1 NEUROPROTECTI VE PEPTI DES FI ELD AND BACKGROUND OF THE | NVENTI ON 5The
present invention, in sone enbodi nents thereof, relates to neuroprotective
pepti de agem)m/lamdsuses of sane. Neur odegener at i veCalilsznaiesogossuch as
Al zhei ner' s di sease (AD), Parkinson's Di seases (PD), Anyotrophic Lateral
Sclerosis (ALS) and Huntington's dise gse (HD), are adult onset, chronic,
progressive and irreversi b!& ﬁ h, qJII gl seases in 10 which
progressive | oss of struct dﬁﬁé #@t %ﬁ%(ﬁquﬁ]@ tSons i ncl udi ng deat h of
neurons are present. Al zhei ner's disease (AD) is the nobst preval ent

neur odegenerative dlsorder characterlzed by progressive |oss of cognitive
f unct i on FIBDDMANDdpAEK B wm 3t ei n abnormalities nanely
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pat hol oglp@m@r%eﬁ@@gggg@&ga@y | oss of neurons and white matter,
congophi I'i ¢ angi opat hy, inflammation and oxidative damage [1 The rol e of
i nfl ammation i umeggn@éﬁilV@eﬁé@fdeltSyS@ha%gééZhﬁﬁnqﬁScFitﬁgﬂsﬁ ARk d#dil@w “|and
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| 3- secr etags ad@lt @avagehibaic, pragdedivet el irdvieaiBeheadtelgusisahligesdis@Bedih
y-secretase, a protein conplex with presenilinl at its catalytic core. The
r esullfi ngvipeppiogesssize kss pb plaertuis and dwrssion of npyophdnchpsling feath RE nagPLI d

pl aques [} yresent. Par ki nson' s di sease (PD) is a chronic and progressive
neur odegener ative di sease caused by a sel ective degeneration of

dopami ner gi ¢ mduicomsr'y dischee SAD}tianhd ancmt gjravaﬂmltsneuﬁfdegﬁmmmeadleérdbhe

brain tonms i ncl ude notor-rel ted cl udi n ermr idit | owness
of rmvemsHF ractgriged By p{ﬂgaffsswﬁé%%m Otgi}l“Vﬁ\ ’i’f‘dloﬁo fsmpaf&x?#@gdﬁéieﬁ@

aut ononi g, %éﬁeﬁﬂ%ﬂo%al@t’i@ Iﬁ%&%pf)béqéé},dan@ RER Wl th e Svhi GOt | Ifl%ﬁl and
neurobehaV|oraI probl ens, including denmentia, arée conmon in the advanced

st ages ofdep(bmatl(m SﬁasmyloRDBuéAl[&) Iayldabﬂmplmsphlccmllad:dt lrea1, agepacfivdg, T;hlesd’lough

t here young- onset case The |n pat hol ogi cal characteristic of PD
s col | deoRdR P SCTBRRR: B o ogt Pl REH oY émep%iﬂt? i BAqTy CREORMH r al

part of tahgloﬁgtﬁf nRIRAGLEn afd Bﬁﬁ&ﬁx@da‘ﬂ&g&?l]ﬂﬂ{% %1&0?%&%&&1&%&@ i{ime the
patient dies [3 CD44 codes for a famly of class | transnenbrane
proteins emienctedrlaschamgésr mnnemglngnmehalbgﬁranétastmhsﬁlls isgirogndamgithg estile

ey ane AR b1 ABGELRGA §F RHBASHOOPn rir D b AKERIEH YO GH (ARC oxons
V2 (i} '%ﬂ&g@?gm E@t&%ﬂ@s&%tas@%“’wﬁ o FIBwWERIY grthg ?At}am%%? %%%u§ ﬂg%ﬁo‘hrb 5 for

hyal uron It has afso been shown protei ns such as
col | ageng: se&ﬂebrse,nequbﬂeln tompicrogah, prbs&[’[ﬂﬂlil nataitgl cagtyeepeosrti Mhe Sbsul@M4 i s

essenti al recrU| t of. cjrcul l.ynphocytes to _the site of
infl ammtpieBWEe[lé seergte @Eﬁﬁ@@osm R R A %W%ﬁr ant exon, is the
most ubi qui t O‘P%rﬁﬁ’%ﬁ‘s%aées(l’@é% £2RRA i 39§ re&§hd ndu¥ etﬂe@itwe%%sé’ ari ant

proteins, in which one or of the 10 ant exons 10 1 ncl uded,

ar e nost lcyused pyra setbctine dsgsociation oﬁdwanhnezrgmwurqn@]m dwckuhsiamlarmglmqaads seases
such as rheumgtoid agrthritis [10] and | ti escle SIS[ll of the
uni quf fﬁﬂ@??‘%ﬁs su%éestgﬁ for%éﬁm spPYIRRONY | an{n§ 5 par]inlolq 6% %6n in
signal t ﬁ@&%ﬁ%ﬁbﬁh@r 3N sIBHABR &F thdvengsit %ﬁl@%sthmlinsg%ﬂtyﬁA \E%Sﬁm i al
for signaling through tyrosi ne ki nases such as c- Met and GFR-2 [13].
151 n the hotel nSYQIAAM; sait guisdopiedisiinetian | gnd nscasary oey esle@f diffeculifist e
matter St 4 anl ant on ng_exaons V4, .V5 and V10
were | oca g?&d'let %ndjnél(élrugtﬁgﬁa[viaf% Séxlf)lrcgléia o(%e%lv\e/g{slaaﬁl% %?%un ] n%}actl vat ed
m crogl i advarekd stapes dffike BisgpocRIPLEllyQpbeuts Bduhd a&sageraif 6D odltugh thekschem a
[19]. CD44 was first mentioned in association with AD when Akiyana et al

r eporifed 2 ¥pEWEIset Qips skheonaiematholnsisal phasactestigafr B2 s eell dpath A difrber i s
i ncrease $hel

regenera’ig }lgé;tfﬂﬂmg;ﬂl eggér{%ﬂ 03 QJSQCIH’{CQ ef\g)eﬁilr%l I%q(l;)%ddfetﬂgé%gtﬁ%l gTJt?(%?fng){(h growt h
of retinad 7@%n:g“|t]nmllsébzltlset[1ﬂ6}heméﬁt diess[33hown to play a role in |schem' o
brain injury as CD44-deficient mce had reduced infarct size conpared with
that of wild-type mce followng mddle cerebral artery occlusion [21].
Lanmi ch et al [22] reported that CD44 25 goes through dual

i ntranenbr aneous cl eavage by a presenilin-dependent secretase [22] that

| i berates the extracellular domain as well as CD44 intracellular domain for
putati ve nucl ear signaling. W2009007934 teaches that that the
expression of splice variants CD44V3, CD44V6 and CD44V10 are significantly
i ncreased in the hippocanpi of AD patients 30 conpared to non- AD
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According to an aspect of sone enbodi nents of the present invention there
is 15 provided an isol ated peptide conprising at |east 3 amno acids of a
CD44V10 awDnor2aeir4ssequence and no nore than 20 am no a®CHALZ2/030604CD44V10
am no acid sequence, with the proviso that the peptide does not consist of

the am no acid sequence as set forth i2n SEQ I D NGs: 49 or 50, the peptide

conprising a uroprotective activjt Accordji ng to an aspect of .sone
enbodi ment s oﬁ%%gq&@ésf%e e Rt Clge | _ﬁréP%n?@nge BrUS Py Ed AnPebiiRfkd
pepti de GQMRLLSIANGrAtive QBRLing A t AdrdBitioh Ao, aH-NGurBfibes SRAUENce
and no nore than 20 am no acirds of the CD44V6 am no aci d sequence, the

pepti de donad igithg catraveliviop metmbdeancyerosiotal pottypn ofithdrproten pndwicsacpiet t he
pepti de does not consj,st.of the am [ nce.as set forth in SEQ ID
Ko 1 s PYopragh iaRovaineg e o Hopl PSR R RE it s et RO r esent
i nvenki oot R@@ohi® adkl qymvmetdha@_amaﬂe@ﬁgwﬁ €hing PGSBS bl MNasCMBEns] Ng as
an active agent an isol ated peptide conprising at |east 3 am no acids of a
CD44V10 dibrenschei iibriwgomreminmdng esivppartiniah AoHt anessentet ifefsreemuitaead44vi0
am no aci c i,sin neyr ect imye VL a

phar macetti ATy e DATe TRV aE At Bt SRATHRRRIANTE: ZNSGRRAL Mo R

enbodi nerbstadf adyheaneseod, ik Ve ridsotbighess fosmIMhdpik axpetestdaty el adled

pepti de conpri si nlg at |east 3 am no _acids of a CD44V10 ami no acid sequence
and no méYRSStIBALCREH VAHH Pracings i ivhigheorspan g1oee Shitho |@ otk exBREE 4 and

conpri,Si e I e i I .

meur dlegdnlRuer dEORbALRARLNE b bion ah Hifer [0) BRIt disoges

i nvent i osucht he fhephatdel aghptis €8] amd aniltiplecasdldosieuéhcOnofoff tenudiquel :
5Xi -G Y-T-S,. wherein X1 i ny of a glutamc acid or .glytam pe..

Accor di ngUi%6io8% HseenBh iR Sgecr RETRS o RRTISHANOE sita) &aﬁ%{]"ﬁtl%cﬁr%nce

conpri sesnPSREPHOM WBE IshSwn that CD44VACKOLAidE] G SeARiRTRRGIIERLSsiR the
i nvention, the peptidom netics 10conprises a retro-inverso m netic.

Accor di nganasessonk ageddbetil rnd \HGERE [ildlent i on, the peptide is as set forth

inS ID NG .2 5.0 . ccordi,ng tqQ so odj .nment f .the
ot on e hdf s R RAR s fopad gred Y T RS of MR Ehi BB Tt
15Accor diigg fOcon@a® €DRodiafeitt Soffaidife ckeMent] B, arldhe 1 CM4Y 18bafBt @ aci d
sequence i s a hunan CD44V10 am no aci dﬁgﬁgu_ence. According to sone

enbodi meneyrops [{ e GPAA sxpsssion Meas @by ninnectiyeied gt eclls i thaunan

CD44V6 an. ] C . - A I t :[H?_ . of the

i nventi oﬁlﬂh%ﬁ%%%%péﬁggﬂ%oﬁ%s}eg tegor%brglg rlg&%&%& Eg) L]‘.eﬁlggﬁ’%_s %R%ﬂ ) \%(z}nei n X1
and X2 arassoatitidh evieimAmowaeh dkiyapecer dirggpried & greifendudskit e rtB4bpodities
invention, Xi conprijises glutamc acid. According to sone enbodi nents of the

i nverifi ofStroey ot SEEDES papeicascdcdramalicadlyrigiMg rgns ol ERYBdINEeS of the
| nvent| Of}oletiﬁ'%bl%%%gé%%fggﬂ%s%%@r%ffd 3 {IGPRAYBL 1D 058G H1 REILENGSwih of

25According to so i men the 1 nventi on, St e peptide conprises an
am no acirdiséguerioa @is §241]. €Cort hwasnshSEQ to Pla)Cs rol8irl BehdBicAfaiorini6y as

B 08 O TR 5h BRe BLrk S0 REEY SRSEPrcee
following middle cerebral artery occlusion [21]. Lammich et al [22] reported that CD44
25  goes through dual intramembraneous cleavage by a presenilin-dependent secretase [22]
that liberates the extracellular domain as well as CD44 intracellular domain for putative
nuclear signaling.
WO02009007934 teaches that that the expression of splice variants CD44V3,
CD44V6 and CD44V10 are significantly increased in the hippocampi of AD patients

30 compared to non-AD individuals



Accordi ng to sone enbodi nents of the invention, the peptide conprises an
30am no acid sequence as set forth in SEQID NGs: 2-7, 16 or 17.

Accor di ngvocom2aspect of sone enbodi nents of the preseRCTiIN2amd30004 t her e
is provided an isolated peptide conprising at | east 3 amno acids of a
CD44V6 amino acid 5 sequence and no npor e than 100 ami no acids of the

CD44V6 am no acjd seque ‘ q/ oppri'sing a neuroprotective activity, for
use in treati rg B Y sor der . According to sone
enmbodi ment s OfActcBFcilﬁg'%ﬁQﬁ 'a%ct Bﬂ“?on'ﬂee%B%%H%rﬁtﬁlé’%ué&bﬁoﬁl%ﬂndnsth&%' igcted
fromthe group consisting of Parkinson's disease I'tiple Sclerosis, 5

ALS, mul tprev3gest zemetitoldcqrf huy:atlwg 4 hemmécheseldtlseéserdesmzokléueqt i oerat therebf, ai n

i njury, 0 re55| ran ear | s nt oral de

ol s oRP R ERE i b YRR B e iP5 rab b SRS Bmo ST it g 1o
sone embodpi@NESmMHsiddI8 e SNUhRB, aciR®MLEDAGVISRGTIRS b8 sdi&PBS and fo

Par ki nson' s di sease. 10According to sone enbodi nents of the invention, the

neur odegém?? dhany 0@ iamenes ecifls oAt BV 18 adnige sl scquence dcenraptingna 8 sone
embodi me ﬁroﬁ%ott%] 1%e a@t‘{’ﬁ% 'th%reb%/tt&%tlg%ﬁ;[ é%%o%%a%%% g?sgi(%lm no a(ilgd Ziquggce

selected group-¢consi sting

31, 32, 34, 36xc38idifBtoAln adfebCoDEEhNgmbOdisRAB EMho dirdvent ﬁwafnoﬁlheeﬂenyentl on,
t he peptide corrprl ses an am no acid sequence, as set forth in SEQ ID NGs: 26
or 45.  providgeEicHiod P! itisatpg aeseefie%pe%ﬁ%deﬁv@em%ﬁ%e%ﬂn perd thpeent

| nvenpi on FBALS e ladmAti R Q%Q) i E‘@éé’[’%ctﬁé{% fcal F‘W&%% RIS uff 8T 1§%1thdas an

active agent an~iso at ed eptide conprising at ast am no acl
CD44V6  arpepiddeacormiprssingl enlestahdminm aodeof haiD2DV 6 6firniad sepicdse afid ao CD44V6

am no acid segue and conpri.s ro otetlve activity and a

phar rraceareqreatﬁﬁl 109 catine geib gt hec044V6 a Fidi $7GUEC SOteCERBbHIS RNt s Of
the i nVe%hl%Brotédﬂi% B@ﬂ?&dydﬁleke%y%%éaﬁﬁé"ﬁfé Ifeﬁro"aege%'e}atl% ARLFRLI Ng agent.
According to sonme enbod i'ments of thé invention, at |east one of the am no

25aci ds i s a retcardang {o ateserei agsamd pobadimgnts of the pAescuir aivergionathsisnie

b t f t he | t t | t f th i
ST ne Hal T Do, il e Beﬁt%eﬁeﬁem%%}ttls”iéﬁaémélﬁﬁacsﬁﬂi“ﬁﬁ” 2 BRI 0 nt i on.

t he synt heidi eqadhchan@ @b M Miin HesmiboRcidB@TeRe CBRAAVEOLHiNYadi® sSQi¥Bce,
enbodi nents of the invention, the isolated peptide is covalently at t ached

to the cetith themeavise thaitha genftde dogs not consisicefhelpmipotasidepaacnertio detferbs of
L 1 T 108,80 L SERRRTRARHN | RafoPBRAIEAEL o 1 onge
than 20 am no fagcbebng DAGC asptcngl $ens ombodineati sfetht pratnt Mecitivnethticon, t he
pept! de Ip?ov?de]aoanalrgolg‘%d%%iot?ge éor}nll)r%?lggt at][ least 3 amino acids of a CD44V6 amino acid
sequence and no more than 20 amino acids of the CD44V6 amino acid sequence, the
peptide comprising a neuroprotective activity, with the proviso that the peptide does not
consist of the amino acid sequence as set forth in SEQ ID NO: 1, 51 or 52.
According to an aspect of some embodiments of the present invention there is
25  provided a pharmaceutical composition comprising as an active agent an isolated peptide
comprising at least 3 amino acids of a CD44V10 amino acid sequence and no more than
100 amino acids of a CD44V10 amino acid sequence and comprising a neuroprotective
activity and a pharmaceutically effective carrier.
According to an aspect of some embodiments of the present invention there is

30 provided an isolated peptide comprising at least 3 amino acids of a CD44V10 amino

acid sequence and no more than 100 amino acids of the CD44V10 amino acid sequence,



According to an aspect of sone enbodi nents of the present invention there
is provided a nethod of selecting an agent useful for treating a

neur odegeweoratyeed7di sease, the nethod conprising: 10(a) PCOALZGL/NIIGO4a
CD44v10/ 6 peptide with neuronal cells in the presence of a neurotoxic
agent; and (b) nmonitoring cell death of the neuronal cells, wherein a
decrease in an anpunt or tine of cell. defath of. the neuronal cells in the
presence Bf FORNPTEHEA G 1HUECTRISEH Ve 2B Yarl8H Yo BnireatBEnt NGHAdPERICHIVE el |
death of gdagqdpeuronal cells in the absence of the 15CD44v10/6 peptide is

i ndi cative of an agent useful for treating a neurodegenerative disease.
Accordi ng to Sweerderddaisomntantafdimends iafvibatinemtionhéenpentide oxdimpragent i s

sel ected fromthe grou nsi.sting of an anyloid peptide, a glutamate,

6- OHDA, KFH 4GHS C.epofg%g@bl? ing to some enbodi ments of the invention,
the adm ni st ery,ng-xqupri ses subcut aneous admi ni stering. According to
sonme enbodi nents of the invention, the adm nistering conprises intranasal
adnmi ni st er i ng.Whoptiess oot getaged ¢aéer glatamipgchni cal and/ or scientific
terns used hergjn_ hav h ; i - I der.st one of
or di mary ski TR o, 3pmb SRR, Y AT ERMDRY doltBORS RE8RY et hods
and mat ercompsis&i pebltidémidfctiequi val ent to those described herein can be used
in the practice or testing of enbodi nents of the invention, exenplary

met hods and/ orAGeREdERS dPs sane g@Sedimsats 1981 B\ nyenHaRe thy REGHAPMERCtCBhe

pat e S Il LOR A i definitions, will control. In addition, the
mate%)al ES%%%?JSGRH%CFQQO%{%%%I es are illustrative only and are not

i nt ended t o beAatecksstr sdnye tmbodinmegts of AhBRIVERtIGRESTRpEPFIIONS @k sdiHrtDRAW NGS

Some enbqdi Qf e invention are herein described, by way of exanple
only, wt d@?é&é%@e&?@%ae_ acconpanyi ng i mages. Wth specific reference
now to the dr awcBasnd b 4681 dmbddimbits VT @S SREMHBAL HhBeRE ddndils@r §r ghown
are by way of exanple and for 5 purposes of illustrative discussion of
enbodi merkil3440f1 0 dmeinp pvidntiusnce.l n this regard, the description taken with

t he draw ngs npkes,.apparent tq those skilled ipn th enbodi nents of
the ivent Pon My W B SUPF catbod e, 3 ghe fivahlor MRed DAY SRBRLATE, b e
protein SeqABER adluntrEmdsy If ardRd 4Rl selihdace 1A) and 10 CD44V10 (FI G 1B)
featuring the protein sequences of various mammal i an organi sns. The

al i gnnent  was AFeAElinG ith gowe otrebadimeais tofathg onvetienotha AO4HNOBrINOCatider ved
resi dues S%@wy\,l@é' I%Ql %Ekgdr P%Ibz? Wk o UE &gﬂe-n%gnserved repl acenent in any of
i rked y At)oxes. NGT- ¢ 3

t he speciés are ma nserved replacenent in conserved

resi dues are medckeiindi sodtt trabddimentd Dfltks inZestivashapdptigde compMbes(aeatse) and
V10 (hurman) peptides that their synthesis was gui ded according to the
consefvedIuirons Xaenbe dcicH ¥) apd X, arc acidic gmigo agidsj s 3 par graph showi ng

the effect of AVcQo\rQ{)ﬁg% t\é]sgm%eemﬂoqﬁien‘i’% %ﬁpg ARSRALL %JCB ri9&Y %lﬁt%g%d %r%l.l ity of

SK- N- SH human neu astoma cel OW ng treatnent w Al3
(1-42) for 48 Awcerdiefol soh@rembiodbndnts ¢f thasvdetiar, Morechpusésngpdrhie a@id. XTT
colorinetric assay,. FI Gs. 4A-B are bar graphs showi ng the effect of
V6 and VIO peptdcatingfo omg) GROAEeRs 4 hF oV ErOR RenBIREC ROl s oma

cells, fQphawWdentnbedid®fhenteth 25 uM A13 (25-35) for 48 hrs. (FIG 4A)
Rel ative cellular viability as neasured by XTT and (FIG 4B) relative

caspase 3 act iAdcoxding e lsome ecnslnsliment? 35| ths . inGentiBnathe pentidgreaapisisshewi ng t he
effect of V6 and V10 peptides, at t viabi.lity of N2A npuse
meur obl acPUiR aE L ReRis{iBRn ) SEALAPTA 1B atiete tor 48 hrs.
Rel ative cel | W@brdinglpd Isbiy dodddim&A) oAntle GasM@Se, theapdptietdoneiked ahFl G
5B) are shown. FIGs. 6A-C are graﬁhs show ngg the effect of human V6 and V10
pept i des afiag acid sequence as set forth in SEQ ID NOs: 49 or 50.
According to some embodiments of the invention, the peptide comprises an
30 amino acid sequence as set forth in SEQ ID NOs: 2-7, 16 or 17.
According to an aspect of some embodiments of the present invention there is

provided an isolated peptide comprising at least 3 amino acids of a CD44V6 amino acid



30 are listed in Table 1 and FIG 2 at 1 pMon the viability of N2A nouse
neur obl astoma cells, followng treatnent wwth 30 uMfor 48 hrs. Relative

vi abi | i t yWORBb/126485 and caspase 3 activity (FIG 6B) ar @CThpm2/050H4G. 6C)
The protective effect of Nacetylated 8 and C-am dates VIM 1 N+4 peptide
agai nst 30 nM 6-0HDA in N2A cells was tested at various concentration.
Shown is the relative viagbility as neasured mar. bl ue fl uorescence.

