I D
NG 35); TPO helix A -35 WD 2007/ 019545
w&e7ldpseo6/ 031061 fragnent, LSKLLRDSHVLH ( SEQr+s2006/031061
NO 36); TPO helix B fragnent: E56, K59; OCNTF helix A
fragment, KIRSDLTALTESYVKH (SEQ I D NGO 37); CNTF helix
begiccpmplighed by rabree Bimensianal stoicture Bs dis herein above, (Section
GTEKAKLVELYRI WYL (SEQ I D NO 38); and interleukin 3
5.1). EoSgxanmile, thefndgativehp oharBédvirbinol dofds KREFd S pali Stk diately

NO 39). 5 These aforenentioned amno acids are nerely

adfaeeRiinathY ekteRAl S8R BEANEHS tof will BEsépubdd BPadditional amino
superfam |y that signal through Type™ 1 cytdki ne

o IR o ARG o B 0L BRI o o
.he .gki d ' . 0. ' 0 "Chi ic" .. .
5 gl S80S s S e B e cimenson

sequences that , incorporate non-|linear structural )
stECidER Hkhaye typ dntesveaing Amigo acidy baswaen themdaithislingar pegtide
nol ecul e exhibit the above-noted structural
sequisnicé. s s ar aslditianal eomipiegih heledBi{pepiide I, 8HEQ@ AD NO:30;
invention. Chineric tissue protective peptides of the
cofxdspoatingitd ueiid Qid9IRL8Z 6NSEQUDATO: 10 WHi 4l Ry 2%k skphtated by two
el ements of separate am no acid sequences into a

anthd $ids L5 zh:félqﬁgg RdniRe gt of‘ﬂl'é%li}éﬂg.? LS binidd a}?déeoetween

protective peptide may be conprise am no acl

1o nGRMBREAS HE NeBllue ARRTcouFRE Roln RANOE gt B, et
j i 0-115, 133-136 160- 165,
B R P P il 497 D 1 EPUBEARPOM Brrent o of

the Ctermnal portion of helix Cand N- term na
(NSEFECHEESS ST EQ BD N@84) a ppptiderwith dval eegativelchaygeT- D,
and the C-termnal portion 20 of EPO to be contai ned
(uideriined) aighe apppiiate distaide bidneltihg a fiahking hiydrophsisiv@mino acid,
protective peptides may be used to select out the
is homBEieaRbleb s (Hee Exainph Pald Tk &rinfhyucture, for
exanpl e the externally-facing am no acids of a
15 particular tertiary structure. Thus, a chineric
tissue protective peptide nmay consist of a fragnment

gg!'&g@ i\_?eg aftle 'ﬁ ki e B2 'é%l_d( E6hfuray E:gtm@ al Rstie B,

ELERAL SR, 3048 20071010545, R lezo0ol Gatocy  SFQ

I D NO 40

exteriqQr-presenting amno acids of helix B
negative amino acid and both charged amino acids are flanked by single hydrophobic

amino acids. Structurally this can be represented as:
20 (bl) HNPH; or

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

25  three dimensional structure. For example, a positive and a negatively charged amino acid
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of EPO. This peptide is shown to be tissue protective

in Exanple 2, infra (see Table 1). Furthernore, the
woosenmssnf the current tissue protective peptpPoRESIBY031061

be increased by attaching an anphi pat hi c peptide

hel i x. Anphi pathic peptide helices are 5 well known in
map be spatiallp adjacdnt onthesyrfadeef 4 helix, birgwidl ba depatatpd tiyhame or more

Class B Gprotein coupled receptors (e.g., Segrest et

arino aciid MtheMineirgicptidSsetlSncehBocdxpmiplhs; i heliaB €cbrigponding to
reference inits entirety), serving to localize the

mﬁﬁletal:ﬂ@ sBiapdEEm RO ¢FEY2 m'ﬁ@%mm@agﬁgg%ﬁqagﬁ}twe&h

elices include, but are not limted to, y
dr ophabi | fr lci i .
ot e Refoal S0 Be Rl s GO Pl g Bt i
, ( VALLPCPPCRA, Eg&%’i %ﬂ'}ﬁcﬁ%& bet a endor phi n
USSHEPTORGQEYRK f&es e Falts 1)- g ucagon ( GSWORSLQDTE,
SEQ I D NO 51); secretin (GGSAARPAPP, SEQ 1D NO 52); .
vasoi nt est aegriaion phhis paydcylaymelif\tirmeyaticrmd positive amino
NG 53); neuropeptide Y (GALAEAYPSKP, SEQ I D NGO 54);
acirisread bk segrirated by e pelan gmvar saddie. g. { GCSSQHWEYG., SEQ | D
NO 55); parathyroid hornmone (VM VM.AI CFL, SEQ ID 15
NO 5&B) PHNEPERti ¢ pol ypeptide (LRRYINWMLTRP, SEQ ID
NG 28); and calcitonin gene related peptide

( LAl VLI)@BmﬁEQ I D NO 57) (disclosed in Grace at
al . !-(%%04, S 101: 12836, hereby incorporated by

T T
i i B EPO E
CfiGihiag. AR SREDIAIThi IOt Sde GO AL H STNE VKV,

hel i x of pancreatic pol ypeptide (LRRYINMLTRP, SEQ ID
SE@1DgY Oﬁés), vehighhisrtisenacprofpepve ee Exymplaerandobible bat i ons
may be nade to the carboxy term nus of the anphipathic
hel i x wi t Giveh tledt tleecdorer gf the abbdvessmmetipalahetifiis Yeur amino acids in
properties. Thus, a further exanple, replacing the

leh%h,n&' padtide o tHineore ktriditrabbRvie nﬁgi dr EhePEREIOB oW tiYe Receptor.
the sequence TR (QEQLERALNSSLRRYI TRTR, SEQ ID

Nk en%%ﬁ@ﬁt?&e?yf@gﬁg&’és%f Wid iﬂv@:ﬁfo‘ﬁ%mﬁﬁis& h SRMEural motif. In

protective acti vi enonstrated In tne sciatic

oS o 25 ietiS B ol el o5 8y R R R iy 1, more

abgve-noted_helices, qther tertiary structures can be
05 PR3 Phmors Gand of s wiehwd niudh! Hoeettagphibbitieuts,
exanpl e, the helix B exterior- presenting am no acids
whegsingbe pelyRreniide sommasesct deaph vt ot anotisshapntifss @ethe same.
ID NG 42) found within the AB |l oop of EPOto forma
Incifierratd emlpefimiate, wiasreinghd palypeptide 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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5 sequence CSLNENI QEQLERALNSS (SEQ I D NG 43), which is
tissue protective (see Exanple 2 and Table 1).
wédehi7logsasl |y, the presenting am no acids of therus2006/031061
termnal portion of helix C (ALGKA, SEQ I D NO 44,
corresponding to amno acids 111,112,113, 116 0and 11%‘8
lesothaBRZqY4, Rsdhan B Yaydesh than G desd than 5% Ipssgham 3%, lgps than
loop CD partial (LGAQKEAI SPPDAASAAPLRTI, SEQ I D
45PqedHthak A0VL ERO T 3§%, lesathianG0WA) oadxissl thah PD-1E8Bnbeq8EQe
IDNO 1). Preferably, a linking armw || be present
i i ' RESH HRufetunidne xiyirbpoivtin
1de9§&%a%ﬁoﬁl&ﬂ§§%e%ﬁﬂﬁd 5188 sdfle fydirbp

SOt | ol ned peptides can assune the proper

. it ok on . . ¢ .
(%ﬁgﬁﬁ%&%%é@@%b&%‘gﬁﬁ E%%?h &s%r?o pept | dglg Sarrlgfl
have a synergistic effe té poptai ning a greater tissue
nuigbes of @miye acifl resiques g $al¢ PEPULE- opposed to i ndivi dual |y

possi bly through enhanced binding with the tjissu

prot ect i valditiomalhpddst Bat. N@@V@eg“% toj écﬁ‘@s"é&ifhergby

biological half life. One of ordinary skill in the art
incoipdrated by gefereacd indtsteatisty)tdisfloses Al 7 aimigo asid peptids sequence of

desired structural elenments in to a single peptide for
EPCRSED B NO:1 Def O B whiloindaids\biolegibalodesiviny isNBR0Y, SK-N-

conpounds. Such chineras nmay conprise am no acids

M@S,?ﬁmb 'rllq?dlg.l cefi® gac‘i‘t&ﬁn%éﬂrﬁ%:%? iR RIEROL Sneufdppbredtfon, hikpreention

n% at ons ies. 20 5.1.3 Fusion
Pent | T . °s. .
of petphl gt Gpsinor FRE D NOW E A CPBrib [deiBhed BRIRBRICASS, although

pepti des, fragment derjved. or chi.nera be |i -

prinpoteals disakered 6 DR eRTUHDBIGE SERTIY, Lo op! Rk Such fYifibpoteti
erythropoietin, albumn, etc. -38 WD 200Q7/019545 ,

actPay wghossnbsmently fund o kel wee astis Whegspepeptide AB was
Protective Peptides Tissue protective peptides of the

injetted énd theneseld e mivayths &equmhey of megor endgdatd sprantingin the
synthetic techniques well known in the art. In )

adREhtrRMECRE inci@dstdl irDh@sener Blroilaitn tiey iduesd By tifianyedurotrophic
suited to the relatively short length of the tissue

fa%&?t’h[ﬁgé A8 ReRERLIAES wARE: B oRicpVihdEn @6l eutyibel ds

nore consi stent results. Additionally, the solid

PR g s R b L B0 S o e
protective peptides. .For, exa

| e, .desired~c i.cal
sepaterdomatISIRE ASHRGTRbG ATy Rl 1.0
protective peptide at the synthesis_ stage; .
Ml s (1998) | 10:286:0485 - QIR G BoPaty NPrsdp&ony, ipsyed Dee. 23,
pepti de as opposed to |ysine, o
1997; J. S. O'Brien in U.8. 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
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10 thereby obviating the need to carbanyl ate the
peptide follow ng synthesis. Synthesis In solid-phase
woyhbesis of a peptide an amino acid w th bot hcBUSHI0N031061
group and 15 side chain protection is imobilized on
aresin. See e.g. Nilsson, B., Soellner, M, and
tifkae pectectiRe 1Sbapiore dlppByartth bavesdigéoverast thiah sertabm fzgnRets. of type-1
Bi onol. Struct. 2005. 34:91-118; Meldal M 1997.

cYI6IERGY drk Rap&ited B brdssStepgoniis thaViidshe @eotbativeteptor, This cytokine
289: 83-104 and Songster Mr, Barany G 1997. Handl es

fa;lggr %glgﬁé;s& BRERG0PRR wa % %Mi%}ll%&ﬁhm Metrhog $1.-4ETZ WL -6, 1-7, TL-

Typl cally, two typeS 0 a am no- pr ot eCtl ng
oD HAHEIE b HaRHasgF -Erniods 303k sikhating e (GMESE). lvtin
SAEMar S folony pm At AgaT @@aﬁ feﬁ%ﬁl‘é@&b&#ﬁ%mﬂ ciiary

Enzyrnol . 289:44-67. After the quick and conplete

neusoivephic dactor KEAEE), divombopeistie (TP, @rewHE hersewsr macrophage
protected amno acid with an activated carboxyl group
calatny stheulathes faotop (RHCSH), eiythropgictin ER@Yandasolactimund

am ne. By using an excess of 25 activated sol uble

anm no aci gondidéati@iier the SecofdGY is@BGuA & HFRD BRFided guidance for
conpletion. The cycle -39 WO 2007/019545

te ?é’u?ﬁ%ﬂ?fé 424 e BhoRGROBLER pla B0 EOURl hrdcbement of
8 ik dpHe fon R E{ngﬁ?og%&@goca%w@ﬁn ﬁmsologous

Trifl uoroacetl ¢c.acid cl eavage,and depraqt ec

sqceBiasY BERRTRrCP erftésP?-i W ol ned e eRni, Phordyean JGM-CSF and
chem stry. Methods Enzynol. 289:67-83, and St ewart JM

-8 K anBin PR h@mmmm@mﬁ& L3nilAL Irdley. ingemgrated by reference in
sol i d- phase peptide synthesis. Methods Enzynol.

it2 8&ir29), Afnonfaadidrs, haed beemtshoen té possper fodentinagrosrophid and
phase protein synthesis are disclosed in Bang, D. &

totive A it @!ﬁnﬁ’ i ah 1ibesd Bellelve Byastidmnlating a
Anaﬁér\?v 1‘é:hem Ilnt :%-525:%4‘3§%’g81 Bang, %. Choprag

%u #Ebté,‘%ﬁ% ’re(%mog Cﬁ B ex-E%{CEﬁé Q?;&érﬁ%heh%%%&ﬁﬁ%éestggé I (F:ytokmes
P@ﬁl@ﬁqgg&% gt%?r&)aq%?%%{ nlgg ﬂﬁ%lgtfn} mg%ﬂageygﬁa%éﬁ(e(PDB) accession
C Egg’li?)‘glg% ggg _E,ﬁégg Iang &%} tﬁese amino acids are

Eryt hr opoi esi s Prot e| n. Science. 299: 884 887 (Each
spasially edigesnt exonesanother ithi inegs arrargcanant; konpdpgayly amino acids in

i ncorporated by reference in its entirety.) If
lenkemSahipitognibattbe(LIfePDBdesesdioni NEMR) compss Eal, Riods¥68, 872,

pepti de synthesis
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
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15 may be conbi ned through peptide lIigations such as
native chemcal ligation. In this process, the
wa baooloadsgs of an N-term nal cysteine residue of pON&s2006/031061
pepti de attacks the C termnal thioester of a second
peptide to affect transthioesterification. An am de
fragmaoh JSKEIRBSHMLEE (SEQ ADANG:36)N R helix Bdragient: BE56eK59;
Dawson, P. et al. 1994. Synthesis of Proteins by

CINEF ihekx Ghieagnesalt, KIRRI DAL TESV&TKHE (SEQED/NO- 37§ CNMRibelix B
is hereby incorporated by 20 reference inits

ﬁ@?ﬁén"t RigY. S TIP QElix Bflfa.ggéen@ [GBRAKINNEL VRIVY eﬁo ID NO:38);

recogni ze, that e tissue  protective pept

ieﬁ%%ﬁ# SR b G AP Keener, (yaQ 1D NO39),
gﬁgh g%and non aturaIL aggél%gquifgg%p ngﬁ'gnglsgglemembersof
N-substituted CI nes gI ycohol i c acid, thiopronine,
tho eytekine @@W@pﬂg{ sigrel Breitgh Typeskexekine reseptors, ardihomologous
have a general structure of (-(C0O- -40 WO
regiony 610 bhbrihe G s WS IROGAAIAAO Siper BhiRlyNRI]) be readily itietifiled by the
group acting as the side chain. Such peptoids can be
skiljedia@snzed using solid phase synthesis in accordance
wWth the protocols of Sinon et al., Peptoids: A
nol ecul ar approach to drug di scovery, Proc. Natl.
Acad. Sci USA, 89:9367-9371 (1992) and Li et at,
5.PRoCBIMeMsgr aphi ¢ Synthesis of Peptoids, J. AM CHEM
SOC. 2004, 126, 5 4088-4089, each of V\,hl ch is hereby
|ncorporated by reference in its entirety.
Addi t i ondiJhjmeni¢ietissue peotactive peptidesnlinem anvimpd adiésequiveces that
use of peptidem netics or peptide mnetics,
incurperptepiondmedr stgRnwhl dlerperap of theextomdlyoyoing abriné Addeof EPO
of the tenplate peptide. (Fauchere, J. (1986) Adv.

méltide BASbit IR abBie-HoRA Stralra tlo?H-188 hlsh %Q&Eﬁp-%.lt&ﬁb}pﬂle current
32; and Evans at al. (1987) J. Med. Chem 30: 1229

inVBh, @hﬁnérmsgggﬂ&ﬁ ﬁleértg[eg 5?6%%%9[&11%&1&&% cg{s)lrst of

various types o I CS een revi e
comﬁirﬂ%% gtr{lﬁgmlas ele Itg%)t% ég ?e&a%xgggafo fg:é"cgsegﬁanc}és into a single peptide. In

Pept i ti¢cs.- Wrkbench Edjtion Vol une E22c . .
Ot*(eéd’f"cr eI CHSSED BEpHReH VRP§PE IAEGBW W@%Sf’grﬁ%é%‘m acid

Ver | ag St uttgart, New York, hereby incorporated by
scquengesetesived from non-knear but @d)acensswwmlmmts Techiasiadftaggnent

A variety of host-expression vector systens nay be
derived framchmino peiddeqeences 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., pepiide G, QEQLERALNSS,
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the tissue protective peptides of the invention. Such
host - expressi on systens represent vehicles by which
wo hen7ioissasie protective peptide of interest naypb®/US2006/031061
produced and 20 subsequently purified, but also
represent cells that may, when transfornmed or . i
SEQ ARNQ@0 ar, ippther Wardsedbebibe puledonmssensing daniae aifgof helix B
sequences, exhibit the nodified erythropoietin gene
ofFRuThisipepiide is shavme trebe tisshe petdutive & Exaaplel2 mftoaded Dable 1).
bacteria, insect, plant, manmalian, including human

host systRifthermbltRDotddidy offle dut@ht ©:8ué Protdclis€ Béptiids nay be
systens infected with reconbi nant virus expression

Bk T L T
BB i MO o s a0

caul i fl ower nosaic virus, CaM;  tobacco npsaic virus
COVRIGS: TeRePIB (AT coseBRrt o aln 199D dbteine el 03 herbyincorporated by
expression vectors (e.g., Ti plasmd) containing
refsrpch ibiio ewirety) rsetvingio loedlize theepaptide Hgaskiguibacatsmembrane,
manmal i an cell systens, including human cell systens,
Esmntples dfibh€lBheliceOmelidelut ard3if [in2iesd, to 3the highty hedrbplibbic regions

reconbi nant expressi on constructs containing pronoters

frod€ dal@nin QMIINTIILNOGE, DEQ 'IB'N@!4j8§;rbofl§écJ|h%]a)inel’eﬂzasin% hormone

nmet al | ot hi onei n pronoter, or from ~manmal I an vi r uses,

VIGPCERS ARG b G PLEBIISE OUAMROVRFRIRS A Y
NGRS (RS S0 B SEATROLE bR ERb e, smo

i’iﬁ t speci fi,c 10 fashion desired. Such nodifications
IDNQ-v:ceaseigtesting polypeptedeNA.AENDI B, $RQ D358 kNt
for the function of the protein. As known to those of
newiopEpiideyY SRALAEAYPREP a81EQ IDANO5d):cgunadintsipit sfl¢asingdwemone
speci fic mechani sns for the post-transl ational
(GEISSCABWSIYG31arfEQ M W5 Sa panthyedidhoahehd SV MIMMINEFL, SEQ ID
products. Appropriate cell lines or host systens can
Nbs6s Iﬁ:@ﬁ@'ﬁaﬁ@pcﬁﬂiéxbﬁ&e IR RNRACRITEYC 115 }ic:-08), gﬁ@%lcitonin gene

processi ng of the foreign protein 15 expresseéd.
G PP (RN G090 oAb AL BRIR el o, 200,
P8 PRL2HCHOSPL Boorr iSO BY et i BipoReib e oo »
g el rmoamncenab ekt b 5 of 00

MDCK, 293 3T3, and W38. 20 For |ong-term
(QRQEERATANES 7RI TN QHObjoinedes tits saabxyeminuet, the amplpathic

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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expression is preferred. For exanple, cell lines that
stably express the reconbinant tissue protective

WO Ydookigzes r el at ed nol ecul e gene product may bepCT/US2006/031061
engi neered. Rather than using expression vectors that
contain viral origins of replication, host cells can
be transAdtitimthily insteRNAS the abowd-hatdd bslicapprtvptening structures
expression control elenents, e.g., 25 pronoter,

caft BB aR4Red 16 BRURRESSrotel i PSR, | Tt cik@hPle) fleQictix B exterior-
pol yadenyl ati on sites, and the -42 WO 2007/019545

) / | t :
2 R e e R e e e
| peered . cel.l s be, dto.grow for..1-2
NGAI B TR tperaitor SEPQ R Lot bt pp BN
sel ective nmedia. The_sel ectable marker_.jn.the .
sequEen GOk NRNIREKIFRAL SSEPEQ LSO} whichids fige protective (see
selection and allows cells to stably integrate the
Exaivpde? dnd felde dhe Addionally thesprasesting amircoasidscofiths ermingl
that in turn can be cloned and expanded into cel
poktidiest heFiRiG (ABPGRAY SByIIaNa4, agmesiwinglingeo usxieh daids
engi neer cell lines that express the

114113848 331 61 &l 1 18HAVEGHS NO: Blaby 85 8bnBRES dviﬁdhedll ot gaR&¥ loop

may be particularly useful i'h screening an

A BRSO S L i
o35 ] SIS RSP0 en o

the peptide may be synthesized with one or nore
fugeg)peatifiosdo m‘eé forflexibilify sp ghat thegpined Peplides §2m Asspmp. the proper
or (D- amno acid into a peptide of the present .
striuptuedd orientatiep tmbisgd with e tissue ppoectiviegeetptircediplex. Such fusion
characteristics of the peptide. For exanple, the
pebHe& gy Bdvet syabroitie effectyobiainiiy) a greatee tismiegeoteative effect joinily
confer increasing stability on the peptide in vitro
asQppbitd\th illividBALlY MEeIbRAMAI A RN 8irdingd WItE tHeAssaihridtective
aclds can also ‘increase or decrease the binding
re@ei;‘idrvcz'o k?{lort' &eﬁ’s%ﬁtb'ié:ig%i@zﬁ h‘é’ﬁtlﬁ%m ned, for exanple,
usi ng e e

I 0oassays describ herei n, or other
met hods [1 kngwn in.the.art. ..Replacenent of. a _
par t Cof 2oue gt B i o g v REBORTRE heric B borkfining
respecti ve sequence of,entatjoperic (g%-anino,ac'ds
vapigheidesired strugtiat slempnisds et Figeleqiepids ok @oaximiging the tissue
respective part of the polypeptide chain. Inversion of
proteetiweefitsircef soth epmpowdspSnch Gfimgras eepyegemprise amine acids
(L)-am no acids renders retro-anal ogues of the
peptifiés, eed 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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25 Conbi nation of the enantioneric (L to D, or Dto L)
repl acenent and inversion of the -43 WO 2007/019545

wEell7de96/ 031061 sequence renders PCT/US2006/031061

retro-inverso-anal ogues of the peptide. It is known to
those skilled in the art that enantiomeric peptides,

5.1 HeManudactureofVisyuedirotective Beptides et r o- i nver so
anal ogues maintain significant topol ogical
rel at i onsTisguetprotebidvenmpeides ¢fithe tutesnt émentiers mey balntage using
hi gh degree of resenblance is often obtained for the

re@&‘clﬁﬁ‘lbn@?Qyﬁﬂ:@ud REERqRs ATBERAPANGhO S e pathilar, solid phase
el at1 onshi p and resenblance can be reflected in

PR SR B PRI
B INNL ey e

have been di scussed for exanple in Methods of Organic

sotidehiasa protein-ginthesisyesy providp gddisienal ﬂ%lhﬂé‘atr?&eéémg%&e
Pepti dom netics - Wrkbench 10 Editi on Vol unme E22c

mgfthttore dfithetiiseé piedivepeptides 2 TorexaByie.gesiTed chemical
Verlag Stuttgart, New York), and in references cited

mbBifc8lichs mdy bedincyipbeledin® the tiedne protecreqeptitieat thy synthesis
reference herein in their entireties. Amno acid

sta ﬂb&o&%ﬂlﬂfé.coﬁﬁf‘&!’rﬁe& th thBGyRtht 8¢ 8t e Refidehs '%?bbﬁeﬁ'tﬂ) Yysine,

currlng amino acid to produce a non-natural
Q f
Sie el Mo e i v e hiethe HERR g EE%C%S%. g

anino acids can be created by chem cal synthesis or by
site specific incorporation of unnatural am no acids
into_polypeptides during biosynthesis, as described
i n CBymthesthher J. Noren, Spencer J. Anthony-Cahill,
Mchael C Giffith, Peter G Schultz, 1989 Science,
244:182-188, hereby incorporated by reference herein
inits entirety. 20 Peptide mnetics that are
st r upt solidl ghnsssymkiedis dfa pepedegeathinoakldywitls bbthl a-amine group and
pepti des nay be used to produce an equi val ent

sﬁi@ @ﬁ&g gi-{}té&mﬁrls REGBRYEALSA & réfd 886 e.g. l@ﬁﬁh%haﬂ Boellner, M., and

mmetics are structurally simlar to a parad’l gm

R%ng{,ﬁg E;hcegﬁca(l Syfithe S‘ofﬂ%'ter\gﬂse D) SR BlorR Py 20)05 %4 91-118;

per y or driacol ogi cal Vit
N@ﬁhﬁ“ﬁ?ﬂ@%g%?ﬁ@ﬁ%ﬁrﬁ%fﬁ%?%f ' °”2n%9(9 $PRyRaRs
Sonaan I B0 B P erhs oo a . Fihods

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 greups 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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COCH2--, --CH(OH)CH2--, and -CH2SO -, by nethods known

in the art and further described in the follow ng
woelonessaes: Spatola, A F. in "Chenmistry and pCT/US2006/031061

Bi ochem stry of Amno Acids, Peptides, and Proteins,"”

B. Weinstein, eds., Marcel Dekker New Yor kK, 267
of (sp@Bytiospad cauplingisTepeateckie complete ﬂmse:ﬁuepgs ithyigie chain

| ssue 3, "Peptide Backbone 5 Mbdifications” (gener al
depivdotioh and/blegvage, the Sesin Fickisdlse Rsaedpedie. B0, Fiplds GB.

463-468 (general review); Hudson, D. et al., (1979)

199‘7@&111?&950@5& adid %&a&é’ge a]a&&eﬁﬁﬁedmn GFigestbound pe Fudes following
; Spatola, A F. et al., (1986) Life Sci

STk e S dienren
Clpavadepiiods olsghing BgS-taed Sé’?ﬁé?h@fe gﬁp%de SBhs {%?hgods Enzymol.

Tet rahedron Lett 23; 2533& ),; Szel ke, t,al.
2889 Abadddisional. methodsfgrBe qr@ywwl@aphawpmémw oPiIS
(--CH(OH)CH2--); Holladay, M W et al., (1983 i
disoidsed e Bag DL & Keft) SA2004- AMO0ne-Pot 'Dqta—ﬁm@eSiS) of Gragbin. Angew.
Hruby, V.J., (1982) Life Sci 31:189-199 (--CH2-S--);
CRAE T EdME; 2384- 55380 Bang 0.aCRepracN ¢ iénKbt, 8e200deTotal Chemical
anot her enbodi nent, a particularly preferred

sﬁ%sﬁ%%rgﬁbinhﬁ'sﬁﬂ%e%; Soc 12383, Sisord @Dé A1€1994.

m netics nmay have significant advantages over

By SOl P ot
e anc ed hﬁ p%h%got)ﬁ%{g,g%; @g}erguca §31s z}iéi)%xagenous Polymet-

speC|f|C|ty ., a broad-s ectrumof bi ol ogi c
Madxﬁeduﬁrytbsc)pmqwgh@f@m Seietsey 85 TakfopcBir 19%103 pRgited in this

vari ety of designs for peptide m rretl cs are possi-ble.
peragraghaiipteby inmypdrated by pefettos in ifs euireiii.)t he necessary

conformation is stabilized by non-peptides, are

speci fi calfingcasemry amplliat pehtides Geriveat feorh sdlid plsas& 98ptifiéGynthesis

to Lobl, et al., US. Patent No. 5,576,423 to Aversa,

thi
of ot BB kSt s

oGk e RGRRTAN bt £ SLE0 ARia ST bt BE akials S E-

or creating SUC COI’TpO n eslIs O

nonp [ C unds t 7/ 0195
PoRRLRIAS66r BE8 Bt aﬁﬁa B gﬁfm%ﬁ@ﬁafﬁﬁwﬁ Heripalfny %’ finide tinkage
the art. Eldred et al . Chem 37 38§ ﬁ 9
foae afigr PIdoYpoaay epnsiery §€%PéWé‘§1> RePetlnl994- Pyghesis of Proteins
entirety) describe non-peptide antagonists that mmc
by Netipefhémleallbgatint Sciekéd 866:386-7R9, whichlis herghy ipgerporated by
Chem 38: 9 (1995) (hereby

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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i ncorporated by reference herein in its entirety
)further elucidates the synthesis of a series 5 of

weuetv/egsapounds. Furt her nodifications foll ow rgT/US2006/031061

synthesis may be inplenented. For exanple, the tissue
protective peptides nmay be further chemcally

CHoNR-).edith ithecR gronmrdoting hsthe didebainy ISatke geptoids can be synthesized
succinylated, etc., in accordance with U S. Patent

uABPsdliiaHags mgmjiﬂé&ﬁﬁda&@éwmﬂ”th@bmmﬂéls Sft¥ishoa st al., Peptoids: A
200300 2737- AI on April 17, 2003 and di scl oses 10

ol Q"]’Aéox?‘%ﬁggltd%ﬁogﬁ&sﬁ?%’o 612, Gﬂa‘%?d W&?A%L%&%gé (1992)
Rfests f”ﬁ‘t’ﬁgﬁﬁé\gﬁﬁﬁ?”&aﬁ&%%&?&% 3@@,@@&0@3 126,

inin ei.r entirety. Addition , thetlssue
4&%0&83& Pask Ogé?ﬂ?cl?}alééle IRegRarated §Vrﬁ°- EDRHIHE AN ssue
protective peptides -- nmuteins. The disclosed
Additianalbi theswyrenhinvertionsoptsniplates bagse ofigeptidemimesies or peptide
i ncluding internal deletions, additions, including
madleliids| nnspaptiele dirng Wit]spmperlﬁbmax&ildsgnus ¢ thosneihw &dniplate peptide.
substitutions of am no acid residues within and/or

(LRS! (1986) A, DYy Hes 203.10: SAALP B PFribithgck NP985) TRUE . 32; and

In a "silent change and non-conservative amno acid

I .