FI Gs. 7A-S§%P&eﬁgfn@%%§ha§ 00 HECa Y &&%ﬁfﬁgﬁaﬁnw@@ﬁmﬂ@e,ﬁagti des 5
that are cbh@ﬁ@iﬁg lahedRBkRectiv@RgtifilyGfordis@in thed %meh%e%étﬁpdtilvb d¥oRfer SK- N- SH
human neurobl astonma cells, followng treatment with 25 nM Al3 (25-35) for
48 hrs. Rel at iAmsoxdingbitdi somasmiwdsnends diy thel anwventidi, uthef haopdsgeaereevd Fl G
7A) and caspase 3. activity (FIG 7B) are.shown. [FI.Cs. -B. i s bar graph
Show ng CRETET FRr<ihH i o8 adiivla o BAR Heu® Yecimagin Sigtan P

Tabl e53 AL 0nfuMi-gpderd RN, t ARLYILRPS | dikdas®f sk, MRMERatRe biraR! a}z&%rra
cells, followng treatnent wth 30 nM 6-0HDA (FI G 8A) or 40nM (FI 8B)
for 22 hPsogresyive| Bpragpcletiepadsl, [fepnigeteaporad -demsnbared parkinsqmsn paked Hes f or
2.3 hrs | t Y 6- OHDA while in FIG 8A, 6-0HDA was added
t oget her I%\l;/lv%ot Oshqu lggaﬁl??)g%(ss.(ﬁ%él?gati ve viability as nmeasured by al amar bl ue
fl uorescence ifsccshidntio sbime drhadirfents ofithRdnvagitiaphths Aowbdgchbatie fisedss of
repeated I H | CV admi nistration of P26 (SEQ ID NO 26, 1, 10 and 100 ng/rat)
or P34 (SECHMKDSNRS diserse. 10 and 100 ng/rat) on the discrimnation index on
the retention . Se . J; . Lt NER),

oo/ B Ara(l AR Dol b RRRRHCLr M bR ROBL LA IR8S ) ana
##P<0. 01 iwvAlzhasndrkdiseedei cl e control. 20FI Gs. 10A-B are graphs show ng the
ef fect of subcutaneous (SC) adm ni stered peptides gn Morris wate maze (MW
spatial memor y*&e¥HE %%Plaw rSSHty o ghyt CEIgh, the, PePfde SoBSPadBncy
across 4 aifidd Mid9eARAS QMStdd¥fr ¢ H3RPYotALinB R ISEdED NRat edigreups, the
P26 group showed | ower |evels of the nean |aténcy conpared with the vehicle
group (#pP402Q01, 3% days38,8-4md 4). B. shows the tine spent 25 in the
target quadrant on.test session..The P26, gr.oup showed higher |evels of the
i Spant 1 p AHEUNE BeeOG0 An BRI E Ohysar B8 0 THORn L B RF ogBE o
(#p<0. 05)amikacid bubRed BGcOfodMBn SEQ ID KOG 26ldr 455 a bar graph showing the
effect of SC adm nistered peptides on NOR assay foll ow ng Al13 ,

m croi nj ect i orf\ccTrdingifoset pyricabet smng pabedigientsh the pegsentomverton thprgsie 30 i s
shown. *13<0.0 r . . . <Q. sy only
aroup  Provigies MEGHHEL0G ERRbGRL SLANRAPS: IPRt SRe B SO a2 Y
NO 26) abmhpRRiGgRt a8 umDoNGidsdiF)a €DatVeaminy adid 3¢ @@néohddond m@re than

subcut anequs adm njistration of 9 peptide solutjon in nale Sprg)%ue_ Dawl ey
rats 24t d0AcEENQpcids g AKP4\E MRINGSRGHE BHBEN RN SUBPTHE & HEUIGRERESIE cat i on

of both 1! j QS%EB grgg* ower limt of quantification
(LLOQ mggﬁ%lgﬂ%ﬁldn%}}a% I&aci 1 G?ngza—%@%érmti c illustration of the genomc
structure of A¥drditg OESCRIcRboANMfs GRECIrvietidyBEWENT 5 aBichiidEo hNWENT! ON
The present invention, in sone enbodinents thereof, relates to

neur opr otPSRETAMEE 38 de agents and uses of same. Before explaining at | east
one enbodi mentA @brdikle td BNRE tchRdIMeridebRitlo ivbntich, 10 108t dHc WRARE ahprd t hat
the invention is not necessarily limted in its application to the details
set f26rt lacids ig heatfinglly ovdurgngleminoigsid.on or exenplified by the Exanples. The
invention is capabl.e of other enbodinmepts or of bei racti.ced or carried
out 1 vari oudcnayaf & sShe EmpIBR BN Ry et tral off o dp Bl on o
splice vatidgm $syakdthVamikdd4y/6 and CD44V10 are significantly increased in
t he hi ppocanpi of AD patients conpared to 15 non-AD individuals. The
expressi on of Adserdomuto vemp amekpdiaents @f tthe indnsipac ther syadtigramine asel t o be
mainly n - The present inventors characterized the

functi on%ggnggﬁst%%ﬁggnb%pti des derived from CD44 V6 and V10 exons sequences
and found t heseecprig dessoarntabodiesinst afake tioventivhonal isotdttd peptade is

neur ot oxi ns such as beta amy|l oid (A13), MPTP and 6-0OHDA, 20 suggesting
that thes8vHepty Hvshesitodls slrancldingegedler ve as drugs for the treatnent of
neur odegener ati ve di sorders.



The present inventors have perfornmed structural -functional analyses to

uncover mninmal active donmains that confer neuroprotection. The results

wer e furtwerosug47anti ated in ani nmal nodel s for Paki nsomrC3/10teze39¢04and

Al zhei ner' s di sease. These 25 findings place the peptides of the instant

invention as | ead conpounds for drug vaelopnent. Thus, according to

an aspect of the ipvention there is provi.ded an jsolated peptide conprising
i baa%lﬂ 4

at |east 3 ani’HEOHETLY VMCLTEUAYIYS Thiledmyetign st g Hg%g%ﬁe@‘than 20
am no acigdsi@fagigl d CD44V10 ami no acid sequence wherein the peptide

30conprises a neuroprotective activity. According to an additional or
al ternative asysotdigs tot Jvend enylettiinents of dreeiniventpnothicdedtidmisirmoloag@dhagept i de
conpri si at. least 3 am no acids of a CD44V6 anmi no acid sequence 10 and
no nore é‘ﬁ“’%‘ba%{aﬁ'no acids of said CD44V6 ami no acid sequence, the peptide

conprissi Ng a NUbRIMEO tESérhy @nddlinydnky of the inveMmONkH peptide i9re1@ahmel ment
the CD44V10 am no aci d sequence does not consist of the sequence:

5DSTDRI PATIdRNDWTIGEERR (SEQ | D NO 49); or NSNVNRSLSGDQDTFHPSG (SEQ | D NO:

50). Accor.dij 0 the odi EE % e i I guence
does not consiAsctcg%Q]g% #ealgg Sgtné:fes?oq%sw %&'F %ﬁlf\éét?%%%ﬁﬁ%qe Eﬁ); or
10DSHST T GIACXIN icSE of SHEXtINQ dNQgebi2)seful for treaB@Phinde®degutipratist dFeddde am no
acid sequence set forth in SEQ ID NOs: 49-52 are contenplated for use in
the treathenethed cadprigaggener ati ve di seases, as further el aborat ed

her ei,pbel ow. her. e, " t . j n that
i's exl?)ressed f@ ﬁ%upgraggﬁbﬁﬁgggré poe?ﬁ%gm]l I?%l{r]&g‘(laﬁlgh% 31/%3{5 g%@esde&% orth in
Ref Seq Accemsixdtaddat; a1 000610. 3. According to a specific enbodi nent the
CD44 is the h n CD44 gene he. standarq i sof grm. desi gnat.ed CD44,

conpri si ng exgﬁfm_ﬁn@%eﬂ&z qféﬁ%gwwﬁé&ﬁw # 3 dgpieaseypds AmpHat gene
Struct ur @ itnddb LN 08k Bf FilcIttuforkd chIMCInUAE BedeR@L o Ofhet 0943R10/6§)cYAdd ant s
CD44V6 and CD44V10. 20As used herein, the term™ CD44V10" corresponds to
am no acicdmpaisd dp pate®wubBat-1604d obtcl BEAth D Mo ncE®naRedISan) thicabesmicar thdo: NP

000601. 3 CD44. .anti.gen isoform 1 prec or, NCBI Reference Sequence)
and 13 ot SREFPochPtiig® Sestfifhigd OO hgord ST B e g, PR A e
corresponfgsadc0 am no aci d coordi nates 386- 25 427 of SEQ ID NO 53, RefSeq

Accessi on No: NP 000601.3 (human CD44 antigen isoform 1 precursor, NCBI
Ref erence Sequesseslngrel somces@hpdimensdoth pheSEgenpmicthe greurotoxic gmenyided

neural ol URuen et P PRRbEEL R FEbH Jopad 8 Fidmh® RIIBR ML

cells i.aANDMNPPoNS, from apoptosis or degeneration. Assays for qualifying
a neuroprotective 30activity include cell viability assays. (e.g.,. XTT,
MIT) ,20nor phol dificeiiingssapae grabedimepts|qf thg HjvaRtey) th alpSptEERCOMMBERE N cal

assays (¢ tareBSPAREN Rt ivity and the like). 11 According to a
specific le1 uoagll nment , %1 e 4V6 ami no acid sequence is a human CD44V6 anm no

aci d sequence.According cennadembodiments sypeled fnventsorh ol adminjstdring ©Bp4¥d0 am no
aci d sequence ilsda.human CD44V10 am no aci d sequence. 5According to a
further SHEERFY RIRHIYEMent, the peptide consists of a CD44V6

Unless otherwise defined, all technical and/or scientific terms used herein have

25  the same meaning as commonly understood by one of ordinary skill in the art to which
the invention pertains. Although methods and materials similar or equivalent to those
described herein can be used in the practice or testing of embodiments of the invention,
exemplary methods and/or materials are described below. In case of conflict, the patent
specification, including definitions, will control. In addition, the materials, methods, and

30 examples are illustrative only and are not intended to be necessarily limiting.



am no acid sequence (SEQ ID NO 2). VWil e further reducing the
present invention to practice, the present inventors have uncovered that

t he peptivwDeoparri’dsn (am no aci d sequence) whi ch i npart #ChaL2ppII@ICt | ON
conprises a core sequence X1-X2-S-H, wherein Xi and X2 are acidic 10am no
acids. As used here| n, the phrase ' aC|7d| c amno acid" refers to naturally
occurri o“ phich are pol ar and negatively charged
at physi erogt oF o r-eH 3 dei fic enbodi ment, the Xi conprises
gl utanic acid Soﬁfecé%ﬁgdd?&eﬁtg s tﬁ@%wehhsn BRORUL AEMscrib e bY2 SO BPELSRSe
aspartic acid. 15According to a specific enbodiment, f he peptide conprises
t he am nonbge |thls@c§@ren@etoo1ﬁle SEQ@rpny@g Bnages. 7With SpemﬁAafcfaramncﬂglovvotoathﬁurt her
enbodi ne 4\V6 .con 4V6.am no acid s uen e | D NO
oy 0% TSRt iSRG Peftbe PuligtirnArh e f” by B BB aidees an
am nosac g@ﬁ%@@ﬁ@lﬂﬂl‘ﬂ@@atﬁ@ @elusdiot bhemBoSERNsRMNES inv@ntfon. 48 B r%_%ard the  AS

nmenti one pepti des of CD44V10 are al so contenpl ated herein.
accor di nglesasipsian é&l@fmpvv&hyth@ risodinge meakeh apparpet iethosmmpkillségn dhe 4 Pow aci d

sequence 5, 18-46, or specifically, SEQID
NO 8-15° Q?i%e,nft%@t% or %lﬂ%é%?ﬁ\ﬁ Jde further reducing the present

invention to pidetdrewingshe present inventors were able to identify a

m nimal portion of CD44V10 which is active in conferring neuroprotection.
Thus, accor di AdC §01Aerﬁ3%ﬁ@%mléﬁyr%%éﬁq%?ﬁ“&nﬁ@n@[&fﬁﬁ@qﬁé 1GaéALebri ses

an anj,no y of a
gl ut g'ron c Cg%ﬁ/ orf gi u%: lg)m{%frafélfrﬁ)@r{gé Bm%em i%fﬁ enﬁ %-f-(]a?%l%st %ﬁi g%%(rbfégﬁlciﬁﬁ
details ﬁélleealrgmﬁienWwetshdaomnummg grotdins Bipse rtgprofimt ditflmpe(m@]ﬁlb Conparvaes
pepti dom nme |cs h as.a retro-inverso rretlc | D NO 45 or
46) . rest ueSR&E’ PC it EHURIQ WESPIeanse bols! aﬁ%ﬂ?m “?W&’ %55? PRI as set
forth inoERd B Bol¥e N31§~conserved Qééillléﬂg it Ebn@&v@éf ?é@ﬂiu% ¥reGHAREd BPdg the
peptide is as set forth in SEQ I ) According to a
further dgteific enbodi ment, the peptl de COI’ISI sts of a CD44V10 am no acid

sequance (SEOD NG &), QIR 5y RER LGt e R AR SRR, | 02,

(ei ther degroadrtiaefbr@ingdy tHeonseridietiogatidnot&yintiesi zed pol ypepti des or
r econbi nant pol %peptl des) and peptidom nmetics inverso, retro or

retro-inversoFIOypi dal4 par gysnbhehaveiag| die ssffach iygdal}ﬁebftlpdwlde%@tvﬁel | as
peptoi ds an ?rg{%r%e&# WIS hofagﬁ ]ﬁcgﬁ?ﬁlﬁ{ahdﬁﬁu?@%s?&ﬁa ML SRR rave,

for 15 exanp |cat|ons renderin even nore stanfﬁe whi | e

in a bodyre@trmdﬁwethc@gml A of-4ppfoeus ald. Ml lunk ola@ﬁity Svas determiPd@ Rising the
nodi fications include, but are not limted to N term nus nodifi catl on, C

t er m2fus Xfﬁﬂpqlpﬂﬁlﬁl’@rﬁssa}yol ypept i de bond nodification, including, but not

limted to, EHA %e arf%q;?é}s SEQWm ﬁ:e Wectgf_'%% ’nd?_&)l %gﬁfieos%t ?I\I)b CH=CH

or 20 CF=CH, backbone nbdi i"Ons, and residue hods for

prepar i NGnRRPYiaBioie} mw n@&ﬁ@ﬁét&dﬁlaﬁbﬁlaweﬂld fViAg kriBathid@t with 28 ,L@lmg
specified, for exanp in Quantitative Drug Design, C. A Ransden
1Y)

Chapt er 123-35) fior 4&Ihtﬁp(]flﬁi H’éﬁ Galnone peladayr viatolty)as mﬁ@ﬁ@hd Py XTncyrddi Gt ed by

referenc Further details in this respect are
provi de d%ﬁ?@?eellatlve & eQeYse% activ ?y fevel are Ehow

25 FIGs. SA-B are bar graphs showing the effect of V6 and V10 peptides at 1 uM
on the viability of N2A mouse neuroblastoma cells, following treatment with 200 uM
MPTP for 48 hrs. Relative cellular viability (FIG. 5A) and caspase 3 activity level (FIG.
5B) are shown.

FIGs. 6 A-C are graphs showing the effect of human V6 and V10 peptides that

30  are listed in Table 1 and FIG. 2 at 1 pM on the viability of N2A mouse neuroblastoma
cells, following treatment with 30 uM for 48 hrs. Relative viability (FIG. 6A) and
caspase 3 activity (FIG. 6B) are shown. (FIG. 6C) The protective effect of N-acetylated



25Pol ypeptide bonds (-CO-NH) within the pol ypeptide nmay be substituted,
for exanple, by N-nethylated bonds (-N(CH3)-00-), ester bonds

(- ( R) H ®W0-201202R75N), ket onet hyl en bonds (-CO CH2-), aPazaLiyor0k9104
(-NH-N(R)-00-), wherein Ris any alkyl, e.g., nethyl, carba bonds
(-CH2-NH), hydroxyet hyl ene bonds ( CI—é(G—i) CH2-), thioam de bonds
(-CS-NH), alefinic_daouble bond retro am de bon

NH 00-), aﬁé (ypeiseicad 186yl d)%f‘ W@%de(agmm 3%14% @J@HDA\%N@& %llﬁzwaé &tSFf‘él "nor nal "
side ¢ ha'anar%ts %B&éeln%at@&? %ﬁg&lﬁ gs t?@ (%%Qt?\{) %IQHQ,I ong re&%g alamar bI%ese

nodi fications can occur at any I'ypepti de chain and
even at Sfﬁmei’seéncéZ 3) at the sarre tinme. Nat ural aromatic am no

acids, Trp, T Phe, S bstlt for. synt nat raI acid
such as Pheny ff%@ aﬁ?&ﬁﬁtgﬁ%ﬂ ISEPVIRE t Pf?Ct ofi g h}e}fgiﬁpgt SEVat i ves

of Phe, Qﬁ’dt%@@@EeQQndﬁz{Hlé’ gt éﬁﬁeﬁl(ﬁ’fz Rhe On ML Dbty fof SK-N-SH! l'i‘urﬁ‘él{j' tion

to the above, the pol ypeptides of the present I nvention nay al so I nclude
one or nokerobbiohiaet!lanfotiowary tistmentomeh @5 ;mbrAeB (@5R3 Prforod taleis AR efetiaaer s
(e.g. fatty acids, conplex carbohydrates etc) sed herein_in_ the

speci f i &t R PR P \éﬁ‘cﬂil%sqf@%\ﬁflﬁ\&f% e §EPasE? REIEEY d or
‘am no agrEs 7 Srddidemst ood to include the 20 naturally occurring am no
aci ds; those ar%I no acids often nodified post-translationally in vivo,

i ncl udi ng, forFIGxa&szEb;s apdr graphrsbowing, thp edephaofSkrmare Pacrdepyispiptitles eoni ne;

d h d d I di
Sty dbRyBisb T [ Eifecngt HoP ke aprhen Hs: YIS s NAR BPHR hi n.
Fur t her Mo 0@ niCedtls, AlloAind Basinttnt i W%Mmzbm@; (RIS, $A7B} DO RET dS

(stereoisomers). Tables A and B below |ist naturally occurring am no acids
(Tabl e AXFHEhdB)dor 22;¢1m/émFI(&nw ther cole el pb-ianibratedawitll she( fephbiles 8y 2whi ch can

be, v WL h AnE BreagMh IYERIRL. TR, AT Rocrld gt ptisc
N Aspar t ivGitaghb gelﬁﬁﬁsﬁ{elatlve viability as measured by alamar blue fluorescence is shown.