E‘E@%@?Eﬁ@% URECHRP S 220 S Bt piiS P?f‘eéeme)-
onbl ant ssue,. Pratective Ki nes, a% Encod|
o ond s BeY S pte B imgtios i B MRl craattpin

and Enhancenent of Respagnsive )th? Ti_.ssy
Mefodn 6f Drgrncs,Chemistis Gipeiea WayhySbsets Sepeptii astin i n

its entirety) Either conservative or non-conservative
Peptidomimetics -s Waskbengh Editioncépiuine F2dd €Editoramé hief Grmdanan M.)

am no acid residues. Both conservative and
200ein(zongcThiahte Verlag Shatghit New NSork dierddy ineaporated by reference in

Conservative replacenents are those that take pl ace
iyedelbty.a 25 famly of amino acids that are related in

their side chains. Genetically encoded amno -46 WD

2007/ 019545 PCT/ US2006/ 031061 acids can be divi ded

into four famlies: (1) acidic = aspartate, glutamate;

R 2) ,basi IXS|ne argi nine, histidine; (3) nonpolar
—%%%@%%%ﬁé%ﬂg¥g="cystelne al ani ne, valine, |[eucine,
i sol eucin proli phenyl al ani ne, et hi opi ne
trypt oph o Va@e%qf’.iv@st-mr@fgwﬁéfw%ﬁw% MR 59 Hiifjesg to produce
pol ar = aspar agi ne, utam ne, serine, threonine.
theidissysqiTatective paptides @ﬁ%b@imrﬁm i Sttch:hogt expresisipn systems represent
hydr ophobi ¢ = al ani ne, valine, |eucine, isoleucine,
vehitled nivhich thotisny badtentiva peptitt ofidiereat mby bl petrdopdtbdidc
= glycine, proline, cysteine, tyrosine,
subsequently purified, but also represent cells that may, when transformed or transfected

with the appropriate nucleotide coding sequences, exhibit the modified erythropoictin
gene product in situ. These include but are not limited to, bacteria, insect, plant,
mammalian, including human host systems, such as, but not limited to, insect cell
systems infected with recombinant virus expression vectors {e.g., baculovirus)

containing the tissue protective peptide coding sequences; plant cell systerns infected
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tryptophan. In alternative fashion, the am no acid
repertoire can be grouped as (1) acidic = aspartate,
waobewranmsie; (2) basic = lysine, arginine, histpdrms2006/031061
(3) aliphatic = glycine, alanine, valine, |eucine,
i sol euci ne, serine, threonine, with serine and
withreeomnbinentsirus pkpesdon yedies ¢ gy padifospa musal yirgs, CaMV;
al i phati c-hydroxyl; (4) aronatic = phenylal ani ne,
toﬁa)éES’ glo8&e virhy, WMV;F 8PtrarlsBmRAiviih fecE@pkAgHlASnid expression
glutam ne; and (6) sulfur -containing = cysteine and

ve%%ﬂb%q '"ﬂ%&s(&@ conlf mm'ﬁ_)émﬁmeﬁ'é 9&5@&‘1%&9&5[116 (\f;\ﬁﬂ:(t: quences;

RESTRE RO CENRR T RS

along all or part of _ 15 the chlng se uence, of a
BRK 539 358 diaskaringrepRipbingié, cXpirsHOm ONs{rugts copiaining promoters
nmut agenesi s, and the resultant nutants can be
desived fmmdhé gendmmd:ﬁ:tgammahaccﬂﬂm ¢.g.. metalloghiongiy pragecter; or from
that retain activity. Follow ng nutagenesis, the
mafAHeviaess, e, the ﬁd&ﬁvﬁﬁpta%lﬂeﬂloteepmﬁbacmnmlmua AdKt premoter.
activity of ‘the reconbi nant tissue protective peptide
can be qﬁtaﬁﬁmoﬁezghosggeﬂ B Hal 2% cashadhamnéduldtbethe expression

tissue protectlve peptide may Dbe further rmdified
ofirsg égﬁed] gﬁue%g?éy %&ﬁlfgﬁ, dagc‘rf YCJE@L{S%S ﬁ’%%% e Ctplrl'l glilee?pﬁegﬁc
faélﬁ%ﬁ aied  Pre mpdickato b g oc'ﬁ%‘%r?%eﬁre %arﬂeﬁvéghw"ve

enhance the pe t|de s tissue protective e

ingopstap fos o uLGEBIoF FhPioRny AbIOH © PSP Rudaa skl ip the ar,
WD 04022577 A3 and WO 05025606 Al, which 25 are

different st edlischave spsicifidwpechshismsiorthe post-tvpspoionalprowagng and
PCT/ US2006/ 031061 5.2 ASSAYS FOR TESTI NG Tl SSUE

mBREEEGH ofpr RS B Serfe frodudii. ohpgropehte Sel diaesordrosteystyss can
Ti ssue protective peptides in accordance with the

bPEHRREMNo enBME Md QtrelPhod Rt @SrRIhrb&dssink DE U fofdirefiotele
activity, e.g., protecting cells, tissues or organs.

expﬁé)stsgcf b s dé]dagﬁk | e Gost To)s :ﬂﬁt %Hﬁegﬁﬁe taahadnatHity for

ro and In Vi oassays I'tro tests that are

i ndi cative of.tissue rotec actip vit r
PR ee~iEe bF thﬁrp&"ﬁ‘% iRk g Egghigr, pfa bASpHASeddoR o the

di fferenti at| on assays, or (det ect| senc
gepedreduetmay bayegde; uC @?aa%m@;&ﬂnéwt dm‘:ﬁg‘%‘ﬁt etmehos{ cells,

protective receptor conplex, e. ti ssue protective
inchntle buee netclapited tocdd B & ¢ CH%(,\(E‘?R(Ot BHEKe Hela, GOS) MEPER, 293,

neur ogl obi n, cytoglobin, or frataxin. Neuroglobin, for
3IEX D IVEL8,

st

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

promoter, enhancer, sequences, transcription terminators, polyadenylation sites, and the
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10 may be involved in facilitating the transport or

the short-teen storage of oxygen. Therefore, oxygen
woL@n®pEit or storage assays nmay be used as anpeBw8006031061

identify or screen for conpounds whi ch nodul ate

tissue protective activity. Neuroglobin is expressed
likeparwled defectibit mirksu dnliofvindthedrtmodustion of thefereign/dNdm i n

response to hypoxia or ischem a and may provide

enPet188 LeIN mhy BEildWad ty geSwifor 112 days ialan eAfioHed OIS, and then are
8: 15306-15311; Schmd et al., 2003, J. Biol. Chem

sv&téﬁécﬂ't%%efeh Ave m8dah TRE sYBEEHe narkGR KIReB4ABinRMN plasmid confers

erence hereinin its entirety). Cytoglobin may play

a_. sinmlar role in ot ect.i on t ' :
reflgiinty rocloPlin at BIORYH ROty a0t RSN b e
2002, EMBO 3:1146-1151, which is ihcarpoyated b .
cheqanesopes andh groxy 19 form fodd that in free3n Qe aﬂg‘&s{f’é‘de%‘%%‘?ﬁ‘?éﬂft‘) cell
of the invention, the |evels of an upregul ated protein
liriem Fhia@nethod mapgdvantageeusly belussdito crginesy call figes that express the
contacting the tissue protective peptide to a cell.
tiskiie-pRtdctive pridoaiSueh taginédied gelklimmsanayfe Eanticarigudefuida
protein associated with tissue protective activity in

(8l and TN uBfontTREmpBus@ithir et e thasutaows Akietty iof the EPO-
sefbefiitig and CRaluation peptide. -48 WO 2007/ 019545

/ Nucl eolin may protect cells from
reggr‘iia%@f%aﬁ?g%’%al%gé%c&ner ous roles in cells including
nodul ati on of transcription processes, sequence
speci fic RNA-bi nding protein, cytokinesis,

nucl eogensi s, _signal transduction, apoptosis induced

by ﬁﬁ%ﬂﬁ!ﬂéﬁﬁﬁ&ﬁﬁi n renodelling, or replication. It

can also function as a cell surface receptor DNA/RNA 5

hel i case, DNA- dependent ATPase, protein shuttle,

transcription factor conmponent, or transcriptional

r epr essor Addikiond sicirficasiods Snl beamade tbABtismaPEBective peptides.

13:1911-1922; and Gnisty et al., 1999, J. Cell Sci.,
FdlekadBlk; heepBELRaphe WHikdided witttQieigasedDY¥mino acids. The

reference "hereinin its entirety). Frataxin is a

L Ot Bi | : S Pl ik _ _
c}g)ﬁc cﬁ*&@clﬁ%ﬁ Sérf@%-‘g't —@gggcg&gﬁ g{\l’%% gbg&éé"%f.t'frﬁ% g{g%%ﬂt%ﬂ%ntmn
ol b3 Sy TR e P i, P b
i ncorporated by reference herein in_ it atiret.y
inERTPPESIEN 9 0B OLHOTSHLNFANER B6IRFOY fénﬁerhﬁ%%%%@@%‘@we
detecting nRNA |evels corresponding to the protein in
pepticelit vitrbioe imRiMa, The itsermoyaiandifoag of snoge (D)-amino acids can also

increase or decrease the binding activity of the peptide as determined, for example, using
the bioassays described herein, or other methods well known in the art.

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

Combination of the enantiomeric (L to D, or D to L) replacement and inversion of the
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15 probe that specifically binds a nucleic acid
encodi ng the upregul ated protein. Hybridization may
we onsiosts4nf , for exanple, Northern blot, Southecwusbmtiniiost
array hybridization, affinity chromatography, or in
situ hybridization. Tissue protective activity of the
sequéncp egdeckeretrd-inveesd-mabogues nf thapeptide Ibis kndwingo ke skilled in
using in vitro neuroprotection assays. For exanpl e,

thp attihdt e naeionwtidl peptilids iRl ref@f-andygle, aideheir estrd-nesisoew
born rat hippocanpi by trypsinization, and cultured as

aﬂayoggaeyf..d mgl[gssgg\aﬁt ﬁorgégﬁal%h 6ﬁ§iﬁ€foo%g§:§fehggéb$&‘é!ﬁdn

I nvi

e BeliF RRR de el Vo b AN {1 omeh DRANTEH M phRAY bllPits rtro-
in RO AIPRYES, TS SOHAED o Eem s AL bruter gCtgd in pigplpmical

et al., 2004 Sci ence 25 305:239-242, hereby
propertiesof the peptisles aspegiallychich degrees efrhinding ¢f theapwegiiye peptides
after seeding, 1 -49 WD 2007/019545 PCT/ US2006/ 031061
8 & memeptor pridinr The symdkesissofdbe pabperties f to-idestso
old cultures are then preincubated wth increasing

ariddses Of pdptifePhaveetd 33080k Mkarhple B Mdthodebf IBdahit,

the mediumis renoved and the cultures chall enged

R I Sy oo s oo
Bdfiofk E’@? o BO% ”ﬁiéﬁ@%ﬁﬁ%@gﬁiﬂ%ﬂﬁ%@@ﬂggﬁaﬂ% erlag
HOE ; ﬁ\i"é’ﬂ%gé‘épﬁéﬁitl\{gég RS cﬁ{?ﬁﬁﬁ%@%%@ ot ‘é@ngm@ﬁer?@o

ng/m) and MK801 (1 isM are included as positive
ingerppratdshy afdrende heraliein thoiseatietienn be used to

denonstrate the tissue protective activity of a

conpound Amitmadé fmodificatien’tleferstf the yltemtdoredf a aatosallgfoccurring

the conpounds 10 identified by the screening nethods

arftinotadRl to pY&ict @ Mo 8nfifrdl Bestcak@teamihbcidlo TReAHGes of the peptides
identified in the assays can then be tested for

oibthé’ E b dhvebh WithhotSHalGatn bR iiP AR chfs cafl bk Ei%%teﬁfby

anage di sease, condition, or syn

646%1“941 3@@%85%5 B éﬁ@?@%ﬁﬁ%}%ﬁ@%@ %FHEO §3E§ i’
PSR SRy S A, S sBeade b b popbet. NREE SPRUSRE)

of the cell or tissue protective activity of an
Apdeny-Crhidla Mishasd (n Gritiidy Befer Gr Sehuliea bR %eScipncs: #d:1 €188,

agai nst the onset of acute experinental allergic

herelryeinbariporapel iyt feferéicdberaie & itEadiptye 12) in Lewi s

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

consisting of: --CHy—NH--, --CH;S--, -~-CHy—CHj--, --CH=CH—(cis and trans), --
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rats, restoration or protection from di m ni shed
cognitive function in mce after receiving brain
wo panms4ser ebral i schem a ("stroke"; Exanpl e BET®R2006/031061
seizures stinulated by 20 excitotoxins (Brines et at,
2000, PNAS, 97:10295-10672, which is incorporated b
CQEHer e B(QH) GHyr-i and HCELS A4, bemgethodsiaowstin dre art a
i nduced retinal ischem a (Rosenbaumet al., 1997,
devéribed Rethe f8lloBi Iefbienoks: Spaioka, IANE.dn (fGhedméstkytand Biochemistry of
reference herein in its entirety), protection from

AmnfHoUkdidd, PeplidesSaidaRrofieT B EWeRRAin, %&@nMa@cJDek@é}dNew York, p
protectlon from ischem a- reperfusion injury to the

. gg%ésl)a(%&;aeaé,g F. &g'ﬁm tm}cﬁ 1@%3‘}3' et ﬁT%a{e 8. leéﬁd%ﬁackbone

I npury see

2003 100:.4 48 2 1954
MBitipeiss E%%"%g o) Oa%l% ﬁg Treags PE@I?%‘?&CI UfiRgpp. 463 468
102: 2046- 2051, each of i s_hereby i ncorﬁorated
(eeneral renew); Hndsen, 124t k.. e(tl %9) I&%B%&&%&é H-d 7ddSe (- Géb—NH
in further detail in Gasso et al. (2004) Med Sci
~Qni-CHe0); pRtold oF. faEt, (i986) bife Sdrﬁ&n&43vm12/(05?}58€5); Hann, M.
each of which is incorporated by reference herein in
Mi, (F082pT CheinySoc Hegkih MratisG OTe3 1AqUECIHeCK -] dednd haisd Alnkyuist, R.
are directed towards adm ni stration of EPO, however,

t 0 - I of
T o

i Vo L t
Tell g ot 352534 U0PH ), SEBIE Ml o Bl eﬁﬁ FP43665
n N

(EH T T A I O PR s ey MV R 58
tissue protective activity of tide are well known

Tefrgheds Lot 2444019404 (GO Fbary anckmby, Vb (1882 itficpel
Assays Alternatively, cell binding assays can be for

3 191\33%119&& 6ot St heachpf whielis idesrpofatedHeréin bg meferemce. For
exanpl e, the tissue protective peptide of interest can
be bound Ih andthéi eohinglireaht, apatietlady phefagedndd-peptiele t@hbge is -
or radiol abl ed marker for ease of 15 detection and

CHAE{-edShdN p é%hﬂ@l kifheti®s b RASFEGEAcBR E&vaﬁl@c{ég§ over polypeptide

expressing EPOR and/or f3 receptor. In a

en:@oafn?entse E&Mdug 4o dls&raﬁﬁh| L ArHteE 92{1 tr%ﬁ:tubr? (#@ater cﬂgﬁwlxcal

pr ot ect rve pe er es

s kP ha e &%ﬁ%&g%a W]ﬁ%t ShefPrioBl i g%é’faﬁéa%

gqb_ g is aboyt 100 . The BaF3 parental [|ine

eten Al e peckiciiy (¢- gaﬁéwér@&cwnpwf prtpeigH dcByities), reduced
receptor 20 can be washed three tinmes in growh nedia

aniiganéiciybavkgtheisel | et s resuspended in growth

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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medi um and cells counted and diluted in growth nedi a
to 5,000 cells/100 pi. 100 gl of diluted cells are
wo bharvasdded t o each peptide dilution. The assapCpiust®es/031061
Is then incubated in a 37 Cincubator for three to
four days. The plate/cells are then washed and the
peptide sequsncasdsalse ey [nihe age dildred ebale Jr Medehen. 373882 (1994),
ot her suitable nmethod to detect the level of -51 WO
h&ef7inbd:potfeAGTic B2 G034 O6its erdiretyhdéseribassrepepiidedntagonists
with the biological activity of the tissue protective
thBERihReh®peptide sefiRbbe. ISkaWisa! K ot ., JONREA! Chérk 883K3995) (hereby
can be utilized to determine if a tissue protective
_ . . , _ . | L i ]
R LL A bR STA DRI TR bt oty JFhrOP SRS} Ul o of o seris
'nc%udin ut not limted to, tissue protective
°%§? RPHE th as those disclosed in U S. Patent
Application Nos. 10/188,905 and 10/ 185, 841 (each of
whi ch i s Frathes mpdifigatigns,{olionneg smikesisanay bp isnpaf?mented- For
entirety), can be attached to a suitable bio marker.
exampde, 96e tigshie proitertive pepfides may tedhithér diemicallymeodifieds i.e.
known tissue protective conpound/ bi omarker in suitable
cagbantihtetpabetitated Rocdiated ) @c.finl detbrdanewitie ¥, ©ifPatdne Application
known tissue protective conpound/ bi omarker and an

NEXEH388, 905, tHcH pubhiReds 2083007209 3726064 A?ﬂpﬁ,iz@b%ﬁ@aiscmses
are plated. The final volune of each dilution should

o bro, S5 ARBIeL i DRE sk e
R T e s

fluorescent plate reader or by any other suitable,
Deesmikse 20r¢9. WHIChITES EEOTRORTorbb e ETenca leaein i HagHeatirety.
the readout of the plates and/or wells containing the
known ti sddditiopaliyt, st tissue poterdive geplidesmayaonsisidoftreeshdnant
protective peptide of interest is |less than the
tigseagraéciive pepidep -aina i el dischged mMutatidne naydnsivie sdiggtations,
protective conpound/ bi omarker then the tissue

ARERSRCICN iR Riche dOkHbAY, 88EE6NY, SnchidiStIRIdMiss65418ME8 fusion
5.2.3 Cytokine and Cel | Proliferation/Differentiation

pr.:%‘rfléé.liw},/ '81" Xox%%v%(&ﬁé/ s@%ﬁfuﬁbﬂigfaﬁﬁiﬂf) %ﬁﬂi r@ﬁ@ﬂeﬁr\ﬁﬁnﬁ g.mg@f &djacent to

adi ng nown cyt oki nes, ave exhibite

acti.vity,in one or e f.act of -, dependent cel | . .
tHG ARG acid sPopivrices Diy B eopl iy £sHIER khange, andlnon-comperyatiye amino

a_convenient confirmation of cytokine actiyity., K The
acid changey andylarger inseitipas prd delptiorieaiagyiondy é%mf%%d in

evi denced by any one of a nunber of routine factor
PAEAEFIE2196d entitiest Bedomaerinarit Jhissne Benjective Cytefines gnddincoding

i ncluding, without limtation, 32D, DA2,
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. Geunetically encoded amino
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-52 WD 2007/ 019545 1' CT/ US2006/ 031061 DA1G T10, B9,
B9/ 11, BaF3, M9/ G M+(preB M), 2E8, RB5, DAl, 123,
w0 2dGw195451T2, CTLL2, TF-1, Ml e and CWK These pcehis3006/031061
are cultured in the presence or absence of a tissue
protective peptide, and cell proliferation is detected
adigs, cahde @wdqcbﬁ:@q fourgasilies:{y) 10idie Fpspataterglonmeie; (2) dade=
thym di ne or by colorinetric assay based on the 5
Iysiat adrgining, histdkep@dh nofipolar (hydrophobic) = cysteine, alanine, valine,
3- (4, 5-di net hyl t hi azol -2-yl)-2,5-di phenyl tetrazolium
Ieﬁélﬁ@‘l?(ﬁeucﬁﬁér Polfn, 9}alalaﬁi%3meﬂno tophiEdlveine, tyrosine;

ch is incorporated by re erence erein

)
aﬂﬂé‘ %h%ﬁéeedaﬁé%% é%@%ﬁf‘ﬂe%%@?ssue  Birsfhity Pl polar may be
one 0 ordi nary.skil.l the art wou
subdisidhe o SRaREl by GBS Aines Feling lpcing Rolpysti, atethionine,
result using one of the neuroprotective and tissue,
phsnglalanine andanedsratelyrivwrophebicifoglaciar, nrpkes, cysteing dyrosine,
such as, but not |limted to, P-19 and PC 12 cel
trystoplys. Inalttirndtive dhdhyon, theerantine acid reperipire wanl bk graspedand ) acidic
animal nodels related to spinal cord injury, ischemc
—%&ﬂa@ﬂﬁ%, gluBRhteNe) aésu,ne Iysthel aiFdRe, litilide, (@mﬁphauc glycine,
ki'dneys, etc. would be helpful in further

alGAL AGHAE, 180k, (dedclRSiGinB! BERGeY &i %&Eﬁéjﬁxd tﬁ‘é‘gbﬁx@' e

in Vitro'and I'n vivo assays are dfsclosed in U

Pat licat L .
%PA%Fﬂu@ﬁé‘ SARg3 a%&%@%@?&w% &RiatlE = Hhbnylclanine,

|ts entire THERAPEUTI C USE 20 On f di nar

tygqsine, tryptop @»é?}mnﬂarﬁp@ewm %3@ fapings a6, () sliug gontalning =
protectlve peptides of the current invention are

cyptaineandayethinning dSe¢, der exomple, Haechentistas 48y edvditt by k. Sfryer, WH
vari ous di seases, disorders, and conditions. One

Frekinlah and m.,tlﬁes,mMcmmmbm&drb@ue@m@me hetelxain itsianbirety).
peptides can be used to achi eve nodul ation of a tissue

pr ot ect i vAleRHEpE9r mubfolRad(R 1h@3A R4S randomly along all or part of
PCT/ US2006/ 031061 conpl ex, e.g., tissue protective

th‘éﬁ}&fﬁg'%@q%glﬂﬁ ég&‘ U?S%Q "pi:btéd?w‘é 'p%fét?d@ QQCH & By MArkifNRhEp&Rsis,

t hat or ~assessi the therapeutic

a@%ﬁ R eI gl E%%E%Fg & GRS o %“qgﬁffos iffhs oot
. US01/ 4947 U.
rokgp Predbt g 'Hﬁgét'lgo e L

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), sugars, or
additional proteins (such as a fusion construct) in an effort to extend the half-life of the
tissue protective peptide or enhance the peptide’s tissue protective effects. Examples of
such modifications are disclosed within WO/04022577 A3 and W0/05025606 A1, which

are incorporated herein by reference.
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5 incorporated herein by reference. The aforenenti oned
tissue protective peptides of the invention nay be

wosefelosgeneral |y for the prevention, therapeubCeus2006/031061

treatnment, or prophylactic treatnment of human

di seases or disorders of the central nervous stem or
5.2 cABBAYSHORIESTENG IHISSHE RROFEGEVEE FJHEHHDE§

neur ol ogi cal or psychiatric synptons, ophthal mc

di seases, 10 cardi ovascul ar di seases, cardi opul nonary

14S 1 I rato dlseases kldney, urinary and
5‘?@p§€°§%ﬁl§ %ingé’g Whone di seases, skin diseases,
connective tissue diseases gastr0|ntestinal di seases
and endoctj ne and pet abol,i c. abnornmal it..e aml es of
use i ncl e IREctysPsphies inAcerdancs Wlﬁ}ﬁlﬁé’é‘?% vention may
agai nst and repair of injury resulting from trauma
bexigsted Etissyaiyotentivamatiaity ohg+ Brofessing caliss tissugs peergans. Protective
stroke, blunt trauma, 15 subarachnoi d henorrhage),
activitiea Imaydlecfu(th@ctbﬂed ming) Inuritrofand Gevive assays. , Inpére pds’s rthdt are
nerves (sciatic nerve injury, diabetic neuropathy,

indivafod of tisemeprotastids ety ihdlhdd) dbr dxampll, aell plidéation assays, cell
di abetic retinopat hy, glaucona) and heart (nyocardla

ditfttiglion SRLRNGCINGH hg @))f Jg?eﬂ@?ﬂﬂ&%wﬁ%%dégﬁ%mmed

| seases, dlsorders con t|o I nc

b,éggsgm L0y LG SMEISELY L eRL 1850 g\;@gﬁg oY Emplex,
st . e E?eu%@@?r ek, 5 &ah Nespagiobin, Yo example,

exanple, brain, heart, or reti na/ eye. Therefore, the
mgy b8 gvolysd dn &silitgting thp tiagenoriorr theshariieamstaspeeaipxygen.
used to treat or prevent damage to responsive tissue
Thersiokd, orgeehricmspoyrp oxsiorage askays mag be nsal asani assay tofidentify or
condi tions and circunstances. Non-limting exanples
scdenSBELorauRaILS Wbt rabdh1Stk HesvEiralReRe REieitpr ovi ded in
the table 25 herein below -54 WO 2007/019545

PCTI USZOOﬁé&%%B@ﬁl is bR eE:éeﬁ%' %elpiﬁh%ﬁﬁﬁéé%f% M&%ﬂe@'ﬁyﬁs

are al so of terest Tn the nodul ati on of stem cel

)%&#1 %1 %:é/pon!;e% torlgfiaogg S%%%I%Pa én%lr}ﬁgy éﬂa@fde%%tggﬁ%%m 1rr1;|ury (Sun

8 protective

eﬁa@' fﬂgé?%ﬂggéﬁ A uSTL Eree il dhfe. rlﬂ,%a%lh@m?ﬂé% 5331035,

.. In_a regenerative role. For exanple, .in
ea@h@é wihishis dcomargre by prioyeRerihapiagn ity @nme@f)aﬂmglwn may play a

neur obl asts into a region of ischemc injury to

simélgervde tit protection et Wexpregsedtie aperietydf tiksuce ebvaryipg (Fedd (Pesce
et al, J. Neurosci (2006) 26:1269-74, incorporated

e, 200D, BRBOT3eT RIBCEL 51Nwhich ieitcbipiated befeventdiRfein in its

exanpl e, EPO
entirety). In one embodiment of the invention, the levels of an upregulated proteinin 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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and CEPO nobilize endothelial progenitor cells from
the bone marrow into the circulation. These cells then
woaeme/oigs4sli st ance regi ons and are involved i n POEUS2006/031061
formation 10 of new bl ood vessels (for effect of EPO
see, Bahlmann et al, 2003, Kidney Int._ 64:1648-1652, .
i ncor por atVeeleen MaY praters é‘*]llf'eff@i‘-lrdyam@g@t ¥ plays inpanerous roles in cells
. Wile not wishing to be bound to any particul ar
inghidingymoduigianafitanssiption ppessicsiesquiinse kpifit RWAebindiag @rotein,
believed to have a simlar effect on the mgration of
cyddlanesiss hhdeodensit Mgrak anmdectidn, bpeptosioindatddiy Dicells, chromatin
neuronal tissue pathologies treatable 15 and
reRioA¥RIRE 8 I i iBA bl | A/RN
B T o BB} X e ARt PPl DIA/RNA
I K G Y. (o] s P) I ssues,
g8k, DN SO S LA GRRL AR o BRHORPF rclpr ptBBent, or
0X n tp neurongl. tissue, resulti [ tress
g na TR (ST VA & SRR, LIS> BASER | co(9d-1922; and
treated using tissue protective peptides of the
Giptite el /LAY H: Do Sciadei 6l 572 eqclratethialnis dacomyraied by referonce
and/ or ischem a, these conditions 20 arise from or
herein linitteentlraty).are not limted to, stroke, vascul ar
occlusion, prenatal or postnatal oxygen deprivation,

suf f ocat i Bataxibhie KipdGtein I0R61ved ANRIniBoche AR RroRRRGBIIBm and has
poi soni ng, snoke inhalation, trauma, including surgery

prefitudlf Pt RRSHAP Yo b@%%%i%lérﬁuapr-re%gjaltéﬂ)ﬁ}’ EPYY Bﬁgnlsieﬁﬁgi% %nd in vitro

chroni c obstructive pu y di sease, enp

r N r - di ess. syndr o . hypot ensi v ..
(St s ol QAP it RS, TP PR T PO BE By fference heren
.. 2007/ 019545 PCT/ US2006/ 031061 insulin shock, sickle
useBiee i sis, cardiac arrest, dysrhythnia, nitrogen
narcosi s, and neurological deficits caused by
heart-1ung bypass procedures., In one enbodi ment, for
exanpl e, FHECHioa0ian yprmealatsd rrofsitpiay be defected &y detecting
resent invention identified using the inventive assay
4 Igvele comiespanding tethe pratnim inm call. The pelRNWAghn e hybridized to a
conposition to prevent injury or tissue damage
pro®sibht specifalonbinds & nodleic ncid encoding lgsiytegliared propsin.or
to, during, or subsequent to a surgical procedure or a

Hywliifatlon nitfyQea8sy oF; for @kaif¥RRbRhert Wl SAlthdth w%a‘gs
may include tunor resection or aneurysm repair an

by B RiE Ao B  Ga Rl s G BRIl 0

hypogl ycepi a whi.ch. are .treatabl e using tjssue .
o1 b sc 1 Ve S SRR vingol e pppoeaift oLiGEHFerion can also be
i nclude insulin overdose, also referred to as
defected Y518 i VR RTIoRIDieriempssays. g exmBPg, Prmatneuronal cultures
hor none deficiencg, hypocortisolism drug
may be prepared from new born rat hippocampi by trypsinization, and cultured as by any

method known in the art and/or described herein e.g. in MEM-II growth medivm
(Invitrogen), 20 mM D-glucose, 2 mM L-glutamine, 10% Nu-serum (bovine; Becton
Dickinson, Frankiin Lakes, NJ), 2% B27 supplement (Invitrogen), 26.2 mM NaHCQs,
100 U/ml penicillin, and 1 mg/ml streptavidin (see, e.g., Leist et al., 2004, Science

305:239-242, hereby incorporated by reference in its entirety). One day after seeding, 1
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overdose, and certain tunors. O her pathol ogies
resulting fromexcitable neuronal tissue damage

WO pal7edes4s sei zur e di sorders, such as epil epsy, PCT/US2006/031061
convul sions, or chronic seizure disorders. Qher 15
treatabl e conditions and di seases include, but are not

Pl aytasigarabinocfiuzragside issaddnd. abhigeenaday old aulturesare then preincubated
sclerosi s, hypotension, cardiac arrest, Al zheinmer's

with freameing asdsi of EBRO sr TEBOH3-6000 pdf)efor 24 hp@h dyy 14tk medium is
or spinal cord trauma, AIDS denentia, age-related |oss

reRlove@ SR thi a1y BSdlleREbd WERBOY uMPRMD AT PSR RITC Afier 5 min,
ateral sclerosis, seizure disorders, alcoholism

e e i S

. pr.otecti peptides of. the present .i.nventi.on b
oty b et id Tnar AR O CPatingt Mo Hpeay; 33342
di sease conditions _or various traumas, such as
(MplgailardirphesoEuganenPBapnd condgnisd aprpitia pielei way berpamted. NGF
tissue protective peptides are also contenplated for
(50 me/ml) end VERE01a(1 ANy &re dnvdlided asfpositit aomtedinr y
conditions in one or nore organs or tissues including,
but not | Afiniaehddel sybRensvan ibs usedionRinoAbrate fik tissue protective
connective tissue, heart, lung, kidney and urinary

achiVff bf a E’ﬁﬂg&%ﬂc%r 16 U8R oML $ARE and efRGicYBF the compounds

2007/ 01954 / US|2006 031061 Non-limtihg eﬁanp_ es
. .0f . . ti.
o e RSB stfts bERSTNRly aRREbAd Byl 188 sFgoouncs

.arthritis, glonerul onephrijjis,.Qptic¢ neuritis, .

O e o Lo QoS Biclbeibl AP 4 amimal models for
transverse nyelitis, dermtonyositis, polynyositis,

a ype pbtisse dempge; disensei eondifigya of synsrome of intaepsst Thesegnclude
enterocolitis. Further the 5 tissue protective

angipalo lehgieserndhiio emsain the tssemprotactipe ecepior cothplexmeaglahto a
resulting from ischem c and non-ischem c conditions

fuhétédndieadout BidterOfuch afih h@bsdeic bhRl gi €s, rheumatic
di seases, sports related inuries, infections including

viral, fugngdlal nfadishRacah bahisedBSest itﬂ'éféfﬁ&ﬁ?tdf AL ERYorBRsue
acute or chronic. Further applications in the field of

ity .  hi 3 £

o BB adliBaRRbEChnthc Bitad i, Rl il et the
her i ncorporated by reference jin i entiret The .

oniatiate YpeBnbtpels rirebhapay s Griies st 12)Tn Lowis
i nvention may be, used to treat central nervous and .

raf§ e¥esiortion or PEtoRsipan fiqm dininighed segnitiveluptiemig mice after receiving
denyelination or inpairnent of the nylin sheath. These

brefindemses caemabiethondal (strokeli; Bixgmplerf) ok séirgres stitalatedtbyr v
myelin sheath | esions of unknown origin, with the

exeX6@Rins OBrifds ef al., 2000, PNAS, 97:10295-10672, which is incorporated by

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

ischemia-reperfusion injury, see, e.g., Calvillo et al., 2003, PNAS 100:4802-4806 and
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15 nyelination deficiency diseases, such as
| eukodystrophy, and di seases due to obvious causes.

wobdtriopdsas scl erosis (MS) is a typical di sease rODPMZ2006/031061

denyel i nati ng di seases, and pathologically, it is
characterized b hanges mai nly, inflammatory
Fisedajisp pheli 2005, PVAS 1072041205 Ieambeof wisicles hekebyyineasporated by
unknown, its diagnosis is nade based on its clinical
refferanaerin éts entirety), Saatdsays dretedcpbed it furthaddemndl in Glakw dtwl.
over time of central nervous system|esions. 20

(z‘ﬁngma %8 ®lon Q0! BRILSSHCT ghslitaBoe 86 WOWNRH580, %ach of which
, inflammatory diffusé sclerosis, acute and

ARG BT i TR VARG e
<L b R RO 22

hese ceIIs are | alred ripher al elinatin
st oo o O bayp ten idsoriHiA sl exaibit similar bofogic
PCT/ US2006/ 031061 The tissue protective peptides of
adtivéy pr-®sbeist ¢tak 20040 Scivrge 305: 28842 pwhickas inoorporatadbyt
conditions of, and damage to the heart including any

refdremeiherei mﬁrﬂmtp aPEsdeg int:s! bevibtituied oM teétiig dsheall. Other
heart and/or associated tissue (e.g., the pericardium

asB8Vstisr d’éﬁ&nﬁfnﬁﬁ Ftlsﬁﬁﬁﬁﬁﬂeatl\?edacg gf | S?tﬁie%‘e well kob¥h i those of
i schem a-reperfusion injury; 5 congestive heart
gﬁ?hl &rt cardiac arrest; nyocardial infarction;
erosclerosis, mtral valve |eakage, atria
flutter, cardlotoxicity caused by conpounds such as
dr ugs (e.g., doxor ubi ci n, herceptin, thioridazine and
S.22s€pll Bimding dasaisac damage due to parasitic infection
(bacteria, fungi, rickettsiae, and viruses, e.g.,
syphilis, chronic Trypanosoma crazi infection);
f ohni nant Akemgiivty, 28) baiditgsssaysitaabe fetdvaRiayion BEHet
transplantation; 10 angi oplasty, |aparoscopic surgery,

pdlypiBds oF th&nb@for. Hob e¥adhfle! gthe tﬁﬁfégﬁrf)t%gn%gpegﬁdg bf‘ﬁlrterest can

cardi ac Inj ury, and aortic valve rupture

bd el o 2 ino‘ri’oé}m %?a?fce‘i 8{ llé £a) ﬁtg‘(g? rgc%toga%xg‘/glglg% %'r ease of

aortic aneur Sm car ogenl C S

I nf.arct f ai.l euro eni ¢ .sh an
asftiBh i el o RhitnB fo i esteta Pissaing EPORGor B
current invention nmay aI SO be used to treat those
to Ry 13 96 Velk PIFF cHiEhioh:2 prenl diluiensaf dhestisko axotackive peptide of
_cardiac failure (i.e., where the heart is not able to
infserspingrowth medigoy RPMT Heflli 1% fbinl béneéne sertmbbd hiMisndium
ti ssues, or when the heart can do so only with an
pyetreg RedM Lghitngine) asldte), suctSthahthatfinal $dul@tih eathSwell is about
woul d include patients having or being at risk of

1003M1 Mhe BAFSY p@Cntal Bhdstd BAS cFQ dﬁﬂﬁ%&e@%ﬁr%@k%ﬁ%? B, receptor
myocardi tis, chenotherapy, cardi onyopat hy,

can be washed three times in growth media (see above), pellets resuspended in growth

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

read on a fluorescent plate reader or by other suitable method to detect the level of
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hypertensi on, val vul ar heart di seases (nost often
mtral insufficiency and aortic stenosis) 20 and

wo coo7midsasiuced cardi omyopathy (e.g. ethanol, cBCRIUS2006/031061

etc.) and the like. The tissue protective peptides of

the present invention may be used to treat or prevent
biomatket assnciatedl withritie Hinhegjenl adtivitshef thy tissue prejectivegeptidg of

ti ssue. Such disorders include, but are not limted
inteBest.et i nal i schem a, nmacul ar degeneration, retinal

detachnent, retinitis pignentosa, arteriosclerotic

reti nopat &y ,ﬁllggﬁ [ defihfialif a tissue

artery bl%igﬂ]aaﬁ z’p;?.?det naiiiI% Sy cﬁB@hﬁMzed%@ [

Lery o ) vel n ockage, hypot ensi on,
AR B SR AAL i 0B AN LR B mpou v
b SHEPIER Vb RoLHES AL BHIAES. BEmtBEIE5e By @bist sish as those

treat injury resulting fromradiation danage to .
disclosedrin i Hebent Applisatouiose] 0(488.902 gndl O R34} (g of which is
protective peptides of the present invention is in
intérpotatesiiyrefereret hpreis onitsentiraty); lcambe atashed txa suitible bio marker.
poi soning (e.g., donoic acid shellfish poisoning),

t OXi BSa VIR PRte ciSRCIAR Bérial Gllftions ¢S Kndevn tisesebrotedtive
chenot herapeutic agents of radiation exposure,

ciﬁ%guﬁlﬁﬁ&ﬂd}g%gh Blgrt%f@h %gﬁ&@ﬁ%&ué%;%.ﬁ thOPMEditioB sBles of the

er osi s; As nenti oned

B BB Db B ERs) B PR A o g
e ST el By SRy PSS BHRSEL SR e SERLRAE 100,

adm ni stration of a tissue protective cytokine as
Odessagaith dht BaFtveells wrerseadsl intostbe platesasdlivelisad symasnd plowed to
anenable to treatnent using this nethod. For exanple
intibege. M fiomh dpprapiafadmdbwrt oftitrentherglls aneorasbed andithe plate is read
excitable tissues resulting in an increase in

o @ ARbieckoedt plaRGriddn o ¥E Any BihthenimbraneRodknowinih the art to detect
condition or disease. Further, the tissue protective

HEIRHARES 1P ¢ bt he 'ble%ler% PR QeI B FohB i sk Kh¥wa kissue
woun e

eall ng, reducing’t time required to heal,

i .0Vi N the. ' i 85 .
oiBREY Ko iRl b s oo R E Bl B oA Jess then the
t he nd., See PCT/ US2004/031789. fil ed Sept enber
ropdin Cahp Bt f BB S e BRSSO Fpound omarker
incorporated by reference in its entirety. These uses
thef theniésspe protagtive peptisigtof difeigptds HeRRMITHIECHYS- f ur t her

detail below and include enhancenent of |earning and

20 training in both human and non- human manmal s.

S%ES] s. $IQhe ?ﬁlﬁ]Q?eﬂiﬁ%ﬂfe?ﬁtibﬁﬁﬂﬁ@@n?iaﬁﬁnﬂ{&mt abl e using

e protective

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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pepti des of the present invention directed to the

central nervous systeminclude but are not limted to
wompdotissor ders, anxi ety di sorders, depressi onpCaubtdeN31061

attention deficit hyperactivity disorder, and

cogni tive dysfunction. These conditions benefit from
DAETRHA RO FEAL, BAEHAMEBIRIMS (e Mo, ZER1RBS.0DA b 13; 31165,

treatable in accordance with the -59 WO 2007/019545
HRECUTIS2) 05 D MOFlandt @dEhi Thsseaklls e quitasedrih thepregntoor

i nclude sl eep disruption, for exanple, sleep apnea and
abtdn¥ 6f a fighud peste e YeHBES and BRpRURRMNIch RIILRREWY ffiRkample,

bl eeds, hypotensivé shock, conhcussive injury, Septic

B o O o i PO Al Al B8 on the

G ek 3 4T o BRI BB £ 0m F gy g o1t Bromide
rotection fram _poi soni.ng. by neurotoxins, such as

O Mostan S el- IRRINOD Mat 3185-6A cubish it W PIPSTRSCHblereference

Guam di sease, anyotrophic |ateral sclerosis,
hempin i itssanitirefyXi sease; postoperative -treatment for
enbolic or ischemc injury; whole brain irradiation;
sickle cell crisis; and eclanpsia. 10 A further group
i.tions treatable or preventable using tissue
5% o@%@??%/%yf)epti des of the present invention include
m t ochondria) dysfunction, of either a hereditary or

acqui red_pat.ur e, i.,ch are the,cause of a variety  of
neur ol ogilﬁ%lflssaﬁeg gdve repfide IR, RSP BIRAFCIR Peivjtva e of

eat h, For_ exanple, Leigh disease (subacute i
or skillzindbe ars wosldhsregager gt it woslddedeneficialdte viesify the result
progressive visual |oss and encephal opathy, due to 15
using wno nfithedevppmitctivardd tigppairbigctitaassdysdaowade ghose skilled in
defective mtochondrial nmetabolism fails to supply
theetQuadh 43 ik 0 HRgied 36519 ah@BCLIR dellelssdyie e Adgitvheally, Savious in
of excitable cells. A tissue protective peptide

vivORbOdBZRBh hhhitfA0mloHBIS (d19f3d 1 spinN ot Einfur§f ischemic stroke,
m t ochondri a) diseases. As mentioned abOve, hypoxic

: it ] r y f XGJ t [
P e FR ARSI ot ey ik BT pl SRR, opffr
central npervous systemtissue,.peripheral . .20, nervous
chifdbifing RS Rl EdpeoriiRs Siutbly rP Wi e 4 g Sppes are
.condjtiagns_descri bed above, the tissue protective L
disglosed wdd-SoPatepicApplication Nop 041 88:305a0d 104685,841; erchied which is
_ treatnent of inhalation poisoning such as carbon
incatpesated by wefdrenpmbaseinin its anfisty. severe asthma, adult
respiratory distress syndronme, and choking and near
drowni ng. Further conditions which create hypoxic

condi tions or by other neans induce responsive tissue,
such as

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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-60 WO 2007/ 019545 PCT/ US2006/ 031061 excitable tissue
damage i ncl ude hypogl ycem a that may occur in

wo pappisps i ate dosing of insulin, or with PCT/US2006/031061

i nsul i n- produci ng neopl asns (i nsulinom). Various
neur opsychol ogi ¢ di sorders which are described to
camnple, lead. gisbuoproteesive tytbkine romplex. d Botiyiz wire and Zetiablechniques
using tissue protective peptides of the present 5
thhoaRHeivRed foelaiseRdifg tHeSREdpdSiclindivdtiond ofl fuf &aalple] ale@rnpounds
is involved and for which treatnent or preventable by
. r : | i
1d%ﬂ(ie‘dﬁié& lﬁétﬁ@ im}eﬂ?g‘%‘éés dlﬁsl&;%& Vb GRrhrbh BELIEE % /12(?1‘ Apfcation No.

ati to the cerMtral nervous system an

' IV gQus stem.i ngl udj - I al Ss
POE R0 05, R C AR R L R R T
. seizure di sorderfs, Al zhei mer' s di sease, Parkinson's
ingprparsied hegip RN EisTent@nory | 0ss, anyotrophic | ateral
sclerosis, 10 nultiple sclerosis, tuberous sclerosis,
W son' s Theafammentionesbtissie arodeqtive geptides vé the invention may be
supranucl ear pal sy, GQuam di sease, Lewy body denenti a,
usefiil gensthibefin ¢lss prevaitioasthespondy fretmesnoembphyipaic treatment of
e.g., Creutzfeldt-Jakob disease, Huntington's di sease,

I A aSesrESRBGY of Ex&%ﬂl&ﬂ‘iﬁi’%m@%ﬁ?ﬁé@ oﬁ?éﬁ B mervous system
ataxias, as well as Glles de la ourette''s syndrone,

B e I s 52

denent | al cohol i auti s retinal. ischema, .. .
CASVASGHE! dEASEH STARCTRON dlsgr sy By Ao, kidvey, urinary
amqrﬁwoerten_sion and sl eep di sorders, and .. )

GPIgEuSIER diteases, bensgHsrases, PR Aiseaep.roBneqgbiye tigfue dizspses,
limted to schizophrenia, schizoaffective disorder,
gastroiatestingl diehsesiand @éndenrideand gyesabiojiniabnaiinaditiee rExaneyjlesof use
depressive disorder, mania, obsessive-conpul sive
indludeytahe bre s Yiedited db, pretestidisdgainse andbepalic 96 inghay sesubfhg from
anxi ety, panic disorder, as well as unipol ar and

trirROARY re@tﬂﬁﬁ% trfMaghrAdt R t6 SheSbrat¥(@iché@¥adtroke, blunt trauma,
a

neur opsychi atri c and neurodegenerative di sorders
e ot edh | i
s AR B b FAATR el LA Rl Blob ok Plprl nerves
Mapual of .Mental ..Disorders (D t.he St CcUkrent
OB Re® i Bt DB e oRe oy AR a e fgoutar
inits entirety. -61 WD 2007/ 019545 PCT/ US2006/ 031Q6
edeiiligheic GHBRFSH dgkee), an 8?%@%9@%11 rmfg{%«ﬁgﬁ?% gart
using tissue protective peptides of the present .
failnxednid paati¢vlat, siend disadsesy digpusletss ard eanditions inddwdg hypoxic
failure,
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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acute and chronic. Blood supply to the kidneys can be
cut off due to several causes including shock from

wo pdog@idsens i nvadi ng the bl oodstream (septi cenp@ras2006/031061
internal or 5 external henorrhaging, |oss of fluid
fromthe body as a result of severe diarrhea or buns,
r eact i ons Thetissugpsdtedivermlyreatidésare alse eSinterest in the modulation of
arythm as, surgical trauma and ki dney

sﬁeﬁﬂtﬁ]ﬁcﬁﬁtﬁt It hasbeehhgtablshed et ik ek clhibhihgittBsidRotective
ki dneys resulting fromthe above conditions may

aGiRANCES. PO OHe bR %bﬂ%&%xﬂ WSllsY sthAWla ﬁg% oSl oﬁ to ¥eg10ns of

tl nme perl od gr eat enough to cause t he vel oprent

ﬁﬁf*m,é%ls ?%ﬂo% fioogs. e%?iﬁ gé%gg,iagbg Rile, K blpls, 2

e .ubul ar cel | Rena failure may
%’ﬁqn%i sheolcs BB inpdiRe 18 miziationiaf nepaplasis g ABSOR pf ischermic
nephrotlc syndrones,  infections, injur

injeyHo regeneratemeuress idiyng thermerigd of rmmr@&%sm et al, J. Neurosci (2006)
chenot her apy-i nduced, cycl osporine), autoi nmune

26:ﬂ26%rﬁ14r,&iﬂ¢mpor@&dglerdim by seferenyd toritst emsi'reiy). disanpththexample, EPO
tissue protective peptides of the current invention

aRBSEPO hébiliReerdefiRlial RogRfiRy eaild o Fhe bdemdfow aiGaR
hel ping to aneliorate acute renal failure. The

cﬁ&hé | ek 3BNEHEh Bbme 0 distdnel f’égtl SR R Mvolved i in d the formation

non- m ting indications as e various conditions
nahl e r eat
oare%‘rfﬁr%ﬁ??%ﬁlszﬁ P E%}%fs%#%a%?t aﬂégmac&nﬂnev ot
' Dysfunctjon or Conditi,on or
6%# é%#?ﬁ‘%% ISR ﬁééy elPier RSB s ﬁ&FJ;‘FW r S@W it uishias to be
Acute, chronic Stable, unstable ocar di al
boyrdipany partiprles dieery, thedgolated pelypapiides disclased hpein are believed to
2007/ 019545 PCT/ US2006/ 031061 Cell, tissue or
hiwest simdar effecoon @endigratiom ofistethh sellsse Type or gan
pat hol ogy Congenital heart di sease Val vul ar
Car di ony opethb ¥xarfipledf el bteatign BEnduadithl BSsuk paihaldiies treatable

Aneurysmati c
and preventable using tissue protective peptides of the invention, such pathologies
include those which result from reduced oxygenation of neuronal tissues. Any condition
which reduces the availability of oxygen to neuronal tissue, resulting in stress, damage,
and finally, neuronal cell death, can be treated using tissue protective peptides of the
present invention. Generally referred to as hypoxia and/or ischemia, these conditions
arise from or include, but are not limited to, stroke, vascular occlusion, prenatal or
postnatal oxygen deprivation, suffocation, choking, near drowning, carbon monoxide
poisoning, smoke inhalation, trauma, including surgery and radiotherapy, asphyxia,

epilepsy, hypoglycemia, chronic obstructive pulmonary disease, emphysema, adult

respiratory disiress syndrome, hypotensive shock, septic shock, anaphylactic shock,

-55.



10

15

20

25

Septal perforation Angiitis Arrhythm a Tachy-,

bradyarrhythm a Stabl e, unstable Supraventricul ar,
wohmenssnsitive carotid sinus ventricul ar nodeCT/US2006/031061

Conducti on abnormalities Congestive heart failure

Left, right, bi-ventricular, Cardionyopathies, such as
insaintshbélg sicklleaetl otisis, ¢adiop arest.olybehyiimia) nitroggnsrareasts, and

met abolic, storage disease, deficiencies, connective
neliboiGaieal deficiey chased Byrtidatitiuag bopusaprbcedrasiul onmas,

neurovascul ar Myocarditis Autoi nmune, infective,

i di opat hifg oERmbBEHNRRFbLeBAIE thOfssub bidctivBpptided ofithe

penetrating trauma Toxins Cocaine toxicity,
oo AR R g OB BB B s o
B2 R R T —
tlsg:;@?éagnn%;%;g: ;:ca dg.%llgg rog ls&l?si e?luenﬁc? g rsgr%@al%r%geeclcutré ng a medical
procedure. For example, surgical procedures may include tumor resection or aneurysm
repair and medical procedures may include labor or delivery. Other pathologies caused
by or resulting from hypoglycemia which are treatable using tissue protective peptides of
the present invention include insulin overdose, also referred to as iatrogenic
hyperinsulinemia, insulinoma, growth hormone deficiency, hypocortisolism, drug
overdose, and certain tumors.

Other pathologies resulting from excitable neuronal tissue damage include
seizure disorders, such as epilepsy, convulsions, or chronic seizure disorders. Other
treatable conditions and diseases include, but are not limited to, diseases such as stroke,
multiple sclerosis, hypotension, cardiac arrest, Alzheimer’s disease, Parkinson’s disease,
cerebral palsy, brain or spinal cord trauma, AIDS dementia, age-related loss of cognitive
function, memory loss, amyotrophic lateral sclerosis, seizure disorders, alcoholism,
retinal ischemia, optic nerve damage resulting from glaucoma, and neuronal loss.

The specific 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.
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Lungs Qostructive Asthma Chronic bronchitis,
Enphysema and ai rway obstruction |Ischem c |ung

walpmeass4Pul monary enbol i sm Pul nonary t hr omnbpSTAS$2006/031061

Fat enbolism Environnmental |ung diseases |schemc
| ung di sease Pul nonary enbolism Pul ponary thronbosis,
Nowdisniting examples ofpueh seune inchidsjendenitispingiiss ghipnic bronchitis,
fibrosis Congenital Cystic fibrosis Cor pul nonal e
pahicregtitls, oBeernyeliti = riremehataid edhiiiin) glonparelaneghiitis, optic neuritis,
pneunoni tides toxic, traumatic, bum aspiration
teRPOFED kA HisS elMRPRAIRAS misHRISRTs] HfnsbRd fyehitisIdkihdtomyoditine
| "Beta cell failure, dystunction and Il D abetic
P (Pﬁg %gﬁ% ?¥%?§$ﬁ%ct | g%g’o%l%gﬁsg iatﬁﬁé]&or gé éeas ggﬂl'tilsbe ber the
. organ t hol ogy Other endqcrine cell . failure of .the
i3he B BvE Ry hee ey b it fp St infl iR Bt from
ancreatitis _ Bone t.eopenj a, Prj mar di
isghemic and non-ischemic con itionspincllu ing, {Jut no){ 1%&8%),” ell'g?erg rheumatic

-

diseases, sports related inuries, infections including viral, fungal, and bacterial. The
inflammation may be acute or chronic. Further applications in the field of inflammation
are noted within PCT/US2004/031789 filed September 29, 2004 and published as WO
2005/032467, hereby incorporated by reference in its entirety.

The specific tissue protective peptides of the present invention may be
used to treat central nervous and peripheral nervous system diseases resulting from
demyelination or impairment of the mylin sheath. These diseases are defined as mainly
involving inflammatory myelin sheath lesions of unknown origin, with the exception of
myelination deficiency diseases, such as leukodystrophy, and diseases due to obvious
causes. Multiple sclerosis (MS) is a typical disease among demyelinating diseases, and
pathologically, it is characterized by changes, mainly, inflammatory demyelination, and
gliosis. Since its etiology is unknown, its diagnosis is made based on its clinical features,
i.e., spatial multiplicity and multiplicity over time of central nervous system lesions.
Furthermore, acute disseminated encephalomyelitis (ADEM), inflammatory diffuse
sclerosis, acute and subacute necrotizing hemorrhagic encephalomyelitis, and transverse
myelitis ate included in demyelinating diseases. Also, peripheral nervous tissues rely
upon Schwann’s cells to maintain the myelin sheath, if these cells are tmpaired,

peripheral demyelinating disease is caused.
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Secondary i mobi |l i sati on Post nenopausal Age-rel ated
Hyper par at hyroi di sm Hyperthyroi dism Calcium

woepTesés  phosphorus and/or vitamn D defi eCEMSI06/031061

Osteonyelitis Avascular necrosis Trauma Paget's

di sease Skin Al opecia Arcata Primary Totalis

Secondar y Thetissepaoteetive nsatidescefshe present gryenidernmay bejused to
Primary GCeneralized secondary U ceration D abetic
tifstas preventsamnditionp b aad damage gy the h@etinblviding dagdhsomiesr acute
Peri pheral vascul ar di sease Surgical wounds,

phiB6RARh] SRat MOSIVIR RO HEAD AP 30asEleldibERON6 (08 1 e bericardium,

Cell,” tissue or Dysfunction or Condition or diséase
o040 R0 0L 00 UL A oS L RS

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

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

retinal artery blockage, retinal vein blockage, hypotension, and diabetic retinopathy.
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Rheurmatoid arthritis, d onerulonephritis, Angiitis

Langerhan's histiocytosis Eye Optic neuritis Blunt
wangh7peysasrating injuries, Infections, SarcopPdr/US2006/031061

Si ckl e C di sease, Retinal detachnment, Tenporal

arteritis Retinal ischema, Macular degeneration,

Ret i ni ti shpinpthenembadiment,tthe tisse pentetive peptides of pleet trgsent

Hypertensive retinopathy, Retinal artery bl ockage,
irvehtistbdnd peiiciplddl (dfckai®entiddyay Beasedrto plavatiairit@at injury resulting

retinopathy, glaucoma and Macul ar edema Enbryonic

fidRtkadBReY Ziélﬁaﬁéfeﬁb 2bsphS 08 A8, WSHRREH Bilith Bf P tissue protective
2007/ 019545 PCT/ USSOOG/ 031061 Cell, tissue or

oA PR B O 0 A REET ERL B30 s o

5 p&s&%ﬂé e. gr?}/g(?n?&%ln rshngigsh poisoning), toxins (ethanol, cocaine, ete.), as the

result of chemotherapeutic agents of radiation exposure; neurolathyrism; Guam disease;
amyotrophic lateral sclerosis; and Parkinson’s disease.

As mentioned above, the present invention is also directed to tissue
protective peptides of the present invention for use in enhancing tissue function in

10 responsive cells, tisses and organs in a mammal by peripheral administration of a tissue
protective cytokine as described above. Various diseases and conditions are amenable o
treatment using this method. For example this method is useful for enhancing function
in excitable tissues resulting in an increase in cognitive function even in the absence of
any condition or disease. Further, the tissue protective cytokines are useful for

15  improving the quality of wound healing, reducing the time required to heal, improving
the quality of the healed tissues and reducing the incidence of adhesions resulting from
the wound. See PCT/US2004/031789 filed September 29, 2004 and published as WO
2005/032467, hereby incorporated by reference in its entirety. These uses of the present
invention are describe in further detail below and include enhancement of learning and

20  training in both human and non-human mammals.

Conditions and diseases treatable or preventable using tissue protective
peptides of the present invention directed to the central nervous system include but are
not limited to mood disorders, anxiety disorders, depression, autism, attention deficit
hyperactivity disorder, and cognitive dysfunction. These conditions benefit from

25  enhancement of neuronal function. Other disorders treatable in accordance with the
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hypeosnol ar syndrones, AIDS Denentia, Electrocution
Cerebral malaria Encephalitis Rabies, Herpes,

wdedrosid S Subdural hematoma N cotine addi ct pevuR¥ddgo31061
abuse and Cocai ne, heroin, crack, wthdrawal

marijuana, LSD,, PCP, .paqly-drug,abuse, .ecstasy,
teasBings Q& thePuessht %enwryﬁﬁﬁ%g?epgf&%%% @%@@Pﬁ%ﬁ?&? Apnea and
bsessi ve-conpul sive di sorders Spinal stenosis,
travelarelatest disordgrs) subaechnadylipnd angyrismel keedsy bypetensivshoek,
root conpression, Tunoral conpression, Heat stroke
condubsiVOI G/ splie SHSCKPETTAphiFA006 A0k Ol seQipdlae oft vasivus or
Dysfunction or Condition or disease Type organ

enfith gﬁii%axgaﬁa E%\{Eén%tgkjwat i’;b? exdYBHIB] @hBedtive YisHeQiTRasdRtbdg
cerebritides such as Iupus. Other uses include prevention of or protection from
poisoning by neurotoxins, such as domoic acid shellfish poisoning, neurolathyrism, and
Guam disease, amyotrophic lateral sclerosis, Parkinson’s disease; postoperative
treatment for embolic or ischemic injury; whole brain irradiation; sickle cell crisis; and
eclampsia.

A further group of conditions treatable or preventable using tissue
protective peptides of the present invention include mitochondrial dysfunction, of either
a hereditary or acquired nature, which are the cause of a variety of neurological diseases
typified by neuronal injury and death. For example, Leigh disease (subacute necrotizing
encephalopathy) is characterized by progressive visual loss and encephalopathy, due to
neuronal drop out, and myopathy. In these cases, defective mitochondrial metabolism
fails to supply enough high energy substrates to fuel the metabolism of excitable cells. A
tissue protective peptide optimizes failing function in a variety of mitochondrial diseases.
As mentioned above, hypoxic conditions adversely affect excitable tissues. The
excitable tissues include, but are not limited to, central nervous system tissue, peripheral
nervous system tissue, and heart tissue. In addition to the conditions described above,
the 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
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bar ot raumas Ki dney Renal failure Acute, chronic
Vascul ar/i schemc, interstitial di sease, di abetic

whb@newsgd sease, nephrotic syndrones, infectiposs2006/031061
injury, contrast-induced, chenotherapy-induced,
cycl osporine, CPB-induced, or preventive Radiation
exicitablé¢ tissue dambge Behwds bepoplpeentia thmt Stayicetwdn ieepplapriate dosing of
Aut oi mune di sorders Myasthenia gravis

in$RTBL QAN Bftilih-produeinsheaplaims (iVstapaia).es | nherited

metabolic, endocrine and toxic Heat stroke Crush

|t oct i oy REL BF o RiBelolld AFIEAS ARtk o 3635Ped k riginte from
oA sl BT e
. Central_and peri pheral | npotence secondary to ]
inygntionn Shranic disorgdersdp avhich revggnad G?ﬁfé‘@gedﬁ)m‘fPXWd@@i fgrwhich

(di abetes) Liver Hepatitis Viral, bacterial,
trqaémert iot prevetablhdryithe pliesev snvediion Isquovided wcludeldispeders relating
to the central nervous system and/or peripheral nervous system including age-related loss
of cognitive function and senile dementia, chronic seizure disorders, Alzheimer’s
disease, Parkinson’s disease, dementia, memory loss, amyotrophic lateral sclerosis,
multiple sclerosis, tuberous sclerosis, Wilson’s Disease, cerebral and progressive
supranuclear palsy, Guam disease, Lewy body dementia, prion diseases, such as
spongiform encephalopathies, e.g., Creutzfeldt-Jakob disease, Huntington’s disease,
myotonic dystrophy, Freidrich’s ataxia and other ataxias, as well as Gilles de la
Tourette’s syndrome, seizure disorders such as epilepsy and chronic seizure disorder,
stroke, brain or spinal cord trauma, AIDS dementia, alcoholism, autism, retinal ischemia,
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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Infiltrative/ netabolic diseases Gastrointestinal
| schem ¢ bowel disease Inflamuatory bowel disease
wNe@rotdsds Nng enterocolitis Organ Treatment of donws2@6831061
transpl antati on recipient Reproductive Infertility
Vascul ar tract Autoi mmune U erine abnormaljties
| npl ant at Adurteir gseurefcondiions iraetalde an pravartablgyesing tissne
hypofunction General Shock Septic, henbdynani c
priBctied peplides dthapregenitinygtion saukdeskidney dissmbesemnchas senal failure,
As nmentioned above, these di seases, disorders or

a&%d?dh%iﬁc.@ﬁ;oﬂ%ﬁgﬂﬂy 1o tHeUSadek LtEbObutldTEducBE6veRhl causes
benefits provided by the tisslUe protective peptides of

58 NS O BT o
5 ¢ ro%%l St glintgL]ﬁ)gst gfﬁ%fl%zon%gl%\}% g%gg%%%&gﬁgg\frere diarrhea or burns,

PCT/ US2006/ 031061 _hunman di seases. Prevention or, .
reagtiong e trenstusipnspeaspiag perestios arytimianesgipd)raymaaingd &kidney

di sorders or conditions of the CNS and/or peri pheral
travsplaotatiosy sTtermedneeddlov efrplexida the ledeays mesudtingoirom the above

t herapeutic or prophylactic treatnent for diseases,

cabidiivng eiay reduce® Bibiodi fuve to ddhigefoublsewdevelyfohhainid geriod great
conponent is provided. Prevention or therapeutic or 5

ergigglg Ry LREL e delvEi8 %Sﬁ‘t{)off Rhte LR EARTe, The 8I6Is8d Blood flow also

Itrons 1 nclud ut not lrmted to those having

10 re?@gsglﬁ %%?r%%i}sr/r,i ocri<tils I :ey i,aﬁ:}f %I?ﬁiﬁg?@ﬂeﬁ@%ﬁégg%ﬁg&%ﬂl Yubular cells. Renal
f: a%:;:{l%ié Fsc? rsets{llq:] %rlo’m gigga%gsr &iﬂt%fsﬁ%gl arL%tcgg)%ltiic)Cngp%rng)t%ns% oin.'?es,
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

15  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

Myccardial infarction Dressler’s syndrome

Angina
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sublingual adm nistration. In a specific enbodi nent,
it may be desirable to admnister a tissue 5
webatendsiyye peptide of the invention |ocally tpctiig2006/031061
area in need of treatnent; this may be achieved by,
for exanple, and not by way of limtation, |ocal

CeAiftisgie 0 |dur Igusaiviger y, | t Cprditieh oefighsecal i on, e. glype
in conjurjction with a wound dressing aftef surgery, by
i ngrg@et i or|, bypa#olag® of a cat heter, by maans of a

suppositqgry Qr h\/—ncaans_at_an_l_nq;l_a B —-p-ant
Sﬁ‘é"\‘lng of dﬁeﬁﬁlaqggenpﬁgﬂ pof BRretenc ecopdind % nbus nat er i al |
d¥ o ulgl ng (eg er tﬁegy ﬁmc%io%x gh[lc%&onsd{a&e{% Tenbr anes, or
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TRET e gy Y Stemt Vﬁ’ﬂlb‘&'é'ﬂen“ﬁf i:ah’asiﬁc[ S>SUC
protectiVe peptide of the|present 1nvent|on.

Sel ecti oM ek @seplcel €T T €0 efTective dosefw Il be
readily determ nable by al skilled artisap based upon

consi der i [ngnERY,aigllivéract of S, which W T bg known to
one of 15 ordinary skill jn the art. Such|lfactors

i ncl ude tjHefilpaive/metalolic f of m of tissue protective
peptide, jand its pharmacoki netic paranetefs such as

bi oavai | dbdidesseyy, nmet abol i pm half- life, ¢tc., which
will have been estahblished duringthe-usupl

Gawpiategrte|echppio batdizase | pj cal | y enpl oyedl in

Obt a| n| n ogtH-at u.luIUI Jvu.l fUI Cl phcu T bei}t I L«Cl:
conpound. mﬁﬁ?ﬂaﬁgﬁoﬁvgcton i n consi dering{the dose

i ncl ude thgegandition or fisease to be treated or 20

t he beneffit to be achievefl in a normal individual, the

body nas s/ RcrdinfE dRkkdimt . | LNe route of
adm ni striati on, whether agdmnistration i s{acute or

ceqahoni c, éfdador MEdI Cations, and otler factors
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Repraguetivej onlafrtilifd each pat | A& c¢i r cunst ances, e.g.,

d(;pendl ngl upon the condit Qtognrﬁlqmé he 25 i ne st atus
the i ndi vidual patient] and according §o standard

cI inical techniques. -77|WaislBQA2045
PCT/ US2006/ 031061 I n another aspect of the present

i nvention, a pharnmaceuti calmfianpesisbidas dqccording to
t he present invention may|include a tissué protective

Bpéptitede | pGlandulr ypdradndon W th at | east ong smal |
mol ecul e fhat exhibits tigsue protective
funct i onal wgfunctigyi t abl e $nmal | nol ecul es i|ncl ude, but

_are not lynmted to gtermgc f%n | azar-@i-ds—ana—5
HrRocort %FIHS) anti oxi ¢iaFis heodymamic, s ol v e g o,
al nha I} e aedd and NADLD

PR P ™ T Y WM Taria, 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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anti catabolic enzynes (e.g., glutathione peroxidase,
super oxi de di mutase, catal ase, synthetic catalytic

woeEvenges s, as well as minetics), indole deri parivseme/o3io6t

(e.g., indoleam nes, carbazoles, and carbolines),

nitric acid neutralizing agents, adenosine | )
hygamdiseases. Rysvinsios or gheyapsute af propbyleeticiveatoealfpr diseases,

herbal extracts (ginko biloba and 10 turneric),
digondarsionsofditioenefithe ANSEnddorgefipherabaeatens sghtemtarecontemplated.

acceptor inhibitors (e.g., xanthine oxidase el ectron
PieRénitivnt o ithorapsiitio o dtdbhyRiclc tretRRAEfor dibakes, ddifiders or conditions

magnesi um), non- steriodal anti-inflammatory drugs
whith$ave Q?g’_‘}cﬁﬁ ic %?%ﬁgﬁp@m& DURE LR or ¢ ?pljzgtic or

conbi natl_n_s thereof. A |_t|fo|na I'y "agent's i ncl"udi ng,
! { Il L . -
Pl ST B bR AR PR et
T S R R N,

di cl of enac, and COX-2 inhibitors), beta-agonists, )
uIEREY. dRRPvivgi gastigiiestinaln endasting| or medaholicicemiponent is provided.

i mmunonodul atory agents (e.g., small organic

mol ecul esin dhecehbodireestptuwh a phattdcetiica compbsikomeomprising a

receptor nodul ators, T-cell depleting agents, cytokine
ti0¢ PARRLSE Peptid¥RIAA e REmATERLARYStbMically AP PR% 81 enhance the

inhibitors, or anti-cancer agents), gold injections,

, | o s , - Ce .

tafilt SUllsPHARE LRGIGAR: IRl ARG m AP b HAOALAAT Vil inhalation, or

agents ~angi ostat| : goni s
o Riatig. £2. H) St el SR Bl BTy, ocutarty,

nti-mgl ari al ents (e.qg., hydroxychl oroqui ne), )

sURRCOSAY R ﬂ%ﬁ%%ﬂé&?-aﬁr&fe%ﬁlymydmm@aw i§ Pgrentergla eg.,via
_erythronycin and penicillin) may be used in
infraygngne o3 wirapskitoneal indeationr anst alghinelvding. butda hot limited to, intra-

conpositions. -78 WD 2007/019545 PCTI US2006/ 031061 In
artemigt, iEravaspeiat, infadeheali amdenbéumeons pdministation.or

perfusion solution is provided for perfusion and

storage OforQikSuttdbf AdnnsBbad], suéiS BehdelTadRrfusate, injection

solution includes an anbunt of a tissue protective
inRERE big8n, OF bafkl 10681 AdniblsBhEGH, A HARARRNE %Sln:pﬁ siflBf will be

I ranspl ant

associated cells, tissues or organs.