15 FIG. 9 is a bar graph showing the effects of repeated IH/ICV administration of
P26 (SEQ ID NO: 26, 1, 10 and 100 ng/rat) or P34 (SEQ ID NO: 34 , 10 and 100
ng/rat) on the discrimination index on the retention test phase in the novel object
recognition (NOR) task. **P<0.01 AB1_42) with vehicle versus the control group (no
AB(1_42)) and *P<0.01 versus the vehicle control.

20 FIGs. 10A-B are graphs showing the effect of subcutancous (SC) administered
peptides on Morris wate maze (MWM) spatial memory assay following
AP microinjection. A., The mean latency across 4 training sessions in MWM. Among
the peptides-treated groups, the P26 group showed lower levels of the mean latency
compared with the vehicle group (“p<0.001 in days 2,3 and 4). B. shows the time spent

25  in the target quadrant on test session. The P26 group showed higher levels of the time
spent in the target quadrant compared with the vehicle group ("p<0.05). UT - untreated
group

FIG. 11 is a bar graph showing the effect of SC administered peptides on NOR

assay following AP microinjection. The discrimination index on the retention test phase

30  is shown. *P<0.05 versus the control group and “p<0.05 versus the AB only group

FIG. 12 is a graph showing the pharmacokinetics of P26 (SEQ ID NO: 26) and

P26-RI (SEQ ID NO: 45) that was evaluated following subcutaneous administration of
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9
peptide solution in male Sprague Dawley rats at a dose of 1 mg/kg. LC-MS/MS method

was used for the quantification of both peptides in plasma samples. The lower limit of
quantification (LLOQ) was 22.34 ng/mL.

FIG. 13 is a schematic illustration of the genomic structure of CD44.

DESCRIPTION OF SPECIFIC EMBODIMENTS OF THE INVENTION

The present invention, in some embodiments thereof, relates to neuroprotective
peptide agents and uses of same.

Before explaining at least one embodiment of the invention in detail, it is to be

10 understood that the invention is not necessarily limited in its application to the details set
forth in the following description or exemplified by the Examples. The invention is
capable of other embodiments or of being practiced or carried out in various ways.

It was previously found that the expression of splice variants CD44V3, CD44V6
and CD44V 10 are significantly increased in the hippocampi of AD patients compared to

15  non-AD individuals. The expression of the CD44 variants was further characterized and
found to be mainly neuronal [23].

The present inventors characterized the function of multiple peptides derived
from CD44 V6 and V10 exons sequences and found these peptides confer resistance to
neuronal cells from neurotoxins such as beta amyloid (Af), MPTP and 6-OHDA,

20  suggesting that these peptides or derivatives may serve as drugs for the treatment of
neurodegenerative disorders.

The present inventors have performed structural-functional analyses to uncover
minimal active domains that confer neuroprotection. The results were further
substantiated in animal models for Pakinson's disease and Alzheimer's disease. These

25  findings place the peptides of the instant invention as lead compounds for drug
development.

Thus, according to an aspect of the invention there is provided an isolated
peptide comprising at least 3 amino acids of a CD44V10 amino acid sequence and no
more than 20 amino acids of said CD44V10 amino acid sequence wherein the peptide

30  comprises a neuroprotective activity.
According to an additional or alternative aspect of the invention there is provided

an isolated peptide comprising at least 3 amino acids of a CD44V6 amino acid sequence



F Proline Pro P Serine Ser S 14 Amno Acid Three-Letter Abbreviation
One-l etter Synbol Threonine Thr T tryptophan Trp Wtyrosine Tyr Y Valine
Val VvV Anywearhrea2ae’sd as above Xaa X PCT/IL2012/050104

10
and no more than 20 amino acids of said CD44V6 amino acid sequence, the peptide

comprising a neuroprotective activity.

According to one embodiment the CD44V10 amino acid sequence does not
consist of the sequence:

5 DSTDRIPATIRNDVTGGRR (SEQ ID NO: 49); or

NSNVNRSLSGDQDTFHPSG (SEQ ID NO: 50).

According to another embodiment the CD44 V6 amino acid sequence does not
consist of the sequence:

DSTDRIPATIQATPSSTTE (SEQ ID NO: 51); or

10 DSHSTTGTAGDQDTFHPSG (SEQ ID NO: 52).

Peptides comprising the amino acid sequence set forth in SEQ ID NOs: 49-52
are contemplated for use in the treatment of neurodegenerative diseases, as further
claborated hereinbelow.

As used herein "CD44" refers to the cell surface protein that is expressed in a

15 large number of mammalian cell types as set forth in RefSeq Accession No:
NM _000610.3. According to a specific embodiment the CD44 is the human CD44 gene.
The standard isoform, designated CD44, comprising exons 1-5 and 16-20 is expressed
in most cell types. The gene structure is provided in Figure 13 including that of the
splice variants CD44V6 and CD44V10.

20 As used herein, the term " CD44V10" corresponds to amino acid coordinates
537-604 of SEQ ID NO: 53, RefSeq Accession No: NP 000601.3 (human CD44
antigen isoform 1 precursor, NCBI Reference Sequence) and is exemplified by SEQ ID
NO: 2.

As used herein, the term " CD44V6" corresponds to amino acid coordinates 386-

25 427 of SEQ ID NO: 53, RefSeq Accession No: NP _000601.3 (human CD44 antigen
isoform 1 precursor, NCBI Reference Sequence) and is exemplified by SEQ ID NO: 8.

As used herein, the phrase "neuroprotective activity” refers to prevention of
neural cell death. The effect may take the form of protection of neuronal cells i.c.,
neurons, from apoptosis or degeneration. Assays for qualifying a neuroprotective

30 activity include cell viability assays (e.g., XTT, MTT), morphological assays (e.g., cell

staining) or apoptosis biochemical assays (e.g., caspase 3 activity and the like).



Tabl e B Non-conventional am no acid Code Non- conventional am no acid
Code a-am nobutyric acid Abu L-N nethyl al ani ne Nmal a a-am no- a-

nmet hyl butwoabe/®gabu L- N- mret hyl ar gi ni ne Nmarg am nocycl @prapznzeso0pk o L- N-
met hyl aspar agi ne Nmasn carboxylate L-N-nethylaspartic acid Nmasp

am noi sobutyric acid Ai b L-Nnethyl cyst ei ne Nntys am nonor bor nyl -

According to a specific embodiment, the CD44V6 amino acid sequence is a
human CD44V6 amino acid sequence.

According to a specific embodiment, the CD44V10 amino acid sequence is a
human CD44V10 amino acid sequence.

5 According to a further specific embodiment, the peptide consists of a CD44V6
amino acid sequence (SEQ ID NO: 2).

While further reducing the present invention to practice, the present inventors
have uncovered that the peptidic portion (amino acid sequence) which imparts
neuroprotection comprises a core sequence X;-X,-S-H, wherein X; and X, are acidic

10  amino acids.

As used herein, the phrase "acidic amino acid" refers to naturally occurring or
synthetic amino acids which are polar and negatively charged at physiological pH.

According to a specific embodiment, the X; comprises glutamic acid.

According to a specific embodiment, the X, comprises aspartic acid.

15 According to a specific embodiment, the peptide comprises the amino acid
sequence of SEQ ID NO: 6 or 7.

According to a further embodiment, the CD44V6 consists of a CD44V6 amino
acid sequence (SEQ ID NO: 2).

According to a further embodiment, the peptide comprises an amino acid

20 sequence as set forth in SEQ ID NOs: 2-7, 16 or 17.

As mentioned, peptides of CD44V10 are also contemplated herein. Thus,
according to an exemplary embodiment the peptide comprises an amino acid sequence
as set forth in SEQ ID NOs: 8-15, 18-46, or specifically, SEQ ID NO: 8-15, 18-38, 39-
42 or 43-46.

25 While further reducing the present invention to practice, the present inventors
were able to identify a minimal portion of CD44V10 which is active in conferring
neuroprotection.

Thus, according to an exemplary embodiment, the CD44V10 peptide comprises
an amino acid sequence of formula 1:

30 Xi-G-Y-T-S,

wherein X is any of a glutamic acid or glutamine.



Nor b L-N- net hyl gl utam ne Nngi n carboxylate L-Nnethylglutamc acid
Nmgl u cycl ohexyl al ani ne Chexa L- N-net hyl hi stidine Nmhis cycl opentyl al ani ne
Cpen L- Nwoebiyi2r46! | euci ne Nmil e D-al ani ne Dal L-N- et RgTie2e2/oze1m eu
D-arginine Darg L-N-nethyllysine NmMys D-aspartic acid Dasp L-N

met hyl net hi oni ne 12

As will be further described in details hereinbelow, the amino acid sequence of
the peptide comprises peptidomimetics, such as a retro-inverso mimetic (e.g., SEQ ID
NO: 45 or 46).

According to an exemplary embodiment, the peptide is as set forth in SEQ ID

5 NO: 26.

According to an exemplary embodiment, the peptide is as set forth in SEQ ID
NO: 26, 45 or 46.

According to a further specific embodiment, the peptide consists of a CD44V10
amino acid sequence (SEQ ID NO: 8).

10 The term "peptide” as used herein refers to a polymer of natural or synthetic
amino acids, encompassing native peptides (either degradation products, synthetically
synthesized polypeptides or recombinant polypeptides) and peptidomimetics (e.g.,
inverso, retro or retro-inverso, typically, synthetically synthesized peptides), as well as
peptoids and semipeptoids which are polypeptide analogs, which may have, for

15  example, modifications rendering the peptides even more stable while in a body or more
capable of penetrating into cells.

Such modifications include, but are not limited to N terminus modification, C
terminus modification, polypeptide bond modification, including, but not limited to,
CH2-NH, CH2-S, CH2-S=0, O=C-NH, CH2-O, CH2-CH2, S=C-NH, CH=CH or

20  CF=CH, backbone modifications, and residue modification. Methods for preparing
peptidomimetic compounds are well known in the art and are specified, for example, in
Quantitative Drug Design, C.A. Ramsden Gd., Chapter 17.2, F. Choplin Pergamon
Press (1992), which is incorporated by reference as if fully set forth herein. Further
details in this respect are provided hereinunder.

25 Polypeptide bonds (-CO-NH-) within the polypeptide may be substituted, for
example, by N-methylated bonds (-N(CH3)-CO-), ester bonds (-C(R)H-C-O-O-C(R)-N-
), ketomethylen bonds (-CO-CH2-), a-aza bonds (-NH-N(R)-CO-), wherein R is any
alkyl, e.g., methyl, carba bonds (-CH2-NH-), hydroxyethylene bonds (-CH(OH)-CH2-),
thioamide bonds (-CS-NH-), olefinic double bonds (-CH=CH-), retro amide bonds (-

30  NH-CO-), polypeptide derivatives (-N(R)-CH2-CO-), wherein R is the "normal" side

chain, naturally presented on the carbon atom.
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L- N- et hyl t hr eoni ne

10

15

13
These modifications can occur at any of the bonds along the polypeptide chain

and even at several (2-3) at the same time.

Natural aromatic amino acids, Trp, Tyr and Phe, may be substituted for synthetic
non-natural acid such as Phenylglycine, naphthylelanine (Nol), ring-methylated
derivatives of Phe, halogenated derivatives of Phe or o-methyl-Tyr.

In addition to the above, the polypeptides of the present invention may also
include one or more modified amino acids or one or more non-amino acid monomers
(e.g. fatty acids, complex carbohydrates etc).

As used herein in the specification and in the claims section below the term
"amino acid" or "amino acids" is understood to include the 20 naturally occurring amino
acids; those amino acids often modified post-translationally in vivo, including, for
example, hydroxyproline, phosphoserine and phosphothreonine; and other unusual
amino acids including, but not limited to, 2-aminoadipic acid, hydroxylysine,
isodesmosine, nor-valine, nor-leucine and ornithine. Furthermore, the term "amino
acid" includes both D- and L-amino acids (stercoisomers).

Tables A and B below list naturally occurring amino acids (Table A) and non-

conventional or modified amino acids (Table B) which can be used with the present

invention.
Table A
Amino Acid Three-Letter One-letter Symbol
Abbreviation

alanine Ala A
Arginine Arg R
Asparagine Asn N
Aspartic acid Asp D
Cysteine Cys C
Glutamine Gln Q
Glutamic Acid Glu E
glycine Gly G
Histidine His H
isoleucine lie 1
leucine Leu L
Lysine Lys K
Methionine Met M
phenylalanine Phe F
Proline Pro P
Serine Ser S

L-N- net hyl norl euci ne Nml e D- gl utam ne Dgln
L- N-nmet hyl norval i ne Nomva D-glutam c acid Dglu L-N-nethyl ornithine Nhrorn

D-lysine Dys




Nt hr D- et hi oni ne Dret L-N- net hyl tryptophan Nntrp D-ornithine Dorn
L- N-nmet hyl tyrosi ne Nmtyr D- phenyl al ani ne Dphe L-N-net hyl val i ne Nmval
D prol i newDpor/127445 net hyl et hyl gl yci ne Nnetg 15 D- seri RETDEEN2/050104
L-N-net hyl -t- butyl gl ycine Nntbug D-threonine Dthr L-norleucine Ne

14
Amino Acid Three-Letter One-letter Symbol
Abbreviation
Threonine Thr T
tryptophan Trp W
tyrosine Tyr Y
Valine Val \Y
Any amino acid as Xaa X
above
Table B
Non-conventional Code Non-conventional Code
amino acid amino acid
a-aminobutyric acid Abu L-N-methylalanine Nmala
¢ -amino- o - Mgabu L-N-methylarginine Nmarg
methylbutyrate
aminocyclopropane- Cpro L-N- Nmasn
methylasparagine
carboxylate L-N-methylaspartic Nmasp
acid
aminoisobutyric acid Aib L-N-methylcysteine Nmcys
aminonorbornyl- Norb L-N- Nmgin
methylglutamine
carboxylate L-N-methylglutamic Nmglu
acid
cyclohexylalanine Chexa L-N-methylhistidine Nmhis
cyclopentylalanine Cpen L-N- Nmile
methylisolleucine
D-alanine Dal L-N-methylleucine Nmleu
D-arginine Darg L-N-methyllysine Nmlys
D-aspartic acid Dasp L-N- Nmmet
methylmethionine
D-cysteine Dcys L-N- Nmnle
methylnorleucine
D-glutamine Dgln L-N-methylnorvaline Nmnva
D-glutamic acid Dglu L-N-methylornithine Nmorn
D-histidine Dhis L-N- Nmphe
methylphenylalanine
D-isoleucine Dile L-N-methylproline Nmpro
D-leucine Dleu L-N-methylserine Nmser
D-lysine Dlys L-N-methylthreonine Nmthr
D-methionine Dmet L-N- Nmtrp
methyltryptophan
D-ornithine Dorn L-N-methyltyrosine Nmtyr
D-phenylalanine Dphe L-N-methylvaline Nmval
D-proline Dpro L-N- Nmetg
methylethylglycine




D-tryptophan Dirp L-norvaline Nva D-tyrosine Dtyr a-nethyl -

am noi sobutyrate Maib D-valine Dval a-nethyl-y- am nobutyrate Mgabu D a
- met hyl al\&Qi20e2/DRmb a a et hyl cycl ohexyl al ani ne Mch@Ka/IC2012050104

-met hyl argi ni ne Dmarg a- net hyl cycl opentyl al ani ne Mcpen D a

met hyl asparagi ne Dmasn a- et hyl -a- napt hyl al ani ne Manap

D-serine Dser L-N-methyl-t- Nmtbug
butylglycine
D-threonine Dthr L-norleucine Nle
D-tryptophan Dtrp L-norvaline Nva
D-tyrosine Dtyr o -methyl- Maib
aminoisobutyrate
D-valine Dval o -methyl-y- Mgabu
aminobutyrate
D- o -methylalanine Dmala o Mchexa
cthylcyclohexylalanine
D- o -methylarginine Dmarg o - Mcpen
methylcyclopentylalanine
D- o - Dmasn o -methyl- o - Manap
methylasparagine napthylalanine
D- o -methylaspartate Dmasp o - Mpen
methylpenicillamine
D- o -methylcysteine Dmcys N-(4- Nglu
aminobutyl)glycine
D- o - Dmgln N-(2- Naeg
methylglutamine aminoethyl)glycine
D- o -methylhistidine Dmbhis N-(3- Norn
aminopropyl)glycine
D- o - Dmile N- amino- o - Nmaabu
methylisoleucine methylbutyrate
D- o -methylleucine Dmleu o -napthylalanine Anap
D- o -methyllysine Dmlys N-benzylglycine Nphe
D- o - Dmmet N-(2- Ngln
methylmethionine carbamylethyl)glycine
D- a -methylornithine Dmorn N- Nasn
(carbamylmethyl)glycine
D- o - Dmphe N-(2- Nglu
methylphenylalanine carboxyethyl)glycine
D- o -methylproline Dmpro N- Nasp
(carboxymethyl)glycine
D- o -methylserine Dmser N-cyclobutylglycine Ncbut
D- a -methylthreonine Dmthr N- Nchep
cycloheptylglycine
D- o - Dmtrp N-cyclohexylglycine Nchex
methyltryptophan
D- o -methyltyrosine Dmty N-cyclodecylglycine Ncdec
D- o -methylvaline Dmval N- Ncdod
cyclododeclglycine
D- o -methylalnine Dnmala N-cyclooctylglycine Ncoct
D- o -methylarginine Dnmarg N- Ncpro
cyclopropylglycine
D- o - Dnmasn N- Ncund
methylasparagine cycloundecylglycine




D a -nmethyl aspartate Drasp a- nethyl penicillam ne Mpen D a

- et hyl cyst ei ne Dntys N-(4- am nobutyl)glycine Nglu D-a
met hyl gl wearree2Dvgl n N-(2- amno ethyl)glyci nePRRan20M2/030104
-met hyl hi sti di ne Dnhi s N-(3- am nopropyl)glycine NomD a
met hyl i sol euci ne Dm | e N-am no-a- net q%:l butyrate Nmaabu D a -nethyl | eucine
D eu a ~rapthylalanine-Anap—b—a—rethylbysine
D- o - Dnmasp N-(2,2- Nbhm
methylasparatate diphenylethyl)glycine
D- o -methylcysteine Dnmcys N-(3,3- Nbhe
diphenylpropyl)glycine
D-N-methylleucine Dnmleu N-(3-indolylyethyl) Nhtrp
glycine
D-N-methyllysine Dnmlys N-methyl-y- Nmgabu
aminobutyrate
N- Nmchex D-N- Dnmme
methylcyclohexylalanine methylmethionine
D-N-methylornithine Dnmorn N- Nmcpen
methylcyclopentylalanine
N-methylglycine Nala D-N- Dnmphe
methylphenylalanine
N- Nmaib D-N-methylproline Dnmpro
methylaminoisobutyrate
N-(1- Nile D-N-methylserine Dnmser
methylpropyl)glycine
N-(2- Nile D-N-methylserine Dnmser
methylpropyl)glycine
N-(2- Nleu D-N- Dnmthr
methylpropyl)glycine methylthreonine
D-N- Dnmtrp N-(1- Nva
methyltryptophan methylethyl)glycine
D-N-methyltyrosine Dnmtyr N-methyla- Nmanap
napthylalanine
D-N-methylvaline Dnmval N- Nmpen
methylpenicillamine
y-aminobutyric acid Gaba N-(p- Nhtyr
hydroxyphenyl)glycine
L-z-butylglycine Tbug N- Nceys
(thiomethyl)glycine
L-ethylglycine Etg penicillamine Pen
L- Hphe L- o -methylalanine Mala
homophenylalanine
L- o - Marg L- o - Masn
methylarginine methylasparagine
L- o - Masp L- o -methyl-# Mtbug
methylaspartate butylglycine
L- o - Mcys L- Metg
methylcysteine methylethylglycine
L- o thylglutamine Mgln L- o - Mglu
methylglutamate
L- o - Mhis L- o -methylhomo Mhphe
methylhistidine phenylalanine
L- o - Mile N-(2- Nmet
methylisoleucine methylthioethyl)glycine




DMl ys N-benzyl gl yci ne Nphe D-a net hyl net hi oni ne Dmmet N (2-

carbanyl ethyl)glycine Ngln D- a -nethylornithine Dnorn N-
(car banylwethiiegi7gci ne Nasn D-a met hyl phenyl al ani ne Dmpo@/IDR0i 2050104
car boxyet hyl )glycine Nglu D- a -nethyl proline Dnpro N