PSR AR e B PRt e
di | ' ested f d d
A bt Lol s BV preiimd “Mect pi ent - both bei ng of

the same_species; autotransplantation, where the
organ is Fhaehernpenutisseopmositions af the dyvestion magsbmpeise a
at anot her, including bench surgical procedures, in
thedapettically efferdive maoulntof @ ennpentd, anich pisrinacentically asceptable
resected, repaired, or otherw se mani pul ated, such as

cabi®r. 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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I ocati on or xenotranspl antation, where tissues or
wor@anmses transpl anted between species. | n ONPCT/US2006/031061
enbodi nent, the perfusion solution is the University
of VVsconS|n (UWN sol ution éU.S. Patent No. 4,798, 824,
phawrassytisah casrigtreande sisyile bquids medh ascnlingisalptionsdn water and oils,
entirety) which contains fromabout 1 to about 25
indlhdihg ¢ibSe bfipetididury anfinals vegetabid excdyinthetip erifring suchopeanut oil,
hydr oxyet hyl starch (having 15 a nol ecul ar wei ght of

sofbealoAbRierA AR, S8k dilaRathe B, AQRiRYdhRIHASE A Prdfrdd/carrier

ree of ethylene gl ycol , ethylene chl or ohydri n,

W%?q%é’??g ?fne d‘@%ﬁ‘;’ SAfeh 8 ElmipfstertMbiebiBtnty ol sotutions
HEPES Cl2;
and g ens oHras ﬁwaﬁﬁl %ﬁrﬁ? 201550 g aﬁaﬂae?etgﬂeplwfhaei Tt

upits, insulin; dexanet hasone; Phenol Red;

Pagicy aﬁla§01am¢ﬁqt®ie a@utwm- Puablp ah@'ﬁlasgwabwwe@f inglsigtstarch,
320 nOsnil. The solution is used to maintain

glicasaastose, wictmeyselatin npdintics fous chalkosilicogely sodiyh steatate,
Usi ng the solution, preservation can be extended

glfaeysd tbnblearafy; h’@@fsoﬂmﬁi ¢hisrede drted slah hilk, dlackaviepiopylene

ki dney preservation. This particul ar perf usate is

gl)FE%[ Qbafer) bthbiSdlhAl kIR, PhetofRitiBh, i HEHredS UntildcPRitain minor
at can be adapted for the present use by i ncl usi on

arr, .Q)é %Jefttﬁ% e e&tﬁ%%mrfé e%:%% oﬁgﬂtﬂuﬁﬁgg é&}& I al#e\ég compositions

i O 0 s from -79 WO 007/ 954
%%4#&!&% 528 550, 3Ersidns B AR aspleg, powders,
tissue protective peptide, or from about 40 to about
sugfpiged-rRlease fornudations and thetlikge Thesompesiting caebe fosmalpted as a
above, any formof tissue protective peptide can be
sumeiIOﬁynwﬁthitmdii'spebbindérs adcarriassucloas trighydeddesh éChe compounds
preferred recipient of a tissue protective peptide for
of tiednvéntiou lcp be forbrl ftbdad Msutabbosalt fbena Phatmaceutibslly acceptable
nmet hods herein apply equally to other mamal s,

salpPinblndétidsé forﬁﬁ[ﬁﬁiﬂ £&d 8B YrésSuch hé’ﬁ%ﬁ@d‘éﬁved from

conpanlon and zoo anlnals However, the invention is

hyﬂﬂ)‘bhl%ﬁ ;’rﬂysl%ﬁd}g:h go aé 5 CI? ?Ilu% % cid %tob Gn@RRdse S HY free

e eéx-Vivo I nventlon,

n i ssue [ such .as.but _not Jimt
cafbiyh 5 itceuB, B b S Bt § RS chlEfim,
anot ger aspect of the invention, nethods and
fefélﬁlli’ﬁ! @Wﬂ%ﬁ%@pﬂ%ﬁ@%ﬁ%@: Zretyianing efrnele histidine,

ti ssues or organs which are not isolated fromthe
precagneuttat Bxemples afiswitabits phalinadeutiodl [catytens atedesaribed in
provi ded by exposing the cells, tissue or
"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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organs directly to a pharnmaceutical conposition
conprising a tissue protective peptide, or

wa@desi7nissieri ng or contacting a pharmaceutical PCT/US2006/031061

conposition containing a tissue 15 protective peptide
to the vascul ature of the tissue or organ. Enhanced
act i vi ty Barmulations foy ipereesing tansmucpial edsesption of peptidessnch as
organ is responsible for the positive effects
long astingdissi8i protegtive pepdides aretal wswatepplated by Ve amrepbinvelstion,
based on erythropoietin, it is possible that the
PHarmaceatipsl @oapbiiiendRiabieddor 6l AdiBintat e nal HEPREVIQN as
may be transported 20 fromthe lumnal surfacCe to the

caPARGTBILLI BRI pRIeALGf %&tﬁﬁég a¥ Etﬂﬁté(f}?g %‘.ﬁhc%ﬁc(ﬁj s{u?%e%%ioﬁ@ fin

capi |l lari es of organs éndot

' t] v DG W . fan. | he. brai reti
0B SR B oL B o
ha $elREad R DSH aY Formbibieortass Sesmipr PR ves Shazeqly pagnosium

or tissues or organs that contain and depend in whole
stegfate,ogiu saspharingpestisioge, roagriesiumhenrednate Steatiy adid or salts thereof.
targets for the nmethods of the invention. Wile not
Sofi gefhting cpsubes hayuoainiryseargetaBle oiif) WHRE/ BkIEeti-solid, or liquid
PCT/ US2006/ 031061 particul ar theory, after
polyol &ty SeBitisn®ind syeupsiBSHeonirNeSfdtéry Solp 8B lahd Su sy,
interact with an ‘tissue-protective receptor on a
responsi Vgy E&ivle’agfe&rinf%ﬁ@é@fo? ordl Qﬁrﬁﬂﬂﬁaﬁoﬁﬁafﬁe &ated with or
e, alr, tooth, nucosal,

retinal), adipose, connective, | . .

oG it oy B8 R 50y e e afemtioR Sk pve agent
. adrenal. (e, qg. adrenal .cortex, adrenal 5 nedulla),

in B ool S i) AN Gk By oG oSyt 9 Surershipabiteinsay be

cell, and receptor binding can initiate a signal
used)a AbuBdhe gistainedaslease ofan achrgagant niay ba@phimdg over gfany hours

gene expression programw thin the responsive cell or
and, i§ seressarp db 4dtivg agenttchae bppedtexted fromdfeirigdegemied within the

ti ssue, or organ, from damage, such as by toxins,

stopie D PhemeReutidal cagpekitionsfarbal AdMinistA862May UBYEORNiifed to
etc. In another enbodinent, the tissue protective

fadiBidte 18RaSASY BGichile SERTHE A gﬁﬁ@ﬂ%{a%ﬁ?g{ﬁ%ﬂﬂﬂqgce&ﬁﬁtdug Wspecific

cross the barrier, such as car

y%@g& leti®; Lo be transported across the barrier
les(?lr ac orgtg%ﬁ(%:ﬂgﬂlvﬁl}tsh the teaching of PCT Application

No. PCT/ US01/49479, U.S. Patent lication o .
10/ 188, 9(ng gaﬁ%’e‘ﬂi‘iﬁ‘ feigpasifons %&B@ﬁ gﬁ‘r&faé'ad%}ag? tration may
reference, Thus, methods for protecting responsive

be pryvidedasidiscrste gatchesdptendedsio empinip himalp sontact with thespidermis
and enhancing the function of such 15 tissue are

of thegeeipisetifor n prelbagdd reetodiof tibel Mharmaceutical 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

paraffinic or a water-miscible ointment base. Alternatively, the active ingredient may be
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wo eg070893¢2r treatnent, including radiation therapys2006/031061

whi ch conmonly has adverse effects such as nerve,

l ung, heart, ovarian or testicular danmage. .
forwleted o natsaomwith an offHarwederdwse oxd wetsriroeil bagpn Pharmaceutical

conprising a tissue protective 20 peptide as descri bed
coni}R¥Riohs adiptddforashigal hdminigradion tehheiepg ircheiewrlyb drapey In these

and/or radiation therapy, to protect various tissues

co@%%ﬁﬁfoﬂ?,r’tﬁe LGRDASERGR: daK bl ABisolvBE BPHIRBERIRE Y b SuidBRNdarrier,

as to protect the testes. Treatnent may be

“as"to protect the Testes. fre |

e-Ep Bl %@r%%?&heet %@%@i%&b@gfgﬁé%ﬁé% Pl topiea)
tenti [ . =81

SN e e e s BT Y

anot her enbodi nent of the invention, varjous organs

are pl annBrprmecawticalnompesisigns adspied for pasahanstpulmonary

aut onobi |l e accident for transplant into a nunber of
adhsinispraiort may samprisd solitlicatrieremeh e dowdem §prefaralily having a particle

extended di stance and period of time. Prior to organ
SIRAIMBS £nB8 of 2B ST @Icrdd).i PéWERS ca bdadiniphdrecietit haher in

5 conposition conprising tissue protective peptides as

w&%ﬁgﬁmgdtm 260 by Fa;ﬁa&maﬁﬂoﬁmaﬁga thE AbsSRbRTEYnteMe of

pertuse usate contalning tissue protective

o f

S as escrib her.ei.n, and st i
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.. continuously _pe{,f u&ed wWth a pléisati | e per BﬁSi on
adgeinistrationmay compgseligud pygistsee g SATal SRFARLOL HASY, fEOPS-

A[)r otective peptides in accordance with the present
terwativalprinhalatiinyef compouedseditestin infte thedngsy may: be aeremplished by
occurs during the transport and upon inplant and

inhalpiod dedphnomhsttNationrthmngh bmaeithpiecelintoghe trupharynx. These
enbodi nent of the present invention, a participant in

coinpdIBiohk diycorGiis¥ b§iboudBeoit Silhbrisdf thedactios engoédiant.
phar maceuti cal "conposition containing a tissue
. co L g _ oy
CREPOS oLy ARRLATRASH by M Bfibn kil S HBRIRL B pBtialy achpeed
r ot ect i L m L '

B By AR hor Bl r OB S P BTG Db BLS TR
articular, thig nethod of, treatnment hav .

whishicri b PerstiuRted 3P o tpraPide SEciolsmained doeses g theggtive

~injury such as, but not linmted to, —professional .

ingradiant.cn 4 prefesyesd embodiment, phapmeeeptical cgmprsitipngphihe nyention are
etc.), mlitary personnel (soldiers, paratroopers),

adzmigistEredt inte tresosalehvigypdirdotly or finte ¢he 1BMS; viartiae uksslbesvey or
relief

oropharynx.

Pharmaceutical compositions adapted for rectal administration may be
provided as suppositories or enemas. Pbarmaceutical compositions adapted for vaginal
administration may be provided as pessaries, tampons, creams, gels, pastes, foams or

spray formulations.
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20 personnel ), stuntnmen, and construction workers.
Addi tionally, the prophylactic use of tissue

wonratyeasssye peptides is contenplated in such PCT/US2006/031061

recreati onal endeavors including, but not limted to,

rock clinping, rappellin di Vi , racing, .. ]
bi cycl i n;%rr%a% fl.co %lyons ted 4PY barspieralipdministietion
pose a risk of injury. In another enbodi nent of the

inrlwde aqueons and nan-gluscais Peule dyjestable solutiprg or suspepsiohs arhich may
val ve requires tenporary cardi oplegia and arteria

comtath arstioxtidanty; boffers Coastergetats, ant Belutes §at W dRDthé/didpodifions
PCTI US2006/ 031061 patient is infused with a tissue

subktahieglyl lh’(ﬁoﬂ@ H’hﬂﬁtﬁe biahbrah %ﬁbﬁﬂ%ﬂ%ed&?ﬁﬁﬁ Mhthe WP Inents that
i schem c cellular danage, particularly af ter

mﬁ?ﬁ@@feb‘?ﬂt %{‘sudﬁ% Hﬁo&ﬁ%& e u‘iiQ Sratd? hzﬁ&%‘fseébk‘aﬁ glycerine and

I Ons resen rnventton na

yI ica are i vi dua r. surd

Ve ARl ol rﬁxaaaﬁﬁﬁ FrondboRBShs ot doL Sl ARt oy be
surgical procedure or aide jn the recovery of th

prﬁﬁa?e@ﬂa yart-dopoes BRk-dese greiaimeps & saurple sealpd mgﬁs gpivials,
present method of treatnment using pharnmaceutica

anglongyols stored $n 8 fireeze-diiievy(lyaphiiined) mditientrequripg poiydbsaddition of
provi des a prophylactic use for surgical procedures,

a sterilediyuidecartdal &G wiefild salitis edlutiod for pijegRaslrigsnddiatly prior to use.
i nduce tenporary ischem c events including, but not

Extbfpbiafledul injBURASHIRIAE BAY 5k Ped st BRAT B 1'%15@@@ From sterile

angl opl asty "procedures, 10 anhputati ons,

pJde%PsS ?ta%ﬂfe@%h@ HibletE ﬁn"kﬁle enfbddirhdi; n é?ﬁ&ﬂ%l’:é&? gorﬁbﬁsﬁﬁé by

onsi ve 1 ssues,

Spi.n cord su and.open
m&ﬁ%b@&afug@ of gﬁéﬂlwsfggﬁ @@%ﬁayﬂwmm‘egﬁﬁé‘f gy use by
cardi opul nonary (heart Iunﬁ} bypass. In anot her
anbleTeRIergsncy rroms, gad batgplield situations, yogicyen for self-
rocedure, such as in cardiopul monary bypass surgery,
istglian 1pradi0§mstlv ectpeptpatizubiiytwieere theqrossibilite aftrpenatic
15 used. In one enbodi ment, adm nistration of a
arpagtionoras o@at, sacmolsy irhpmdem 0y 684 lagmtthewere The likelihood that
protective peptides as described above is perforned

cells bR tidsQes BAW deRred TOEH/ R oe Wil JuBYIvO BftéMBatRCRRSAt may be increased
pr ocedure to protect the function of brain, heart,

RS %2%%%%@%‘@%?@%‘19 R “%?“fess*f“’@h% 8 soon
e o ga By 68 °”?e£meew§{&ehé“oaé%¥o§m? o g
retinal heart, lung, |jver, kidney, small

ssue
affl f‘élé%lﬁhﬁlé{,“ With ssirectiop fiow ddhe ARFISRBRIICORL capi | | ary
endot helial, testes, ovary, or endonetrial cells or

tissue, tha nrefeond eomboginnt,descanpisiionss Sorniudated in accordance
conposition in dosage unit form
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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adapted for protection or enhancenment of responsive

cells, tissues or organs distal to the vasculature
wobighigsespri ses an anount within the range frpor/us2006/031061

about. 01l pg to 7.5 ng, .5 25 pgto 6.5 ng, 1 pgto 5

500 pg tq nmy, .1 ng to 5 ng, 500 ng.to 5 ng, 1 g

mﬁc‘%@ oss % unipdospgs oy 1 esamplepen dxipemilizdoswdesoowater-

ggto 5 ng, or 1 ng to 5 ng of a tissue protective
frescqontendtatesing herppticatipcealed canthiper such epumbinpulear sachette

Ina preferred enbodi nent, the anmount of tissue
indicatirgcihe yeantiepbf ateive agenti Wiete tHe@ofipagi€oh i@ brdHinisred by

pg to 1 ng. In a preferred enbodi nent, the formul ation
inRQIdh23 08n bé Sispkhsed ﬁrﬁtﬁ%h'iﬂtgsipg ﬁn ﬂ%ﬂfaﬁﬂﬁ% ﬁglﬁletptl{lgrmaceuﬁcal

non-erythropoietic. 5 1n er aspec

AR5 P TR LR S SRR ST B, o vt o

s hayi ng undergone brain, traunmp. After, a del ay
St%?gg%ﬁ&ﬁﬂ e B%vgﬂg@%@f EregifiS R bR FBIOTEq S5
protective peptides should be able to restore
g% as conpared to pl acebo-treated mamal s,
indicating the ability of the tissue protective
pepti de tSoppesgienies gérerally coasdinaciveriagradizft indhe ranpy of 0.5% to
Thus, the invention is also directed to the use of
1004 by weight; o4l cfbmytﬁatﬁxﬁ@_tpr@iel&b;momatiﬂ 0% 16198924 dtiRB iredent.
pharmaceuti cal conposition for the treatnent of brain

trauma ang perl@,jsgﬁr co&gﬂ@fn%h}f&yﬂ%éijr eﬁ%d s ied‘%ééiégl;aﬂgd organ

treatnment well after the in _thre

' , K h .. Th ti
b B A Sl S e
prig n‘l?ftgé‘ilg?‘?@gﬂ eI DR PpR D S s e spmprise levels of

. protective peptides. Any tissue protective peptide as

tsghequptesias neetdess onaformeo! tisseaprptactiviipeptidepuetsuiable fer acute or
invention. Furthernore, this restorative aspect of the

chiomice frecabor systeniie adriatsttation treanuindividifal, doy wili ssuethe functions
protective peptides herein for the preparation of a

intpirdedrheeen in £eddaverp61pas bhihprgbl beitfidtd, 66 iRl pedfiis Ak prior to
cellular, tissue or organ dysfunction, wherein

reth6 @Ak B’lﬁféhuaﬁ b 1eVAdld bAhE @isﬁfcg)?étte%?éggfzgﬁhé cGHthifild tHeflen before

initral insult responsible f unction.

: ' L] ectli epti des
ex%q& ﬁfggag%ﬁt#\l}%&ng ?%n@é%ﬁl l{)E%an "t Sg‘?eg% urfeé&eﬁr %%"“Yﬁ%@g-di sease
or condi tion during the acute phase as.well as a ..
chroni c pHEECeIROR fls provides pabprmasenicy pagk ‘Bﬁﬂ‘é ffanprising one
inventign may be adm nistered systemcally at a
or H@%&@’f%@?rﬁéﬁﬁd Hiibpne pr mpreptiths frarediews of thelhannepputical
wei ght, 25 preferably about 5 -50 g /kg-body weight,
competitignseffdhainventinno @ptibhalBPaggodikgd mdthysuch 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

delivered in a controlled-release system. For example, the peptide may be administered
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-84 WD 2007/ 019545 PCT/ US2006/ 031061 wei ght, per
admnistration. This effective dose should be
wopioorgsent to achieve serum |evels of tiSSuePCTUS2006/031061
protective peptides greater than about 80, 120, or 160
ng/mM of serum after adm nistration. Such serum
usingiatravengys dusiom aamplantablensgotie pump, 8 tragsdegmalgatch,
8, 9, or 10 hours post-adm nistration. Such dosages
lipusymbaa or efrentmedensf adadnistation. [Rone Smbrdiment a pump may be used
adm ni stration may be repeated daily, as long as

(s6d Livigen |.s'b}dran 8665 A987, CRC WritERef. Bondddl EARS 142@®!; Buchwald ef al.,
interval, e.g., every 1to 12 weeks, pre erably, every

of0 &%SWOI’ ect vgw S’ég%%ge an%gl mﬁ%‘f%@:ﬂﬁlgaﬁmm "
inf RS bRl Hore 0 R R b BBkt Btfpgmpound
oo b T THeS Hos HesiGior i paicrat alge ﬂr‘aré@ewé oh SGistioe,349:1527-

causi ng an increase in henogl obin concentration or
1338 r(AoUDr Treat erawl.einsiposongisdn %hq BramrpymidntetiousdDisesse iagé Sancer,
are preferred in instances wherein the nethods of the
LagpeeBunéstéin uad Fidder (adss), Livs.Nele K drk, dpe353-865 (989), WO 51/04014;
chronically. 5.4 TRANSCYTOSIS 15 Carrier Ml ecule and

UB. Patdft Wb Of, 704,335 10p84-BeiRstelld) idd! ?}5  B7-32TY SdetdeBBrail§ ibid). In
further di rected to a nethod for facilitating the

?ﬁlﬂf)&mfé 3)| %g&f&%&%&ﬁ&@%&ﬂ H@ué%ﬁ%ébqﬁecg Ab;ﬁlc%‘ons of

arrirer 1n a mnmal tering

a.c t|o V\:hICh e sue rot ctlv
C%wﬁfﬁif@ S deberp FRERdaCREpkst BRUERRLE, Fight Go7a;
pepti de. capabl e qf crossing an_ enpdo i cell
i ros Bwadedy: e bl e@?’@ﬂ%ﬁa@wmden and
her ei nabove. ht junctions between endothelial cells
Balh(ede.t Wilay: d\@a ork (198 Reoger andReppas, & Magrpmel. Scb Reve
entry of certain nol ecules. For treatnent of various
Macmdiol. Chesn. 28t&10i 953; he: diso Lewy @diloi 880 Scivren22§: 170; During ef
facilitating passage of the tissue protective peptide

allTaY8PAGE Nelfs. 25:851 ; Wowhd &/ &1 9545 IPREMISRE0B1:964,q6dkch of

Ti ssue Protective Peptr de as Carrier Mblecul e. Tissue

RicRiEHELY P&ﬁﬁg}&?&eﬂeh‘é LNESH QD). ey be useful as

carrlers |ver|ng ot her nol ecll es across the

B
of crossing the barrier a tissue

prgglgtlprgrgqﬂs b%ﬂjﬁmp%ta?&et ie., tﬁe target ce s tlssue 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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5 prepared and peripheral adm nistration of the
conposition results in the transcytosis of the

WO 2paBsk3 on across the barrier. The associ at i gOT/US2006/031061

bet ween the nolecule to be transported across the
barrier and the tissue protective peptide may be a
| abi | e cduainether erpbediment; tisswe protecitie peptideres propedy farmulated,
rel eased from association with the tissue protective

cap®p tatlohénigtbied byiassl Soral rédfd, Wiidal,@culat firanbderah@l ipafgteral or
phar macol ogi cal activity of the nolecule 10 is

subBhdaPhdifRiRatgnal fected by association with tissue
protective peptides, such a conplex can be

adm 11 St 8 Shpedis elibblinRsly 30 RO Wbic8 aifiof osue

vari ous neang or aSSOCIa es Mﬂ

poblsEEcpane P Bcivaay el e Aicadk noniny By rEnfﬁvs may be

and ot her neans. Furthernore, evaluation of the 15
acb!few%bb;fomxanwée @B okt Wanoklimitetion, sl nfusinn @uriguERery,

in an experinental system Association of nolecul es
topicalapplisastion, og.olreainjwetipe pithdesounslydrbssinecdfies wergetyy bpinjection,

nunber of neans, including |abile, coval ent binding,

bych € off b l_kfhegr, b@trﬁemsbehlsﬁﬁ;@git&ynor ByvnesrRGifial MplHay, shig
enpl oyed; for exanple, a bioti nyi ated tissue

m%la‘ﬁh S&hgﬁga ps%hq% roust Pﬁ%élé&g—ﬁﬁ anc.,r{@fin ﬁdﬁgmfg&ﬁ%&

e conj ugate 0 ecufe
n ned e ri .
Sugﬁﬁée%ﬁ?%éllrlrlgén% %%%r e%%? B %ggﬂ'r ol ot na ;(e %ﬁS%ggéﬁﬁh%Pglmm
, for exa i pn or chi,neri c, pol tide
Wil BR 5 cpRR GRS A AN ProBRL penidh OE HAeaents

desired pharnmacol ogi cal activity and the domain
1111’@%19@11& ble for the peptides tissue-protective
receptor activity nodul ation. Protease cl eavage sites
may be i ridiection of thetyhreferred effedtise do86WINDb2RATNYdGBARInable by a
PCT/ US2006/ 031061 A nol ecul e may be conjugated to a
skilledlt@sap batedaipor @oRa@iring@ctdral fastots) whith will Bdkrdwghodne of
pol yfuncti onal nol ecule, i.e., a polyfunctional

s SH&I?P&cto‘?@ﬁz%luﬁe i\ QiR HRRloY e crSiBallve

nol écul e” enconpasses nol ecul es "havi ng one functiona

R e T e b T e
tider S O GG g?%e%}aghf@agﬂ?lﬁg U 5 SPGB prepelures

crossli nker that reacts wwth a functional group on a
typisalbtemployed ig obtyiaipe remilatppyaperayal foarpbATRRCatical compound.

nucleic acid, particularly a hornone, antibiotic, or
Fuathet ﬁcmmrcoag'éming ibe desaligtinde thectonditiog 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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endothelial cell barrier) so as to forma coval ent

bond between the cross-linker and that 10 nol ecul e.
wdb@7lerssg “functional group” retains its standpefus2006/031061

meaning in organic chem stry. The pol yfuncti onal

nmol ecul es that can be used are preferably

bi oconpatip Brethen 4speas of thej present inkiention; @ pharmaceutical composition

noncar ci nogeni ¢, nontoxic, and substantially
acmdinigrtmmqgemhtinwenﬁoni gy inE’bidy huiaaid protebtive pepide imker s

such as those known in the art and descri bed herein

foraaflatish WiRR 6 lbast bES Elﬁﬂl bR Bkt ik Sisbfe (H64cBlivE MBctionality.
their bioconpatibility. The 15 polyfunctional nolecule

L D ST
o RS Rl RS 55 B o

het er gbi functi onal cross- Ilnker all ows, for vectoria
antienipholis enomues (e &, glyathione peroxidas superpxidy ditgutase; gatalase,
pol yfunctional nolecule to be sufficiently soluble in
synthetir catalytic seavengesss ad wall apgimetias),iindde tlerivatives (d.4, 20
aqueous sol utions such as in aqueous sol utions

induidahnginey] cabagoitsPaddeaBboliies), hidic héie nevtedizsind 4@nts, adenosine /

conjugate to remain water soluble for nore effective

adaioenﬁlagsﬁlg@ UsHyBithe %mn(gﬁb (:Lst) heeRe %x&m&(glmlloba and

mol ecule covalent |y an am no or

e L, A BB R
BB S oA £ SR g e

2007/ 019545 PCT/U82006/031061 The honobi fil nctiona
sterigfid coticnflampatosy diuga e 2+ awpinin aepToxen.fand dbursaten), and
groups, which are the same. The reactive functiona
cogbmatiensotherzofi o Awilditfonally agaméd includingcoitenok tiolitedeo, fri-
exanpl e, al dehyde groups and active ester groups.
infHemaioftnehisqagl, cohicostiotds, PRvhidgnadrdichidaec ot e

i nclude, for exanple, 5 glutaraldehyde and

ghch&?fh@élQE RicBlGids, HaR-sutR IS ari-mbamdHGY ﬁa aspmn ibuprofen,

cross-| |nk| ng agent was discl osed by Pozna

dlc%ﬁenac 9( 2 dhribi g‘ﬁ 4531?%?01&1%@ 1ch g'cfag%% 519([]91|ethy1

ecﬂ aV|ng at 1'éas WO~ at

aNBcI de est er 5 %ﬂf di aegae%% %Mﬁ,@gﬁm mol¢sples, T cell receptor

N-succi nim d | esters_incl ude di succi ni mdyl suberate
mOghiterst qy’ffémtﬁ recqpieraBrdulatorsy (L -gotlslsplsting egents mortokine antagonists,

sol ubl e bis- 10 sulfonic aC|d and bis-sulfonate salts
magwokine aptagbuibts, Isughoeptainhilitrs s autincazdet sgenTd)esad injections,

honobi functi onal reagents are avail able from Pi erce,
sulbbedafaaind, pdoidillaning, anti-angiogenic agents (e.g., angiostatin), TNF-a

antagonists (e.g., anti-TNFo antibodies), and endostatin), dapsone, psoralens (e.g.,
methoxalen and trioxsalen), anti-malarial agents (e.g., hydroxychloroquine), anti-viral
agents, and antibiotics (e.g., erythromycin and penicillin) may be used in conjunction

with the current pharmaceutical compositions.
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The heterobi functional nolecul es have at | east two

different reactive groups. The reactive groups react
wokdolofhsid erent functional groups, e.dg., preseptT/OR2008631061

pepti de and the nol ecul e. These two different

functional groups that react with the 15 reactive

group on Intemother aspebi dfule inventidn, epeﬂ’ssalt&ukmﬁamsolutmn 18

usual Iy an ami no group, e.g., the epsilon anmino group
protided SdripRifusion dhd Bisehp¥ lof 67U forera@splatihhetpbifation selution

of cysteine; a carboxylic acid, e.g., the carboxylate

mﬁlﬂgé’ss i it BF b Hssuld” r&e&Wé g&iﬁﬂ&e SEENe tc? Stect I‘é&ﬁonsgie cells and

group on s r| ne. course, cer ain of

bR, S LS, G PR Dot
R il ety

of the choice of cross- |inking agents based on the
haavestedafiina oge domey and tragsrdanted intka difarent reeipigat, both being of the

protective peptides of the invention. Wen a reactive
sagreasppeied; aatoahspiaitationnoheethé orpah éctaken frommmegart of a body and

covalent 25 bond with an am no group, the coval ent

rePRBSH Mahbthes Yadthdin® Berith sar%ém pedcetiviicsAn Reiich an org8n ¥Ry be
007/ 019545 "PCT/ US2006/ 031061 The reactive group that

referf)gérgn% | agld Qﬁieﬂ%l 2 Vol AL bL r%s%liﬂalﬁﬁﬂatea Qhuch as for

an attivat ég car oxy at e group,

halocarb nyl, .grou est.er
vt ot o e SRS ¢ qrﬁw?alﬁtwﬁgm where
ester groups are preferably reactjve ester 0
tisgpesprpEgans o transgpignt eI befyyesq frpya%xtﬂ 8@ ti,@tpérfusm
roup. 5 The other functional oup t grcall
iticneis the Whiversity oH Wiscoasigr(BIVY) sad etpmﬂlg HHaterdi 4,798,824,
converted into a thiol group, or a group that fornms a

hezebvwainenipotatsichyntefdrence Heteinin iy entjpety T tvlichaoatagnstfrdmatout 1 to
wi Il usually be a thioether bond or a disulfi de. The

aboRAES UYiRll aaP= 1 DRbf ikt Brae ki @b%m dbbeitayl sk (having
group rray, for exanple, be a double bond that reacts

a MolddufaP bl hg E)PHB%& e{%uﬁfbm % 3bett ﬁo%bfdng %ub&n‘ually ﬁee of

reactive contal hi ng a doubl & bond capabl

e@ﬁ%‘ﬁ%@gﬁolortgraec UGy B0 20,
lirfﬂb;étonﬁg rgﬁg V,%a%i @u}mf% gleﬁr? / QIIFJ)(B) g{ﬁi—f@’é&pﬁuffer' 5mM
5'-di thi o-bis-(2-nitrobenzoic acid) group Sone

mempmglugﬁnat@tlei il Cakbx | GraM sasiers glusosaat H0000yunits

reactive disulfide bonds include N-succinim dyl
pehidiRinp 0 udits indulizhil6)mpdopietiEsend, C3mhgBbemol Bedznd has a pH of

1978, Bi ochem
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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15 J., 173:723-737), sodium
S-4-succi ni m dyl oxycar bonyl - al pha- net hyl benzyl t hi osul f

wd0d7/01984%0 PCT/US2006/031061

4-succi ni m dyl oxycar bonyl - al pha- et hyl - (2- pyri dyl di t hi
o)toluene. N-succinimdyl 3-(2-pyridyldithio)

abpuiopiocebatie500ngimt bea tieshe phrtedivexrptide or Gom about 40 to about 320
het er obi functi onal reagents conprising reactive

neghPHifSe PR dlie Popliieh A8 rﬂ@ﬁ@n&&ﬁov@@ﬁ@iﬁrmﬁofﬁs@etthe&tive
group include succinim dyl

pe u&é\ba[ﬁanle %ﬁ}ﬂ{%@&g%&ﬁ@ma 1-carboxyl ate and 20

Ucci ni m enzoate. O her

het er obi ti,onal .nmol.ecul.es | ude s I
2 (el #’3@7& BB s e AT RIS i’%‘ for the
4- (p-mal ei m do- phenyl) but rat | f psucci
PupPqSes herainhraughontting himay ﬁl&%ﬁeffmc ° other
mal ei m dobenzoyl - N- h droxy SUCCI ni m de est er The
m&nmwnpmbﬁleﬁmﬂemsaiqatedfmde,l liviestoek;| companion, and zoo animals.
m mal ei m dobenzoate is -89 WO 2007/ 019545
HRGIVe)IBO BB DB hot po Bindtingerhd thétbgnefits ¢anebe applied fo any mammal.
above-nmenti oned heterobifinctional reagents and their

sul f onat ery gk &s Rk LabhS ihvaaioR] AiaRstdweieeale peptide
Co. , RocELfnord élsas?f nsbl s USA. The neeg’ for ?he pep

- | abi |

RSP S )
' t b t f

o R T o Sl s
t t th t f h

AN °Q§$mh&%(cgu§§£¥€q‘s’§£ RO T,

peptide), its suitability may then be tested in vivo.
vdséulatues loyom) ettediahedlishartier are gravided byesspesing the cells.digsue or
the tissue protective peptide for activity, a labile
oR@ifetly & & pharlacewtiabeompositivnmontprisingregtisaoe progective peptide,
erythropoietin or the long acting tissue protective
ol RiisReinPiok bofBetRios] HaARheutidsl cbhiobitibh kbitdining a tissue

character| stics may al so be tested using standard in

pr%{ef:ﬁg’e {p%‘flg Ay hRSyA g of tﬂe ﬁés‘ﬁ cﬁ: S%hn Gnh Al LEPAF of

I on regar OW o FTB. use these as

ot h functl onal .rea
refp BB 1 e ST °53f$a8r}§f635§%‘§‘§1e PO BT AL At
in the art: 15 Carlsson, J. et al., 1978, Bi ochem J.
exeyigd.723- 737; Cunmber, J.A. et al., 1985, Methods in
Enzynol ogy 112:207- 224 Jue, R et al., 1978, Biochem
17: 5399- 5405ijar S ntheﬂ'tlssue@cotmtwe cggtpgpun@i bﬁé%@ﬁ erythropoietin, it is
13: 2334- 2340;
possible that the tissue protective peptides of the present invention may be transported

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

may be targets for the methods of the invention. While not wishing to be bound by any
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Blattler, WA. et al., 1985, Bi ochem 24:1517-152; 20
Liu, F.T. et al., 1979, Biochem 18:690-697; Youle,

woReb7/0m5a5 Neville, D.M Jr., 1980, Proc. Natl .prér/ad2006/031061

Sci. U S. A 77:5483-5486; Lerner, R A et al., 1981
Proc. Natl. Acad. Sci. U S A 78: 3403 3407; Jung
pastichldvthesry, after tragRgtosisi of dhectissudprotaejive pewside mmmleg@t Wﬂh an
Caulfield, MP. et al., 1984, Biochem 81:7772-7776;
tisdfe-Picadctive rebeplor o @8&spobiioe bellyforxkalPh) n8@bhal, eyede. g\mﬁnal),
2007/ 019545 PCT/ 1JS2006/ 031061 Yoshitake, S. et al.

kin,
oS M, S8 ] i s

it iy Ry il it eyl ’°§ﬂ§’z§9feﬂal
T8 RS v B L, Ul B

Bi ochem 160: 483-488; or Hashida,,K S, et al., 1984
cangipitintech signsd Hemsdugtiopeasgadeagsuiting indhe activation of a gyie efoeSSlOﬂ
i ncorporated by reference inits entirety.

prAgcint withiml thy respersinedellaf tissuss eshiting imtheqroteetian efjthelcllor
Means and 10 Feeney, 1990, Bioconjugate Chem 1:2-12,

114366, 2R YrdadC ROPQTaRiagE, Suvh e b texies cheindtharapaniciageity, radiation
Barriers which are crossed by the above-descri bed

iz @P Q%z)ogﬂ?etc ¢ QHpctﬁéﬂJ]Ef QfBodeht) &eﬁfs@ﬁ@lﬁﬁ)tdcﬁ\l@ Pégitide can be

are not limted to the bl ood-brain
bart.i,e
SR o %ﬁém%fﬁ%%ﬁth%%ér Jasrtﬁé bt SOl fed
b rler ood sp cor rrler an og- ta
PRQstin. QRFFL?%S%S #egier inagh sv%e‘zﬁlaﬁge IghinE of
endothellal ceII barri er |nclude for. exa

PEBrsmhestionio PGB HOSUBH T Solitedt AurlisehapRPe. 10/188,905 and

factors, antibiotics, antivirals, or anti fungal s such
13$85,845 enammaratleﬂ jaemm:bxmﬁdemeo rihuls emithadsfoa pepteatingaesponsive
barri ered organs, peptide radi opharnmaceuti cal s,

ceRédnbARDE tidsuedBom afuibadiypsxisnttesDamhérhanciak ﬁlea@ﬁcmt of such
bi ol ogi cal | y-active agents, pharmaceuticals, and

tleﬂF by &%ed‘iﬂﬁ@ttaﬁ heré‘@ﬂeibwm ting exanples of such
es 1 nclude hornones such as growt h hornone,

In the practice of one embodiment of the invention, a mammalian patient
is undergoing systemic chemotherapy for cancer treatment, including radiation 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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nerve growth factor (NGF), brain-derived neurotrophic
factor (BDNF), ciliary neurotrophic factor (CNTF),
whamiro1didr obl ast grow h factor (bFGF), transfpCvusE6/031061
growh factor (31 (TG-(31), transform ng growth
factor 02 (TGF02), transfornmng growth factor 25 (33
(TGF03) , Inibhepragiige of anothenerabodimrnipihe inveatiione yitionspreans are
and interleukin 6, AZT, -91 WD 2007/019545
pliged ehoOhahesdDfidm aittih adiae autagwbils hedidend forrteamsplanisinto a
factor, and i mmunosuppressive agents such as

nuéibet 65ReTidhts, AEe bf afhlrquirbdefangpori Tt kfl lektchBod diStance and
attached to the tissue protective peptides of the

pe?b&%?ﬁfne! PYePid aﬁﬂar@ﬁs?%@,{ %g dM%&l‘igliﬂfE&élqgt épharmaceutical

I ssues, or organs wt rarn an

barr.i.ered or.gans for di agnostj.¢c purposes.,.As. a
0B PP SomBHARR By pedteANE Teptider B BRRRRA Hobi Hapypted organs
the brain coyld be attached to a,tissue protective
Fof RRTIERE e-DeXBiSaR MU ReERERR ORI By POdRGiRR pejptides as
Al zheimer's disease within a patient. The present
deparibed hiexsin, iagd atoses! iniarhath eamprising Gsnp omitedtivn peptidssi Sertgin
a nolecule to be transported via transcytosis across
organs erslamtiatiowsly petised wdthta pulseild perfusivardevize, wmiliking a perfusate
tissue protective peptide as descri bed above. The

cohfAUERE tiete pfotédtive Peptidel iflhéRedaBbe Wahithepldséit flvedition. Minimal

conj ugate between a nol ecule and a tissue protective

Ao of MR FulioA AR Ut thetBAMELH B 45 imolqnt and
Li very. of the nolecule across a barrier as descri bed

de)
re%%—&%’? 109 FEESHASHE rodel s and in-vitro tests of

neuroprotection and franscytfosis are provided.in
PCT/ USO /Ia@aq@el( pabedipentfdhepresant Inveplion pdiagirigant in a
herein in its 15 entirety) to denonstrate the
haggrfleus dotisipsne shuldieke 4 desgof prbamerceviica eprnperitéorpontdining a
i nvention. For transcytosis, nodel proteins conjugated
tistue prbiectivngeptide sufficient/tohaithpopetent$i.c. ablayhe thevaset bf) inhibiting,
are evaluated for transport into the brain foll ow ng
or BRPPIMES pabtectdGRInBl, 6f Mmdtdabdthe TRASLe FBoltiBg iHfdm A Mhik% 9o a
nodel s and animal nodels are predictive of the

respbhdif@cll, ‘PiET&eE‘Sr cﬁﬁ%ﬁeﬂﬁ arIcAY Lo bR fbatTRITHRL! ﬁQvey

peci es I'ncluding humans. 20 The present i nventionh nma

oo S WP 50 S b
ookt BATD i S BB 5 ey prsnne

preferred enbodinments of the invention. They should
(sql¢hiersopataiFoonerDosegeRsy, Perronaeldpolices fird, EMNLS.i ang disaster relief
broad scope of the invention.
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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-92 WD 2007/ 019545 PCT/ US2006/ 031061 6. EXAMPLES
EXAMPLE 1: METHOD OF PEPTIDE SYNTHESIS. A Synthesis
wtoohepsigle A (SEQ I D NO 32, corresponding to EEfusiiveesiost
aci d sequence 38-57) and Peptide B (SEQ I D NG 34,
corresponding to EPO am no acid 5 sequence 58-82
pafantis théused vwHEQ fifdubifrd&tive peptiiep tudk tBatnBAEplep: HIDXIG
fragnents of EPO (see Table 1), were synthesized

1sc%§ﬂnﬂgcellhlbr§lhﬁaﬁg@ QeiticaldrigaifiepitpeadolCh eddsionally shepwi se
sol i d- phase peptlde synthesi s, as described in Band,

s el g BBy B g ot
pndgeef BANET rrueet B SIEREEIRRND tula Bl fithne

acid sequence 3 8-57 (peptide C, TKVNFYAVKRVEVG
Sutging] ProCRANSOY Akl dn TEreroxerot (BE ingh @g o g aggieal prodedure.
(peptide D, QQAVE\N\(%;_ALLSEAVLRGQALLV SEQ | D NG 30)
Alitergh sheprosenit msthodrof ieakmnbusing pharmaceyticabcompagtiong 9q>ntalmng
peptides) or on HSCH2CH2CO Leu- OCH2- Pam Resi n
tistid frofetveperpides pieiles aProphyincky nscfes bsrgidabpoiethires] § may be
chai ns of various am no acids were protected as

1t b
AR 5t sl g e ot v

oLl %@éﬁ- e&ﬁ%(%ﬁpep%’ea@%&%“% RSP ardSp AT phoptates,
S fesﬁnﬂggdgaggrcgﬁon responsive

90: 10, v/v) for 1 hr at 0 'C _After evaporatio
eilmélswsmr Qraaes suek as bisin Bidsping] eord SHTESLYs 56 qReh ea&%FS"Gd“res
precipitated and triturated with chilled diethyl
Swehipeocedared ndydnpape igaise néeardigpslainasd(eart bom) Aprssus
acetonitrile containing 0.1 % TFA and purified by the
preparat | M&tnﬁ&ieﬁemhsdlmmt Fitht inlentioninsny swgsalwoesdure, such
confirmed using LG M. -93 WD 2007/ 019545

Rf;-géﬂdgéﬂﬂﬁ @a Etidsue BAE i of the invention can be
PEPTI - VEDI A Tl %WLPROTE I ON. he ti ssue

us2f© %r? 81{1& éﬁﬁbcﬂﬁﬁ%ﬁt‘? GImWEfanbe ot £ ghgrﬂ{acaﬁiéaf é(ﬁﬁﬁt%ition comprising
protective

tissue protective peptides as described above is performed prior to, during, and/or
following the bypass procedure, to protect the function of brain, heart, and other organs.
In the foregoing examples in which a tissue protective peptide of the
invention is used for ex-vivo applications, or for in vivo applications to treat responsive
cells such as neuronal tissue, retinal tissue, heart, lung, liver, kidney, small intestine,
adrenal cortex, adrenal medulla, capillary endothelial, testes, ovary, or endometrial cells
or tissue, the invention provides a pharmaceutical composition in dosage unit form
adapted for protection or enhancement of responsive cells, tissues or organs distal to the
vasculature which comprises an amount within the range from about .01 pgto 7.5 mg, .5

pgto 6.5 mg, 1pgioSmg, 500 pgto5mg, 1 ngto5 mg, 500 ngto S mg,1pgto S mg,
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activity using a Sciatic Nerve Assay. Sprague-Daw ey

rats (250-300 grams) (six per 5 group, including
w0 onto)sis wer e anest heti zed using isofl urane (BarU82006/031061

NPC 10019-773-60) and a Table Top Laboratory

Anest hesia System (fl owreter set to 2-3 liters/mnute
50@usdo Spag,or Lang ta 5 mepfia tssys protestive mendide sand gaharmageutically

pl aced on a honeotherm c bl anket to ensure that the
acozptable eavpen db@rpectofred himboditment thenamaitud iofi iskuatpr@ectlye peptide is

during the operation. Core tenperature was nonitored
withi ile ro8ed Bom pbeReS pEhe 1 mhd Mn SEbRtre cA®biRnpt, thd'Rrhblation

anestheti1zed rat was exposed at md thigh through a

(A ALSE ' Walok Ad:pci sion with a

o G Ao Sop S 0 Ron BrfroR Bl

|'ade “scal pel the skin parall el

o a4 S B MG e

air of .dissecting scissors, The .sciatic nerve S
 pepiidss %

Y hedspd Haesiore sQgmitbigunchipn ingasimals daviag sndergone brain

braided silk thread (Ethicon, 685-G was passed under
trappe. ddioy e dglag of sitherd dayd or 30 dayse adminigteation of Hsbue prajeajive

a gui de whi ch was nmi ntai ned perpendicular to the
peptadesashoult be ebld totestdre fimetion es v@npdrbdto plassbotteeated mammals,

non-elastic cord which was then draped around the

g DT b wi Lh P St ab PEEe ot 100 ot am o

acfri‘g ) hfhug,t e %ﬁ%ﬁti&ﬁ’ it dio ﬁ%ﬁﬁﬂ: i \?\‘ieé.dlsste 0(6? s otééti\y@ rﬁéﬁtdttiees for

ease wei ght was allo hang “t or

before.the.si,l k suture was cut t.o release the 2

e St atma e b ogiton kP gt Ofbrein trauma and
erythrqpoietin, a 28 nol / kg dose f one peptid

other SRS &w o Jani%fgag irgagment yell BRomshS Y (¢ethree days,
injected into the caudal vein using a'/z cc insulin

fivedeysh gaveek, 2mwnth, pr lgsen The irvestigroig@lseglitested i aanethod for the
acids 102- 121) from pignment epitheliumderived growth

trehimetnd of {d2hbF)e dykfimbtickofdlomdng mplrly by atlinénistBfing e effeatiye amount
above was used as control. -94 WO 2007/ 019545

of BSsUk Uea0iB Q3 padeh. ARVE: s plotecBié p&ptideiag Absdribed Bt may be
were then closed and 5 ml of Lactated Ringers sol ution

usmrmg%ga%ﬁh@ﬁ%ﬂ;@gusl y into the rat. The core

tenperature of the rat was naintained at 35-37 C
Four _ciay € PheBeED ;bR MR o (05K 1o ho use
determned 5.b l.acing the rat in an acgrylic tube
of gty ﬁmﬂlecﬂraﬁ@tfﬁpe%rﬁw%ﬁmgw TLH BTPALIHAR 9 aﬁﬁ%é‘ﬁ&ﬂd a
digital scanner. After waiting 5 mnutes in order to
copepsiien fe dhe seatorasion o celbular, figsue 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 pg /kg body weight,

preferably about 5 -50 pg /kg-body weight, most preferably about 10-30 pg /kg-body
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taken of the rat's back feet that clearly displayed
all 5 toes. Three acceptable scans of each rat were
w aded19sig om t he scans, the Toe Spread (the dip¢BaSRne/031061
between the ball of the first toe and the ball of the
fifth toe) and the Internedi ate Toe Spread (the
welght, percasintifistretion e Hhistedfettivd dosé shdidd be sulfidientie aehigve bearum
ball of the fourth toe) were neasured. The static

legalk af figut pefsctive epthm gf@tﬂi’ thiz@Chbott 805 120,431166 ngfhihofSerum
Er bayraktar et al., Proc Natl Acad Sci U S A

MQ@&W@@F%&W%&EX&M&@ & aBE Rt E&Iu% ge@ op g 5 78,9,

Its entirety) atlstlca anal ysi s ormé

D NO. 34 NQ 47
f“h%“%sﬁ‘“?“"m gt vt ?S&geéd%agi W‘eﬁ?%d %?e&sssm’y e
ro static SCI atic A " SSI" about
CXAB fuatign gy Hsireny g n%wm%lsx Hegpsspapr after
PEDF fragmsnt (FIG 2). Figure 2 also shows that the
angpprepuiele itervalee. posveary ¥ éo b2 piepkse praferablat evegnd o 3 weeks. In one
equivalent, if not inproved, over that of the
emclodiaent] ﬁh@:ﬂfee!ﬁvﬁ dntomb bEtissne pioaduitive pepiidemndragshamscetitieally
approxi mat e di stance between carbonyl carbons 20 for

ack&Rable Sheidr RRPLE 9@&51{;521 i A466IE dORS BaleH (hdrabfRinés] Nanother

t he t hree-di nensi ona coordi nates provided by

ef%??%%?&?‘%&fﬁ%@%%%ﬁ?% RSt oSl ottt aggices
%?’ ?qjce hﬁé}f‘ﬁ S%I?S%Qﬁ]alf %g%g ﬁ%pogl\é?)bnoﬁo%c%r\l/trat%n or %ematoont
ween _about .3 Ato

di sta separation of het bout
arwsedgg% 25@#@?%@53@13 S350 DYsEgTTPeIp dustanges w. erf«'lmth@ mgthods

pr a0000000 AoNNNNNNNN agNNA
0 @&pmswt inveatiqy arg intended tp be peyvided eyromicgllyk us d' ~' N
d 7'd MMN

5.4 TRANSCYTOSIS

Carrier Molecule and Tissue Protective Peptide. The present invention is

further directed to a method for facilitating the transport of a Tissue Protective Peptide
across an endothelial cell barrier in a mammal by administering a composition which
comprises the tissue protective peptide in association with a carrier peptide, a peptide
capable of crossing an endothelial cell barrier, such as erythropoietin, as described
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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N~OdV ~ aM4 CMMz zzocn z0 z aaM M
azal >~ aoaaWddH VSP ~l Q Hao d

W(\ﬁ@wmmmé" zSaor q QIA z wUdql ~ ~ ~ ~pCcr/Uu82008031061
al aa'l dr uN y 0 d\oNcco vvi" ++ (4 p NNN Cl-

ONCWMMM 00 d NWI rl Q y Nd 00 00 00 IzF 00
N ni , - - ~Tissue|Proteptive Reptide as Carrier Mdtecule. ~TiBsue@riteutivEheptides

X R
of the invention may be useful as carriers for delivering other molecules across the

blood-brain and other similar barriers which they can travel across. A composition
comprising a molecule desirous of crossing the barrier with a tissue protective peptide is
prepared and peripheral administration of the composition results in the transcytosis of
the composition across the barrier. The association between the molecule to be
transported across the barrier and the tissue protective peptide may be a labile covalent
bond, in which case the molecule is released from gssociation with the tissue protective
peptide after crossing the barrier. If the desired pharmacological activity of the molecule
is maintained or unaffected by association with tissue protective peptides, such a
complex can be administered.

The skilled artisan will be aware of various means for associating
molecules with tissue protective peptides of the invention and the other agents described
above, by covalent, non-covalent, and other means. Furthermore, evaluation of the
efficacy of the composition can be readily determined in an experimental system.
Association of molecules with tissue protective peptides may be achieved by any number
of means, including labile, covalent binding, cross-linking, etc. Biotin/avidin
interactions may be employed; for example, a biotinylated tissue protective peptides of
the invention may be complexed with a labile conjugate of avidin and a molecule
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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GCU -F+ W awdwCQ 96 W 2007/019545
PCT/ US2006/ 031061 + + + + rna ONCa N NNN -~0\O

woooiwdd ~ 'ct <t Oz MQr r, r n z v Mdrismnesosiosl

Hzzzzs wQQa aaawv v v az ad~ a WAl a + +
we CHDenP' - Q c¢ aCrsaNlk ti a UAuU 97 W
2007/ 01954 mdPésTild 520 66 LOTiShAdd toERtdvRe Brdective paMide of the

PROTECTI VE PEPTI DES ARE NON
invention through a polyfunctional molecule, i.e., a polyfunctional crosslinker. As used
herein, the term "polyfunctional molecule” encompasses molecules having one
functional group that can react more than one time in succession, such as formaldehyde,
as well as molecules with more than one reactive group. As used herein, the term
“reactive group” refers to a functional group on the crosslinker that reacts with a
functional group on a molecule (e.g., peptide, protein, carbohydrate, nucleic acid,
particularly a hormone, antibiotic, or anti-cancer agent to be delivered across an
endothelial cell barrier) so as to form a covalent bond between the cross-linker and that
molecule. The term "functional group" retains its standard meaning in organic
chemistry, The polyfimctional molecules that can be used are preferably biocompatible
linkers, i.e., they are noncarcinogenic, nontoxic, and substantially non-immunogenic in
vivo. Polyfunctional cross-linkers such as those known in the art and described herein
can be readily tested in animal models to determine their biocompatibility. The
polyfunctional molecule is preferably bifunctional. As used herein, the term
"bifunctional molecule" refers to a molecule with two reactive groups. The bifunctional
molecule may be 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 sulthydryl
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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ERYTHROPO ETIC. A In Vitro Assessnent: 5 UT-7epo, a
human eryt hr opoi eti n-dependent | eukem a cell Iine, was
womedo19sar the determ nation of the erythropoi BET/US2006/031061

pot ency of the peptides. UT-7epo cells (Deutsche

Samm ung von M kroorgani snen and Zel | kul turen (DSMZ),

Cat. No. Thehonebijnatiomal moleanles have at denst maepgiive fuesiignal

medi umwi th 10% FBS and 5 ng/m erythropoietin. The
grcﬁif;ﬁ,' whieh atd 1B kaue.vikateattve/fuattidral groupe oeaheinobifemiional

of the cells 10 exposed to erythropoietin is nediated

maxc&wﬁmﬁid@;%& ERlmSIE YA 1 EY bRopY REd SétivieltE@p gioubs.n

receptor a Is a quantitative neasure of the capacity

of .eryt hr opoj et | n- | ' &hsissi cal
D b e L S
tra erred to f h.c lete 640, medi .y
Sl OB ol e G 0L ARiare R e A ek sgent
suppl enented with 5 ng/nl of 15 rec i.nant human .
wisr iy by Formnsiine: Al aSpiendkas, R Ve USER, HERhgmctionsl
flasks with 20 ml of nediumflask in a humdified
moélaeulsliavingitidns6ohCREiva esteGifsinclude esteronf diggrboyplic apids and
the assay, i.e., at 48 h, the cells were transferred
Ny @R cinimfde, iSoh exa®Piedlof eauhi Naticcitinidyloestbrs include
céntrifuged at 1,000 rpmfor 5 mnutes at room

i m%f ! iniNa8yldirssiBhaley] asdtheiri8luble bis-
dl%:@ﬁ S gﬂgﬁm}é\/:gmtﬁ?iﬁgé %@E&lo may%ralgt ar sﬂgt i on emadiua oo
% donor_ .20 calf ser == g 4 ] I
suffapig spina RS taneR el huch of it oAb A Bhtasslil s, hese
and . down pipette action.to.obtain si.ngl.ensel.l
hogiRbRREI o Fepgents Brayallg Em e RSFEIRT Ny i
starvation nedia to a obtain a density of 4 x 105 .
cel | s/ m , Thmkptergbifignstionsl molegiley havgiat iﬁﬂ%t ) Cﬁﬁ%r%‘f reggiive
m per 25 cn? flask. Following a 4 h incubation, the
groapd. sSTheaeactivg araups reaes ithrdidferent fangitonal gioups, ¢ad-» nregsat on the
Control cells were maintained 25 throughout with 5
peptifgbndihehsle@ily,t Thap ewe differet FuNbloa@Dgto isHhdireact with the
CTI US2006/ 031061 Cells were diluted to 200, 000
j t R RRH ' -li 1%Q4 abfideEloup)e.g.,
reg&b.%%{gl}lq 6%?% RteYétif ARt SR crR-1iRk @t L6 uatally iM& kloup)e. g

. A ate and exposed to varying concentrations
0B o8 b 1yq S 5 ST PR o AP ] drBup B Eystcines
o e b B SR B G RS T B LR e

from0.2 pMto 20 nM Following a further for 48 h
hydroxyl group on serine.

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 wilt usually be an amido or imido bond.
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i ncubation, a solution of 15 mM W5T- 1 Cell
Proliferation Reagent (Roche) was added to each well,

wat7oegpated for 1 hour at 37 Cin CO2. Aftepchigsiondlesiost
for 1 mnute, the plate was read in a plate reader
(absorption at 450 nm subtracted from background

ThehsRtiRe gfoup thit f6Afs M BJvalehd bhiepivitt an Brindgioup exhynfor example, be
erythropoietic activity at doses as high as 10,000 pM

an@lgﬂi%ed?’%arb&ﬁite bRRIpY a hAl08arBEBL g?@.lﬁl\’of dn &&. The preferred

erythropoietic activity for a dosé lower than 1

R BT BROU Dege phabrcn
gL i e R B R LA 0

di scussed _supra a peptide constructed of .tgé
pr esent i nkperasherdfuectiospl guerp wrmplly ineithse A tigbarofRaesroup
adm ni stered 0.8 gg/kg subcutaneously three tine per .
capabdkof beinpbenvEried inie a frvl grpup,atrs. grfiethatiemg e covalenthoad with
corresponded to the equival ent dose (on a nol ar basis)
a thiol . [T \CoPalehiybosld vl ikl Betn thtvettier bbnd omxdisuifide. The
erythropoi esis. Henogl obin 20 concentrati on was

re&?fv? iggﬂgflﬁqg%gg%QQ LGAlldnY bBYAd W3R aQhioR Brodp nediR E&bxample, be a

ana Corporation). Neither Peptide B nor

dogﬁﬁtbiggtg 61%[ l%%t%\%f\?ﬂﬁ@ )ﬁﬁ?l@@pes})% %P iagﬁ&%éﬁi&i%ﬁh{e.oﬁxgﬁ vk Ié‘?oup

r he“response

equi,nol ar dosage of EPQ is,. presented for .c ari san).

coRikininRE Aauss bp A QBurartinE e 4 ol e A oge5Rab roup,
weeks is due to the production of anti-EPQ

although othersi sughan ectybaniteite, are alsp possible. p reactivegdisyfde group may,
2007/ 019545 PCTI US2006/ 031061 red cell aplasia. In

fot etvintglathe abpnedyldihio zroup @rat 3, 56difhioddphaigroheanzoic acid) group.
observed for either peptide G or peptide F. EXAVPLE 4.

SdRE il ésof Hefepb B ARISENRT T agents Noh®inifighieative ddBRdDonds
Peptides can be readily assessed for tissue protection

intIBHO - Y £ ﬁ—(@-@yﬂﬂﬁ,—dﬁﬂi&)%r@ﬁﬁﬁé‘t@ éCﬁ‘Psi’soﬁ,)%?L1 AR 78, Biochem

protection Tromexcrtoxicity can be determ ned usi ng

1 B S S SR R ot
m@%iu?:gghﬁ%ﬁdoa:‘%cgr'iogﬁh‘-’a‘f&'l%mg%%ﬁEi-B%‘i'd;ﬁ%ﬂi%ﬂol%&ne‘?' 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 succinimidy! 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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10 98: 4044, hereby incorporated by reference inits
entirety). The ventral horn was trypsinized and
wEgsRtoiskiged through a 4% BSA cushion for 10 npear/gs2086681061
X g. Cells (representing m xed neuron-glia culture)
were seeded at a density of 2,000 cells/cn2 into
preféredn Mahy oftha tbsvepmentivied detetdbiifupatignabreagents aud their suidonate
| am nin. Modtoneurons were further purified by
saltd AR RARRBRI ity Pidlcd OBerBRAI Go \Rb&kBREHEAoRTISAW density
(20,000 15 cells/cn2) onto 24-nmm wel | pl ates precoated
With pol ) L Y o L o
Corp ot e TEErPa ri Ave e Bl CodpdRtio G ayBIITE labil

m%&gﬁﬁyﬁ%d 1;_%;%1% gﬁigﬁi %Sﬁﬁz gﬁ.g:%ﬂnﬁxtg g%%ﬁ%% egtlg%tg@ Eloéri'tro for
denbiephaemads ogiGA oG- 18 398 WS RIS Do) FERMeRproperte

was induced on day 6 in culture by incubation for 48 h

of Wit donjugatedintolemilelardstheiprdpsrtiesiof gt tinsue breteptive peptide), its
cultures; 50 mMfor purified cultures). Peptide D )

suft sy Thay BEn be Riskkign wae. Elile dofjogdtbdmolichlerrequifd shparation
before induction of cell death, and treatnent

frffd Rie! tﬁ%r%%ﬁé@%pﬁﬁ@ SorRAV M MEBIId Bl olirseasiBRseuethtion with

e ;:e I xed th 4% (vol/vol) paraforml dehyde in
PBS .| i0,. UL . WM 0 i its
o555 BTN RSt SAE et
' i bodi i - -100 WD.2007/ 019
P A 5 o B 0 BRI AR bt

(SM-32; 1:9,000) overnight, and visualized by using
inwhve tesfREdi n- bi ot i n nmet hod wi t h di am nobenzi di ne.
Viability of notoneurons was assessed norphologically
by count i AdsliSbaal 3opmaticni regarding hewdemaals qndwse Hiegras well as
the cover slip and staining for apoptotic bodi es was
otB@RRRindiRhAldekizafhlay be Bapined &ob (hSEQI¢WinPuBlications or others
corresponding to am no acids 58-82 of SEQ ID NG 1)

L 6l @k yprotected notoneurons frominjury caused by
a‘ﬁgﬁate (FIG 5). Aternatively, tissue protection

af forde y I C efset m ned usi ng an assay
Caerlﬁs?%ﬁi %ga?ﬁ%éa@gﬁﬁ%&%%le?ﬁgge]v%??ﬁ’ are neuronal -1i ke and
di e vij p i n_w t hdrawal, ;9f m Ti ssue
C‘HFE‘EreLgi' g‘%mﬁ%ﬁf‘?@ggw&%@%g&é@&)ﬁ?&? 10 conpar ed
to that of EPO using P19 cl one P19S1801Al1 as
JUBrEv‘?t@bsl%ﬂgpﬁlﬂqhﬁﬁég’ﬁ@%iéwsét al ., 2001, PNAS
98: 4044, nereby incorporated by reference inits
Swn . T.et y)),. 19¢4) Biochemel 3:2334m23H0hed undifferentiated in
DVEM suppl enented with 2 mM Lgl ut am ne; 100
Blatiler, W.A. et al., 1985, Biochem. 24:1517-152;

Liu, F.T. et al., 1979, Biochem. 18:690-697;

Youle, R.J. and Neville, D.M. Jr., 1980, Proc. Natl. Acad. Sci. U.S.A. 77:5483-5486;
Lerner, R.A. et al., 1981, Proc. Natl. Acad. Sci. U.S.A. 78:3403-3407,

Jung, S.M. and Moroi, M., 1983, Biochem. Biophys. Acta 761:162;

Caulfield, M.P. et al., 1984, Biochem. 81:7772-7776;

Staros, J.V., 1982, Biochem. 21:3950-3955;
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units/m penicillin G 100 ng/nil streptomycin sulfate
(@BCO; 10% (vol/vol) FBS (Hyd one), containing 1.2

w@tdohopsaNaHCO8 and 10 nmM Hepes buffer, her eafg@rmus2006/031061
referred 15 to as conplete nedium Serumfree nmedi um
contained the same conponents as above with the

Yatbltalte, Snetall., §¥19, FrnddBiockenadd1t353%% 5 ng/ M of
insulin; 100 ng/mM of transferrin; 20 nM

Yoshitaies Seetaine 198000, Bl 0askeil 34280 nM Na2Se3 (from
Sigma). For the experinents, 50% confluent cells were

Pi%hﬁ.??ﬁi@@z&ﬁ,%[]?s.ﬁ{e%w\,"'@.tﬂlof?@e:?ﬂ 24813958381,d1 ssoci at ed

trypsin, wa In serumfree nedium "and pl ated

Nl B, SR 1T AoBRT CHOAb AR BRRTn D one or i ih
LB ATcdtmih Ca o7 oRer dPToRRDE e & 201D

NO 29 (correspondi n% to ami no acids 38-57 of SEQ ID
Heaymdag . gpTaung, dast9870AnalBioghers. k483488 on wei ght
basis than EPO in preventing 25 apoptosis of pl9
HasbidasS.(EhlG 1984, J. Aiplied\Bichen/ 6:56535 csebof a0 aretdy061
EXAMPLE 5. M DDLE CEREBRAL ARTERY OCCLUSI ON MODEL.
inddRperaf@tlby CBLRRLBR #ifirdp] ghi g 250- 280 g were
obtained from 5 Charles River, Calco, Italy. Surgery

Br i nbs. 2?‘“3;9‘3 ,ﬂﬁa%?éwu§;1%%§%%%%€9% Sty
[ . . i ] .., BRI .
Fepfi ) 0 HiGoarighue el DET s InFbe Rty s iee s

/[ kg-bw, i.p.), the carotid arteries were visualized,
en%’t he right carotid was occluded by two sutures and
severed. A burr hole adjacent and rostral to the right
10 or bi t Batriensedhich ara srassesk hyohe eboendesatibril meibedemdal

artery ("MCA"), which was cauterized distal to the
conipositibnaof the presding inpreptore mchidp dbutiabmat litmed ¢ thedh@)d-brain
surrounding this fixed MCA | esion, the contral ateral
bafédr Othe BlodEtese baies, tBEBloddeekidsWarrick, the bloddyowasy Bgrier, blood-
traction provided by a fine forceps and then

neﬁ%‘t%ﬁ?é}?%loo AU PBNRY, ah@bRolSIREhtaMAANE) Wer e
subjected to the above noted 15 MCAO protocol. The

rats wer Nl I . .
eryt hr op?a%ﬁlmﬁ (rgéﬁ&gg? E)g )%an%)%;%gp 5 gé%ﬁ)d?ﬂﬁ%h% §91é Be;tmer
incﬁixcf'e, %gr/el}(s:gt)npye? lgx(r)]m{o%leg,%%c gsf grtogvﬁn ﬁgr(flllolill%,l r?e%frotmphic factors,

antibiotics, antivirals, or antifungals such as those normally excluded from the brain and

other barriered organs, peptide radiopharmaceuticals, antisense drugs, antibodies and
antivirals against biologically-active agents, pharmaceuticals, and anti-cancer agents.
Non-limiting examples of such molecules include hormones such as growth hormone,
nerve growth factor (NGF), brain-derived neurotrophic factor (BDNF), ciliary
neurotrophic factor (CNTF), basic fibroblast growth factor (bFGF), transforming growth
factor p1 (TGFp1), transforming growth factor f2 (TGFp2), transforming growth factor