(carboxynet hyl ) gl ycine Nasp D a -net rllyl serine Dnser N-cycl obutylglycine

Ncbhut D —a—methylthreontne DPathr N-

D-N. Dnmgln N-(3- Narg
methylglutamine guanidinopropyl)glycine
D-N- Dnmglu N-(1- Nthr
methylglutamate hydroxyethyl)glycine
D-N- Dnmbhis N- Nser
methylhistidine (hydroxyethyl)glycine
D-N- Dnmile N- Nhis
methylisoleucine (imidazolylethyl)glycine
D-N-methylleucine Dnmleu N-(3- Nhtrp
indolylyethyl)glycine
D-N-methyllysine Dnmlys N-methyl-y- Nmgabu
aminobutyrate
N- Nmchex D-N- Dnmme
methylcyclohexylalanine methylmethionine
D-N- Dnmorn N- Nmcpen
methylornithine methylcyclopentylalanine
N-methylglycine Nala D-N- Dnmphe
methylphenylalanine
N- Nmaib D-N-methylproline Dnmpro
methylaminoisobutyrate
N-(1- Nile D-N-methylserine Dnmser
methylpropyl)glycine
N-(2- Nleu D-N- Dnmthr
methylpropyl)glycine methylthreonine
D-N- Dnmtrp N-(1- Nval
methyltryptophan methylethyl)glycine
D-N-methyltyrosine Dnmtyr N-methyla- Nmanap
napthylalanine
D-N-methylvaline Dnmval N- Nmpen
methylpenicillamine
y-aminobutyric acid Gabu N-(p- Nhtyr
hydroxyphenyl)glycine
L-z-butylglycine Tbug N- Nceys
(thiomethyl)glycine
L-ethylglycine Etg penicillamine Pen
L- Hphe L- o -methylalanine Mala
homophenylalanine
L- o - Marg L- o - Masn
methylarginine methylasparagine
L- o - Masp L- o  -methyl-# Mtbug
methylaspartate butylglycine
L- o - Mcys L- Metg
methylcysteine methylethylglycine
L- o - Mgln L- o - Mglu
methylglutamine methylglutamate
L- o ethylhistidine Mhis L- o - Mhphe
methylhomophenylalanine




cycl oheptyl gl yci ne Nchep D-a nethyltryptophan Dntrp N-cycl ohexyl gl yci ne
Nchex D- a -nethyltyrosine Dmty N-cycl odecyl gl yci ne Ncdec D a

- met hyl vaworee12Dnv4b N- cycl ododecl gl yci ne Ncdod DPCa/iLoer/bsph@l ni ne
Dnmal a N-cycl ooctyl gl ycine Ncoct D a -nmethyl argi nine Dhmarg N
cyclopropyl glycine Ncpro D-a nethyl asparagi ne Dnmasn N-
cycl oundeeytglyrei-ne—Neund -
L o thylisoleucine Mile N-(2- Nmet
methylthioethyl)glycine
L- o -methylleucine Mleu L- o -methyllysine Mlys
L- o - Mmet L- o - Mnle
methylmethionine methylnorleucine
L- o - Mnva L- o - Morn
methylnorvaline methylornithine
L- o - Mphe L- o -methylproline Mpro
methylphenylalanine
L- o -methylserine mser L- o - Mthr
methylthreonine
L- o cthylvaline Mtrp L- o -methyltyrosine Mtyr
L- o -methylleucine Mval L-N- Nmhphe
Nnbhm methylhomophenylalanine
N-(N-(2,2- N-(N-(3,3-
diphenylethyl) diphenylpropyl)
carbamylmethyl- Nnbhm carbamylmethyl(1)gl Nnbhe
glycine ycine
1-carboxy-1-(2,2- Nmbc
diphenyl
cthylamino)cyclopropane

Table B Cont.

The amino acids of the peptides of the present invention may be substituted
either conservatively or non-conservatively.

The term “conservative substitution” as used herein, refers to the replacement of

5 an amino acid present in the native sequence in the peptide with a naturally or non-
naturally occurring amino or a peptidomimetics having similar steric properties. Where
the side-chain of the native amino acid to be replaced is either polar or hydrophobic, the
conservative substitution should be with a naturally occurring amino acid, a non-
naturally occurring amino acid or with a peptidomimetic moiety which is also polar or

10 hydrophobic (in addition to having the same steric properties as the side-chain of the
replaced amino acid).

As naturally occurring amino acids are typically grouped according to their
properties, conservative substitutions by naturally occurring amino acids can be casily
determined bearing in mind the fact that in accordance with the invention replacement

15  of charged amino acids by sterically similar non-charged amino acids are considered as
conservative substitutions.

For producing conservative substitutions by non-naturally occurring amino acids

it is also possible to use amino acid analogs (synthetic amino acids) well known in the



16 D-a- nethyl asparatate Dnmasp N-(2,2- di phenylethyl)glycine NohmD a
- et hyl cyst ei ne Dnntys N (3, 3- di phenyl propyl) gl yci ne Nbhe
D- N- mret hywbeoyna7®nni eu N (3-indol yl yethyl) gl ycipa@/Inui2/p50104
D- N-net hyl I ysi ne Dnm ys N-net hyl -y- am nobut yrate Nngabu N-
net hyl cycl ohexyl al ani ne Nnchex D- N ey hyl met hi oni ne Dnmre
D- N met h%lrt?rAnII)etprt]ildgr%in%qtﬂ:D &n the naturally occurring amino acid is well documented in the
literature known to the skilled practitioner.
When affecting conservative substitutions the substituting amino acid should
have the same or a similar functional group in the side chain as the original amino acid.
5 The phrase "non-conservative substitutions" as used herein refers to replacement
of the amino acid as present in the parent sequence by another naturally or non-naturally
occurring amino acid, having different electrochemical and/or steric properties. Thus,
the side chain of the substituting amino acid can be significantly larger (or smaller) than
the side chain of the native amino acid being substituted and/or can have functional
10  groups with significantly different electronic properties than the amino acid being
substituted. Examples of non-conservative substitutions of this type include the
substitution of phenylalanine or cycohexylmethyl glycine for alanine, isoleucine for

glycine, or -NH-CH[(-CH2)5_.COOH]-CO- for aspartic acid. Those non-conservative

substitutions which fall under the scope of the present invention are those which still
15  constitute a peptide having neuroprotective properties.

As mentioned, the N and C termini of the peptides of the present invention may be
protected by function groups. Suitable functional groups are described in Green and Wuts,
"Protecting Groups in Organic Synthesis", John Wiley and Sons, Chapters 5 and 7, 1991,
the teachings of which are incorporated herein by reference. Preferred protecting groups

20  are those that facilitate transport of the compound attached thereto into a cell, for example,
by reducing the hydrophilicity and increasing the lipophilicity of the compounds.

These moieties can be cleaved in vivo, either by hydrolysis or enzymatically, inside
the cell. Hydroxyl protecting groups include esters, carbonates and carbamate protecting
groups. Amine protecting groups include alkoxy and aryloxy carbonyl groups, as

25  described above for N-terminal protecting groups. Carboxylic acid protecting groups
include aliphatic, benzylic and aryl esters, as described above for C-terminal protecting
groups. In one embodiment, the carboxylic acid group in the side chain of one or more
glutamic acid or aspartic acid residue in a peptide of the present invention is protected,
preferably with a methyl, ethyl, benzyl or substituted benzyl ester.

30 Examples of N-terminal protecting groups include acyl groups (-CO-R1) and
alkoxy carbonyl or aryloxy carbonyl groups (-CO-O-R1), wherein R1 is an aliphatic,
substituted aliphatic, benzyl, substituted benzyl, aromatic or a substituted aromatic group.



N net hyl cycl opentyl al ani ne Nncpen N-net hyl gl ycine Nala D N

nmet hyl phenyl al ani ne Dnnphe N- net hyl am noi sobutyrate Nnai b

D- N- et hywpnreiz/nes7Bnnpr o N-(1- nethyl propyl) gl yeCcmaL/es0104
D- N- net hyl seri ne Dnnser N-(2- nethyl propyl)glycine Nile
D-N-net hyl serine Dnmser N-(2- nethyl p|’2§)pyl )glycine N eu D- N
x: Eﬂ te,? @%}E? 5@%1&{, ag-f I\Ie-lcyTEtg@{llpg ' >1/1Pc f(@haaréety ,m(étﬁyl)-CO-, n—l})l-ro(p]il-l-CO-,

iso-propyl-CO-, n-butyl-CO-, sec-butyl-CO-, t-butyl-CO-, hexyl, lauroyl, palmitoyl,
myristoyl, stearyl, oleoyl phenyl-CO-, substituted phenyl-CO-, benzyl-CO- and
(substituted benzyl)-CO-. Examples of alkoxy carbonyl and aryloxy carbonyl groups
5 include CH3-O-CO-, (ethyl)-O-CO-, n-propyl-O-CO-, iso-propyl-O-CO-, n-butyl-O-CO-,
sec-butyl-O-CO-, t-butyl-O-CO-, phenyl-O- CO-, substituted phenyl-O-CO- and
benzyl-O-CO-, (substituted benzyl)- O-CO-. Adamantan, naphtalen, myristoleyl, tuluen,
biphenyl, cinnamoyl, nitrobenzoy, toluoyl, furoyl, benzoyl, cyclohexane, norbornane, Z-
caproic. In order to facilitate the N-acylation, one to four glycine residues can be present

10 in the N-terminus of the molecule.
The carboxyl group at the C-terminus of the compound can be protected, for

example, by an amide (i.e., the hydroxyl group at the C-terminus is replaced with -NH »,
-NHR» and -NRpR3) or ester (i.e. the hydroxyl group at the C-terminus is replaced with
-ORp). Ry and R3 are independently an aliphatic, substituted aliphatic, benzyl, substituted

15  benzyl, aryl or a substituted aryl group. In addition, taken together with the nitrogen atom,
Ry and R3 can form a C4 to C8 heterocyclic ring with from about 0-2 additional

heteroatoms such as nitrogen, oxygen or sulfur. Examples of suitable heterocyclic rings
include piperidinyl, pyrrolidinyl, morpholino, thiomorpholino or piperazinyl. Examples of
C-terminal protecting groups include -NHp, -NHCH3, -N(CH3)>, -NH(ethyl), -N(ethyl)> ,

20 -N(methyl) (ethyl), -NH(benzyl), -N(C1-C4 alkyl)(benzyl), -NH(phenyl), -N(C1-C4 alkyl)
(phenyl), -OCH3, -O-(ethyl), -O-(n-propyl), -O-(n-butyl), -O-(iso-propyl), -O-(sec- butyl),
-O-(t-butyl), -O-benzyl and -O-phenyl.

Of note, peptides of the invention (derived from either CD44V6, CD44V10, as
described above) are referred to in general as CD44 peptides of the invention.

25 The CD44 peptides of the invention (i.e., the neuroprotecting peptide portion) is 3-
100, or 3-50, or 3-40, or 3-30 amino acids in length. According to further embodiments,
the peptide is 3-20, 5-20, 5-20, 5-18, 5-15, 5-10, 7-10, 8-10 amino acids in length.

The CD44 peptides of the invention may be qualified for their neuroprotective
activity as described hereinabove and in the Examples section which follows using both in

30  vitro and in vivo models for neuroprotection and neurodegenerative conditions.



D- N-net hyl tyrosi ne Dnntyr N- net hyl a- napt hyl al ani ne Nmanap

D- N- net hyl val i ne Dnnval N- net hyl penici |l am ne Nnpen y-am nobutyric
aci d Gabawo 2012/12476p- hydr oxyphenyl ) gl yci ne Nhtyr L-t - beCyiigiogzidieeosTbug
N (thiomethyl)glycine Ncys L-ethylglycine Etg penicillam ne Pen L-

honophenyl al ani ne Hphe L- a -nethyl al g{li ne Mala L-a- nethylarginine Marg
L-a- methylas pI%reap Ies%gt teachings may further be employed for the identification of agents
useful for treating a neurodegenerative disease.

Thus, there is provided a method comprising:

(a) contacting a CD44v10/6 peptide with neuronal cells in the presence of a

5  neurotoxic agent; and

(b) monitoring cell death of said neuronal cells, wherein a decrease in an amount
or time of cell death of said neuronal cells in the presence of said CD44v10/6 peptide
compared to an amount or time of cell death of said neuronal cells in the absence of said
CD44v10/6 peptide is indicative of an agent useful for treating a neurodegenerative

10  disease.

Methods of monitoring neural cell death are well known in the art and are
further described hereinabove (under neuroprotection) and in the Examples section
which follows.

A neurotoxic agent as used herein refers to a molecule a condition or state that

15  damages the nervous system and/or brain, usually by killing neurons.

According to a specific embodiment, the neurotoxic agent is selected from the
group consisting of an amyloid, a glutamate, 6-OHDA, MPTP AND MPP+.

In order to improve the bioavailability of the CD44 peptides, a single, a portion or
even all the amino acids in the peptide can be D amino acids which are not susceptible to

20  enzymatic proteolytic activity and can improve altogether the use of the peptides of the
invention as pharmaceuticals. The peptides of the present invention may be attached
(either covalently or non-covalently) to a penetrating agent.

As used herein the phrase "penetrating agent” refers to an agent which enhances
translocation of any of the attached peptide across a cell membrane.

25 According to one embodiment, the penetrating agent is a peptide and is attached to
the CD44 peptides (either directly or non-directly) via a peptide bond.

Typically, peptide penetrating agents have an amino acid composition containing
cither a high relative abundance of positively charged amino acids such as lysine or
arginine, or have sequences that contain an alternating pattern of polar/charged amino

30  acids and non-polar, hydrophobic amino acids.
By way of non-limiting example , cell penetrating peptide (CPP) sequences may be

used in order to enhance intracellular penetration. CPPs may include short and long



Masn L-a- nethylaspartate Masp L-a-nethyl-t- butylglycine Mbug L-a-

net hyl cystei ne Mcys L- nethyl ethylglycine Metg L- a thylglutam ne Mgl n L-a-
met hyl gl wearat212kysu L-a- net hyl hi stidine Mhis L-a -net RgTAD2002/050104

phenyl al ani ne Mhphe L-a- nethylisol eucine Mle N ( 2-

met hyl t hi oet hyl ) gl yci ne Nmet 9

versions of the protein transduction domain (PTD) of HIV TAT protein [YGRKKRR
(SEQ ID NO: 54), YGRKKRRQRRR (SEQ ID NO: 55), or RRQRR (SEQ ID NO: 56)].
However, the disclosure is not so limited, and any suitable penetrating agent may be used,
as known by those of skill in the art.

5 According to a particular embodiment, the peptide conjugates of the present
invention are no longer than 25, 30 or 40 amino acids (this includes the CD44 peptide
together with any additional attached sequence, such as a cell penetrating peptide as
described above).

The peptides of the present invention may also comprise non-amino acid moieties,

10 such as for example, hydrophobic moieties (various linear, branched, cyclic, polycyclic or
hetrocyclic hydrocarbons and hydrocarbon derivatives) attached to the peptides; non-
peptide penetrating agents; various protecting groups, especially where the compound is
linear, which are attached to the compound’s terminals to decrease degradation. Chemical
(non-amino acid) groups present in the compound may be included in order to improve

15  various physiological properties such; decreased degradation or clearance; decreased
repulsion by various cellular pumps, improve immunogenic activities, improve various
modes of administration (such as attachment of various sequences which allow penetration
through various barriers, through the gut, etc.); increased specificity, increased affinity,
decreased toxicity and the like.

20 Attaching the amino acid sequence component of the peptides of the invention to
other non-amino acid agents may be by covalent linking, by non-covalent complexion, for
example, by complexion to a hydrophobic polymer, which can be degraded or cleaved
producing a compound capable of sustained release; by entrapping the amino acid part of
the peptide in liposomes or micelles to produce the final peptide of the invention. The

25  association may be by the entrapment of the amino acid sequence within the other
component (liposome, micelle) or the impregnation of the amino acid sequence within a
polymer to produce the final peptide of the invention.

The peptides of the invention may be linear or cyclic (cyclization may improve
stability). Cyclization may take place by any means known in the art. Where the

30 compound is composed predominantly of amino acids, cyclization may be via N- to C-
terminal, N-terminal to side chain and N-terminal to backbone, C-terminal to side chain,

C-terminal to backbone, side chain to backbone and side chain to side chain, as well as



17 D-N- net hyl gl utam ne Dnngl n N-(3- guani di nopropyl ) gl yci ne

Nar g D-N- nethyl glutamate Dnnglu N-(1- hydroxyethyl)glycine Nthr
D- N et wbhosri2géi7ae Dnmhi s N (hydroxyet hyl) gl ycipa@/IDNga2/050104  D- N-
met hyl i sol euci ne Dnm | e N (im dazolylethyl)glycine Nhis

D-N-net hyl [ euci ne Dnnl eu N-(3- indoly yet hyl ) gl yci ne Nntrp D-N-nethyl | ysine
D ys Nbggk %%é EoyBachngn%%g&Ez%{igﬁ.eCylélﬂ%%log of the peptide may also take place through
non-amino acid organic moieties comprised in the peptide.

The peptides of the present invention can be biochemically synthesized such as
by using standard solid phase techniques. These methods include exclusive solid phase

5  synthesis, partial solid phase synthesis methods, fragment condensation, classical
solution synthesis. Solid phase polypeptide synthesis procedures are well known in the
art and further described by John Morrow Stewart and Janis Dillaha Young, Solid Phase
Polypeptide Syntheses (2nd Ed., Pierce Chemical Company, 1984).

Large scale peptide synthesis is described by Andersson Biopolymers

10 2000;55(3):227-50.

Synthetic peptides can be purified by preparative high performance liquid
chromatography [Creighton T. (1983) Proteins, structures and molecular principles. WH
Freeman and Co. N.Y.] and the composition of which can be confirmed via amino acid
sequencing.

15 Recombinant techniques may also be used to generate the peptides of the present
invention. To produce a peptide of the present invention using recombinant technology,
a polynucleotide encoding the peptide of the present invention is ligated into a nucleic
acid expression vector, which comprises the polynucleotide sequence under the
transcriptional control of a cis-regulatory sequence (e.g., promoter sequence) suitable

20  for directing constitutive, tissue specific or inducible transcription of the polypeptides of
the present invention in the host cells.

In addition to being synthesizable in host cells, the peptides of the present
invention can also be synthesized using in vitro expression systems. These methods are
well known in the art and the components of the system are commercially available.

25 As mentioned, by virtue of their neuroprotective function, the peptides of the
present invention may be used to treat neurodegenerative disorders.

Thus according to an aspect of the invention, there is provided a method of
treating a neurodegenerative disorder in a subject in need thercof, comprising
administering to the subject a therapeutically effective amount of an isolated peptide

30 comprising at least 3 amino acids of a CD44V10 amino acid sequence and no more than
20 amino acids of said CD44V10 amino acid sequence and comprising a neuroprotective

activity, thereby treating the neurodegenerative disorder.



N net hyl cycl ohexyl al ani ne Nnchex D-N- et hyl et hi oni ne Dnmre

nmet hyl orni t hi ne Dnnorn N- net hyl cycl opentyl al ani ne Nntpen

N- et hyl gvgenreei2igsa D- N net hyl phenyl al ani ne Dnnphe PCT/INR012/050104
met hyl am noi sobutyrate Nmai b D-N-net hyl proli ne Dnnpro N (1-
met hyl propyl ) gl ycine Nil e D- N net hyl s%i ne Dnnser N (2-

met hyl propyl ) gl gi 1e N eu D-N- et hyl t hreoni ne Dnmthy D- N

met hyl t rypt op H) another aspect of the invention, there 1s provided a method of
treating a neurodegenerative disorder in a subject in need thercof, comprising
administering to the subject a therapeutically effective amount of an isolated peptide
comprising at least 3 amino acids of a CD44V6 amino acid sequence and no more than

5 20 amino acids of said CD44V6 amino acid sequence and comprising a neuroprotective
activity, thereby treating the neurodegenerative disorder.

As used herein, the phrase "a subject in need thercof” or "a subject” refers to
mammals, preferably human beings at any age which suffer from a neural damage or is
at risk to develop a neural damage.

10 As used herein the phrase “neural damage” refers to any disease, disorder or
condition which is characterized by an acute and/or progressive damage and/or loss of
neuronal cells and/or glial cells.

According to some embodiments of the invention, the pathology associated with
neural damage affects neuronal and/or glial cells in the central nervous system.

15 Non-limiting examples of pathologies caused by an acute or sudden damage to
neuronal cells include brain injury, spinal injury, head injury, and stroke
[cerebrovascular accident (CVA)].