B3 (TGEB3), interleukin 1, interleukin 2, interleukin 3, and interleukin 6, AZT,
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Additionally, peptide D (aa 58-82; 4.4 ug/kg) was
adm nistered in four doses at 2 hour intervals
wo sdobowisgy the occlusion to a separate group. POI/US2006/031061
assessnment of injury, rats were subjected to
behavi oral testing or the volune of the | esion was
antileididsrgaiaet Ahobyedredis Szt anth intnainosuppredsiveragents such as
sections perfornmed 24 hours post surgery in

cyd6&REHa '}fﬁiﬂgﬂaﬂ# cg%s B SMIRHEShNy BOhtesthpd € the dlssuefréicctive
presents a grap enonstrating the volume of |esions

rl 4 0l ALY 505 S o i
o S 5 A AR 2 g e

surgery by about two thirds: statistically egujval ent, .
to visualize Haase vethpn Bedein peuléiteadiadhediio adiRRrpIoaY Kpeptide in
erythropoietin. (b, Therapeutic w ndow of tissue
order 06 determviae thet rkgnessorbof hlzhaitrOsphissascwithiag patient ned
above was repeated for the instant exanple. Follow ng
the occl UHeGResRiaeeltion, is ABSdirectedtngy tahpabition comprising a
erythropoietin (44 wug/kg, i.v.), or peptide D (SEQ ID
mdiutPHo 1§e‘e‘iir g sg(gftéfﬁ)ia VWeh &y REMIAREGRE 8h BdRe{a Bell B4 junction

I nmed at ter recirculation was established in the

carotid (i.e. . on : e IS '
oo B OlE PP AT SR 55 (g s ROIF bey
in 10 four dgses(,each 4.4 ug/kg-b hour . .
direrted o He5e GF 7 SOMHGH hEvGet Rieanie pit 4 fysue Dflietive peptide
group). (c) Behavioral testing. A separate group of,
cytakine asatescal)ltgd abess 00 tiorprepawis ol HaTBaePdcapipogion for the
protocol. Rats were tested on an el evated stainless
detiverglof giid wofebdle mci®8s & haxxieB88s dascribdgddboged d si ze of 30
nun according to the protocol of Markgraf et al.,
1992, Rragbhs affesbmoadls bidin2E3fo2dds ¢heueipyoienitor pulrtemsdytosis
by reference in its entirety). Wien placed on the
ard @io%defd% FWI?O BLOLAN herleBy TRVEHGR4EY BY réfdfbnce herein in its
otcasionally place a foot,” rather than on the grid,
hrough, a ari en y . r
enpig) Sgifhetide ARFH ekt ng ALl loiedi RO e
.rats treated with peptide D (SEQ I.D i . i
iy G5 61 bR Hiop S, BALALBHE P R TBEEY 1o Ak Spgoietine

treated with PBS (FIG 7B). | . .
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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No significant additional benefit was observed
followng the adm nistration of nultiple doses of
woapthesd (SEQ | D NO 30). Al though the nmean nporiyes2006/031061
foot -103 WO 2007/ 019545 PCTI US2006/ 031061 faults was
less in the group receiving multiple doses of peptide,
gﬁ%m fr&f ence observed was not significantly
6. [ erer@fromthe group receiving a single dose.
EXAVPLE 6. DI ABETI C NEUROPATHY 5 Di abetes was i nduced
' lge1.SPT a0 WeR PRIt PREG oy, Cal co,
%’g strgg?ozoclls)r?%g%?rr{iﬁstere at a single dose
of 60 nmg/kg ip in fasting rats_as__previously., .
descri bed. %m@n@ﬁ pf Beptide A éﬂﬁﬂ@ﬁ%@%\%ﬁf?‘?ﬁmﬁ?&ﬂ%@ ERQ gmino
A 101, 823-828, hereby incorporated by reference in, )
acitlissquente 3$57) andPaptide Bs(SRESIIE DIGY: 34, etretnonidingte FP&}amino acid
serum gl ucose levels to greater than 300 ng per
sediRfitd 34-82). (ng %9 (normal levels are < 10 100 ng 9.
abeti.c "animal s were then treated wth peptide D (SEQ

D N9 30 pedriad'al %ﬂeb NS, EAEPEride B SBO WOBO:34, fragments of

i ntraperitonea weeks after induction of the

| abet.i ate, nerv Gk | 3] :
R B6F e duh R e SREAE AR R on T Ghegisty
8A, the diabetic aninmals exhibited ar ction i
stepaifs P Lid-REF PO RBAUTINISH SLIeoTbey oS PP Ry apd Kent, 8.,
(normal ) to about 19 m's. Adm nistration 1% g% . d
“Tptap Sjutbeds ¢E@nbin, KD A9d) CHEM 5426030006 1261 R7-4A83 (incorporate
i ncrease in conduction velocity to about 23 nis. i
byAefidnice herelnyin itsteatitdigy Brieflyptive Gpginvets chrmesponding tefBO amino
quantified by measurenment of the tinme to paw
acil deeliauaR-F7péptideat, NTMPE TR WRIFY AWK RIVIENG, SEQ 87 2Y0:29) and
was ‘defined as the tinme between placement on the hot
iR Byfoilsh {6 - 0 (b AID SORIA OV ANUGH G KISERVERGQALLY,
hi nd paw. ch ani ma

_ _ I was tested tw ce separated by a.
TN S OO Ml Jiply o con
Pept | S D,_NO 30 i
iSSR0 e ot g Bty L E R sanlond Blfke

8B) . 25. EXAVPLE 7: PROTECTI ON O SCI ATI C,lNE}RVE ND
chirBRE varrReminy sRiaveERUNPieridbeEElows: rre(1os) absn(Xe),
2007/ 019545 PCT/ US2006/ 031061
Asp(OcHex), Cys(4-CH;Bzl) or Cys(ACM), Glu(OcHex), Lys(2-Cl-Z), Ser(Bz}),

(D "

el,q'é the side

Thr(Bz1), Tyr(Br-Z). After the peptide chain was assembled, the peptides were
deprotected and simultaneously cleaved from the resin suppott by treatment with
anhydrous HF containing p-cresol (90:10, v/v) for 1 brat 0 °C. Afier evaporation of the
HF under reduced pressure, crude products were precipitated and triturated with chilled
diethy! ether, and the peptides were dissolved in 50% agueous acetonitrile containing
0.1% TFA and purified by the preparative HPLC system. Peptide compositions were

confirmed using L.C-MS.
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Ci splati num (CDDT) was admi nistered intraperitoneally

to mal e Sprague Dawl ey rats at 2ng/ kg tw ce weekly for
w2008610845as described in Bianchi et al., 2006, pcUBM6/031061

Cancer Res 12: 2607-2612, hereby incorporated by

reference inits entirety. Aninmals were separated
%xwu ps of VALERATIODLOFREPHEDB-MEBIAGHIY TISSUE

adm ni stration, 5 animals al so received either peptide

G (SEQ I D NOpP#OTHCEHON! 9/ kg-bw or PBS i.p. three

ti mes per vveek A control group recei ved PBS i nstead

of CDDT. | at e | at enc ete .

descri be l}eﬁl %&%?FB ﬁge 3@%\5‘8‘3 Wﬁ’fﬁ ciP%I ?“? edrosgve

CDDT and only PBS exhi bited an_i ncrease @ baten .
acviftpasiegia Seiatio Ners Assay., SpragepBrwlastaii el Xﬂx per

i npai red thermal 10 sensitivity. In contrast, aninma
growgindheting vemdrol eenpepestiidized hsibg issdlurrme (BpxRONPE) lei)lﬂé9 -773-60)

latency (FIG 9A). Treatnent with peptide al so
anB 2B Péh CadTatbRoNaethepi) Iydtena(fldvitetedi} to 2-3 liters/minute @ 55

Specifically, ani rml s that had recei ved PBS exhibited

' eduaid Blanket e
T L e

oA R 2 AP S 4977 8 .
animals that received, PBS T EXAI\/PLI;.ﬂ:l
CORUSTRSTHEN FHOM BB T8 KBRS R FER SCiPREAPLRAT e

LEAK 20 Beneficial effects of tissue- prot ecti
anpsthetizgd satowasiexpesediay audihich fuelsghe quadticens mwﬁec@ﬁswon, a2
| eaki ness can be determi ned using a rat nodel of
cndlirebeddn with atliSrbdgpietseslpel was mhdesthroogblthe shimperalel andioyer the
used to determ ne | eakage fromthe bl ood vessel into
qUallfiSdpR Imasle a3 RAdcEs nitkctd wad cut 1@ 0Gdose tirevseittic nerve using a
QOht hal . Vis. Sci 42: 789-794 (hereby incorporated by

I ifforh tHhutrdundi
PR G I St St

e 0B 2 L RSP, SRR SR B v s
thprﬁaaiqegf tp%gqtﬁ%&%gst&?lg@ﬁ ! a%eﬁav 1(él§ WPEP%JUIE[%IEECF Beerpgndmular to the

singl e dose of strept ozot ocin (60 IEP) . JTwo dgé/s
ndree. eFhe engl ofghe mwearasrthentisdse agfon %St’&é\? Wbﬁ'@ﬁ?ﬂst Ifraped
di abetes nellitus (fasting serum gr ucose greater than .
ar8thipe Ynllensystens (AW YE. plilley dearing MTD 4B (PO Number 04174-01) with

stabilizer) and a 100 gram weight attached to the non-elastic cor& was slowly released.
The weight was allowed to hang for 1 minute before the silk suture was cut to release the
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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into groups of 6 animals each as well as a control

group that did not receive streptozotocin. The two
wolrgab®idsgs gr oups were admini stered either peptpdeuB2006/031061

(SEQID NO30) at 4 g.kg intraperitoneally 5 days a

week or PBS on the same schedule. After three weeks

of uncontpekhreledhabaiREl indfticihae el oved ahi Strhbefd actated
and adm ni stered Evans 10 Blue dye (30 ng/kg)

R.L[#%I‘S: %Yﬁ@%%ésym e\éf%ﬂ%ﬂb eg'll.éé %Yiﬁéi tHeQaCi THe b ¢ RndpRRFatdre of the

rans car di uncture, the animals were

then er h~PBS u cl ear
PO P ﬂa%“az GPEPRA ?ﬁ‘é“'ﬁayes e Then

renoved and the retinas arefuII ed fro
gl obe. TKWer theinext foghaays GWE\% ﬁfg%{?\% 1o oS QedHrined
determ ned by incubating the retinas in formam de

by plCirfgrthe 18 ihaw aeryliT hibe stifies diamster 0HAQ cxorurthe SoaifgsBEace of
and saved for analysis and the retinas conpletely

a dilfila® cooneh, Weltgheatting Satineted impdrilerto perokit acdinBitios, 4 scaniveas
super nat ant was determ ned by a spectrophotoneter and

§t AR d dlissieks/ EThred adoepiably sdans of
takgg?tggfél shggMA%&stgen [ nS}FI%\M?O, ani mal s that 1rjecei ved

eacj&rgt %ttr %ﬂ'm%f thP gc%:k d&e%"é;v a I '@e‘\ﬁt%&: between the ball of

& no T ncr 8ase In e dye wthin the
tina,
ihizp and A baLGULhS Bh S PR e TR e @REkbince
in retinal Evans blue copten icati t he
betvegen iheball efitha sgeond tpegd fhe E%ﬁ 0@3@\ n)g PRISTRGHEY The
FROM ACUTE RENAL FAILURE - 106 WO 2007/019545
staFICTla6e Dbk 66 fish coTipstaddnprondancevethpddirbaaakiar ¢ b 3603,
effective in preventing injury to the kidneys in the
PréENkil P@a88ci TEhAM0e, 674d 6 46r(htrebyirsbrporated by vederence in its

anest heti zed and an abdom nal incision nmade to

enﬁf a%n'd?s?at@ﬁéﬂ aﬁﬁg afdBdddes. Using an atraumatic
ar clanp, arteries were conpressed for 60

i nut s, SRTBLELS Xoddl 33? D Ko, 1880 1 NOWY) ahlithe

cl anps were en re Clrc ation and
@ﬁg&égfﬁt;{p &\fseg%calagy iy IP&EP %29 ?[a atl éci%fegnlg@ews%% of
bt loia'i%%{ﬁ“%@éﬂ%ﬁ{; %bﬁ?{éefﬁ%?}%%&fﬁfaﬁjag%

reperfusion, the animals were anesthetized 10 and

Figuer alsmshoperthatshaeffitacyaefi the PRt YeopapdaT Bn Ieish Qi valent, if
Fi xed animals were sectioned sagittally into hal ves

nod e pfoved heer fhakefithb yarbamgtasidosryihropb@stint or mal dehyde at

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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roomtenperature for one day. Hi stological evaluation
of the kidneys was perforned according to the

whsRbRfRls of Sharples et al., 2005, J Aner Socp®gp8famsiost
15: 211% (hereby 1n¢o porj{d yl refgrence in its

entiretyp 2Bpiefly, affer dehydyatipnf using graded 15
et hanol -ngeﬁes bf kil dhéy*rwere Enbefddgt i nf barafin,
cut int ¢25%nfFcrpnetel $e¢tions jand | mbunted on gl as

slides. |Sectionk on $lidés. rel deparaffini zed

xyl ene, | capntefstained w th hepat okylin and eosin,

and exa 'n_gd unjgr all ighg ni crpscopel One| hundred
fields rgy exapmrned|for i®ach kj dney, | and | score from
0to3 2gi velf or |ReReS t@UIGY pri®il R0, nor gl
hi sfol ogg &1, ¢ @ul ateBIE sl [T hg, Bush|Bor der

| os8, amd g0 nupdear [congignsiati bnfwth up fo one third
nuggear | offs; 2{“‘as fof $Torle 1| blt| gfeatef than one
thitpdd apnd less than fwp thirds tubulalr profiles

greater |thanftwo thirds
ear| | psg. | The hi stol ogi (

sho@i ng|muel ear | | oss] an( I
1
cial cul pt ed| by apditi on of

tubpl ar |gr&fil.el showin u
scoke f Q& Raghgki dney jwas

KapBan- Nei er net

er eZconpar ed wi th
thedl og [rank tes

$ {he de@endant

1 IEDGRVLERS IR B IEE:

al |8scol@s§ & Ehoarmuslelen seor popf| 3p8. - |07 WO
2008/ 019545 g@ﬂwyg% g3T06 A ni £0rat|on of
ei ther P&p i@eéz (SEQ 1D NO B3) 0( peptide| G (SEQ I D
NO%O) WES Bassoti at egi ith aj sipgn|f|cant reduction ifn
inj@ry $€o®e (pl< 0.05) ¢onparefl {tp the cpntrols. 5

LETTITEFF CY 'SSUEPROTECHT VE PEPTT DES [fN
CEREBRAL MALARI A. A rodent npde| of cFrebr al mal ari 4
vvas.gdevegl oped ateprgilng to Khiser|et |al.,|2006, J.
Infgct. Dis. 198:D8%{99&](hefaby |ntotporated by
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descri ption and acconpanyi ng draw ngs. Such

nodi fications are intended to fall within the scope
wobootbesappended clainms. All references cited PEI/E5M06/031061

are incorporated by reference herein in their

entireties for all purposes. -109 WD 2007/ 019545

PCTI US2006/ 031061 WHAT IS CLAIMED I'S: 1. An isolated

pol ypeptide consisting of a sequence of no nore than

QL %0 s LAY P BEDS i hOR 1
HI-NI-(X)nN2L| wherein n is 0-5; or (c)
N - (X) " - N2- ERYTHROPOIERIC.0. 5 and wherein H and
H2 are hydrophobic am no acids, NI and N2 are

ANegalyd Velo/Asdhssm@: am no aci ds, X is any am no acid,
and LI is a polar am' no acid; 10 and wherein said

5 pol ypept i gg. 5 £hith ﬁ&&ﬁf-ﬂéﬁ:ﬁn@&& 'Ié(ikEﬂnd ébllqme, was used

respon5|ve ce tlss organ.” 2. An isol ated

Ll il i I ki g
dtoshe '@;lf%ﬁlrm&\&gl' aorgprep ued Zelatiy @iz @afé‘r‘fa ACC

H2 are hydrophobic amno acids, Nl is a e tlvely
363) arege groaim ina cavipdste BPN%I%Ogmchumawm cﬂ%ﬁ
is a positively charged am no acid; and wherein sai d
erpthirgyoigitn. Jhe pediferation/havival G ﬁalbiﬂitz;einamaﬁze) ir¢sponge of the cells
responsive cell, 20 tissue or organ. 3. An isolated

10 e)ﬁﬁbéép@wﬁ:p@m% fnlefligied(by)the Blasiidal erylitio by s agpeastgropoietin
havi ng | ess than 90% sequence identity with any

ree&gft%f a?iea Sllgé gua tﬁ@e%%%ft@c%ﬁﬁ@f?gﬁ%tﬂmﬁﬁiﬁ@

as sal ypept
stimulate the classical erythropoietin receptor,

UT-7¢po cells were transferred to fresh complete RPMI 1640 medium
containing 10% donor calf serum, 4 mM L-glutamine, and supplemented with 5 ng/ml of
15  recombinant human erythropoietin. The cells were maintained in 75 cm?® flasks with 20
ml of medium/flask in a humidified incubator with 5% CO, at 37°C for 48 h. On day two
of the assay, i.e., at 48 h, the cells were transferred from the flask into a 50-ml conical
tube and centrifuged at 1,000 rpm for 5 minutes at room temperature. The supernatant
was discarded and the cells washed two times with 10 ml of starvation media (3% donor
20  calf serum, 4 mM L-glutamine). The cells were then re-suspended in starvation media,
using up and down pipette action to obtain a single cell suspension. The re-suspended
cells were diluted with starvation media to a obtain a density of 4 x 10° cells/ml, and
plated at a total culture volume of 10 mi per 25 cm? flask. Following a 4 h incubation,
the cells were again transferred to a 50-ml conical tube. Control cells were maintained

25  throughout with 5 ng/ml of rhu-erythropoietin,
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25 (ii) the amino acid notif: - 110 WD 2007/019545
PCT/ US2006/ 031061 (a) H NIL-(X),; N2-H2, wherein" is
w®z2y0(d3)s H N1- (X)"-N2-L1, wherein" is 0-5; orCT/{$X06/031061
L1-N1-(X),-N2-H , wherein" is 0-5; and vvherein H1 and
H2 are hydrophob| c amno acids, NL and N2 are
negat i velGellshvearg ditutadin2005000s]Is/aliin sfangatlanm@%mdﬁted at 100
and L1 is a polar amno acid; and wherein said
plRAILVR QG Well Plate fdldxpbsd tovayinptdoneerations éferythrapoietin,
responsive cell, tissue or organ. 4. An isolated

W@# A T T
r;' ﬁg&%f&@ Iggd@g%) %%?ﬁhg p‘%l Y andﬂ%eéen 2 egm 28
5 congenafloptiatiest hmaanis it O e 7o BNE Borkiwing a%%beeﬁ Hrash

HL and H2 are hydrophobi c am ng acids, Nl is
quagaom,\aeqowno@mﬁé@@i WislnbCelk Pepliferation Reagsst éﬁsocar-a Yias added to
acid, and P1 is a positively charged am no acid; and
caoh evetl] andsiacubapadl fipp & hbicke 373E in €10 | Afiter pisingdoi ¥ gninute, the plate
activity in a responsive cell, 20 tissue or organ. 5.
wad¥ead 510 flhRGeRRE YRBHtER aﬂiS(Dﬁxﬁl qibfracted Somekgionnd higsorption
di stance between Ni and N2 as a result of the

att6§ ry structure of said polypeptide is between
3 Ato about 5 A 6 The isol ated pol ypepti de

0. 55 °L T oSS Sl ARG by Mol & 1000

PCT/ US2006/ 03 - .
pM (FIG. 3). Prefera 115 ghe peptide will have no erythropoietic activity for a dose lower

than 1 pg/ml, and more preferably for a dose lower than 10 pg/ml.
B. In Vive Assessment:
To evaluate the erythropoietic activity of tissue protective peptide F
15  (SEQ ID NO:33) or peptide G (SEQ ID NO:40, as discussed supra a peptide
constructed of the presenting residues of Helix B), the peptides were administered
0.8 pg/kg subcutaneously three time per week to male Sprague Dawley rats. The
dosage schedule corresponded to the equivalent dose (on a molar basis) of EPO
previously determined to be elicit maximum erythropoiesis. Hemoglobin
20  concentration was determined periodically by use of an automated analyzer (Keska
Corporation).
Neither Peptide B nor Peptide C showed any increase in hematocrit
over the course of the study (FIG. 4; the response to an equimolar dosage of EPO is
presented for comparison). The decrease in hemoglobin noted for EPO after 3

25  weeks is due to the production of anti-EPO neutralizing antibodies which cause pure
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7. The isol ated pol ypeptide of claim®6, wherein said
di stance is between about 4.4 A to about 4.8 A 8.
wd b@7iosshat ed pol ypeptide of claim2 or 4, whePeTws2d06031061
di stance between NI and P2 as a result of the
tertiary structure of said pol ypeptide is between
redisollaplasia, {cantiabione neutralizing odsisspanse was ohgreyrd foe
of claim8, wherein said distance is between about 4 A
eitter psiide Gorpeplide FThe i sol at ed pol ypeptide of claim9,
wherein said distance is between about 4.4 A to about
4.8 A. 10 11. An isol ated pol ypeptide consisting of a
sequence of no nore than 30 amino acids and

th

ERXMELE 2 " pEPORIS AL brg ot B prikd

result of the ‘8& ASﬁatertlary structure of said

pol ypeptide s & t the di stance between the

carbonyl carpons of Nl _and N2 is about 3 A, to ,about 5

A, wher ei Rentiflesenp hereadily asgesserhios bswiemptaetionysing anymumber of
and N2 are negatively charged amno acids, and L1 is
invifyo ksseys Fonexaagilel prefactionhfeoreiencisenidiyp garyb@éﬁbménbdmsing
cellular protective activity in a responsive cell, 20

kdihissiduedd deagiadt mdide nitonadia! Spinpladoydepticd®dtained from 15-day
consisting of a sequence of no nore than 30 am no

olan eﬁlg%vH%S? %ég?der?% Js:'ige\g%ﬂ‘? g?&h?%%‘wﬂeﬁ ‘et GP,)ZOO&Q PNAS

9%%@4‘6@%8%%@?%@%66 b e sy eiﬁa’f?%ga?ffal born yas
o sl G TR S T GR TR oo

and P2 is about 3 A to about 5 A wherein H__and
(represemiing %mﬁdi%“%hﬁ)clé@r@é”erNﬁW@d at 2 dengify 0¥ 81000 chltsien? nto

charged amno acid, L1 is a polar am no acid, and Pl
24-smama “pﬂgjlattbsmbgoated with poly-DL ornithine and laminin. Motoneurons were

further purified by immunopanning and the cells were seeded at low density (20,000
cells/em®) onto 24-mm well plates precoated with poly-DL-ornithine and laminin, and
containing complete culture medium [Neurobasal/B27 (2%); 0.5 mM L-glutamine; 2%
horse serum; 25 mM 2 mercaptoethanol; 25 mM glutamate; 1% penicillin and
streptomycin; 1 ng/ml BDNF]. The medium (without glutamate) was re-added to
cultures on days 4 and 6.

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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5 charged am no acid; and wherein said pol ypeptide has
cellular protective activity in a responsive cell,

WO Regomses organ. 13. An isol ated pol ypepti de PCT/US2006/031061

conprising: (i) an am no acid sequence having | ess

t han 90% sequence identity with any 10 portion of SEQ
pivphyliatddnaunafilagments éﬁ‘rMIﬁanb&OOa) ommgbt aod visnalized by ising the

as said pol ypeptide; and (ii) the amno acid notif:
avidin—bibiih M2stRod with fianiEiNibeakitlineo Vidbhlity of mokdiiczdtb, wdshaasessed

is formed as a result of the of the tertiary structure

m@bpERAd Seal R URERGEALISME B0 o&iﬁ% cbINCackh s fOMCRI R WRADver slip and

t He car bonyl car bons of and N2 is about 3 Ato
Stﬁﬁi%éfo? @Pt%@*%@@%%ﬁ%?@?é?ﬁ "o no adi ds,

L1 wh
oot DD BP0 . oo 1 Bz

onsive cell, tissue or an. 14. An jsol ated
Cg (mmmétebfd?rﬁ?ep@ﬂ%otoneuxqrﬁ ity gaysebsskainate (FIG. 5).
PCT/ US2006/ 031061 (i) an am no aci d sequence havi ng
| ess t hanAYefatiecipcissee puptavtion giforded byrpepiddastcan he determined
SEQ I D NO 1 having the sane nunber of am no acid
udifs bl gy e@Bloyiiginp@eMORkIS evhictnste eionkPikedrddie 81 dpoptosis
motif 5 (a) HINL(L)"P1H2, wherein" is 0-1; or (b)
upt T {tharathl &5 seMBR " Bisthe prtelridn of ptids  (SHEHEY 1\@39} was

result of the of the tertiary structure of “sai d

BB RS U108 S g e

arﬁ%O?b}Q#AS 58 4044Wn ere%y mcorporated IB% rgtrerence in its entirety). Cells were

maintained undifferentiated in DMEM supplemented with 2 mM Lglutamine; 100
units/ml penicillin G; 100 mg/mi streptomycin sulfate (GIBCO); 10% (vol/vol) FBS
(HyClone), containing 1.2 g/liter NaHCO3 and 10 mM Hepes buffer, hereafier referred
to as complete medium. Serum-free medium contained the same components as above
with the deletion of serum and the addition of 5 mg/ml of insulin; 100 mg/ml of
transferrin; 20 nM progesterone; 100 mM putrescine; 30 nM Na2SeQ3 (from Sigma).
For the experiments, 50% confluent cells were pretreated overnight with EPO or vehicle,
dissociated with trypsin, washed in serum-free medium, and plated in 25-cm? tissue
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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10 hydrophobic am no acids, Nl is a negatively charged
amno acid, L1 is a polar amno acid, and P1 is a
weoepissel y charged am no acid; and wherei n saP@I/Us2006/631061
pol ypepti de has cellular protective activity in a
responsive cell, tissue or organ. 15. The isol ated
pol ypepti de of any one of clains 1, 3, and 5- 7,
wherein said amino 15 acid notif is (a) and wherein
EXAMPOERR ar e MIDPDIECEREBRANOARTERY QCELUSION 6.
The 1sol ated pol ypeptide of claim 11l or 13, wherein
said amno aciggypkif is (a) and wherein H and H2
are the sane hydrophobic am no acid. 17. The isol ated

I t
R T e R
s e T
X RN R

i sol ated pol ypeptide of any one of clainms 2, 4. and
byBrefddencatie ite entirstyi. dBriefiyn the ratsi werenan¢sthatiged az}th@hlom)hydme
wherein HL and H2 are the sane hydrophobic am no
(400 inShy/kg-bw1#; ? D6 220d A& 5ed wdrETisUR2RA54he Gikht &otidMwes
i sol ated pol ypeptide of claim12 or 14, wherein said

oRMdR8 bPtive sBBtdslantl Sedefdd. Rbubriholditfadkieati Fosivhl 18k dfht

are thé sanme hydrophobic am no aci 21. The isol ated
e i a%s YRy

Wner eé H’@Q}tq{ﬂxgd Eﬁ'@f ﬂr&’[% E V%% r@ ‘?%g"rln@r‘]‘%} 14,
vvhereln said amno acid notif |s(a) or (b) an
sugfespding ts fixed MOA desiony therconiralatersl satiloBiesy Wat ﬂ??hldEd for

acids. 23. The isol ated pol ypepti de of any one of

1 b bysusing t@gctian gradided yhafind forespisdnd thange-openadl. not i f
is (a), (b), or (c) and wherein N1 and N2 are the sane
negat i vel $prh@ucDawigdaia i per group) weé suffjeeted swthatabdve noted
pol ypepti de of claim1l or 13, wherein said am no acid

15 M@&@ rétdcdl@)The rdtPvereddninistcREHPBE eda%aﬂnﬁateaeﬁhmpae@n (44

ame negatively charged am no acid.

u%ﬁé}i 8t V\ﬁ rtiglglr?/ % %ﬁﬁ%guﬁﬁéﬁ 3k r&feas%lo@'ﬂ'i@oélﬂus%n. and
Additionally, peptide D (aa 58-82; 4.4 ug/kg) was administered in four doses at 2
hour intervals following the occlusion to a separate group. For assessment of injury,
rats were subjected to behavioral testing or the volume of the lesion was determined
20 by tetrazolium staining of brain sections performed 24 hours post surgery in
accordance with the previously noted protocol.
FIG. 7A presents a graph demonstrating the volume of lesions resulting from

the MCAO protocol. Treatment with peptide D (SEQ ID NO:30), either as a single

dose or by multiple doses, reduced the lesion volume resulting from the MCAO
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acid notif is (a), (b), or (c) and wherein N1 and N2
are different negatively 15 charged am no acids. 26.
wOorte7/0me4sat ed pol ypeptide of claim 1l or 13, WAeT/E81006/031061
said amino acid nmotif is (a), (b), or (c) and wherein
Ni and N2 are different negatively charged am no
surgerysy. abodiftwoTthizds: stitistieallyeqliivplent todbe tissuampyotestivestiects of
clainms 1-26, wherein said peptide is derived froma
cart,égﬁﬁaged tp@%ﬁn,zo 28. The isolated peptide of claim
wherein the type I cytoldne is granul ocyte-
rracr ophage colony stinulating factor, interleukin-3,
Thronmbopoi etin, Ciliary Neur ot rophl c Factor or
Leukem a J.nhi & ) . _
pol ypept (¥ 1agrapaiic pAnagy o sai d
pol ypepti de further conpri Ieast one,at her. of
th ef ol | SRPMCAR mgtosel %?é)"ﬁlbtﬁ%f ove e Ipeed R Hgagrsient
N2- H2, wherein" is 0-5; -115 WD 2007/019545
exmﬁ]/eusﬁnﬁmah@e@us@m propedure, BBS, capamylatedhaybropoidin (44
0-5; (c) LI-NI-(X)"-N2-H, whereinis 0-5 (d) H
ug/ik; {,*it.),"o\rAEbpﬁdE:, D \$eQaDMN Ot3@) 04.4 ug/kp wetd adhinistered to the rats
NI- H2, erein, is 0-1 5 (f) HININ2H2; (g) H NI N2L1;

hn%%)ﬁaké %@@c&dﬂaﬁﬁ%%ﬁeﬁéﬁd MR @kdtid (i 2., 0nd howrrfror Yhe
I PI wherein, is 0-1; 10 wherein ot i f (1),

ongeg)P Ilsgf;engﬂ% ;IE Il&iﬁg%,g) %@lar(gg ]’qubﬁ Qvffadidiistered in

rdePUTe peptld such that the

o G e P e

formed as a result of the of the tertiary structure
pepgrogp)-d pol ypeptide such that the di stance between the

carbonyl carbons of Nl and P2 is about 3 A to about 5

A, and wherein H and H2 15 are hydrophobi c am no

acids, N1 and N2 are negatively charged am no acids, X

Is any am no acid, (tlBelsviprgldbglingam no acid, and Pl

is a positively charged am no

A separate group of rats was also tested in a foot fault bebavioral

protocol. Rats were tested on an elevated stainless steel grid floor 30 cm x 30 cm
with grid size of 30 mm according to the protocol of Markgraf et al., 1992, Brain
Research 575:238-246 (hereby incorporated by reference in its entirety). When
placed on the grid, rat would attempt to move around and occasionally place a foot,
rather than on the grid, through a grid opening ("foot fault"). The number of foot
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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acid. 30. The isolated pol ypeptide of claim 29,
wherein at least two of said amno acid notifs are
waolzdbfieresss . 20 31. The isol ated pol ypepti de of PemySImNG031061
of clainms 1-29, wherein said polypeptide is chineric
peptide further conpr|3|ng an anphl athi c peptide
faults wes lesyzin thrngronp ticgiving poltiphedaseeiel pptige.dherdigference
wherei n sai d anphi pathic peptide helix conprises the
obsarveddwacnet siedficanty dAFSEM\dIBESroGEcEDind@ 4831e dose.
VALLPCPPCRA (SEQ I D NO 49); NAIIl KNAYKKG (SEQ I D
NO: 50); 25 GSWQRSLQDTE (SEQ I D NO: 51); GGSAARPAPP ( SEQ
I D NO:52); -116 WD 2007/ 019545 PCT/ US2006/ 031061
E EPYY ( i\?g : YPSKP (SEQ ID
GCSS VM VMLAI CFL ( SEQ

S S sV 1&&&%#%%%439%@&@& Lhigiet catco,
ITPﬁ.ﬁnQEtréth@do@ﬁl At RisteydiPitQ ﬁh%@a@bemﬁemﬁﬁgkg gﬁm féstﬂ@qats as

not 1 ncrease hermq%uobl n in the recipient

prevdenshy dapepbed Fimchiiet abs 2604 PoereNetl AshdSeigU ﬂ&iOl 823 828,
hemg[ugéc ?Eér%d%glréﬁéa e 1|;]:P*tsos g%t:ij X%ﬁ%%ﬂ;gwgg 61’3’mned 11)( increased

selﬁmn glutsue leﬁllsit’ocg‘reatd:ﬁhaﬂ B(D()/mgfpes decdhﬂéﬁ (thg %)i (ﬁsmﬁl Ogvels are <
organ. 35.. The jsol ated, pol yp e of _any_one of

100mg %) Piabstic gpigals werehen weat ‘é’! deptidesD (BQLR N30 4
ug@&ogﬁto?%ﬁl&% bvd $v¥e1& ﬁ&ﬁngﬂ%g 5 PROSveckY ShcrHIREDE of the

nective, harr, pancr eas,
digbetiostaten ne;rve aonduepom hdbcmy was &wtm;mmedswmg tlh:enauda,l nerveg,

liver, S renal. apill.ary, .
endot hel 14 Shopig 16744 B dla%?”%ﬁ%%ﬁ?&ml%dééFﬁi@t‘BP in caudal
ti ssues._ 36._ The .isol at ed ol ypept| de of any one
negyegopguctionvelgeiy Siom abug R do phant Hangeid ﬂdmwtratmn
protective activity in a stem ceI | . 37. The isolated
of poptidedp ($1Q IDINGI3E) mwas ngsooia@doﬁiﬂcaraimma&e Bondingioa vielocity to
said polypeptide has cellular protective activity in
abextA3tmakl e ti ssue. 38. The isol ated peptide of claim
35, wherein said excitable tissue is central nervous

syst em t i Sidi€onal§! the ARTMlal ASNEPHTe SredhaBMdiwaSHRntified by
cardiac tissue or retinal tissue.

measurement of the time to paw withdrawal in a “hot plate” test. Withdrawal latency

Dr—

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.