According to some embodiments of the invention, the pathology associated with
neural damage is cancer. Non-limiting examples of cancers which affect the neuronal

20 and glial cells include glioblastoma, neuroblastoma, adenocarcinoma of the brain, as
well as metastases of a distant cancers such as breast cancer, lung cancer, and the like.

According to some embodiments of the invention, the pathology associated with
neural damage is chronic.

According to some embodiments of the invention, the pathology associated with

25  neural damage is a neurodegenerative disease.

Exemplary neurodegenerative diseases or conditions include, but are not limited
to multi-system atrophy, stroke, progressive supranuclear palsy, fronto-temporal
dementia with parkinsonism linked to chromosome 17, traumatic brain injury (TBI),
Pick's disease, multiple sclerosis, Lupus eruthromatosis, Alzheimer's disease,

30  Parkinson's Disease, senile dementia, amyotrophic lateral sclerosis, Down's Syndrome,
Dutch Type Hereditary Cerebral Hemorrhage Amyloidosis, Reactive Amyloidosis,
Familial Mediterrancan Fever, Familial Amyloid Nephropathy with Urticaria and

D- N-



N-(1- methyl ethyl)glycine Nval D N-nethyltyrosine Dantyr N- net hyl a-
napt hyl al ani ne Nmanap D- N-net hyl val i ne Dnnval N- net hyl penicillam ne
Nnmpen y- awDreoly47sc aci d Gabu N- (p- hydr oxyphenyPLgiyzonzesont yr
L-t-butyl gl yci ne Tbug N (thiomethyl)glycine Ncys L-ethylglycine Etg
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L-a- met qyela%{egsl,m %ckle-Wells Syndrome, Idiopathic Myeloma, Macroglobulinemia-
Associated Myeloma, Familial Amyloid Polyneuropathy, Familial Amyloid
Cardiomyopathy, Isolated Cardiac Amyloid, Systemic Senile Amyloidosis, Adult Onset
Diabetes, Insulinoma, Isolated Atrial Amyloid, Medullary Carcinoma of the Thyroid,

5  Familial Amyloidosis, Hereditary Cerebral Hemorrhage with Amyloidosis, Familial
Amyloidotic Polyneuropathy, Scrapie, Creutzfeldt-Jacob Disease, Gerstmann Straussler-
Scheinker Syndrome, Bovine Spongiform Encephalitis, a Prion-mediated disease, and
Huntington's Disease.

According to a specific embodiment, the neurodegenerative discase is

10 Alzheimer's disease.

According to a specific embodiment, the neurodegenerative discase is
Parkinson's disease.

The peptides of the present invention may be provided per se or as part of a
pharmaceutical composition, where it is mixed with suitable carriers or excipients.

15 As used herein a "pharmaceutical composition” refers to a preparation of one or
more of the active ingredients described herein with other chemical components such as
physiologically suitable carriers and excipients. The purpose of a pharmaceutical
composition is to facilitate administration of a compound to an organism.

Herein the term "active ingredient” refers to the peptides accountable for the

20  biological effect.

Hereinafter, the phrases "physiologically acceptable carrier" and
"pharmaceutically acceptable carrier" which may be interchangeably used refer to a
carrier or a diluent that does not cause significant irritation to an organism and does not
abrogate the biological activity and properties of the administered compound. An

25  adjuvant is included under these phrases.

Herein the term "excipient” refers to an inert substance added to a
pharmaceutical composition to further facilitate administration of an active ingredient.
Examples, without limitation, of excipients include calcium carbonate, calcium
phosphate, various sugars and types of starch, cellulose derivatives, gelatin, vegetable

30  oils and polyethylene glycols.



Marg L-a- met hyl asparagi ne Masn L-a- nethyl aspartate Masp L-a-nethyl-t-
butyl gl yci ne Mbug L-a- nethylcysteine Mys L- nethyl ethylglycine Metg L-a-
met hyl gl wearnhree2kysn L-a- net hyl gl utanate Mgl u L- a et hpChils20n2ipieeodvhi s

L- a- net hyl honophenyl al ani ne Miphe WD 2012/ 127475PCT/11L2012/ 050104

26
Techniques for formulation and administration of drugs may be found in

“Remington’s Pharmaceutical Sciences,” Mack Publishing Co., Easton, PA, latest
edition, which is incorporated herein by reference.

Suitable routes of administration may, for example, include oral, rectal,

5  transmucosal, especially transnasal, intestinal or parenteral delivery, including
intramuscular, subcutancous and intramedullary injections as well as intrathecal, direct
intraventricular, intracardiac, e.g., into the right or left ventricular cavity, into the
common coronary artery, intravenous, inrtaperitoneal, intranasal, or intraocular
injections.

10 As described in length in the Examples section which follows, the peptides of
the invention were able to protect against Alzheimer's and Parkinson's disease when
administered directly into the brain such as by intrahippocampal (IH)
intracerebroventricular injection (ICV), intracranial (IC) or intrathecal administration,
essentially providing for a local mode of administration, each of which is contemplated

15  herein.

Conventional approaches for drug delivery to the central nervous system (CNS)
include: neurosurgical strategies (e.g., intracerebral injection or intracerebroventricular
infusion); molecular manipulation of the agent (e.g., production of a chimeric fusion
protein that comprises a transport peptide that has an affinity for an endothelial cell

20  surface molecule in combination with an agent that is itself incapable of crossing the
BBB) in an attempt to exploit one of the endogenous transport pathways of the BBB;
pharmacological strategies designed to increase the lipid solubility of an agent (e.g.,
conjugation of water-soluble agents to lipid or cholesterol carriers); and the transitory
disruption of the integrity of the BBB by hyperosmotic disruption (resulting from the

25  infusion of a mannitol solution into the carotid artery or the use of a biologically active
agent such as an angiotensin peptide). However, each of these strategies has limitations,
such as the inherent risks associated with an invasive surgical procedure, a size
limitation imposed by a limitation inherent in the endogenous transport systems,
potentially undesirable  biological side effects associated with the systemic

30 administration of a chimeric molecule comprised of a carrier motif that could be active
outside of the CNS, and the possible risk of brain damage within regions of the brain

where the BBB is disrupted, which renders it a suboptimal delivery method.
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Pharmaceutical compositions of the present invention may be manufactured by
processes well known in the art, e.g., by means of conventional mixing, dissolving,
granulating, dragee-making, levigating, emulsifying, encapsulating, entrapping or
lyophilizing processes.

5 Pharmaceutical compositions for use in accordance with the present invention
thus may be formulated in conventional manner using one or more physiologically
acceptable carriers comprising excipients and auxiliaries, which facilitate processing of
the active ingredients into preparations which, can be used pharmaceutically. Proper
formulation is dependent upon the route of administration chosen.

10 For injection, the active ingredients of the pharmaceutical composition may be
formulated in aqueous solutions, preferably in physiologically compatible buffers such
as Hank’s solution, Ringer’s solution, or physiological salt buffer. For transmucosal
administration, penetrants appropriate to the barrier to be permeated are used in the
formulation. Such penetrants are generally known in the art.

15 For oral administration, the pharmaceutical composition can be formulated
readily by combining the active compounds with pharmaceutically acceptable carriers
well known in the art. Such carriers enable the pharmaceutical composition to be
formulated as tablets, pills, dragees, capsules, liquids, gels, syrups, slurries, suspensions,
and the like, for oral ingestion by a patient. Pharmacological preparations for oral use

20  can be made using a solid excipient, optionally grinding the resulting mixture, and
processing the mixture of granules, after adding suitable auxiliaries if desired, to obtain
tablets or dragee cores. Suitable excipients are, in particular, fillers such as sugars,
including lactose, sucrose, mannitol, or sorbitol; cellulose preparations such as, for
example, maize starch, wheat starch, rice starch, potato starch, gelatin, gum tragacanth,

25 methyl cellulose, hydroxypropylmethyl-cellulose, sodium carbomethylcellulose; and/or
physiologically acceptable polymers such as polyvinylpyrrolidone (PVP). If desired,
disintegrating agents may be added, such as cross-linked polyvinyl pyrrolidone, agar, or
alginic acid or a salt thereof such as sodium alginate.

Dragee cores are provided with suitable coatings. For this purpose, concentrated

30 sugar solutions may be used which may optionally contain gum arabic, talc, polyvinyl
pyrrolidone, carbopol gel, polyethylene glycol, titanium dioxide, lacquer solutions and

suitable organic solvents or solvent mixtures. Dyestuffs or pigments may be added to
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of active compound doses.

Pharmaceutical compositions which can be used orally, include push-fit capsules

made of gelatin as well as soft, sealed capsules made of gelatin and a plasticizer, such as
5 glycerol or sorbitol. The push-fit capsules may contain the active ingredients in
admixture with filler such as lactose, binders such as starches, lubricants such as talc or
magnesium stearate and, optionally, stabilizers. In soft capsules, the active ingredients
may be dissolved or suspended in suitable liquids, such as fatty oils, liquid paraffin, or
liquid polyethylene glycols. In addition, stabilizers may be added. All formulations for

10  oral administration should be in dosages suitable for the chosen route of administration.

For buccal administration, the compositions may take the form of tablets or
lozenges formulated in conventional manner.

For administration by nasal inhalation, the active ingredients for use according
to the present invention are conveniently delivered in the form of an aerosol spray

15  presentation from a pressurized pack or a nebulizer with the use of a suitable propellant,
e.g., dichlorodifluoromethane, trichlorofluoromethane, dichloro-tetrafluoroethane or
carbon dioxide. In the case of a pressurized aerosol, the dosage unit may be determined
by providing a valve to deliver a metered amount. Capsules and cartridges of, e.g.,
gelatin for use in a dispenser may be formulated containing a powder mix of the

20  compound and a suitable powder base such as lactose or starch.

The pharmaceutical composition described herein may be formulated for
parenteral administration, ¢.g., by bolus injection or continuos infusion. Formulations
for injection may be presented in unit dosage form, e.g., in ampoules or in multidose
containers with optionally, an added preservative. The compositions may be

25  suspensions, solutions or emulsions in oily or aqueous vehicles, and may contain
formulatory agents such as suspending, stabilizing and/or dispersing agents.

Pharmaceutical compositions for parenteral administration include aqueous
solutions of the active preparation in water-soluble form. Additionally, suspensions of
the active ingredients may be prepared as appropriate oily or water based injection

30  suspensions. Suitable lipophilic solvents or vehicles include fatty oils such as sesame
oil, or synthetic fatty acids esters such as ethyl oleate, triglycerides or liposomes.

Aqueous injection suspensions may contain substances, which increase the viscosity of
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As used herein the term “about” refers to = 10 %.

As used herein the term "method" refers to manners, means, techniques and
procedures for accomplishing a given task including, but not limited to, those manners,
means, techniques and procedures either known to, or readily developed from known

30  manners, means, techniques and procedures by practitioners of the chemical,

pharmacological, biological, biochemical and medical arts.
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i ncr easedicspeboié aid 3, cliimed eadedclafsisaétion, bedew fiod seperioxitali suypqnﬂl thhe | i ke.
20At t achi nI? the am ﬂlo aci d sequence conponent of the peptides of the

i nverl |or§ VVIGEEF M- anmi no aci d agents nmay be by coval ent |inking, by
non- coval ent conpl exi on, for exanple, by conplexion to a hydrophobic

pol ymer, which can be degraded or cI eav lpﬁgr oduci ng a conpound capabl e of
sust ai ned rel ease; by entrappi ng tH¥A acid part of the peptide in

|'i posones or t The 25
associ ati on may ae Gy PR AR B o b0 RERY LR lag 0 NG 4Ry, |

ot her compgnn@nbns( ﬂlllupme&emme amb@dlhe)lts@lfthdlﬁvéﬂmnegaabn (thlﬁ)ﬂig faBlgioAum no aC| d
sequence within a mer to produce the final peptide of the invention.

The péptides &feng ﬁ\?éwmea flafpsg uppd horeia apd ghe @;lzellaf%wé%fimfwlb%?dmy

i mprove gf afjdl 'p%%c)ent %{%dt At iy b Bk RarP! %Ehéi%c@“ym Ghi8108 1NN, d“ the
art. Were t conrpou i s conposed prédom nant am ng aci

cycli zat |rmmmtmyanbeDN|Aa tddhniqoeC- Slmhntaahalnqued- heer momalghﬂp espldened hai |theand
N-termn to ba ne, to.side ackbone
S de. chai et BrbaskboNe ST MUt i CBbMG: Gobaiony MR YeniBoclo§
backbone ,f 0(1'9@9}‘ b@ﬁﬁerﬁ)P%tbé@lE (P00l Bt Bﬁégﬁw&ﬁm@ﬁﬂﬁ)%&ﬁ&@ By, aiso take
pl ace through non-am no acid organi c noi eti'es conprised in the péptide.

Thebptépt (6% ohugubel girabsEntrrdnh qumndﬂnlebldalblﬁ@&wm Joah S’WWFMZ ed such
T "
xcl st veranpa” SRkdateEl Rz, K IS cud i B IRE IiREE) Bier hods,

f ragment wp&denSahk, ONechaﬂél(mlg) SOl dtionog sly, NARSHinaPOIDNIA RhSEentific
pol ypepti de synthesis procedures are wel | known in the art and further

descri bed\BgricashRo N §10é19»aBtl’f@éi1n@F dlarked) Didenamg Aealngs: Solabrapase
Pol ypept i se 2n :
Larég gc ]\ﬁ% ?ég%g%e g?/fr?t rllg4§|%é&‘i’ls gfa}r@}dﬂ%)b%% I&g'rmsén eévlopgl% >§199r8 ’ 102000;

55( 3)31)221né51&bdolog1es aS)sBﬁf@ﬁhluﬁ:U[iﬁimat d&s 4,866, 8@8 pll,(ir83t20ed4J891,}SBBma.r9ﬂ659e hi gh
perfornanc gw d chrorra ogr aph Crelr{%még 983) Proteins, structures
oolN Vo

and nol e@E} pﬁﬁm‘fﬂ”e@oqw Br umgsd- ﬂféel%ﬂpgsiefil on of
whi ch Ca’(béeﬁa,s glgflﬂuEéTSP'A%ﬁ‘n?al 100 AGTa . 988 E'T%Shm&ééagﬁ/?ﬂ@éﬂﬁgﬁtwﬁl%-hm ques

may al so to generate the peptides of the pres



invention. To produce a peptide of the present invention using reconbi nant
t echnol ogy, a pol ynucl eoti de encodi ng the peptide of the present invention
i s |igat esoizat22a478ucl ei ¢ aci d expressi on vector, whi chPCOAPIOIYEN104he

pol ynucl eoti de sequence under the transcriptional control of a

ci s-regul atory sequence (e.g., pronot e sequence) suitable 20 for

directing.constitytive, ti e specific or inducjble transcripti of the
pol ypept i %s%ﬁ&t(ﬁ@%r Jbuf EdvE BN Rraereingsimaanqiaey’ Volunes 1-1dqi ¢ i'on
to bei ng &yihNeSiEzab] §199%)NQates G2 lal SedtNeBREP LhARS R al RN RIERSM (8iHhvent i on
can al so be synthésized using In vitro expression systens. These nethods

are wel | Hdmown, Appletos &rtangeydNarhallc 6 olYeAYL; Mohelt hied Slrisgidndsar SSedesmader ci al |y
avai | abl e, 25As. i on by .vi rt hei r neur oprot.ective f ion, the
ept i des ithcte mhCeufe Fireiten: by PheltiEhn (5t P8 NRRLY Sl AL ve

di sor der swailable imnhiMtas@GS afctixidhsivelyadbsasiRaGh tif pdtbif ahdv@Bktiflitctdhgee 1S
provided a nethod of treating a neurodegenerative disorder in a subject in

J
need theredf forcsprpsi g -SadhetniNeser 3.181.P82:t BSB3QuUBBPect.8. 1 Her 336057 8al |y
effectiv t of b.S epty 0 b Si t-,ea 1no
aci ds of%5%%E&QV18£gﬁg%% g%?ﬁfg%ﬁugﬁggﬁéga %g§%%¥% E%§%:§8’agpggﬁgg%ds of
sai d CDA4NIBA,0a¢ na,098)8G6:5ed 88N €9;ansj0 QTP | SAd1g528NEDT0PI@i@atit¢atidct | Vi ty,
thereby treating the neurode?energtive,disorder,‘24 . According to
anot her aYpREsiSofiaith M. hveht(H): t Nuglaici Acig ixhribentignnEtamss Bf Diratk i ng a
neur gdeg at iqv j i ' i it f 0 1S4 f
D o SRR S8, RS RIASY, \PaRcHURERly YhnDRRh t HEREDD, (SR LA,
i sol at ed Spdptddde(IO3dpr'iAziimgl atlll@dsatre"3Fmshmuy, &cildsedof(1286@EDANBolahkalo aci d

sequence and n re thap 5 20 aming acids of sai. V6 ami aci d
sequence Giid a@_ﬁ:ﬁ%@i@ﬁg%n&%?w@mﬁvgraaml_ -&113? G ﬁﬁ?@s@a& &i%%g the
neur odegeneLaty v e 9845 ahdl®ktcthods in EASyHSBEyNeLE1 11311 NG aRBhASErcs@ "PER) €Ct i N
need thereof' or "a subject” refers ¥o manmal s, preferably hunan bei ngs at

gny age \Hfﬂ@tobpls:uﬁf%midé _rTorMathné?lAalld @@f@g@omi’ , Asad@n}'iqr Pdes.t SandRiegbopAa neur al
i sorger (PO RERPEI Tl R AL KR RO TugtRIRaand EhERSREAURRY: Byr eastve

damage andberatdrySSoéc NemugnatSHE! P@s@ow%?]; gl ol wigieh la$e incorporaté@asr ding to
some enbodi nents of the invention, the pathol ogy associated with neural
damage afr¢fersnse peifrfoinbetdanh beregl. i Qther apnesaliraferdnsceaginrayidetethyeighodty st em

15 Non-l0igh 108X 3R L e Rl PALARE B R CAUITA 0001 ALK B (RYdHeN
damage to neuronal” ce P RCrude br ain injury, spinal I'njury, head injury,
and st r olpeovider flvrthy asewthahcaof ttberhddrCVA)l Jthe informatdcanehimgl thercoie

enbodi mrents of the invention, the pathology associated with neural danmage

i s cafcerncoxpiated hereinmby BkdMAes of cancers which affect the neuronal 20and
glial cells include glioblastom, neuroblastona, adenocarci noma of the
brain, as well as netastases of a distant cancers such as breast cancer,

| ung cancer, and the like. AcXeoMiRLInIt o sone enbodi nents of the

i nvention, the pa .asspci at ed ¥yt neural6da pge i' _hroni c.
According to soneldefliggtigralacyye peplideyfram exgus 6 and 11 of K440y associ at ed
wth 25 ngifefiadaiPVRthcis@ Neur odegener ati ve di sease. Exenpl ary

neur odegénerati ve diseases or conditions include, but are not limted to
mul t i25syst em atlf pgttdes wereolyathepredbedeVeanshprthilatiedd. PRILEYA) at >95%

L1 aumat | EBRas N2y "y B SR et o 6N RT B BCP Mt pus

er ut hr omahstaicd M DEicI®d’s SnodifSRiEBaslc’ S thedRmn KippsahcieDviR a9y, feranédie
denentia, anyotrophic |ateral sclerosis, Down's Syndrone, Dutch Type

Her edi t asgrugerletétial apénols Pggsilimptisposicsn (ReihdldomskAdyrpd).doslis Werani | i al
Mediterr . F . N j r i 1] | a. 25
et ness TRierd i pIAEGEA A WG PO PERERLAR ot LR Rk

Macr agl ol i R NiSeAes a¢drathg FoMped BREpridrasi ddchl cxpenimentdoPallgvn ek epiad ky
Fam i al Anyloid Cardionyopathy, |solated Cardiac Anyloid, Systemc Senile
Any| oi doslilcremgnt¢ tovandencupatietcds, Gollsubirporenn s gaved Met | Beajidi d,

Gor obr al B RagRel g o Spp S ATl BT Beb St Sont ny.