- 104 -



20 39. The isol ated peptide of any one of clains 1-36,
wherein said peptide is capable of traversing an
wezmooivsks al cell barrier. 40. The isol ated pepti/u§2006/031061
claim37, wherein the endothelial cell barrier
conprises the blood-brain barrjier, the b]ood- e¥e
barrier, €lsplaineodCDRDewmsrdrnisieredinisepgriteneatly to male Sprague-
barrier, blood-nerve or the bl ood-spinal cord barrier.
Dawlk¥ fats W2ROR 2/t k@M kRG0! DsreREadtafted id Biankhi ot al., 2006,
phar maceuti cal conposition conprising the isolated
CRR CYRER Rl €203 60706 12f hetbtp} Borborfedireference in its entirety.
pharmaceutically acceptable carrier. 42. The
pPHA ' 0 fod Chal: , DA TSAhfnistrati
ARSECRER i fled SRRk oF ] ot DAL 85 5 WA DD T Rfinistation,
ocu) ar, inhalational,. tr r.al ct al .
5 %B{Siaiﬁgdﬁ?mﬁd SHPERELCS G OSAR TR0 6 F4iag Re-hgor PBS i
pharmaceuti cal conposition of claim 39, wherein said
thoesrtpoesi ek wivek.sA cougrohgrepadceivedPBS instradtof CRP T Hejrplate latency
44, A nethod for protecting, nmaintaining or enhancing
whhdetsrinfiliéd dstdesatbed it Expopkeid/gboveel |, tissue or organ
i solated froma mammal i an body conprisi ng exposi ng

said 10 ggihals fHaPReEived COTERENG Shlf PRISAEIBGRH lah Gidrease in
conposition conprising exposing said cell, tissue or

i G u . o
g5 Borhfarh o RAGTREE Y wEPEROGeIc Mintimyalidl W,
of. .cl ai 1-38 far preparation . of a,..
10 selpisimite e edmpbafnat e e Rib e sRbibited oyl paplat
and/ or__prevention of a tissue injury, for the
lajeagy GFIS% P& of , or for the rejuvenation of tissue
and/or tissue 15 function in a subject in need ]
t her eof . T@atnyes vith peptils alsepratented CRIT-dfduspy peleriz(fF1G. 9B)
clainms 1-38 for the preparation of a pharnaceutical
Speeifiai} dndmalk aliat thaé rqeeiveé PBIScaxhitiied aajmmifi ¢ant inceasaindaily urine
or prophylactic treatnment in a subject in need

plol 8RR frth aBoRB0Gh DM Ed At 87 BEIEE:. InGAhBAD UNiFEIS Akving
di sease, respiratory disease, kidney disease, disease

i g idfl ‘%f@aﬁlﬂg*a?ffé o QLG Snimal
15 refiiehd ottt bl Y i PR R Bl N AR E R frimals
dj sease docri.n rmality, netabolic abnormality,
th&tﬁﬁ???%gﬁgdﬁ?ﬂ?ﬁ?tﬁgﬁ? or a disease or disorders of
the central or peripheral nervous system 47. The use
of claim43 or 44 wherein the subject is a mamal .

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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48. The use of claim45 wherein the manmal is a human.
- 118 WD 2007/019545 PCT/ US2006/ 031061 49. A net hod
wooo07hesius i tating the transcytosis of a nol ecuP€T/HEI006/831061
an endothelial cell barrier in a subject in need
t hereof conprising adm nistration to said subject a
retaingsonithin die Gtsmntionivalpss lerlginggs| of dhy vespel wadleseuss sush as caused
with an isol ated peptide of any one of clainms 1-38. 5
b ncotitrellevedinbatesaheldihemi m 47, wherein sai d associ ation
is a labile coval ent bond, a stable covalent bond, or
a non- coVRl tRitmedet, Fadtitigiredle BpidgueDawley fgs @tdite & Gingle dose of
said nolecule. 51. An isolated nucleic acid
o I . .
o Pl OB g1V O S LAE MR g D fion e fovejopment

tor ¢ ri.sing the nucleic acid of,.clai,m4 . s

o (bR Rk fern o, Erclel frof 06B oP ilyald o divided
.54. A ho cel] cantaining the expressiop,vector, of
ingd GroHpes 6 %Bmai& <A HOROLATH & Bﬁmtﬁ@ﬁ 53&* BOUEFHYE t he

i sol ated peptide of any one of clainms 1-38, said
streptoretpoio Ebc twe digbetic grotpuivetegdiministeradcithay papsidp HEEQ 1D

cell of claim52, 15 under conditions suitable for
NOB0)ex p pgkeiidifapekitarbly pdpyd diacclondPBS pn tiecavrrchatulb, After

isolation of said peptide fromsaid nedium 56. The

bkl aE df &%ﬁhﬁgﬁe@&iaﬁé‘t@é @ﬁ%aalm&re%gstﬁ@cizgcel Q%@ bidRistered Evans

conprises the am no acl ! sequence pepti

SRR AR ST B AR i
A A L S50 2,00 s RO 6, v

(RYLLUNI TTGC, SEQ I D NO 33), peptide G (QEQLERALNSS,
clsedollovednéds papfprnaidelyde.([du auEnmerGheRMoETd aggthe tefinas
NO 43), peptide J (QEQLERALNSSLRRYI NMLTRTR, SEQ I D
cexichulty Hissqpequt froke the globd The\WairR0 0FdtOHaFEHans Blue was determined by
PCT/ US2006/ 031061  ( WEHVNAI QEARRLL, SEQ | D NO 35), or

ingEting €hd retinas in formamide at 80°C for 18 hours, The supernatant was then

removed and saved for analysis and the retinas completely dried and weighed.
Concentration of Evans Blue in the supernatant was determined by a spectrophotometer
and a standard curve of Evans Blue dissolved in formamide established.

As seen in FIG. 10, animals that received administration of peptide D
(SEQ ID NO:30) experienced no increase in Evans Blue dye within the retina, compared
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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(KI RSDLTALTESYVKH, SEQ I D NG 37). 57. The isol ated
peptide of any one of clains 1-38, wherein said at

woemshigpe cellular protective activity is  PCT/US2006/031061
neur oprot ection, which activity is evaluated in vitro
by a 5 method conprising: (a) contacting a test _
cul ture obisPlerrateqtivs angsa rlsp etiedlitve iipreventinginjiyy to the
D-aspartate and said peptide; and (b) determning the
kidedyls in thelsettingpf éschadiah Adnk nabes Wistad titsowere anesthesizedand an
that if the cell viability determned in step (b) is

abdbdiad indianmbdedo suatiz€ bohirenal aderidslUbig @niattatimigtic vascular
absence of said peptide, the peptide possesses

I t | el e '
R e e T e

ol b TR SR AT (st
NOIER 5 weiias 7 13 NRAO Wokabminisredag00 R Aebw 37

. <151> 2006-07-18 <160> 58 <170> Fast SEQ for W ndows
infyayesipuHy 4 additam goupamdsrgoly ischeadareppved only PBS
intravenously.

Seventy two hours following reperfusion, the animals were anesthetized
and underwent perfusion-fixation using paraformaldehyde. Fixed animals were
sectioned sagittally into halves and further fixed by immersion in 10% formaldehyde at
room temperature for one day. Histological evaluation of the kidneys was performed
according to the protocol of Sharples et al., 2005, J Amer Soc Nephrol: 15: 2115 (hereby
incorporated by reference in its entirety). Briefly, afier dehydration using graded
ethanol, pieces of kidney were embedded in parafin, cut into 5 micrometer sections and
mounted on glass slides. Sections on slides were deparaffinized with xylene,
counterstained with hematoxylin and eosin, and examined under a light microscope. One
hundred fields were examined for each kidney, and a score from 0 to 3 was given for
each tubular profile: 0, normal histology; 1, tubular cell swelling, brush border loss, and
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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<213> Artificial Sequence <220> <223> Erythropoietin
peptide <400> 1 Ala Pro Pro Arg Lau Ile Cys Asp Ser
waewvads4dau Gu Arg Tyr Lau 1 5 10 15 Lau Gorskzo6/031061
Lys Qu Ala Gu Asn [le Thr Thr Ay Cys A:a GQu Hs ﬁo
25 30 Ser Au As le Thr Val Pro Asp Thr
Lys Val qlplﬁyséra SBAi@thfSP‘?BﬁF eﬁ' Q%QQDMWgM idef3SEQ ID
Val dy Gn Gn Ala Val GQu Val Trp 50 55 60 Gn Ay
NOEQ) miag aisegtat@dumgea significautaedngtion uinjyry sary (5<9.08) sompared
Lau 65 70 75 80 Leu Val Asn Ser Ser G n Pro Trp Qu
to BreccongrolsG n Lau His Val Asp 85 90 95 Lys Ala Val Ser
@y Lau Arg Ser Lau Thr Thr Lau Lau Arg Ala Lau 100
105 110 Ay Ala @ n Lys Qu Ala lle Ser Pro Pro Asp
Ala Ala Ser Ala Ala 115 120 125 Pro Lau Arg Thr Ile

s BRI, " At S isE PROCHCIV phERDR v

Thr Ay Gu Ala 145 150 155 160 Cys Arg Thr dy Asp
165 <210> 2 BREBRALMALARIA.]

A rodent model of cerebral malaria was developed according to Kaiser et
al., 2006, J. Infect. Dis. 193:987-995 (hereby incorporated by reference in its entirety.
Female CBA/J mice 7 weeks old were separated into groups of 20 animals. Each group

10 was infected with Plasmodium berghei Anka (PbA) administered intraperitoneally as a
dose of 10° PbA. infected erythrocytes. Mice received either PBS or peptide F (SEQ ID
NO:33) on days 4, 5, and 6 as intraperitoneal injection at a dose of 2.6 ug/kg. Clinical
status and blood smear data were gathered during the follow-up (end point D30).
Cumulative long-term survival was calculated according to the Kaplan-Meier method

15  and groups were compared with the log rank test. Survival time was the dependant
variable. A p-value of <0.05 was considered significant.

As shown in Figure 12, all mice in the control group (saline) died by day
8. In contrast, mice that 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

CS57BL/6 female mice (6-8 weeks of age) according to Savino et al., 2006, J

25  Neuroimmunol 172:27- 37, hereby incorporated by reference in its entirety. EAE was
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WD 2007/ 019545 PCT/ US2006/ 031061 <213> Artifici al

Sequence <220> <223> EPO anmino acids 44-49 associ at ed
wowrdoh/omsis gh affinity receptor binding site 1pr082002031061

Thr Lys Val Asn Phe Tyr 1 5 <210> 3 <211> 6 <212>

PRT <213> Artificial Sequence <220> <223> EPO am no

ind@RtdIBy ditfnthhdowd im@Rinatation W the flanks with adbthl off 209 g of MOG35 —
receptor binding site 1 <400> 3 Ser Asn Phe Leu Arg

558N t1 ’éepﬁﬁ%;g@t ﬁ]fzgénlﬁl 0, 31@SA5’Biﬁn58é1§1%tﬁﬂemﬁd’§ adjluvant

Jnte ncf amno acCids 11-1
(Sigmay g Loyl M@,t{&@éugﬁ\[& ’%}S’h 8 @%@gﬁ%{;@ RS t €

tuberculosis (strain H37RA; Difco, Detroit, MI, USA). Animals were housed in specific
pathogen-free conditions, allowing access to food and water ad libitum, Mice received
500 ng of pertussin toxin (Sigma) i.v. at the time of immunization and 48 h later. Weight
and clinical score were recorded daily (O=healthy, 1=flaccid tail, 2~ataxia, and/or hind-
limbs paresis, or slow righting reflex, 28 C. 3=paralysis of hind limb and/or paresis of
forelimbs,4=paraparesis of fore limb, 5=moribund or death). Food pellets and the
drinking water were placed on Petri plates on the floor of the cage to enable sick mice to
eat and drink. Peptide E (SEQ ID NO:31) was administered daily subcutaneously at a
dose of 4.4 micrograms/kg-bw, starting on day 4 after immunization.

Administration of peptide E (SEQ ID NO:31) significantly reduced both
the time course and severity of the clinical presentation of AEA in the treated animals (p
<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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<212> PRT <213> Artificial Sequence <220> <223> EPO
am no acids 100-104 interacting with a low affinity
wo emepinis bi nding site 2 <400> 5 Ser Ay Leu ApQr/88ro06/831061

5 <210> 6 <211> 4 <212> PRT <213> Artificial
Sequence <220> <223> |sol ated pol ypeptides conprising
WHAT IO CRATMEDSISE uct ural notif A 2 WD 2007/ 019545
6/ 031061 <220> <221> VARI ANT <222> 1,4
<223> Xaa = any hydrophobic anino acid (sane or
1. di f haneitd palppeptids 23AststinRIFANEquen2e aEnQ ndrettes 30 xayine-acids
any negatively charged amno acid (sane or different)
<4005 HmiiAfintABe §Adno@Ad mbtif:
(&) Hi-N;-(X)a-Na-Hz, wherein , is 0-5;
5 (b) Hi-Ni-(X)u-N2-L1, wherein  is 0-5; or
(¢) Li-Ny~(X)x-N2-H,, wherein , is 0-3;
and wherein H; and H, are hydrophobic amino acids, Nj and N are
negatively charged amino acids, X is any amino acid, and Ly is a polar amino
acid;
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) Hi-Ni-(L)p-Pi-Hp, wherein , is 0-1; or
15 (b) H;-P1-(L)e-Ni-Hy, 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. Anisolated polypeptide comprising:
(i) ap amino 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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<210> 7 <211> 5 <212> PRT <213> Artificial Sequence

<220> <223> Variant of isolated EPO pol ypeptides
wEoepoising amno acid structural notif A <22BeT/US2RAEM31061

VARI ANT  <222> 1,5 <223> Xaa = Any hydrophobi c am no

acid (same or different) <220> <221> VAR ANT <222>

2, 4 <223{?Xaﬂl-‘Np0@§)n-Nggﬁwhefeynpisd}@;ed am no acid

(sanme or ifferent) <220> <221> VARIANT <222> 3

<223> Xaa mq, dwhard@Dis 0-3%a2 Xaa Xaa Xaa
Xaa 1 5 10>}§U@9§. <212> PRT <213> Artifici al

Sequence 22 fed EPO
pol ypept| 9' n.d%?@;r ﬁl,%ﬂéreﬁ{ is%Qéa e

and wherein H; and Hj, are hydrophobic amino acids, Nj and N are
5 negatively charged amino acids, X is any amino acid, and L, is a polar
amino acid;
and wherein said polypeptide has cellular protective activity in a responsive cell,
tissue or organ.
4. Anisolated polypeptide comprising:

10 (i) an amino acid sequence having less than 90% sequence identity with any
pottion of SEQ ID NO:1 having the same number of amino acid residues
as said polypeptide; and

(if) the amino acid motif:
(8) Hy-Ni~(L)y-P1-Hz, wherein 5 is 0-1; or
15 (b) Hi-Py-(L)s-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 P\ is a positively
charged amino acid;
and wherein said polypeptide has cellular protective activity in a responsive cell,

20 - tissue or organ.

5. The isolated polypeptide of claim 1 or 3, wherein the distance between Nj and N,
as a result of the tertiary structure of said polypeptide is between about 3 Ato
about 5 A.

6. The isolated polypeptide of claim 5, wherein said distance is between about 4 A

25 to about 5 A.
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amno acid structural notif A <220> <221> VAR ANT
<222> 1, 6 3 WD 2007/019545 PCT/ US2006/ 031061 <223>
wOzm7/419548) hydr ophobi ¢ ami no acid (sane or difPET/®RL0D6/031061
<220> <221> VARI ANT <222> 2,5 <223> Xaa = Any
negati vely charged anino acid (sane or different)
7.<22(0Fhe is@iated polyReptidie of<d4ifrs, 3yhersin 32l dictance i9botwaed about 4.4 A
acid (same or different) <400> 8 Xaa Xaa Xaa Xaa Xaa
Xaa tokbbut £880> 9 <211> 7 <212> PRT <213> Artifici al
Sequence <220> <223> Vari ant of isolated EPO

8P ;g%qu‘zg%%é p@%@%ﬂ'@ 6@@3’ %?4,3%%&&15&&1&%@4 befLda N bnd P,
as a result of the tertiary structure of said polypeptide is between about 3 A to
5 about 5 A.
9. The isolated polypeptide of claim 8, wherein said distance is between about 4 A
to about 5 A.
10.  The isolated polypeptide of claim 9, wherein said distance is between about 4.4 A
to about 4.8 A,
10 11.  Anisolated polypeptide consisting of a sequence of no more than 30 amino acids
and comprising the amino acid motif:
(@) HiN1NoHy;
{(b) HN;NzLy; or
(¢) LiNiNoH;,

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 Nj 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,

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) HyN(L)pP1H,, wherein , is 0-1; or

(b) HiPy(L).N1Ha,, wherein , is 0-1;
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<223> Xaa = Any hydrophobic am no acid (sanme or

different) <220> <221> VAR ANT <222> 2,6 <223> Xaa =
wa\mo7negat i vel y charged amino acid (sane or dpétmssat)pstoet

<220> <221> VARI ANT <222> 3,4,5 <223> Xaa = Any

amno acid (same or different) <400> 9 Xaa Xaa Xaa

- Xaa XathakBdonsedl ash resul<dflifie of thetdtidey Sructidd 88s olypeptide
<213> Artificial Sequence <220> <223> Vari ant

i sol at gebhFRPIROLNRRE bR S QERbDh g:aﬂﬁ:[ﬂs'&?l\ﬁ%h&il’z isabowt3 A
structural notif A <220> <221> VA | ANT 4

oy 7B t%’@ R L i PR o ek w385

<221> VAR A . . .
negatively charged amino acid, L; is a polar amino acid, and P; is a positively
5 charged amino acid;

and wherein said polypeptide has cellular protective activity in a responsive cell,
tissue or organ.
13. An isolated polypeptide comprising;:
(i) an amino acid sequence having less than 90% sequence identity with any
10 portion of SEQ ID NO:1 having the same number of amino acid residues
as said polypeptide; and
(i1) the amino acid motif:
(@ HiNiNpHy;
(b)) HiNMNoLy; or
15 (c) LNiN:H,,
that is formed as a result of the of the tertiary structure of said
polypeptide such that the distance between the carbonyl carbons of Ny
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
20 polar amino acid;
and wherein said iaolypeptide has cellular protective activity in a responsive cell,
fissue or organ.

14. An isolated polypeptide comprising:
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<222> 2, 7 <223> Xaa = Any negatively charged am no
acid (same or different) <220> <221> VAR ANT <222>

W32007519545%223> Xaa = Any ami no acid (sane or dPCT/EEENEH31061

<400> 10 Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 1 5 <210>

11 <211> 9 <212> PRT <213> Artificial Sequence <220>
<223> (ipmhantin®bcid sajuahachdviR@ lps thae % deguenoaiientifyrith any
am no acid structural notif A <220> <221> VARI ANT

<222> 1, pBriiopdtSERED NOM hating Kiendedy @b 80 amfilocheid residues
(same or ™ different) <220> <221> VARIANT <222> 2, 8

1 <223> Xaa.z. L y charged am no acid (sane or
di fferent Si‘@%@%%b AR ANT  <222> 3, 4,5, 6,7

(ii) the amino acid motif:
(& HN;(L).P;H,, wherein ,is 0-1; or
(b) H;Py(1)N:Hs, wherein , is 0-1;
that is formed as a result of the of the tertiary structure of said
polypeptide such that the distance between the carbonyl carbons of Ny
and P, is between about 3 A and about 5 A, wherein H; and H, are
hydrophobic amino acids, Nj is a negatively charged amino acid, L; isa
polar amino acid, and P, is a positively charged amino acid;
and wherein said polypeptide has cellular protective activity in a responsive cell,
tissue or organ.
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 H, 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 Hj are different hydrophobic amino acids.
18. The isolated polypeptide of claim 11 or 13, wherein said amino acid motifis (a)
and wherein H; and Hj 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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<223> Xaa = Any amino acid (sane or different) <400>
11 Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 1 5 <210> 12

WO 207819545 <212> PRT <213> Artificial Sequence PE&RPB2006/031061

<223> Variant of isolated EPO pol ypeptides conpri sing
amno acid structural notif A <220> 5 WD 2007/ 019545

P29/ Usisdeicd polypeptidocliclaitiA oW\ H, wb2in daidaRBre asabmotif is (a)
Any hydrophobi ¢ am no acid <220> <221> VARI ANT <222>

2, Sor{BRan waaelmn Mywhd1egat ithealanedids biRMHntifo a&id
(sane or different) <220> <221> VARI ANT <222> 4

><<§§ %&gﬁggé%peﬂi&é oftily e B bdims# W0 Znd 8- 19280 RMh 4RPamino
acid motif is (a) or (b) and wherein H; and H, are different hydrophobic amino
acids.

22. The isolated polypeptide of claim 12 or 14, wherein said amino acid motif is (a)
or (b) and wherein H, and H, are different hydrophobic amino acids.

23. The isolated polypeptide of any one of claims 1, 3, and 5-7, wherein said amino
acid motif is (a), (b), or (¢) and wherein Ny and N, are the same negatively
charged amino acid.

24. The isolated polypeptide of claim 11 or 13, wherein said amino acid motif is (a),
(b), or (c) 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 (¢) 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:

(a) Hi-Nj-(X)p-Np-H,, wherein , is 0-5;

~115-



10

15

20

25

<211> 5 <212> PRT <213> Artificial Sequence <220>
<223> ariant of isolated EPO pol ypepti des conpri sing

wepinoises d structural notif A <220> <221> VARFANS2006/031061

<222> 1 <223> Xaa = Any hydrophobic am no acid <220>
<221> VARI ANT <222> 2,4 <223> Xaa = Any negatively

char ge(b) dNp- (AR b-Ls 22 Rpein g KI=5VARI ANT  <222> 3 <223>
Xaa = Any am no acid <220> <221> VARI ANT <222> 5

225 M ausonaolar g, o008 <4007 1 aq raa aa
Artifi (ﬁ)ﬁ-h-l@ —ai‘bn“%ﬁ{z, W%é%lnn is 0-1;
(e) Hy-P1-(L)p~N;-Ha, wherein , is 0-1
() HiNiNzH;
(g) N1 N2Ly;
(h) LiNiNoH,
(i) HiN;(L),P:1H,, wherein , is 0-1; or
() HiP1(L),N1H,, wherein ,, is 0-1;
wherein motif (£), (g), or (h) 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 motif (i) or (j) is formed as a resuit of the
of the tertiary structure of said polypeptide such that the distance between the
catbonyl carbons of N; and P is about 3 A to about 5 A; and wherein H; and Hy
are hydrophobic 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 NQ:48);
VALLPCPPCRA (SEQ ID NO:49); NAIITKNAYKKG (SEQ ID NO:50);

GSWQRSLQDTE (SEQ ID NO:51); GGSAARPAPP (SEQ ID NO:52);
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<223> Variant of isolated EPO pol ypeptides conpri sing
6 WO 2007/ 019545 PCT/ US2006/ 031061 am no acid

watwooiasunl notif A <220> <221> VAR ANT <222pCH/USDBG031061

Xaa = Any hydrophobic am no acid <220> <221> VARI ANT
<222> 2,5 <223> Xaa = Any negatively charged am no
aci MATSERNDAPY YO{SEQIR NQ: 538 BALARAXYPSKPAREANID N2 24>

3,4 <223> Xaa = Any am no acid (sane or different)

<220TSSAWSYAR| MO IS ARG3SS VIARRILIAEFE (BB IONGS6);

am no acid <400> 14 Xaa Xaa Xaa Xaa Xaa Xaa 1

<2 R RO, RN o g

C3%r.n.l)"[1ie Ic’siopaged polypeptide of any one of claims 1-30, wherein said polypeptide
does not increase hemoglobin in the recipient.

34, The isolated polypeptide of any one of claims 1-31, wherein the cellular
protective activity is protecting, maintaining, enhancing or restoring the function
and/or viability of said cell, tissue or organ.

35. The isolated polypeptide of any one of claims 1-32, wherein said polypetide has
cellular protective activity in neuronal, bone, eye, adipose, connective, hair, teeth,
mucosal, pancreas, endocrine, ear, epithelial, skin, muscle, heart, lung, liver,
kidney, intestine, adrenal, capillary, endothelial, testes, ovary, or endometrial
cells or tissues.

36. The isolated polypeptide of any one of claims 1-32 wherein said polypeptide has
cellular protective activity in a stem cell.

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 ceniral 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 endotbelial 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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amno acid structural notif A <220> <221> VAR ANT
<222> 1 <223> Xaa = Any hydrophobic am no acid <220>

wE20hm19ARI ANT <222> 2, 6 <223> Xaa = Any negpeTA8L096/031061

charged am no acid (same or different) <220> <221>
VARI ANT <222> 3,4,5 <223> Xaa = Any amino acid (sane
o41.dA phanabéyticakeb2ositiod bomypfitingtHe issRixdpolypegddeodemy of

= Any polar amino acid <400> 15 Xaa Xaa Xaa Xaa Xaa

Xaa ofms 113 Panfl MMRapAELRIARAR ESHIBIL B0 PRE/ 031061  <210>
16 <211> 8 <21 PRT <213> Artificial Sequence <220>

BRI VAL ARl b3BbaET, ERRRPLY RS Sd SOMBLLALT
formulated for oral, infranasal, ocular, inhalational, transdermal, rectal,
sublingual or parenteral administration.

43. The pharmaceutical composition of claim 39, wherein said composition is
formulated as a perfusate solution.

44, A method for protecting, maintaining or enhancing the viability of a responsive
cell, tissue or organ isolated from a mammalian body comprising exposing said
cell, tissue or organ to a pharmaceutical composition comprising exposing said
cell, tissue or organ to the pharmaceutical composition of claim 39, 40, or 41.

45. Use of an isolated peptide of any one of claims 1-38 for the preparation of a
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 ireatment or
prophylactic treatment in a subject in need thereof of a cardiovascular disease,
cardiopulmonary disease, respiratory disease, kidney disease, disease of the
vrinary 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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<220> <221> VARI ANT <222> 1 <223> Xaa = Any
hydr ophobi ¢ am no acid <220> <221> VARI ANT <222> 2,
w0 200288345aa = Any negatively charged am no acPdr/{iSzu0&031061
or different) <220> <221> VARI ANT <222> 3,4,5,6
<223> Xaa = Any amno acid (sane or different) <220>

WB2A NG fTaciliidBeg the tredddrosiasl amolrulRRkRiss aiemivthelial cell
acid <400> 16 Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 1 5

<20yl pe e o el g A T g At o
S/Z%)c)r B Isﬂ&»gf%gpnfl%inagcsja{jd P o gslso&g{ié)ﬂ whth 56 1@ Tated E%&iﬁe 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
(QRQAVEVWQGLALLSEAVLRGQALLYV, 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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10

<223> Xaa = Any hydrophobic am no acid <220> <221>
VARI ANT <222> 2, 8 <223> Xaa = Any negatively charged

wamono1wei d (same or different) <220> <221> PERUAND6/031061

<222> 3,4,5,6,7 <223> Xaa = Any am no acid (sanme or
different) 8 WD 2007/019545 PCT/ US2006/ 031061 <220>
<22 (WEHN\RNANJEARRIZ:; SEQH2 BFO:X8)p orpéptidedol ar ami no
acid <400> 17 Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 1

5 RIESDIBARTESY VK828 IDRRD:398.13> Artifici al
Sequence <220> <223> Vari ant gﬁi sol ated EPO

09} $RE R Lo GARR O PG AU ATAS Blek 4 s A 16BIGhE cfttter

am gxootec%ve activity is neuroprotection, which activity is evaluated in vitro by a

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
culture in the absence of said peptide, the peptide possesses cellular protective

activity.

-120 -



<220> <221> VARI ANT <222> 2,3 <223> Xaa = Any
negatively charged am no acid (sane or different)
We2R0M1954221> VARI ANT <222> 4 <223> Xaa = AnyPCT/US2006/031061

hydr ophobi ¢ amino acid <400> 18 Xaa Xaa Xaa Xaa 1
<210> 19 <211> 5 <212> PRT <213> Artificial Sequence
<220> <223> Variant of isol ated EPO pol ypepti des
conprising am no aci dSBRUEYEE UrgFiNpti f A <220> <221>
VARI ANT = <222> 1 <223> Xaa = Any polar am no acid

<110> Bsspps, < SYUARI ANT <222> 2,4 <223> Xaa = Any

i °CHarged anino acid (same or different) 9

‘v
%%%7/ d845 PCT/ US2006/ 031061

<120> Tissue Protective Peptides and Uses
Thereof

<130> 10165-032-228

<150> 60/705,741
<151> 2005-08-05

<150> 60/706,276
<151> 2005-08-08

<150> 6G/831,737
<151> 2006-07-18

<160> 58
<170> FastSEQ for Windows Version 4.0

<210> 1

<211l> 165

<212> PRT

<213> Artificial Sequence

<220>
<223> Erythropoietin peptide

<400> 1
BRla Pro Pro Arg Leu Ile Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu
1 5 10 15
Leu Glu Ala Lys Glu Ala Glu Asn Ile Thr Thr Gly Cys Ala Glu His
20 25 30
Cys Ser Leu Asn Glu Asn ITle Thr Val Pro Asp Thr Lys Val Asn Phe
35 40 45
Tyr Ala Trp Lys Arg Met Glu Val Gly Gln Gln Ala Val Glu Val Trp
50 55 €0
Gln Giy Leu Ala Leu Leu Ser Glu Ala Val Leu Arg Gly Gln Ala Leu
a5 70 75 80
Leu Val Asn Ser Ser Glan Pro Trp Glu Pro Leu Gln Leu His Val Asp
85 90 95
Lys Ala Val Ser Gly Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu
100 105 1310
Gly Ala Gln Lys Glu Ala Ile Ser Pro Pro Asp Ala Ala Ser Ala Ala
115 120 125
Pro Leu Arg Thr Ile Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val
130 135 140
Tyr Ser Asn Phe Leu Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala
145 150 155 160
Cys Arg Thr Gly Asp
165

<210> 2
<211> ©
<212> PRT



<220> <221> VARI ANT <222> 3 <223> Xaa = Any am no
acid <220> <221> VARI ANT <222> 5 <223> Xaa = Any
whyeropizedi ¢ am no acid <400> 19 Xaa Xaa Xaa XoBpUXHDG6/031061
15 <210> 20 <211> 6 <212> PRT <213> Artificial
Sequence <220> <223> Vari ant of isolated EPO
<213*péryifdptad&sgeomeri sing anmno acid structural nmotif A
<220> <221> VAR ANT <222> 1 <223> Xaa = Any pol ar
<220% i no _aci d <220> <221> VAR ANT <222> 2, 5 <223> Xaa
<223% E j‘mg% %‘ﬁg éggg@ﬂla&ﬁﬁnﬁtgc? d@8ane or
ey eht GCSE SURRLANT  <222> 3, 4
<400> 2

Thr Lys Val Asn Phe Tyr
1 5

<210> 3

<211> &

<212> PRT

<213> Artificial Sequence

<220>
<223> EPO amino acids 146-151 associated with a high
affinity receptor binding site 1

<400> 3
Ser Asn Phe leu Arg Gly
1 5

<210> 4

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> EPO amino acids 11-15 interacting with a low
affinity receptor binding Site 2

<400> 4
Val Leu Glu Arg Tyr
1 5

<210> 5

<211> 5

<212> PRT

<213> Artificial Seguence

<220>
<223> EPO amino acids 100-104 interacting with a low
affinity receptor binding site 2

<400> 5
Ser Gly Leu Arg Ser
1 5

<210> 6

<211> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> Isolated polypeptides comprising amine acid
structural motif A



<223> Xaa = Any amino acid (sane or different) <220>
<221> VARI ANT <222> 6 <223> Xaa = Any hydrophobic
wamion0194s d  <400> 20 Xaa Xaa Xaa Xaa Xaa Xaa PQT/BS2006/031061
<210> 21 <211> 7 <212> PRT <213> Artificial Sequence
<220> <223> Variant of isolated EPO pol ypepti des
<220>conprising amno acid structural notif A <220> <221>
Ziﬁii \ZARFW 10 WO 2007/ 019545 PCT/ US2006/ 031061 <222> 1
> Xa r. amno aci d <220> <221> VARI ANT
<223> >a?yE;yélfA§¥ b?(ﬁaam—mﬂn?c ga?l “éfy charged am no
di fferent) <220>  <221> VARI ANT <222>
<220>3 4 5 <223> Xaa = Any amino acid (sanme or different)
<221> VARIANT
<222> 2,3

<223> ¥Xaa = any negatively charged amino acid (same or
different)

<400> 6
Xaa Xaa Xaa Xaa
1

<210> 7

<211> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> Variant of isolated EPO polypeptides comprising
amino acid structural motif A

<220>

<221> VARTANT

<222> 1,5 .

<223> Xaa = Any hydrophobic amino acid (same or
different)

<220>

<221> VARIANT

<222> 2, 4

<223> Xaa = Any negatively charged amino acid (same or
different)

<220>

<221> VARIANT

<222> 3

<223> ¥Xaa = Any amino acid

<400> 7

Xaa Xaa Xaa Xaa ¥aa

1 5

<210> 8

<211> 6

<212> PRT

<213> Artificial Sedquence

<220>
<223> Variant of isolated EPO polypeptides comprising
amino acid structural motif A

<220>
<221> VARIANT
<222> 1, 6



<220> <221> VARI ANT <222> 7 <223> Xaa = Any
hydr ophobi ¢ am no acid <400> 21 Xaa Xaa Xaa Xaa Xaa
WK 745 1 5 <210> 22 <211> 8 <212> PRT <21BET/US2006/031061
Artificial Sequence <220> <223> Variant of isol ated
EPO pol ypepti des conprising amno acid structural
<223> e + y<ppdrophebin) snimReANT (sa@@2x 1 <223> Xaa = Any
POIEaRT i no aci d <220> <221> VARI ANT <222> 2,7 <223>
<220> @@ = Any negati vely charged am no acid (sane or
221> ALfEgEeNt ) <220> <221> VAR ANT  <222> 3,4,5,6 <223>
<222>XA& = Any amino acid (same or different) <220> <221>

<223> VARl Ahﬂﬁy ﬁgégglvgly charged animo acid {same or
different)

<220>

<221> VARIANT

<222» 3,4

<223> Xaa = Any amino acid (same or different)

<400> 8
Xaa Xaa Xaa Xaa Xaa Xaa
1 5

<210> 9

<211> 7

<212> PRT

<213> Artificlal Sequence

<220>
<223> Variant of isolated EPC polypeptides comprising
amino aclid structural motif A

<220>

<221> VARIANT

<222> 1, 7

<223> Xaa = Any hydrophobic amino acid {same or
different)

<220>

<221> VARIANT

<222> 2,68

<223> Xaa = Any negatively charged amine acid (same or
different)

<220>

<221> VARIANT

<222> 3,4,5

<223> ¥aa = Any aminc acid (same or different)

<400> 9
Xaa Xaa Xaa Xaa ¥aa Xaa Xaa
1 5

<210> 10

<211l> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> Variant of isolated EPO polypeptides comprising
amino acid structural motif A

<220>
<221> VARIANT



<223> Xaa = Any hydrophobic am no acid <400> 22 Xaa
Xaa Xaa Xaa Xaa Xaa Xaa Xaa 1 5 <210> 23 11 WO
wWQem70058545 PCTI US2006/ 031061 <211> 9 <212> PRI/USAD&D31061
Artificial Sequence <220> <223> Variant of isol ated
EPO pol ypepti des conprising amno acid structura
<222>nbtd f A <220> <221> VARI ANT <222> 1 <223> Xaa = Any
<223>p¥ar A hpdeaphdbic2pboo a22d S(SWARIANT <222> 2,8 <223>
xai£ferom) negatively charged anino acid (same or
<zosdi fferent) <220>  <221> VARIANT  <222> 3,4,5,6,7 <223>

y amno acid (same or different) <220> <221>
:22;§§?@ﬁ§ﬁ¢n <222> 9 <223> Xaa = Any hydrophobi ¢ am no

<223>a@dad= Any negatively charged amino acid (same or
different)

<220>
<221> VARIANT
<222> 3, 4 5,6
<223> Xaa = Any amino acid {(same or different)
<400> 10
Xaa Haza Xaa Xaa Xaa ¥Xaa Xaa Xaa

1 5

<210> 11

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Variant of isolated EPO polypeptides comprising
amino acid structural motif A

<220>

<221> VARIANT

<222> 1, 9

<223> Xaa = Any hydrophobic amino acid (same or
different)

<220>

<221> VARIANT

<222> 2, 8

<223> Xaa = Any negatively charged amino acid (same or
different}

<220>

<221> VARIANT

<222> 3,4,5,6,7

<223> Xaa = Any aminoc acid (same or different)

<400> 11
Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa ¥aa
1 5

<210> 12

<211i> 4

<212> PRT

<213> Artificial Sequence

<2205
<223> Variant of ilsolated EPO polypeptides comprising
amino acid structural motif A

<220>



<400> 23 Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 1 5
<210> 24 <211> 4 <212> PRT <213> Artificial Sequence
W 20/0195223> Vari ant of isol ated EPO pol ypept i BE€BUS2006/031061
conprising amno acid structural notif A <220> <221>
VARl ANT <222> 1,4 <223> Xaa = Any hydrophobi c am no
:gggaéi’i“aﬂ’(¥ane or different) <220> <221> VARIANT <222>
2.,<223> Xaa = Any.negatively charged am no acid <220>
<223 3515 @ﬁﬁﬂﬁ'ﬁf"p%é% HQZ%‘)S/‘ Xaa = Any positively
<220scharged am no acid <400> 24 Xaa Xaa Xaa Xaa 12 WD
<2212QQ¢1Q#%9545 PCT/ US2006/ 031061 1 <210> 25 <211> 5

<222> 2, 3
<223> Xaa = Any negatively charged amino acid (same or
different)

<220>

<221> VARIANT

<222> 4

<223> Xaa = Any polar amino acid

<400> 12
Xaa Xaa Xaa ¥aa
1

<210> 13

<211l> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> ariant of isolated EPO polypeptides comprising
amino acid structural motif A

<220>

<Z2Z1> VARIANT

<222> 1

<223> Xaa = Any hydrophobic amino acid
<220>

<221> VARITANT

<222> 2,4

<223> ¥Xaa = Any negatively charged amino acid
<220>

<221> VARIANT

<222> 3

<223> Xaa = Any amino acid

<220>

<221> VARIANT

<222> 5

<223> Xaa = Any polar amino acid

<400> 13
Xaa Xaa Xaa ¥Xaa Xaa
i 5

<210> 14

<21l1> 6

<212> PRT

<213> Artificial Sequence

<220>
<223> Variant of isolated EPO polypeptides comprising

6



<212> PRT <213> Artificial Sequence <220> <223>
Variant of isolated EPO pol ypeptides conprising an no
waceiudiostsesict ural notif A <220> <221> VAR ANT PE€RPR2006/031061
1,5 <223> Xaa = Any hydrophobic am no acid <220>
<221> VARI ANT <222> 2 <223> Xaa = Any negatively
cﬁﬁ%@éécaﬁvﬁ@u@@ﬂalIK22@>A<221> VARI ANT <222> 3 <223>
<220%, Xaa = Any polar amno acid <220> <221> VARI ANT <222>
< > Xaa = Any positively charged am no acid <400>
<221> Agg%;
45 Xaa Xaa Xaa Xaa 1 5 <210> 26 <211> 4 <212>

<223>PBIa<.=2;§§ dl;,gg,ﬂoglgl aSeguenge <220> <223> Variant of
i sol at ed” EPO pol ypepti des conpri si ng

<220>

<221> VARIANT

<222> 2,5

<223> Xaa = Any negatively charged amino acid (same orx
different)

<220>

<221> VARIANT

<222> 3,4

<223> Xaa = Bny amino acid (same or different)

<220>

<221> VARIANT

<222> 6

<223> Xaa = Any polar amino acid

<40Q0> 14
Xaa Xaa Xaa Xaa Xaa Xaa
1 5

<210> 15

<Z211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> Variant of isolated EPO polypeptides comprising
amino acid structural motif A

<220>
<221> VARIBNT
<222> 1
<223> Xaa = Any hydrophobic amino acid
<220>
<221> VARIANT
<222> 2, 6
<223> Xaa = Any negatively charged amino acid (same or
different)
<220>
<221> VARIANT
<222> 3,4,5
<223> Xaa = Any amino acid (same or different)
<220>
<221> VARIANT
<222> 7
<223> Xaa = Any polar amino acid
<400> 15
Xaa Xaa Xaa ¥Xaa Xaa Xaa Xaa
1 5



amno acid structural notif A <220> <221> VAR ANT
<222> 1,4 <223> Xaa = Any hydrophobic am no acid
We2R00195221> VARI ANT <222> 2 <223> Xaa = Any PCTAIS2006/031061
positively charged am no acid <220> <221> VARI ANT
<222> 3 <223> Xaa = Any negatively charged am no acid
13 WO 2007/ 019545 PCT/ US2006/ 031061 <400> 26 Xaa Xaa
<210> Xaa 1 <210> 27 <211> 5 <212> PRT <213>
11 Pgtificial Sequence <220> <223> Variant of isolated
<212>EB% pol ypeptides conprising am no acid structural
<213>nmglfflé_aizggﬁuengg21> VARl ANT <222> 1,5 <223> Xaa =
Any hydrophobic am no acid <220>

<220>
<223> Variant of isolated EPO polypeptides comprising
amino acid structural motif A

<220>

<221> VARIANT

<222> 1

<223> Xaa = Any hydrophobic amino acid

<220>

<221> VARIANT

222> 2, 7

<223> ¥aa = Any negatively charged aminoc acid (same or
different)

<220>

<221> VARIANT
<222> 3,4,5,¢6
<223> Xaa = Any amino acid (same or different)

<220>

<221> VARIANT

<222> 8

<223> Xaa = Any polar amino acid

<400> 16
Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
1 5

<210> 17

<211i> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Variant of isolated EPO polypeptides comprising
amino acid structural motif A

<22C>

<221> VARIANT

<222> 1

<223> Xaa = Any hydrophecbic amino acid

<220>

<221> VARIANT

222> 2, 8

<223> Xaa = Any negatively charged amino acid (same or
different)

<220>

<221> VARIANT

<222> 3,4,5,6,7

<223> Xaa = Any amino acid (same or different)

8



<221> VARI ANT <222> 2 <223> Xaa = Any positively
charged am no acid <220> <221> VARI ANT <222> 3 <223>
wWXa@7/01958y pol ar amino acid <220> <221> VARI AMNTT/US2R&031061
4 <223> Xaa = Any negatively charged amno acid <400>
27 Xaa Xaa Xaa Xaa Xaa 1 5 <210> 28 <211> 11 <212>
PRT <213> Artificial Sequence <220> <223> Anphi pathic
<220he| j x from pancreatic pol ypeptide <400> 28 Leu Arg
S22 UBRH 11e Asn Met Leu Thr Arg Pro 1 5 10 <210> 29

<222> -
< > <212> PRT <213> Artificial Sequence <220>
<22$2§%%§'égﬁﬁP e -n?6%%éAB and N-term nal portion of

<4ooshehi x B corresponding to EPO am no acids 38-57

Xaa Xaa Xaa Xaa Xaa Xaa Xaa ¥aa Xaa
1 ]

<210> 18

<211> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> Variant of isolated EPO polypeptides comprising
amino acid structural motif A

<220>

<221> VARIANT

<222> 1

<223> Xaa = Any polar amino acid

<Z220>

<221> VARIANT

<222> 2,3

<223> Xaa = Any negatively charged amino acid (same oz
different)

<220>

<221> VARIANT

<222> 4

<223> Xaa = Any hydrophobic amino acid

<430> 18
Xaa Xaa ¥Xaa Xaa
1

<210> 19

<211i> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> Variant of isolated EPO polypeptides comprising
amino acid structural motif A

<220>

<221> VARIANT

<222> 1

<223> Xaa = Any peolar amino acid

<220>

<221> VARIANT

<222> 2,4

<223> Xaa = Any negatively charged amino acid (same oxr
different)



14 WO 2007/ 019545 PCT/ US2006/ 031061 <400> 29 Asn lle
Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys
woeap7/019585 10 15 Met Qu Val Ay 20 <210> 30 rel/As2a@6031061
<212> PRT <213> Artificial Sequence <220> <223>
Peptide D - the CGtermnal portion of helix B
<220>correspondi ng to EPO anmi no aci ds 58-82 <400> 30 A n
<221>C§Aﬁlﬂ"‘g Val Gn Val Trp Gn dy Leu Ala Leu Leu Ser
<22§i%u Ala 151015 Val Leu Arg dy Gn Ala Leu Leu
<2z P 205 EL10%31 <211> 20 <212> PRT <213>
<ogsArtificial Sequence <220> <223> Peptide E - a portion
<221>0fartigr A-B | oop consisting of a small cysteine | oop
<222>and a Beta-pl eated sheet corresponding to EPO am no
<223> aGiads 2§- UydropB@ic3dnidoya@s Ala Qu His Cys Ser Leu
Asn Qu Asn Ile Thr val Pro Asp 1 5 10 15

<400> 18

Xaa Xaa Xaa Xaa ¥Xaa
1 5
<210> 20

<211> &

<212> PRT

<213> Artificial Sequence

<220>
<223> Variant of isclated EPO polypeptides comprising
amino acid structural motif A

<220>

<221> VARIANT

<222> 1

<223> Xaa = Any polar amino acid

<220>

<221> VARIANT

<222> 2, 5

<223> Xaa = Any negatively charged amino acid (same or
different)

<220>

<221> VARIANT

<222> 3,4

<223> Xaa = Any amino acid {same or different)

<220>

<221> VARIANT

<222> 6

<223> ¥aa = Any hydrophobic amino acid

<400> 20
Xaa Xaa ¥aa Xaa Xaa Xaa
1 5

<210> 21

<211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> Variant of isolated EPO polypeptides comprising
amino acid structural motif A

<220>
<221> VARIANT

10



wOoRMTSEE t er m nal portion of

222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
221>
<222>
<223>

<400>

Thr Lys Val Asn 20 <210> 32 <211> 23 <212> PRT <213>
Artificial Sequence <220> <223> Peptide A - consists

Hel i x A cor r espPaTiiuszp06/031061
EPO am no acids 1-23 <400> 32 Ala Pro Pro Arg Leu Ile
Cys Asp Ser Arg Val Leu Gu Arg Tyr Leu 1 5 10 15

ileu Au Ala Lys GQu Ala Gu 20 <210> 33 <211> 16

X2 12 anpPR¥pol«a2 18sinAr 2¢ifdj ci al Sequence 15 WD 2007/ 019545

PCT/ US2006/ 031061 <220> <223> Peptide F - consists of
EPO am no acids 14-19 <400> 33 Arg Tyr Leu Leu Qu

Ala Lys GQu Ala Qu Asn Ile Thr Thr Ay Cs 1 5 10 15

gégi 34 <211> 14 <212> PRT <213> Artificial Sequence
ftazgihny negatively charged amino acid (same or

different)

VARIANT

3,4,5 '

Xaa = Any amino acid (same or different}

VARIANT

7

Xaa = Any hydrophobic amino acid

21

Xaa Xaa Xaa Xaa Xaa Xaa Xaa

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
L222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

5

22

8

PRT

Artificial Sequence

Variant of isolated EPO polypeptides comprising
amino acid structural motif A

VARIANT

1

¥aa = Any polar amino acid

VARIANT

2,7 ‘ .
¥Xaa = Any negatively charged amino acid (same or
different)

VARIANT

3,4,5,06 .

¥Xaa = Any amino acid (same or different)
VARIANT

8 ¥

Xaa = Any hydrophobic amino acid

22

¥aa Xaa Xaa Xaa Xaa Xaa Xaa Xaa

1

<210>

5

23

11



<223> Peptide B - consists of EPO am no acids 24-37
<400> 34 Asn Ile Thr Thr Ay Cys Ala Qu H s Cys Ser

Woew7Asys4sd u 1 5 10 <210> 35 <211> 14 <212>PERTS2006/031061

<213> Artificial Sequence <220> <223> GW CSF helix A
fragment <400> 35 Trp Qu H's Val Asn Ala lle Gn Qu
<2ll1>Ma Arg Arg Leu Leu 1 5 10 <210> 36 <211> 12 <212>
<212>plR¥ <213> Artificial Sequence <220> <223> TPO helix A
<213> Ak et ¥AY63°B6 Leu Ser Lys Leu Leu Arg Asp Ser His
<2z0>Val Leu His 15 10 <210> 37 <211> 16 <212> PRT
<223> ek 3Znt okl fd8kakg §@@%1f?ﬁeptﬁ&89>coﬁ§2§ﬁn§m F helix A
fragpedtia s400Pudd ks d ke Arg Ser Asp Leu Thr Ala Leu
Thr GQu Ser Tyr Val Lys Hi's

<220>

<221> VARTIANT

<222> 1

<223> ¥aa = Any polar amino acid

<220>

<221> VARIANT

<222>» 2,8

<223> Xaa = Any negatively charged amino acid (same or
different)

<220>

<221> VARIANT
<222> 3,4,5,6,7
<223> ¥aa = Any amine acid (same or different)

<220>

<221> VARIANT

<222> 9

<223> Xaa = Any hydrophobic amino acid

<400> 23
¥aa ¥aa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
1 5

<210> 24

<211> 4

<212> PRT

<213> Artificial Sequence

<220>
<223> Variant of isclated EPO polypeptides comprising
amino acid structural motif A

<220>

<221> VARIANT

<222> 1,4

<223> ¥aa = Any hydrophobic amino acid {same or
different)

<220>

<221> VARIANT

<222> 2

<223> Xaa = Rny negatively charged amino acid

<220>

<221> VARIANT

<222> 3

<223> Xaa = Any positively charged amino acid

<400> 24
Xaa Xaa Xaa Xaa

12



1510 15 <210> 38 16 WD 2007/019545
PCT/ US2006/ 031061 <211> 17 <212> PRT <213> Artifici al

wEenuenses <220> <223> LIF helix B fragnent <#ODws3a86/031061

@y Thr Au Lys Ala Lys Leu Val Gn Leu Tyr Arg lle
Val Val Tyr 1 5 10 15 Leu <210> 39 <211> 18 <212>

1 PRT <213> Artificial Sequence <220> <223> Interl eukin
3 (IL-3) helix A fragment <400> 39 Ser lle Met Ile
<210> D8P GQullelle Hs Hs Leu Lys Arg Pro Pro Asn 15
<211> 15 Pro Leu <210> 40 <211> 11 <212> PRT <213>
<212> PRbi ficial Sequence <220> <223> Peptide G - All
<213> B¥tEfic04r BegSedei Ng am no acids of helix B of EPO
<220>
<223> Variant of isolated EPO polypeptides comprising
amino acid structural motif A
<220>
<221> VARIANT
<222> 1,5
<223> ¥Xaa = Any hydrophobic amino acid
<220>
<2Z21> VARIANT
<222> 2
<223> Xaa = Any negatively charged amino acid
<220>
<221> VARIANT
<222> 3
<223> Xaa = Any polar amino acid
<220>
<221> VARIANT
<222> 4
<223> ¥Xaa = BAny positively charged amino acid
<400> 25
¥aa ¥Xza Xaa Xaa Xaa
1 5
<210> 26
<211> 4
<212> PRT
<213> Artificial Sequence
<22Q>
<223> variant of isolated EPO polypeptides comprising
amino acid structural motif A
<220>
<221> VARIANT
<222> 1,4
<223> ¥Xaa = Any hydrophobic aminc acid
<220>
<221> VARIANT
<222> 2
<223> ¥aa = Any positively charged aminc acid
<220>
<221> VARIANT
<222> 3
<223> ¥Xaa = Any negatively charged amino acid

13



<400> 40 Gn GQu Gn Leu Au Arg Ala Leu Asn Ser Ser
15 10 <210> 41 <211> 23 <212> PRT <213> Artificial
wEemuemses <220> <223> Peptide J - A chinera peoriudseansiost
Peptide G linked to pancreatic polypeptide helix
<400> 41 Gn GQu Gn Leu Au Arg Ala Leu Asn Ser Ser
<400> 26u Arg Arg Tyr Ile 1 5 10 15 Asn Met Leu Thr Arg
Xaa XaphKap\¥ga20 <210> 42 <211> 7 17 WD 2007/ 019545
i PCTI US2006/ 031061 <212> PRT <213> Artificial Sequence
<220> <223> Bet a-pl eated sheet found within AB | oop of
Zgo <400> 42 Cys Ser Leu Asn Qu Asn Ile 15 <210>

<210> <211> 18 <212> PRT <213> Artificial Sequence

<211>
<212> PRYT
<213> Artificial Sequence

<220>
<223> Variant of isolated EPO polypeptides comprising
amino acid structural motif A

<220>

<221> VARIANT

<222> 1,5

<223> ¥aa = Any hydrophobic amino acid
<220>

<221> VARTANT

<222> 2

<223> Xaa = Any positively charged amino acid
<220>

<221> VARIANT

<222> 3

<223>» Xaa = Any polar aminoc acid

<220>

<221> VARIANT

<222> 4

<223> ¥aa = BAny negatively charged amino acid

<400> 27
Xaa Xaa Xaa Xaa Xaa
1 5

<210> 28
<211> 11
<212> PRT
<213> Artificial Sequence

<220>
<223> Amphipathic helix from pancreatic polypeptide

<400> 28
Leu Arg Arg Tyr Ile Asn Met Leu Thr Arg Pro
1 5 10

<210> 29

<Z11> 20

<212> PRT

<213> Artificial Sequence

<220>

<223> Peptide C -~ loop BB and N-terminal portion of
helix B corresponding to EPO amino acids 38-57

14



<220> <223> Peptide | - A chinera peptide |inking the
helix B exterior-presenting amno acids to the beta
wQhkeaneisheet found within the AB | oop of thePEPOS2006/031061

<400> 43 Cys Ser Leu Asn Au Asn Ile dn Qu An Leu
Gu Arg Ala Leu Asn 1 5 10 15 Ser Ser <210> 44

<400> 2211> 5 <212> PRT <213> Artificial uen <220>

Asn IleDi@>VakrBypndr BbF tivsnVa¥ Agel§he @%@#Pglé@oﬁm A§9t o

1 anino__aci®ds 111,112,113, 196, and 118 of EP® <400> 44

Met GLAIPh Bl dy Lys ANa 15 <210> 45 <211> 22 <212> PRT
<213> tificial Sequence <220> <223> Loop CD- parti al
corresponding to anm no acids 112-133 of EPO <400> 45

«210> BgU Ay Ala G n Lys Qu Ala lle Ser Pro Pro Asp Al a

<211> Aba Ser Ala 1 5 10 15 Ala Pro Leu Arg Thr Ile 20

<212> PRT

<213> Artificial Sequence

<220>
<223> Peptide D - the C-terminal portion of helix B
corresponding to EPO amino acids 58-82

<400> 30
Gln Giln Ala Val Glu Val Trp Gln Gly Leu Ala Leu Leu Ser Glu Ala
1 5 10 15
Val Leu Arg Gly Gln Ala Leu Leu Val
29 25

<210> 31
<211> 290
<212> PRT
<213> Artificial Sequence

<220>

<223> Peptide E - a portion of the A~B loop consisting
of a small ¢ysteine loop and a Beta-pleated sheet
corresponding to EPQO aminc acids 28-47

<400> 31
Gly Cys Ala Glu His Cys Ser Leu Asn Glu Asn Ile Thr Val Pro Asp
1 5 10 15
Thr Lys Val Asn
20

<210> 32

<211> 23

<212> PRT

<213> Artificial Sedquence

<220>
<223> Peptide A - consists of the N-terminal portion of
Helix A corresponding to EPO amino acids 1-23

<400> 32
Bla Pro Pro Arg Leu Ile Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu
1 5 10 15
Leu Glu Ala Lys Glu Ala Glu
20

<210> 33

<211> 16

<212> PRT

<213> Artificial Sequence

15



<210> 46 <211> 4 18 WD 2007/ 019545 PCT/ US2006/ 031061
<212> PRT <213> Artificial Sequence <220> <223> am no
wa@ebod/oirsayiment of Peptide F <400> 46 d u Al a PEUSNN6/031061
1 <210> 47 <211> 6 <212> PRT <213> Artifici al
Sequence <220> <223> Peptide H - consists of EPO
<220>anino acids 61, 72, 75, 76, 77 <400> 47 Ser Qu Leu
<223> heptify Fgrpeongists 51RO aginep pedd=|34-19 12> PRT <213>

caoosAdificial Sequence <220> <223> Calcitonin <400> 48

Axg T}_rlzbietli%yeusgiu I.Allg ]IJ‘)%U G}@ lAllﬁe(l;'-’I.'Lungn qure] 'ﬁlxra TgryGl‘?reEys 15
1 5 10

15

<210> 34

<211> 14

<212> PRT

<213> Artificial Sequence

<220>
<223> Peptide B - consists of EPQO amino acids 24-37

<400> 34
Asn Ile Thr Thr Gly Cys Ala Glu His Cys Ser Leu Asn Glu
1 5 10

<210> 35

<211> 14

<212> PRT

<213> Artificial Sequence

<220>
<223> GM-CSF helix A fragment

<400> 35
Trrp Glu His Val Asn Ala Ile Gln Glu Ala Arg Arg Leu Leu
1 5 10

<210> 386

<211> 12

<212> PRT

<213> Artificial Seguence

<220>
<223> TPO helix A fragment

<400> 36

Leu Ser Lys Leu Leu Arg Asp Ser His Val Leu His
1 5 10

<210> 37

<211> 15

<212> PRT

<213> artificial Sequence

<220>

<223> CNTF helix A fragment

<400> 37

Lys Ile Arg Ser Asp Leu Thr Ala Leu Thr Glu Ser Tyr Val Lys His
1 5 10 15

<210> 38

16



< <211> 11 <212> PRT <213> Artifici al
w%%@g@égib Corticotrophin Rel easi ng Hor none P%zﬂ%@ﬂ%l

Val Ala Leu Leu Pro Cys Pro Pro Cys Arg Ala 1 5 10

<210> 50 <211> 11 <212> PRT <213> Artificial Sequence
<211x220> <223> Beta Endorphin <400> 50 19 WD 2007/ 019545
<21ZPCRTUS2006/ 031061 Asn Ala lle Ile Lys Asn Ala Tyr Lys
<213 rtEficiploSegyena® 10> 51 <211> 11 <212> PRT <213>

Artificial Sequence <220> <223> d ucagon <400> 51
<2200y

<223221}Il[5§g[€2{[{rg gagmébﬁrtg Ser Leu dn Asp Thr Gu 1 5 10

<400> 38

Gly Thr Glu Lys Ala Lys Leu Val Glu Leu Tyr Arg Ile Val Val Tyr
1 5 10 15

Leu

<210> 39

<211> 18

<212> PRT

<213> Artificial Sequence

<220>
<223> Interleukin 3 (IL-3) helix A fragment

<400> 39

Ser Tle Met Ile Asp Glu Ile Ile His His Leu Lys Arg Pro Pro Asn
1 5 10 15

Pro Leu

<210> 40

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> Peptide G - A1l exterior-presenting amino acids of
helix B of EPO

<400> 40
Gin Glu Gln Lew Glu Arg Ala leu Asn Ser Ser
i 5 10

<210> 41

<211> 23

<212> PRT

<213> Artificial Sequence

<220>
<223> Peptide J - A chimera peptide of Peptide G linked
to pancreatic polypeptide helix

<400> 41
Gln Glu Gln Leu Glu Arg Ala Leu Asn Ser Ser Leu Arg Arg Tyr Ile
1 5 10 15
Asn Met Leu Thr Arg Thr Arg
20
<210> 42
<211> 7
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<211> 10 <212> PRT <213> Artificial Sequence <220>
<223> Secretin <400> 52 Gy Ay Ser Ala Ala Arg Pro
WORG7TRIS4Pro 1 5 10 <210> 53 <211> 11 <212>PERUS2006/631061
<213> Artificial Sequence <220> <223> VIP <400> 53
Asn Ala Leu Ala Qu Asn Asp Thr Pro Tyr Tyr 1 5 10
<212> R10> 54 <211> 11 <212> PRT <213> Artificial Sequence
<213> apppRiciP FeaqNMOP  <400> 54 Ay Ala Leu Ala Gu Ala Tyr

Pro Ser Lys Pro 1 5 10 <210> 55 <211> 11 <212> PRT

<220> API
<223> $otSn1abldd LELA! (SEWEDES L AR 1oop of ERO

<400> 42
Cys Ser Leu Asn Glu Bsn Ile
1 5

<210> 43

<211> 18

<212> PRT

<213> Artificial Sequence

<220>

<223> Peptide I - A chimera peptide linking the helix B
exterior~presenting aminc acids to the beta
pleated sheet found within the AB loop of the EPO

<400> 43

Cys 8er Leu Asn Glu Asn Ile Gln Glu Gln Leu Glu Arg Ala Leu Asn
1 5 10 15

Ser Ser

<210> 44

<23il1> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> Terminal portion of helix C corresponding to aminc
acids 111,112,113,116, and 118 of EPO

<400> 44
Ala Leu Gly Lys Ala
1 5

<210> 45

<z21ll> 22

<212> PRT

<213> Artificial Sedquence

<220>
<223> L.oop CD-partial corresponding to amine acids
112-133 of EPO

<400> 45
Leu Gly Ala Gln Lys Glu Ala Ile Ser Pro Pro Asp Ala Ala Ser Ala
1 5 10 15
Ala Pro Leu Arg Thr Ile
20
<210> 46
<211> 4
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20 WD 2007/ 019545 PCT/ US2006/ 031061 <220> <223> G\RH
<400> 55 @y Cys S5er Ser An H's Trp Ser Tyr Ay Leu
WA 2B70054%x210> 56 <211> 11 <212> PRT <213> AreCT/U81086/031061
Sequence <220> <223> Par at hyroi d Hornone <400> 56
Val Met Ile Val Met Leu Ala Ile Cys Phe Leu 1 5 10
<212> ¥R10> 57 <211> 11 <212> PRT <213> Artificial Sequence
<213> 22pPH ck@P FPeq@BRR  <400> 57 Leu Ala Leu Ser Ile Leu Val
Leu Tyr Gn Ala 1 5 10 <210> 58 <211> 5 <212> PRT

<220> . > i fici < >
<223> A% Joid ' fhGade SEURRES, <220

<400> 46
Glu Ala Lys Glu
1

<210> 47

<211> 6

<212> PRT

<213> Artificial Sequence

<220>
<223> Peptide H - consists of EPO amino acids 61, 72,
75, 16, 17

<400> 47
Ser Glu Leu Arg Gly Gln
1 5

<210> 48

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Calcitonin

<400> 48
Ala Leu Ser Ile Leu Val Leu Leu Gln Ala Gly Ser
1 5 10

<210> 49
<211> 11
<212> PRT
<213> Artificial Sequence

<220>
<223> Corticotrophin Releasing Hormone

<400> 49
Val 3la Leu Leu Pro Cys Pro Pro Cys Arg Ala
1 5 10

<210> 50

<211> 11

<212> DRT

<213> Artificial Sequence

<220>
<223> Beta Endorphin

<400> 59

19



<223> A notif |ocated proxinmal to the transnenbrane
domain of the Erythropoietin Receptor ("EPOR")

WQLmre1934x220> <221> VARI ANT <222> 3 <223> XaaTas200§/031061
amno acid <400> 58 Trp Ser Xaa Trp Ser 1 5 21

Asn Ala Ile Ile Lys Asn Ala Tyr Lys Lys Gly
1 5 10

<210> 51

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> Glucagon

<400> 51
Gly Ser Trp Gln Arg Ser Leu Gln Asp Thr Glu
1 5 10

<210> 52

<211> 10

<212> PRT

<213> Artificial Sequence

<220>
<223> Secretin

<400> 52
Gly Gly Ser Ala Ala Arg Pro Ala Pro Pro
1 5 10

<210> 53

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> VIP

<400> 53
Asn Ala Leu Ala Glu Asn Asp Thr Pro Tyr Tyr
1 5 10

<210> 54

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> NP-Y

<400> 54
Gly Ala Leu Ala Glu Ala Tyr Pro Ser Lys Pro
1 5 10

<210> 55

<211> 11

<212> PRT

<213> Artificial Sequence

20



WO 2007/019545

<220>
<£223> GNRH

<400> 55
Gly Cys Ser Ser Gln His Trp Ser Tyr Gly Leu
1 5 10

<210> 56

<211i> 1l

<212> PRT

<213> Artificial Sequence

<220>
<223> Parathyroid Hormone

<400> 56
Val Met Ile Val Met Leu Ala Tle Cys Phe Leu
1 5 10

<210> 57

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> CGRP

<400> 57
Leu Ala Leu Ser Ile Leu Val Leu Tyr Gln Ala
1 5 10

<210> 58

<211> &

<212> BERT

<213> Artificial Sequencs

<220>

<223> A motif located proximal to the transmembrane
domain of the Erythropoietin Receptor ("EPOR"™)
protein

<220>

<22%1> VARIANT

<222> 3

<223> Xaa = any amino acid

<400> 58
Trp Ser ¥Xaa Trp Ser
1 5

21
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