Scrapi e, Creutzfeldt-Jacob D sease, Gerstmann Straussl er Schei nker Syndrone,
Bovi ne Spongi form Encephalitis, a Prion-nedi ated di sease, and Huntington's
D sease. According to a specific enbodi nent, the

neur odegener ati ve di sease is 10Al zhei ner' s di sease. According to a
speci fic enbodi ment, the neurodegenerative disease is Parkinson' s disease.
The peptides of the present invention may be provided per se or as part of
a



phar maceuti cal conposition, where it is mxed with suitable carriers or
exci pients. 15 As used herein a "pharmaceutical conposition” refers to a
pr epar at ivw0 20f2/1emg50r nore of the active ingredi ents de®CTiltbmd2/bznei n with
ot her chem cal conponents such as physiologically suitable carriers and
excipients. The purpose of a pharmaceyfical conpositionis to facilitate
admnistration of a. c to an g term
"active i® F@B?Eh?’mFgggf’wgoﬁ¥ﬁ@“bgg%aﬁt@‘ﬁﬁ@@ﬁﬁ?ﬁﬁP%b?%g E Qggﬂbloglcal
eff 8Cl.  of metabBiEIaBAd QEHs 1t CBIEAURS tethDY G| OH SaMT Yo BGARRL 8BloReLarri er”
and "pharmaceutically acceptable carrier”™ which may be interchangeably used
refer tocampawndserf formazadi Themtensitatofdbesvatrtsobdleseysisgnppartam o thd t at i on
to an organism and s not a ro i g cal. acti roperties
of the adiRe PEREB O3NS A SELAPRCARETI I Beciadirdti R sbl
phrases. following llREk@idht hbA@ L:SUMtIAXFitRIgRRWth rM&fiehSnl hcaBatd st 1-3hBglsance
added to a pharmaceutical composition to further facilitate adm nistration
of an actAhﬁérhah@Pr eds avvesure ahpieam. vihe vonsliyi avsavat ko lioafed xciaspentss

i ncl ude G b I i a r es of
starch, aﬁ ‘Igu(‘llé g%gﬁeg‘eg S$Ia§e|3vge§sa é‘ﬁm‘&%& géggﬁl%bbaﬁébg’ggls%i% Edﬁ qo tt%{%yl ene
glycols InaﬁﬂwuHe51ﬁﬁ@mnmques for formulation and adnlnlstratlon of drugs
may be found in "Rem ngton's Pharnaceutical Sciences,” Mack Publishing Co.,
East on, Mesultytest edition, which is incorporated herein by reference.

Sui t 61'3' e rout 83 \Qtfro %ﬁ&” 'ﬁ&cy %S'SQH fﬂﬁ tlonf Qf eﬁﬁ%%l 1?s’mé Qﬁ%h\f"ﬁgelnafcﬁie’t E?Ct al,

5 transmucosal, especrally transnasal, | ftest I nal  of par ent er al Ivery,

i ncl udi nchDéM\f(amdsGDHaV,‘lO srtbp:laylageouk: mn&urddbgawmjwbldaﬂoydarmﬁlmhtasomb as wel |

as intrathecal, rect raventr tracardi.ac ., into the right
or left 2% é&}rdﬁ'aﬁun@abil%d 4am>ocbﬁég ﬁcwﬁoﬂarlw’mﬁgﬁe h¥aifenous,
i nrtaper 'ptaﬁi&ﬁ?alte ih %ﬁlﬁﬁ@sﬁilotelﬁubrdt&hrﬁ%wtﬁﬁs ' ﬂllcﬁfaiﬂgoﬁ sigh@Perafl@RehdPed in

| ength in the Exanpl es section which follows, the peptides of the invention
wer e abl gathovays (nemvveé@alﬂwta alap (). MErereforerttic Peaskitrisontass dinssiased thaen

i acer S bUCRESToRbi P Rp BET ATV o) TR AT Rbpadtion RERTETRR ol eca

admi ni st raaf it ,peﬁﬁ@e@rﬁeh%d Yrolt ViV &:@hs dediREdds MBESrOé agdimapéitpat i on,
each of which i's contenpl ated 15herein. Conventi onal approaches f or

drug del |dwmgtlot1100f lieese emtaradtioner lngaed 3y stasnshoemsthat rcisigl:  prtensstidyi cal
strat egl t e r tac ven I

i nf usi on) cuﬁEq? Igmu? ﬁegk@d()]% Hﬁﬂe Jly H {]% ‘ge,qgg{cgdﬁcﬁpgﬁgogfa
chineric 1fﬁm51|t1og lepatoeyta drbath Corpr (HEE) ﬁglﬁa’laﬁﬁlpdudhopethfdugﬁ Mbiatyrbsige an
affinity for an endothelial cell 20 surface nolecule in conbination with
an agént kﬂl}i’é?rqc§PtP’E B4lf incapable of crossing the BBB) in an attenpt to
expl oit one of f

phar macol ogi cI st ??@S@%ﬁ%& ne aﬁéﬁcfﬁ%%g%%ﬁ? eto}lélf%tlgla Fd’bi’ ldes of an
agent (e.tige presamn jtmgatorsnhavofmaxmaemmmlaﬂpbaeamnbmetmghmpnwfoobothﬁtﬂ amt er ol
carrlers)\{ and the t anS|t1§ éa i Srup F\I on of tdhe inte I@HX he BBB by
hyper osno §0c sefiugnasst b%’ﬂr?r s BPESAn G fIPO ROPHFEY d2 5P GURRGSES lbefSlZQ nEiift ol

sol uti on gepfidesithe eaEifrtreRf Fe%fo‘ﬁs% VEgdusl Slond wWRtObR@i&abl YFigel e agent
such as an angi otensi n peptide). However, each of thése strategi es has

|i mi t2at i (Trlns pesud;ds vage ti¢weed fioh droaneffact ok scthdewl iohnearobiastomarcellings Neé

surglcal I z tatlon| limtati in rent in
the endod Bt 10 s oSt Bympdh e o Rl R RO T Bigeb S B0 sPBRLE S s e
effects @)%ﬁ@d‘ds&ieﬁded’\ﬂﬁbhl hﬁ@s@%ts%tﬁléhce 34d ad81 prbEddsaddriatd Gfond tiehhufesr C

nol ecul e conprised of a carrier notif that could be active outside of the

CNS, and \flrﬁ)esqsm@qebvvés tessad, ot thicai gonaeniigienswi arhrell degfhorfs SBEN1SkE cpllsai n
vvhereth BB, IS er.s it a subopti met hod.
RS oA TP st & T PFTD ks, ucBRRP b TRy Bl ol Yo

n’an uf;act Whednhye &%Q@Qﬁ&@ﬁaﬁﬁﬁw pdfE@tdbeial 100% Riffaed 8 Ghe vidbylitiBARR IQ)fne-
conventional m Xi g& di ssol ving, granul ating, dragee-naking, |evigating,

enul si f yitisgicdenbagSlrtacpides wore et iegcosier|ay dsni partialiyoiseiarretostas cells

SPhar mac [ c

Tnvent | onrRied (S0 BEM s Blfal ledtES, SRARFRERI folichin hARBSEREYS v
physi ol ogi cal |y acceptable carriers conprising excipients and auxiliaries,
which facilitate processing of the active ingredients into preparations

whi ch, can be used pharmaceutically. Proper formulation is dependent upon
the route of adm nistration chosen. 10For injection, the active ingredients
of the pharmaceutical conposition nay be formul ated in aqueous sol utions,
preferably in physiologically conpatible buffers such as Hank's sol ution,

Ri nger's solution, or phy5|olog|cal sal t buffer For t ransnucosal

oy - . b o e v ' T Y, 1 o




Dragee cores are provided with suitable coatings.

For this purpose,

concentrated 30 sugar solutions may be used which may optionally contain
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Toxicity and therapeutic efficacy of the active ingredients described
herein can be determ ned by standard pharmaceutical procedures in vitro, in
cel | cul twpes120274785 experi nental animals. The data obt &cmam2ofiz/esemedhese in
vitro and cell culture assays and ani nal studies can be used in fornulating
a range of dosage for use in human. ng dosage may vary dependi ng upon the
dosage form enployedand the route of adnini~tratinﬁ gi-ii—zed—rThe exact
formul ati on, |rout®™f adm ni st r A A¥ARANd dosage caﬁ %szﬂbqen by the

i ndi vi dual phy%16AdnNith Vi ew of the patient's conditidh. (See e{g., Fingl,
30et al ., 1975(alsovrcfefied Phar macol ogi cal Basi s of Therapeutics",|Ch. 1 p.1).
Dosage anount angad PB@rval may By ERijfvBt ed i ndi vidually to braip or bl ood

| evel s of the agidvegypled ent ggypufficient to i ndoge or suppress the

bi ol ogi cal eff DAL M mat ekt L ¥e concentratio VEC)The MEC wil |
vary for eaclh gfgﬁgiajéon, butsigg’u]bzstinated fron1?§ v+t+ro—dat a. Dosages
necessary tolac l@?’ﬁn the | VEC wi $LS I_Dm'i on iindivi dllﬂ? characteristics and
route of admini¥iGBd Non. | Det ect i BS@Psays can be used3®o deternj ne pl asma
concentrations.vEEperdi ng on thevsRSErity and respondiveness of the

condi tion to|beyigmgated, [dosi ngyRariRe»PT a single or3a plurality of

adm ni strati ¢gmn Lt £FOUTSE Jf Tt tasting frogrseverat _days to
several weekg 3%9%%?gﬂacure i@ge..cct gtor dininutiong%f t+he—di-s5ease state
i s achi eved. 1 1—g'he anount of a conpositiion to bé? admi ni st er ed wll,
of course, be ﬁﬁﬁéﬁﬁﬁﬁﬁ 10 on _the subject being treated, the severity of
the afflictiqn, ta#ePIfanner of BEMIASIVation| the judgment of the
prescribi ng physil®Ban7 efc. FGVTANMTbsi ti ons of the3present invention

may, if desired, be presented in a pack or dispenser device, such as an FDA
approved kit, which may contain one or nore unit dosage forns containing
the active i ngheth petidesriyerepwedenphior thejF peotestiye sffcetorpphgdroxydppasting or

pl astic fpi i,ster C -DACK ~Qfr di: S er. deyj Jmy be
acconpan#géhggg?%§?§§£$¥g%§%#§9'@gﬁgﬁf% rg ?éﬁﬁggﬁga%ggaﬁgﬁm %éggggbr may

al so be akcaswedaical; edannoeddet eyassoal atad Mrkiséiedsantdh vato bnd & form
prescribed by a governnental agency regulatjing the manufacture, use or sale
of phar mesuPriedPe ndHierrAgere drpugh qaéec?f TFactye oxyesbinsricn{RPRantency of
the formyf, Ehﬁimgrﬂ?{%ﬂ Effﬁs?sonofhehﬂ oAdrif re O@fa%rgnﬁ{a}h. agia gl @lowen.  Such
notice, for exanple, may be of | abeling approved by the U S. Food and Drug
Adm ni st rdaffféromidl @ffepr efSthei peptides or uagldular viebilign amp paspesd3 peoduon oméert .

Conposi t i tipn of the invention farmilated i
compat 1 bIATRACRIRH BB FRTRT HBPGrest Vb e TR abar@t of Srpratoran
appr opr i aéed® ANk AT dosaeh ARt @dlaihple, 5B Herofepdie i cated, ¢ndi ti on,

as is further detailed 25above. As used herein the term"about" refers to
10 %10  optimakpupsestivhdpssi was feend ¢o he 2ippnd o' M epeeestreidomengee $C) nblams,

t echni d d f i shi i t i.ncl udj but t
R e SR S N et R R A iy
to, or regfhliMaslavabeReEndar QM lsng»w cRRHBARA The FRANE of tpRpIMHs GRSt ANd
procedures by practitioners of the chem cal, pharnacol ogi cal, biological,

bi ocheni aghinstnthenAfi sedss avassstrik@gly differendsthars gble e@BIDA-ctfbaiveepaptidey eat i ng”
i ncl udes gbr%g%tigg, substantially inhibiting, slowing or reversing the
progressK u a ndition, substantially aneliorating clinical or
aesthetical synptons of a condition or substantially preventing the
appearance of clinical or aesthetical synptons of a condition. 5It is
appreciated that certain features ofEXAMPRBESnti on, which are, for clarity,

conbi nat i on i n B-orAgecAseREiEhR IR ERNoR n itdn SnDdatRiuBRR; T "

i nvention, which are, for brevity, dagaéi bed in the context of a single
enbodi nment , nﬁY al so be Erovided separately or in any suitable

subconbi L ndaxie able in any other described 10 enbodi nent of the
i nvention. Cerigi t esGr.i ' h ri di ment s
are bt 1o be Cont: DERLHIERAERAL) T2 B SuPh Tl Hrarkfl LANRBARET T2

t he enbodsmEhtvetsadnnaperat witk 18imgeyMRTRDSHgmbexdritly.at a dosage vollané ofis

enbodi nents and aspects of the present invention as delineated herei nabove
and as clainmed in the clainms section below find experinental support in the
15 foll ow ng exanpl es. EXAMPLES Reference is now made to the foll ow ng
exanpl es, which together with the above descriptions illustrate sone

enbodi nents of the invention in a non limting fashion. 20 Cenerally, the
nonencl ature used herein and the | aboratory procedures utilized in the
present invention include nolecul ar, biochem cal, mcrobiological and
reconbi nant DNA techni ques. Such techniques are thoroughly explained in the

. ~ o I a1 ' ~ A [ T o I |




30 net hodol ogies as set forth in U S. Pat. Nos. 4,666, 828; 4, 683, 202;

4,801, 531; 5,192,659 and 5,272,057; "Cell Biology: A Laboratory Handbook",

Vol unes IwWOI20120er475s, J. E., ed. (1994); "Culture of AniPERIILI0a2/DI164 A

Manual of Basic Techni que" by Freshney, Wley- 32 Liss, N Y. (1994),

Thi rd Edition; "Current Protocols in ‘gnunol ogy" Volunmes I-111 Coli gan J.
)

E., Stit t . al d | 8th
S R S B Pecior S iSRS ahdanP b LS

" Sel ect eV P dsy bnandebol 8l @hsdcTANaL R ?Yﬁ'lee %re"ﬁdn'ﬁh%?é?@d"uﬁﬁﬁas@ﬁ willew Yor k
(1980); Savailable i munoassays are extensively described in the pat ent and

sci enti f iRBSY Gvbh:ucw) or enc sithe fpoptedearapll endkGSinPEY pXmeuse3 ATRAcpAdSs usdd 888 153;

3, 850, 752; 3,850, 578; , 3,,987: 3 517; 3,879, 2 3,901, 654;

3, 935, 0741V03 sgigligssgie §Y@fg%“%‘3&15 Y4L%%TZF1@7%I w%gn%d% ng pigghinal

5, 0114 _77]a@&?fétlgﬁgtnc'lsfé]teﬁ&élgl%klﬁicﬁpﬁbldﬁtra@églt1B§tﬁla%10nc?a'ch md\{ke \lzas m?l(al (1984)

"Nucl ei ¢ Ac di zat1on" Hanmes, B. D., Hggins S J.,
(1985); 'aiﬁcﬂlrr&uﬁdi 102. 6%nlsaﬂdraﬁc)aﬂ@hat$tmmedl—far¢lehe;ld BvitiDthe @avlf W@Qﬂ s tlS: J.,
eds. (19 Cel.l Cul t shne

oo T Lt e Rl Ftm T S R R e the. BIIL SPT R Mcirve o

Mol ecul andfdifneRdto BRIBRhostBl as t(m'b%ﬂ)dr dfoll%%ﬂ'@?% 1I5rse£ﬁamnaid0<9m wHol .
1-317, Acadenic Press; "PCR Protocols: A Gui de To Met hods And

Appl i cat |adm$n'lsteméet@|élm GePriysl a5ano D géopAoiBy(tiaoe)!s wemshdkleOral
Str alli)egld% % ..tlil Py O S we GI(‘ Ilefélggg 'e&’nli) andrvv\%aefr é;%fo ati Zat]! rnrnedlpiei‘ %%rtat Or y

Cour se Man are rncorpora

refer enC%uﬂLﬁnasfla fthld: Ibpausse{avelfeolrehfawb@ el the Skiber digeordalcft efﬁcehghncgﬁataﬁe
provi ded thr ouglhout this docunent. The procedures therein are believed to
be wel | RyfaRoolpdl neighed aa%éroaﬁﬂélnpcﬂra\%é@efsmat% RV ersi homagenized He

eader A Lyl JORRRAEY o SRRYR Do oy B3 mESERRLA g0 0 .
of CD44 NBHEYA)dys5 scvdnddetonadson at 80 W. The supernatants of each tissue extract were
15  injected directly to HPLC pump (Jasco PU- 2080Plus ) onto a reverse phase column
(GL-Science, Inertsil ODS-2 Sum 4.6x150mm at room temperature) coupled to an
electrochemical detector Coulochem II ESA with a conditioning cell model 5021 and
analytical cell model 5011.The working potential was set to 0.35V on the conditioning
cell and 0.1V and - 0.35V on the analytical cell. The mobile phase was 0.05M
20  monobasic sodium phosphate ,with 80mg/L. EDTA, 125 mg/L heptane sulfonic acid,
55ml of methanol and 50ml of acetonitrile pH=2.7. The flow rate was 1.5 ml/min. The
dopamine, DOPAC and HVA wvalues were normalized to the lysate protein
concentration (BCA kit, Pierce).
Results
25 The most effective peptides against MPTP and 6-OHDA were selected for in
vivo PD model namely MPTP injection in mice. In this model, repeated itraperitoneal
injections of MPTP (18 mg/kg at 3-h intervals on two consecutive days) result in
dopaminergic neuronal death in the substantia nigra and dopamine depletion of the
striatum. The peptides (or vehicle) were applied twice daily by intranasal instillation at
30 1 mg/kg starting 1 day prior to exposure to MPTP and continued until the end of the
study. 7 days after the injection of MPTP mice were sacrificed and striatal levels of

dopamine (DA), 3,2-dihydroxyphenylacetic acid (DOPAC) and homovanillic acid



25AI | peptides were synthesized by LifeTein (South Pleinfield, NJ, USA) at
>05% rity. N2A nouse neurobl astonma and SK-N- SH human neur obl ast oma ( ATCCO)
wer e mai rweinedi2r475Dul becco' s nodi fi ed Eagl e' s nmedi um spplieseozedoan t h 10
%fetal calf serum L-Gut and 1 % Penicillin-Streptomycin (Beit Haenek,
Israel). Cells were maintained in an inhcubator at 37 Cwith 5 % CQO2.
SK-N-SH ¢ were treated RA (Si gna- Al drich) r 5 days prior
to each éﬁ?@.%@ﬁﬁvewﬁﬁ%@sﬁ%@ Tartices 5 ?eﬁtégé%ﬁ.gé%psta@ﬂéfﬂ%eSHléw nal
cells. CQiAquﬁﬁgjQMQ$VA”QW§ém%@h$§nH{@Qﬁe@nd treated with A peptides for
48 lirs or N4PTI) (Sigma-Aldrich, 24 hrs) afterwhich they were 33
subjected to ﬁmemﬁedxﬂﬁmﬂ¢ammwnavsasséﬁmtdﬁkmﬂﬂﬂVQam®NﬂDﬁ&na@tmgmﬂssbased

on the a I|t of, et ic active gells t e the te um salt XTT
00 oranadl e SterdlEil admutsBRon L n B Rerkile o R St b FRESREERH S0t upy o
dye is p"l\@l’ﬂ"-‘tﬂe@t@@'mic@ Mige RiTD afcald H&b?’cﬁﬁ’é it6 A6 tryBcsleldssribedl In ¢Rei t
Haemek, |srael) was added to the cells followng treatnent after 1:3

di | ut i on MatetalgepdiMicthedsi §‘Fﬁaé9fide‘fq11%9f)aﬁed)@%clanﬂ B adr wereAlpssmzadcy was
measur ed Jh V. S say
(Enz ok 'ERSsA0 AR el 86 BBk RBaEY 1 EEnd SornBYEC B ol SRR Bt o

t he manufieethick’ tfeatedshicicGioups 1R@EW tréatdddivith i: T frdx 3N dornihl \deMgndted andf
function experinents using si RNA, indicate that CD44V6 and CD44V1Q are

pl ayi ng ASHOIEersn analpedd amier atids @ gyesrdiasaycrgse Homyp gDWappicalsd withs
(U”pqgl'%hﬁﬂhﬂ@@f@B2§Iﬁﬁéj@@ﬁf§B g gqdariant isoforms were shown to
participate I1n multipte prote|n'-|c§J tein interactions, including in signal
transduction pathways (reviewed by Hable? et al [9]). Therefore the present

| nvent or-s—en mnaornannd that 1E ciirh Nt Ay act | ons—haV rmrll at m/I/I\IR nd

LT T VO

CD44V10 |f unct i WG AP AWr onalVasd af peptiden dnd PHat heBOPAEs |derilbdd flr om V6
or V10 exdns| sequelites nay SERVEBASCAN agentof-or jlsqyptlon ofe g hese
€

i nt er actions} tnde Tt 5 St smat tpenta g (NRWHE-| SEQ | D

NO 1) rp%nv d frnﬁn}]t he human ’MPHPP i<;2666.apawl e 7} i nhi b}V ng

hepat ocyt & gf owt h 34ct or | HGFY18AfM&6 transdycti oh thagugh Meto tyrdsi ne

20Kki ] t 4 I t T d t hat
i nase rgecgptor m@ T L Vldkp5ﬂgf o Tdentd %ﬁQ§§rve Sgquer|ces a

nay hel F t dclltl 2’2 QU\:II pepl I. IIC II Coelll I IVCII{ UI Q II(J.\V’e ‘Ilﬂ.d a.

mul tiple §be3|es seguence allqﬁﬁé%ﬁ f or )otH8V6 and Y20 sequéndes (|Figure
1). Based tn thélmnd§érveduﬁ§qupqggz5synthqgkged seggqal peggbdes t hat
cover d| | I7€l It le:gﬂ OTIS 111 VO ﬁbllg U EX0ITS V\Idl*e :yllt lle>k§ki PALS] (*.)LII e 2) .
25 The peptifdes were testled fo

r_efflecto-8n cel 5444t n$3 %pur bl ast oma
cell 1ines NeA (molikse) and SK-WESM\Zhuman) . 2457 an| exangt e [shpyp =in |Fi gure
3, the efd &Ju@LOP§D peptides derived from nDUSE V6 Sequence and two
peptides derived fromthe human V10 sequence was tested, at three
concent r dt'ipordye ©h0kel | death of SK-N-SH cells induced by Al13 1-42 peptide.
Cellular viability was neasured by reduction of XTT. 30 Shown are the
relative viability percentage as 100% defined as the viability of the

none-isr eat ed cEbdtmentAvith dv®8RhEdOI0MRGed Miptided Rark@RRanAGt NHagsEQp® ti al
protection to the cells conpared to no peptide control (Figure 3

Sur pri si NYPy26)tehé 19B bt eHEQHD &N h@@am@fw@nﬂmom\mqf gom@tgaﬁthibﬁrral at a

2 d f, d
i gher. coneoner a8 e Mot sAfor, e e ier o Rl RebHE RSl (6. "2

ani no aci(eg1053 gWE) 2 NBr 1 5ed FADMIBSE NG: 1antoBrisas \MBQIegNenses and
their protectlon activity fromAP 25-35 toxicity in N2A cells was conpared

(Fi gur es 280 18B2.5_8 -§EQEDIFO0nI s also ﬂrrféeats@d(ﬁl@mf@gmbathedﬁwl%@fg%té@f’ét Phal

t f t 1 nM
P onoan: ¢ ¥ 2 bl borie-SIBIAETRA AR (hih, 20RCES° P PALRNS iG] sl 1 1
partialIpﬁmaESMBﬁsurﬁdmhMDbthOVW@ﬁﬁwtdpnmss&xmhxmigwﬁmguﬂsfﬂﬁﬁhﬁﬁﬁ’caspase

3 activity rker for apoptosis induc ure 4B) . These tides
vere al santVi ﬁ%&geﬁr@ﬁb&?gﬁeﬂ Fnbée‘quet?Bﬁq As |“%H?}c%g%§° Parkinsoms

1-met hy1l-#phenyl - 10 1,2, 3, 6-tetrahydropyridine (MPTP), a PD nodeling
neurotoxin which is netabolized to the toxic cation

1- net hyl - 4- phenyl pyri di nium (MPP '). Indeed sone of the peptides were found
al so to have a protective effect against MPTP at 1 uM conpared to contro
cells (without peptide). Results are presentedin Figures 5A-B. 15EXAMPLE 2
Structural /functional anal yses of CD44 peptides WMaterials and nethods

Al'l nethods are the sane as in Exanple 1 above. Peptides and 6-

hydr oxydopam ne were purchased from Signa-Aldrich (St. Lew s, USA)

20Resul ts These finding pronpted the present inventors to expand the
pepti de screen to smaller peptides derived fromconserved regions in V6B,
V10A and VI OB human sequences (Table 1). Table 1 (for Figures 6 and 7) Nane




SEQ I D NO V6B1 TPKEDSH 16 V6B1 C4 EDSH 17 V10A/B L PVT SAKTGSFGVTAVTV 18
V10A/ B S PVTSAKTGSFG 19 V10A2 C7 PVTSAKT 20 V10A2 C10 TFI PVTSAKT 21 V10A1
N12 TTLLBGYRBHMR7€2 VIOAL N8 TTLLEGYT 23 V10A1 N6 TTLLEBCZALMIDADINGZ 6

38
EXAMPLE 4

Identification of active subsequences within the peptides of some embodiments

of the invention

5  Results
V10A1 N+4 (hereiunder "P26", SEQ ID NO: 26) was chosen for further
structure-function analysis. Peptides which were derived from this peptide were

synthesized and shown on Table 3, below.

Table 3
Name SEQID NO: Sequence
26-1 36 EGYTSHY
26-2 37 EGYTSH
26-3 38 EGYTS
26-4 39 GYTSHYP
26-5 40 YTSHYP
26-6 41 TSHYP
26-7 42 GYTSHY
26-8 43 QGYTSHYP
26-9 44 EGYTSAYP
26-R1 45 *PEYFH*SHFT*Y *G*E
26-R 46 PYHSTYGE
10 * D amino acid

The peptides shown on Table 3 were tested for their effect in protecting N2A
from 6-OHDA (Figure 8). This data indicates that some modifications in the P26
sequence can be tolerated while maintaining at least partial activity. Such modifications

15 include C-terminus truncation (26-1, 26-2 and 26-3), replacement of the N-terminal
glutamic acid residue with glutamine and histidine at position 7 with alanine (26-8 and

26-9, respectively).



LLEGYT 25 WO 2012/127475PCT/11L2012/ 050104 35 Nane Sequence SEQ I D NO
V10Al N+4 (also referred to as P26) EGYTSHYP 26 V10Al EGYT EGYT 27 V10B3 N/
SLSGDQDT WO 20034786 SLSGDQD 29 V10B3 N5 SLSGD 30 V10B2 PETALNYARSSIL0431
V10B2.5 9

39
Most interestingly, a retro-inverso (RI, in which the primary sequence is

reversed and D- rather than L- amino acids are used) P26 derivative (26-RI, SEQ ID
NO: 26) also retain its neuroprotection activity. It is postulated that a retro-inverso
peptides assume a side chain topology, in its extended conformation, similar to that of
5  its native L-sequence and retaining the biological activities of the parent molecule while
fully resistant to proteolytic degradation [Chorev, M. and M. Goodman, Recent
developments in retro peptides and proteins--an ongoing topochemical exploration.
Trends Biotechnol, 1995. 13(10): p. 438-45]. Therefore, it is contemplated that a
minimal sequence for mediating neuroprotection is set forth in SEQ ID NO: 47 STYG-
10 X (where X is E or Q) or retro configuration of same, whereby every amino acid can be

DorL.

EXAMPLE 5
Intrahippocampal (IH)/intracerebroventricular (ICV) injection of V10A1 N-+4

15 (P26) and P34 peptides protects rats from AB_42, damage
Materials and Methods

Animals - Aadult male Sprague Dawley rats were obtained from the Laboratory
Animal Center of University of South China, Hengyang, Hunan, China. After arrival,
the rats were housed individually in a temperature- and humidity-controlled
20  environment with ad libitum access to food and water. Animals were maintained on a
12 hr light/dark schedule, with lights on at 7 A.M. After being housed, the rats were
handled (5-6 min per rat per day) for 1 week to habituate them to the experimenter.
Experiments were conducted according to the National Institutes of Health Guide for
the Care and Use of Laboratory Animals, and experimental protocols were approved by
25  the University Animal Care and Use Committee.
Drugs - ABi_42) was purchased from Sigma-Aldrich (USA). Peptides obtained
from LifeTein (USA).
Establishment of the Alzheimer disease (AD) model - AB( 4 (Sigma-
Aldrich, USA), was dissolved in filtered PBS at the concentration of 6 yug/ul, and the
30 solution kept at 37°C for 2 days before use. One microliter of the solution was injected
by means of a microsyringe into the right hippocampus under sodium pentobarbital (55

mg/kg i.p.) anesthesia at the stereotaxic coordinates: AP= 3.6, ML=2.0, from Bregma



NVNRSLSGD 32 V10B2 N10 DSNSNVNRSL 33 V10B1 8 (also referred to as P34)
FGVTAVTV 34 V10B1 7 FGVTAVT 35 These peptides were screened for
their provecvive746f ect on 6- hydr oxydopam ne (6-0HDA) t Peatiezdid@AIee! | s at
1 pMconcentration. 6-01-1DAis a doparri ne anal ogue that is commonly used
in nodel systenms to mmc Parki nson's disease in vitro and in 5 vivo

; ¢
and by S8 D18 TP Uit CRTbd At R LA ) OF Oy Reibbg ) 1Nl n. The

results %Hfa\gv qli.f $iefh%r]5ebﬁ8e of PBSt Wi alshenjP&RY h&@%h@ﬁgﬁﬁhﬂggb@a"mﬁ{ﬂsaa@'tﬂlé ty and
caspase 3 activation on 6- OHDA treated ceI I's (Figures -B). The

protecti \synefstfemaxmcmdmam the peptides was tested in a wi de dose range.
For exanpl e, r the 8 nmer pe ti 1 Nt4, the.10. o 1 mal rotective
dose was' 1 oundeptapep BTl Hor EREameY ity oy iePiiRioB R R e opt | de
panel swaglah&o iht8Ih&datel Eedrhl e«feﬁtel@te Q&o?élﬁg(?o'S'tﬁe'S)foH@\diﬁ‘gegte%&de@d ty in
SK- NSH human neur obl astoma cells at pM concentration. The profile of

pept i des cebridgrtdsv ARy, 9L~ e D\\i?is 81 Tesstywasr doniskaftgl fBdinjdceprentaty han t he

6- OHDA-effecti v s. (Fi. 7-B). 15 E LE .3 In vivo effect of
some peptTHECdofc HRS I anteetd o Db PG PRt ASTRnAcdrdtRas. IBiEs | al <
and Met h%ﬂ@cutz%@%7§6)r@t&cﬁz @l Sr@ Iﬁecn%Q@ oﬁPi’B% ﬁde @thﬁbﬂﬂ%g piomdar | an
Laboratories Israel) were adnmnistered with ng/ kg P (Sigma- Al drich)

at a dosalgec vl mﬂr‘mtm a dg® dfi0gg/kegwod dasted fbnz}r émrl toneal (IP) injection
t daily, t d 1 d.2. dy d 0 f
c\(,)\llngglgu'f1 : vg d y%WF r?i%iaE V{,‘é’?@% ﬁﬁ tP%‘?erﬁe i@]r{Z%gl%éYalSa%\ﬁegﬁfgéé% \?gtﬁli cle) or

one of tb@ﬁ?&hbg‘es at 1 ng/kg in 12 pi/nmouse. Al peptides used in in vivo
studi es were” synthesized by LifeTein and were nodified with Ntermnal 5
acet yl ati on andcGraiengiappiratuyivwiest 4 black Rbexiglas bax 450 S0<A8 ton)| eadednin ach

nouse was ni | nest heti ze 2. 5%Is ur an restrai and hel d
Wit o nEke e AR b Rbichaispe. Rtrh T rany ditui GRS FORs

adm ni st en@dinafb® waeprdedkbd itly- a I5XW( Ghitk AoV ligBimhdiistee rdddthle Occilng bfef t
nostril as two 3gl drops, followed by a 15 sec hold, and 6 | A was

adni st eekidet and 163 dBghackeroynd npisawas weprdicd by drepslatipp faroinete Bybinct15
seconds bl%l qlolo%f thé%ogg as coy%'r%d Wq{ lw%iu&e Tfte ﬁlﬁ%élguﬁe%ﬁ% tgél tasi€l eirecr%lad

di sl ocation er e anasi a, rains were renpved and the

striata difs;saeatlegel(dnefrﬁatams sichhbs §lasd ahdiplaveit eviglodifeddncewan ghgst antd frozen
indry ice, The striata sanples were honogeni zed in a solution containing
0.1 M pereloroFhesizgsiad ﬂé%@lei@S M@wao:klt 27 h oA SRPISIEN WeRe REVPHBRChyY 5
seconds %Efﬂfl t were 15
i nj ect edshglﬂlreg%ﬂ< gglrtngltsﬁi% purrp ?ﬁ& g@g@ gcég{égf%%ﬂn{g%%?ﬁge@évég?gél phase
col um ( Ghr Syl Eoleegncénthnt the lratObBegld Hauehdd tor b msﬁtlmtcommmt efithe phjeutse)

coupl ed n el.ectrochem cal .detector Coul ochem wi th_a conditioning

cel | ﬁawa% PERCSAYIE iRAlVeiWo Rbsget tHEHS ¥R r%m%nntastpg’ﬂleﬁg. was
set to 0 tl%ﬁl\{ngﬂlatl hRe ?&@sttﬁléé@h M 1@ ox aﬁﬁﬂ%ﬂgw&/ t@B%hlore Qw3 3¥er@Rall difects

anal yti cal ‘The nobi I'e phase was
for 10 min and the total time spent explorlng both objects was recorded. Exploration of

an object was defined as pointing the nose to the object at a distance of <1 cm and/or
25  touching it with the nose. The sawdust was stirred and the box and the objects were
cleaned with 40% ecthanol solution between trials. Twenty-four hours after training trial
(retention test trial), one copy of the familiar object and a new object were placed in the
same location as stimuli during the training phase. The rat was placed in the box for 3
min and the time spent exploring each object and the total time spent exploring both
30 objects were recorded. The discrimination index used to assess memory was calculated
as the difference in time exploring the novel and familiar object, expressed as the ratio

of the total time spent exploring both objects.



20 nonobasi ¢ sodi um phosphate ,with 80ng/L EDTA, 125 ng/L heptane sulfonic
acid, 55m of nethanol and 50nl of acetonitrile pH=2.7. The flow rate was
1.5 m / mwo 20teer2eypam ne, DOPAC and HVA val ues wer e nor malilkmd2/01e4he

| ysate protein concentration (BCA kit, Pierce). Results 25The nost
effective peptides agai nst MPTP and 6-0HDA were selected for in vivo PD
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nodel nanely TP.injection in mce, In this deI ed |tra eritoneal
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depletion of the striatum The peptidés (or vehicle) were applied tw ce

dai |y by loqatipanasand thesidigt lohthegroohtver@ased arsrgtakgpcsmarwhmg dividedythpmiool t o
exposure.to MPTP and ,continued untk t he the after the
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(HVA) were evaluated by HPLC. 9 peptides were tested in 8 ]groups and the

resul t s dfndomly peleaied auadreva of éheepeolaind kshbinthie pamgosition throughout the
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pepti des ranasal nistration e stria

dopami ne ﬂampbdlmratmi 4 waBoutplhfodl Rnimgatedivet aarailthg scssh&ohsisaigast 4
accordi ng to the protocol_ described in the Materials and Methods. Stri atal
| evel s oftfithpeiissuen spnee Hiom Gashestarsing AT P Kydaysy qach diis)i hastmer calig t ot al

ProLel S Snizchye, RGN R G UL €20k MATEOUL KBNS
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26.6 27. %ently placed on the platform and allowed to remain there for the same interval of time.
The time taken to locate the hidden platform (latency in seconds) was measured.
15  Twenty four hours after the acquisition phase, a probe test was conducted by removing
the platform. Rats were allowed to swim freely in the pool for 120 s and the time spent
in target quadrant, which had previously contained the hidden platform, was recorded.
The time spent in the target quadrant indicated the degree of memory consolidation
which had taken place after learning. The Morris water maze test was started 24 days
20  after AP injection.
Statistical Analyses - Statistical analyses were performed using one-way
ANOVA. Post-hoc comparisons were performed with the Fisher LSD Test (SigmaStat
3.2). All data were represented as mean = SEM. Significant level was set at p<0.05.
Results
25 In order to test the efficacy P26 and V10B1 8 (hereinunder P34) peptides in
Alzheumer's disease (AD) model in vivo, these peptides were tested in AB_4z
microinjection rat model [Soto, C., et al., Beta-sheet breaker peptides inhibit
fibrillogenesis in a rat brain model of amyloidosis: implications for Alzheimer's
therapy. Nat Med, 1998. 4(7): p. 822-6]. In this model, rats received a single
30  microinjection of 6 ug AP(1-42) into the right hippocampus. At the same time, 1ul of
peptide solution or PBS (vehicle) was also injected into the same location. This

treatment was followed by daily ICV injection of the peptides at different doses or
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vehicle (PBS). 21 days after AP injection the rats were tested for the novel object

recognition assay (NOR, Figure 9). The results show that P26 at 100 ng/rat and P34 at
10 and 100 ng/rat increased significantly the discrimination index (p<0.01). The data
indicates that ICV/IH administration of the P26 and P34 peptides prevent the toxic

effect of AP in vivo.

EXAMPLE 6
Peripheral injection of V10A1 N+4 (P26) peptide protects rats from AB;_s

damage

Material and Methods

Experimental procedures and subcutancous injection (SC) is described in
Example 5 above.
Results

Parenteral administration of the peptides by subcutaneous (SC) injection was
assayed for protecting the rats from A toxicity. Therefore the ABy;_42) microinjection
rat model was applied followed by daily SC injection of 1 mg/kg P26 peptide, as well as
the control peptide (contl: AVAVEAAG SEQ ID NO: 48, n=10-11). The 21 days
injection period was followed by Morris water maze (MWM) and NOR memory assays.
The results show that of the 3 SC-injected peptide only P26 improved significantly the
behavior in both assays (Figures 10 and 11). These results demonstrate that the
neuroprotection effect of the P26 peptide is seen also when the peptide is given by
parenteral administration, suggesting that the peptide is able to cross the blood-brain

barrier and reach sufficient concentration in the relevant brain regions.

EXAMPLE 7
pharmacokinetics of P26 and P26-IR
Materials and Methods

The pharmacokinetics of the peptides was evaluated following SC peptide
administration in male Sprague Dawley rats. Peptide solution was prepared using
phosphate buffer saline (pH 7.4) as vehicle and was administered through
subcutanecously at the dose of 1 mg/kg with dosing volume of 2 mL/kg.

7 34



75.9 ** 83.3 ** 8 12 hV10A2 24.7 54.8 * 73.4 ** * p value <0.05 ** p val ue
<0.01 15Treatnent with two 8-ner, V10-derived peptides nanely VIM 1 N+4
(SEQ I D Nop 28®)12847d 10B1 8 (SEQ ID NO 34) had a signifiPCRALIN2/p59304 | ve
effect on striatal DA |l evel conpared to the vehicle control. These
peptides, as well as three other pept i49es (hV10B3 - SEQ ID NO 15; V10A2 -

SEQ I D NO 12; 0B2.5 - SEQ | ;. 31° d 10B2.59 - ID NO 32), |
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pepti des derived from CD44 V10 are able rotect dopam nergi c neurons

f r om MPTRvasrwahdrawaribrosgly gegtart yran of Hes eapeipted eats bad devgkoped aspmovel

drugs for, . Parkinsop's disease.. . EXA I dentification.of agtive
SUbsequertEL A PRPH e SR P inse Ul B ATl Llop b ShydstPon
SResukt s FollowingVddMplind+dquah @bRitNdE hepdtdfzed ARk [MAsNRushd®)in WaScagifeggen for

further structure-function analysis. Peptides which were derived fromthis

pepti de vHped symplaesicrederdritiesth aiv? 000 Teibd enigutepaf dw 2TabAél theNdasnasEQ | D
NG Seq“%Ql%ﬁleg @v'e%'e gigrelc:i%\go%vwﬂ)z% 121nt%7an§@ﬂ.sﬂ f%t-Gfoi?’-purpose LC-MS/MS method

was used for the quantification of the peptides in plasma samples. The lower limit of
quantification (LLOQ) was 22.34 ng/mL.
10 Results
The pharmacokinetics of P26 and P26-IR were tested in rats by subcutancous
injection at 1 mg/kg (Figure 12). P26-RI demonstrated improved SC pharmacokinetics
with an apparent Cpax of 1227 ng/ml compared to 130 ng/ml for P12. This 10 fold
improvement by P26-IR analogue, taken together with its activity in vitro, suggests that

15  P26-IR can be used at lower doses compared to P26.

Although the invention has been described in conjunction with specific
embodiments thereof, it is evident that many alternatives, modifications and variations
will be apparent to those skilled in the art. Accordingly, it is intended to embrace all

20  such alternatives, modifications and variations that fall within the spirit and broad scope
of the appended claims.

All publications, patents and patent applications mentioned in this specification
are herein incorporated in their entirety by reference into the specification, to the same
extent as if each individual publication, patent or patent application was specifically and

25  individually indicated to be incorporated herein by reference. In addition, citation or
identification of any reference in this application shall not be construed as an admission
that such reference is available as prior art to the present invention. To the extent that

section headings are used, they should not be construed as necessarily limiting.



38 EGYTS 26-4 39 GYTSHYP 26-5 40 YTSHYP 26-6 41 TSHYP 26-7 42 GYTSHY 26-8
43 QGYTSHYP 26-9 44 EGYTSAYP 26-Rl 45 *P*Y*H*S*T*Y*G'E 26-R 46 PYHSTYGE
10* D amWoO 209137475 The peptides shown on Tabl e 3 wePeTiHEOZOSMGH t heir
effect in protecting N2A from 6-0HDA (Figure 8). This data indicates that
sone nodi fications in the P26 sequence can be tol erated while maintaining
at least partial activity. Such nodjficat ichf
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15 include C-termnus truncation (26-1, 26-2 and 26-3), replacenent of the
N-termnal glutamc acid residue with glutam ne and histidine at position 7
wi t h al arwoeo(2@785and 26-9, respectively). 39 MPST/ILW 203304 ngl y, a
retro-inverso (R, in which the primry sequence is reversed and D- rather
than L- am no aci ds are used) P26 derl%/atlve (26-RI, SEQ ID NGO 26) also
retainits urQprotectio tivity ost tedthat a retro-inverso
pept i des as Mkt 4t Q&%%%%w ARt éﬁé‘rﬂ?éalveeﬁr%ﬁﬂm?

simlar todpRatcophx 0j5ndr;n§zl ﬂ%}éc\’seaﬂd‘ pqa?zg}'z'ﬁ%ﬁz ALk ELERE ARG Bl 0! 0gi cal
activities of the parent nolecule while fully resistant to proteol ytic

degr adat i18R3. [@ﬁ()lré)lp R9-5hd M Goodnman, Recent devel opnents in retro

pepti des an i C caI expl.oration. nds

pept des anf BRSLEL o7 5P 199103 L oRochan) cal. X SELON TRy |y 4
m ni mal gb'&eﬁz@lﬁ‘ocﬁzférs iBghat.] NGeuRSHHIRN EXH N 1953 . s2U) futdozn SEQ I D NO
47 STYG 10 X (where X is E or or retro configuration of same, whereby
every ani nol@adiignasainAbendR ofisher, Noxmvis@vations on the jasetizatiop wb beahynic
(IH)/|ntrc ntric t

andpr ot ec?qel ?s frc‘?;boﬂl naaem}g’iyg\gl mmf\é?egﬁglﬁs&aﬁéq%fhwb ¢ ]]0??)2% 45- Ani mal s
- Aadult smal e Sprague Dawl ey rats were obtained fromthe Laboratory Ani mal
Center of Universjty of South China, Hengyan Hunan, China. After arrival,
the rats wef %I@?@uée% Stridhi Dilsientio) exniessia Ut wise vanthiintaresdont r ol | ed
20 envir t f Ani mal s were

mai nt ai nZZ %H Cg%%me%ukgﬁ#%?r@&g@ﬁﬁ%&@l 1@@9‘ ’Flﬂfiz tgbon at 7 AM After
bei ng housetlS Asher, Ratisd e Beznamndiedu obafe bmdnng)mvd CBW pevresséoy) inflamak week to

habituate themto the experinent i ducted according to
t he Nat.@ﬁapﬁffﬁ%% e Bt GRS é@n RB3E e SR ee of Labor at ory
Ani mal s, angh g %SW@%@JI P ﬁér%@uﬁegmtﬁom&% tﬂ%eé%t&@ecb’m YRSty

Ani mal Care and Drugs - was purchased from
Si gma- Al dkd @phd(WSM)d bdredi tlﬁ@lnohtbamnsew e ot le]P@?ﬂezan(OUSﬁc)ng fransient

Establis t .of the r ), .,nmodel - Al13(1 _42)

(Si gma-AIE re?ffﬁn = A&baé .2786%21295@ ng%)-lgr ed PBS at the concentration of
6 [ig/iA, 20kitha ., B0 @&hb@rgoaﬁd@mnﬁf)e il herkePbio gty funbRbDIR CUngr inOne
mcroliter of the sol ution was i njected by means of a microsyringe into the

ri ght hi W%é’t‘ﬂ)ﬁé Oﬁmaléﬂl godiiancgbrideuiieBiby a1 bigBBrivglifsppprencf. hnest hesi a at
the ster 6, M.=2.0, fromBregma 40 and DvV=3.0
fromthe %\?tuﬂ%%lh% Pﬁ%‘g% lﬁlr_gél njected with i Al of PBS. In the IHICV
study, |[i Iznfwaﬂgeme@hl OJ€DeY dBBZentasn aliceQrop8 O fiont Certhredl Isclyia

hi ppocanpus at the same_stereotaxic_coordi nates. Peptide adm nistration -
For ICV |Z’H}4@CEIMHTOC§6% 2003 B3@¢th- dh7%=8nnul a was 5 planted into the |ateral
cerebral vesyr 0, tes: AP=
T NS L. 6 e R P P b Py P B R PR CDPE 2 e
the fir steddew rhzrjlé)etatmn ogffts PB&c@lrlulped«bm@hegmdtthethaerazhemognaﬂéekadd@es. In the

subcut aneous ( ud i) ons of PBS or peptide solution in
PBS was d5H& ?@101@@’6%{208% 23)9@135:@ gfﬁ% /kg and | asted for 21 days.
10Novel obj e¢tpifReGUNVE L 8ddnA8Kd N. Zﬂ@péﬁ@)ﬁ@%ﬁzc‘é@énhﬁﬁ%d 21 days after Afl

i njection. The’ trai ni ng apparat us was bl ack Pl exiglas box (50x50x40
cm pl acel(dwwdegengmmddastea@mUWQ/W%@H%@QQ%I ch was located in a brightly

i gnt mount £ BRPne i A0 6 5B R VAR VB B BRI Bt moi se

was supplceRhibyyition MeHctl REd, 2005 88(1i4n: 1. lBe0s-abi net. The floor of the box was
covered with sawdust. The objects used in the task were made of

wat er - r epel Panfargdgraia, 8. ot gmm@engmag@nm Qploariaiive irashakd f f er ences in
shape an ' f ob} 54 obj ects
werg al V\glﬁgl%lt%‘g%{ élgﬁ‘lq%%%l & éckffpa?é'r' rs gt g\%ﬁ bg%ﬁﬁ%%g%ﬁq b%d@nd J

obj ect s vIRBE4¢.quUIbRF-Bal anced to control 20 for any preferences that the
rats m ght have had for one of the corners or of the objects. The

behavi oral procedure involved two phases: training and retention test.
During the training trial, the rat was placed in the box and allowed to
explore two identical objects for 10 mn and the total tinme spent exploring
bot h objects was recorded. Exploration of an object was defined as pointing
the nose to the object at a distance of <1 cmand/or 25 touching it with
the nose. The sawdust was stirred and the box and the objects were cl eaned
with 40% et hanol solution between trials. Twenty-four hours after training
trial (retention test trial), one copy of the fam |iar object and a new
object were placed in the same location as stinuli during the training
phase The rat was pl aced |n the box for 3 nln and the tine spent explorlng
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Morris water nmaze test - consisted of a circular water tank (200 cm

di aneter, 60 cmheight) filled with water (251 C) to a depth of 40 cm Four
equal | y sweacew/120c7at i ons around t he edge of the pool wePETOEWI2/016t ar t

poi nts, which divided the pool into 4 quadrants. An escape platform (10 cm
in dianmeter) was placed in the pool Zé€n15 bel ow the surface of water. The

escape pl.gif placed in the mddle of one of the randomly selected
quadrant§ﬁ%#eﬂﬁ%8€§8ﬂhgﬁg'kept in the sane position throughout the entire
experinment. Before the training started, the rats were allowed to swim
freely into the pool for 120 s without platform Aninals received a
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was set at p<0.05. Result’s 25In order to test the efficacy P26 and V10B1 8
(herei nunder P34) peptides in Al zheuner's disease (AD) nodel in vivo, these
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different doses or 42 vehicle (PBS). 21 days after Al3 injection the rats

were tested for the novel object recognition assay (NOR ure 9). Th
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Exanpl e 5pabove. Results Parenteral adm nistration of the peptides by
subcut aneous (SC) injection was 15 assayed for protecting the rats from
Al3 toxicity. Therefore the AL3(l _42) mcroinjection rat nodel was applied

followed by daily SC jnjection of 1 nu/kg P26.peptide,. as |1 .as the
control peptig% (c Pf“hmﬂ@KWEAK@“§EE?P TEH%f%ﬁQfﬁ@Yifggﬁﬁgl %mﬁgys
I njecti Of}bep@dd eshasnd & leasdainoMeidsi of aabasVvVIeagitd bl saknbORdBeOr Yy
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sol ution was prepared using 30 phosphate buffer saline (pH 7.4) as vehicle
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5625-31. 46 WHAT IS CLAIMED I S: 1. Arrethod of treating a

neur odegener atilve Qs ®olRéd ipbptaicStdthedind At ML 3t 186 OdcidsCONMAr CBUNY6

adm nistering to the subject a ther apeutl cally effective amount of an

i sol at ed apuRA Reid ssawRvce ghagoamorcethan 180 aminy agids @ sofl QDEDIGYMNGMIA0 aci d
sequence g n@é’ rgﬁaecm%ﬂs&go arﬂeﬂ bé’éve‘-"f cheig ?9441\(3%0 AMQA¢! ¢
sequence a rrsin urop ro |ve activi hereb treattng the
neur odegaﬁ&ﬂoaégeﬂeradlvsdrsdﬁirer 2 A net hod of treatl ng a

neur odegenerati ve disorder in a subject in need thereof, conprising

adm nistering to the subject a therapeutically effective amount of an

i sol at ed peptide c r t: i -Of 4 ro acid
sequence and r%g nn(rafreﬁet#ﬁ %08 %Ar%?t%%tpaegu%é;bpgnggf %%13413/6%%% gg‘lz
sequence vdrteio crapt |nsumge@namumphmrdmt isvecladtd iony th¢ heogbyotsigalzi ofy t he

neur odeg r.ative disor i sol at ed, pept i d conpri.sin at
onst 3 S dSeBe ATelnlsleinho Al o BESHEL S o MBS,

am no aciggaf sl M4 OrafMnf\Ry a%&d%re%@%%ﬂﬁr%nué%érfbaisklefré?ﬁtel{éxﬁﬁoﬁahat the
pepti de does not consist of the am no acid sequence as set forth in SEQ ID

NOs: 49 dlem8atia with ppdysodiemdorked it cirgmasereeit b prdPiek's idiseassct i vity. 4.
An isol ated peptide conprising at |east 3 ami no acids of a CD44V6 ani no
acid sequence and no nore than 20 am no acids of said CD44V6 am no acid
sequence, theogept e GOMBE icti iBglaRd NRPIAPLOLAGIfVEaiakt 1VRL Y, 4Mbtdt 11he
proviso that the peptide does not consist of the am no acid sequence as set
forth invdEginprifacuredegneigtivediscase is Parkigsonss gibrastraceut i cal  conposi tion
conprising as an active agent an isol ated peptide conprising at |east 3

am no acids of a CD44V10 am no acid sequence and no nore than 100 am no

aci ds of a CD24V10 Tawi methad iod 1S(ﬁﬁ]t!aér’pe@tlamdf ca;nyfmﬂ dhing & DeBir dp6 alrext i ve
activity and a p armaceutlca,ll .effectjye carrier 6. An isolated
pepti de i §31A geurodpgensiatize W%Gl%l%@nﬁfsém%ﬂwo am no acid sequence
and no nore than 100 am no acids of said CD44V10 ami no acid 47 seqguence,
and conprising a neuroprotective activity, for use in treating a

neur odegener ati ve di sorder. 7. The nethod or isolated peptide of
claiml1, 3, 5 or 6, wherein said peptide conprises an am no acid sequence
of formula 1: Xi-GY-T-S, wherein Xi is any of a glutamc acid or

gl ut am ne. 8. The nethod or isolated peptide of claim7, wherein
said ami no acid sequence conprises peptidom neti cs. 9. The nmethod or
i sol ated peptide of claim8, wherein said peptidom netics conprises a
retro-inverso mnetic.



10. The method or isolated peptide of claim7-9, wherein said peptide is as

set forth in SEQ ID NO 26, 45 or 46. 11. The nethod or isolated
pepti de ovochwimng47d, 3, 5 or 6, consisting of a CD44V10PamiInzy12e30do4
sequence. 12. The method or isolated peptide of clains 1, 3, 5 or 6,

wherein said CD44V10 am no acid sequence is a human CD44V10 am no acid
sequence. 1 The t hod or ,isol.ate ept i of claims 2 or. 4,
wherein said éé44vgfhﬁnmﬁt8g§cqrdw%1é@dew@83? S Bt 24D T P i
sequence.comprises anlfind N8I R DA e QAb1ctRO RS theP&BE) E6nsRhing lRISBRIONG:
conprising a core sequence X1-X2-S-H, wherein Xi- and X2 are acidic am no
acids. 12,15, 17519, PHe2mBtlhdd 3¢r 36-38/Bt4@d peptide of claim 14, wherein Xi
conprises glutamc acid. 48 16. The nmethod or isol ated peptide of
claim 14, wherein X2 conprises aspartic acid. 17. The met hod or

i sol ated peptixde ofThel letod20Plisdatedeicptife tdfeclRBRt 2K ewr&BR §4i8 Siptide CD44VE
am no aci d sequence.. ' 18. The nethod or isolated peptide of clains 1,
3, 5 or GOmM@FssEnRipe apdsequeacconst fosthisn SEQHR N§sadd ar €equence as set
forth in SEQ ID NGCs: 8-15, 18-45 or 46. 19. The nmethod of claim1l or
i sol ated peptide of claim6, wherein the peptide conprises an am no acid
sequence as st f orA pharmaSE@chDeddiositib® @mPRing as an actiz® agdmemnnedlbed or

i sol ated peptide of clainms 2 or 4, wherein the peptide conprises an am no
aci d sequiSPiéds eMRIEYNg af feasti hammo ek 2 C23474,V6§emeﬂo gczd sequence and) no op

i sol at ed t | Si l.e ] oy ] acid
sequence g ha HeREnS REEbL s ERATAIMAD 53 SRaRysls T N
sequence ncamgrataniyr astiity adrepinopacuectliywdfeagtd sartigr, for use in treating a
neur odegener ati ve di sorder. 22. The nmethod or isolated peptide of
any of clainms 1, 2, 3, 4, 6 or 21, wherein said neurodegenerative disorder
is selected fngm t g .GLAYRd CRASICAL pepldOor PALINRSAR P cHinPEABE oMby io?! €
Sclerosis, ALS, nulti-system atrophy, Al zheiner's disease, stroke,

t raumat i cldomail 27 wihereyn thp popfidess atvachsdi pr aericpaairatprg aggnt. f r ont o- t enpor al
denentia with parkinsonismlinked to chronmosone 17 and Pi ck's di sease.

23. The nethod or isolated peptide of any of clains 1, 2, 3, 4, 6 or 21,
wherein said reurodaganahad, Veladl SRp6E& bs phankicasRal solpSaamCof any of 24.
The nmethod or isolated peptide of any of clainms 1, 2, 3, 4, 6 or 21,

wher ei n sHil@s dedit. odegeinet dgdsty enelios said eintigo Aridhds geretyallly eeqsang agano

25. The gghhod or isolated peptide of claim23-24, wherein said peptide
conprises an am no acid sequence selected fromthe group consisting of SEQ
I D NGs: 12, 15, 17, 19, 24, 26, 31, 32, 34, 36-38, 43-46. 26. The
met hod or isol ated peptide of claim23, wherein said peptide conprises an
am no acid sedlencedhgsngtbed.rigelated;nepiigeor phagmaccuigalygomppsition of amyzof A

phar maceuytJ: cah_ tdd i Si . : i : -y sol at ed

bopt | de. commat TR RaRH L d PG AL a3 a8 A s D AP o sequence
and no nore than 100 am no acids of a CD44V6 ami no acid sequence and
conprising a uroprotective actjvity and a pharmaceutically effective
cartier 0 ® Nog R uRcibad Gl d B 8 BufrRaaton cHisaeRar it 20
conposi t ivafrQh sABYyRhetfd #hilB adid26mpWh&’ £bRsdohg, peptide is attached to a
cell penetrating agent. 29. Phe met hod, isol ated peptide or

phar maceuti cal conposition of any of clains 1-27, wherein at | east one of
sai d am no aci,ds is.a hatural ccurring, amno acid. .. 0, . The met hod,
a0l atod pept e orMpHAThl: S te SR 0 S AR rngpivgp o Hlind 25,

wher ei n athck@a siid Wit pGaidd iPeDvaRNAE hitkiehb topsaly Wl Rt @atdiF dpenaci d.

31. The nethod, isolated peptide or pharmaceutical conposition of claim 30,
wherein said synthetic am no acid conprises a D isoner. 32. The

nmet hod, isol at,gd p i . UL St £. cl ai wherein
sai d isolated3§éptﬁ2%rﬁ§m%%3% e% %Q%P§§%%§BE§R§§fﬁgﬁéﬁVmgé%é?%ﬁ??hg
agent.  whereidSaid thig potdatnl agcnolsal mgptipepgdnte or pharmaceuti cal conposition
of claim 28, wherein said cell penetrating agent is a peptide agent. 50



34. The met hod, isolated peptide or pharmaceutical conposition of any of
clains 1-27, wherein the peptide is no | onger than 20 am no acids. 35.The
nmet hod, iwoOl2at2d7458pt i de or pharmaceutical conposition @#CTANW12H50a04ai s
1-27, wherein the peptide is 5-10 amno acids in |ength. 36. A nethod of
sel ecting an agent useful for treatingoa neur odegenerati ve di sease, the
met hod conpri si ng: a) contacting a CD44v10/6 peptide with neurona
cells in the Sfesere TB?th%é’rfé‘B}P@Hd%?PEd% BRpArmgfgHtical CMQSH)%#WO? ng cel |
death of c%nﬁ’l-rQe/E{}v‘RQI%inﬁ@b%ﬁﬁde"i’é‘%%ﬂge@tb@ﬁ%ﬁm Adig@n anmount or tinme of
cell death of said neuronal cells inthe presence of said CD44v10/6 peptide

conpared to an anount or tinme of cell death of said neuronal cells in the

absence of sai v10/ eptide is.indicative of an agent useful for
reating a nedtodeqieparrdaStibbd Aclitast SRismigrisa” Srmardion SEhNpbr ei n
sai d neurc%ﬁéilﬂﬂfji%@ﬁeiﬂﬁeﬁ%&tﬁ&ﬁ@@-l@dﬁﬁhb B@idgﬁﬂ'éﬁ)%;ﬁpmi sting of an anyl oid
peptide, a glutamate, 6-0HDA, MPTP AND MPP+. 38. The nethod of claim1 or 2,
wherein said adm ni stering conprises subcutaneous adm ni stering. 39. The

met hod of claiyn 1 of neun S &I RS ZU WNefth §6! HGatiRPhLREEJeRlhANAS !

adm ni stering.
disease, the method comprising:

(a) contacting a CD44v10/6 peptide with neuronal cells in the presence of a
neurotoxic agent; and

(b) monitoring cell death of said neuronal cells, wherein a decrease in an amount
or time of cell death of said neuronal cells in the presence of said CD44v10/6 peptide
compared to an amount or time of cell death of said neuronal cells in the absence of said
CD44v10/6 peptide is indicative of an agent useful for treating a neurodegenerative

disease.

37.  The method of claim 36, wherein said neurotoxic agent is selected from

the group consisting of an amyloid peptide, a glutamate, 6-OHDA, MPTP AND MPP+.

38.  The method of claim 1 or 2, wherein said administering comprises

subcutanecous administering.

39.  The method of claim 1 or 2, wherein said administering comprises

intranasal administering.



