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WO 2004/ 052922 PCT/ GB2003/ 005323 Central Nervous
System Damage The invention relates to materials and
met hods useful in the treatnent of, or in the

devel opment of treatnents for, CNS 5 damage, e.qg.
spinal cord injury or stroke. Background Mst tissues
in the body, such as skin, liver and peripheral 10
n&YQW0495%%% a remar kabl e abi | i ty to repair remeEedwes:s
after injury. By contrast, the central nervous system
(CNS) i ncl udi ng dehebr aidk and diR epPbIRgecOrd - has
little innate capacity T10Or repair. VW§%Laxona
connections are danaged in the adult brain or spina
camd, 1h$§ﬂt£ﬁﬁowb£&td%xtbem&ﬂdtll5s|dﬂﬁ nethadd ldsk¥ul Gn the

rate, .even th h  ax n w__and regenerate
e FTCBLRALT P noE e or BT GPRRR Aitd PR PR a1 CuS
petampher af . nesybusl spstienurgcdborstdokat account for
the inability of CNS axons to regenerate can be
grouped in two categories: intrinsic properties of
Clechet?wns t hat 20 may nmake t hem i ncapabl e of
regeneration; and extrinsic factors in the CNS
envi ronment that are |nh|b|tory to axonal el ongati on.
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Sahwabe4disaavesed thakndonsal e&@f@tth%g 9l .M sNENE QNS
in culture extend théir axons across Schwann cel|ls but
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PCI/ GB2Q03/,005323, . _These results show that failure to
%Snb‘} §19 %gtcﬂéuf“é?@ﬁ TN T PRETA EFCC%‘“ef*% cIFOHeTNg
n@wnoc&xeg@mdesrﬂnﬂutk®nymfanbpeﬁtlasnofh@NSJﬂﬁurons that
r I an. i ol
AR P e el e 2k oIBORL ARG fa MBS Ereg

séarstwﬁatm f-bf neNGteny heonmegtobhaf Arj ymlylkart@rbytq tpeconal
meebhdadiRAl,  ensheaths axons in the white matter
tracks. Following CNS injury, the central area of
necrosis is 10 infiltrated by glia and ot her
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Cajal observed that the 1nab111ty of adult CHS neurens to
extend axonal processes could be overcome by giving them the
permissive environment of a peripheral nerve. Then, about
20 years ago, David and Aguayo showed that retinal neurons
could form long pxojections in peripheral nerve grafts.
Later, Schwab discovered that dorsal root gangllon neurons
in culture extend theilr axons across Schwann cells but avoid
oligedendrocytes and the fatty myelin sheath (Schwab et al
1993) . - -




conmponents that may contribute to this inhibitory
activity include the extracellular matrix

gl ycoprotein tenascin-R 15 (TN-R) and the

nyel i n-associ ated neurite outgrowh inhibitors

nyel i n-associ ated gl ycoprotein (MAG and Nogo. TNR
20 TN-R has been inplicated in a variety of
cavd20pEszRX i nteractions involved in the nmedteesh@mnoszs
control of axon guidance and neural cell mgration
duri ng devel opment and regeneration of CNS (revi ewed
by Erickson, 1993; Chiquet- Ehrismann et al., 1994,
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ol i godendrocytes during the onset and early phases of
nyelin formation, and remai ns expressed by sone
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neymhﬂﬁﬂtOGél¢Yﬁ%ﬂm5aaﬁ@bnﬂﬁsdegAmqumnéﬁﬁn|(NAﬁh|Qﬂﬁ|NPgPs
presented. Wien TN-R was offered, acting as a sharp
substrate boundary, dorsal root ganglion (DRG),
cef®HE| lum and retinal ganglion neuron growth cones
avoi ded growi ng on these nol ecul es, but were not
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composed of four structural motifs: a cysteine-rich segment
at the N-terminus is followed by 4.5 EGF-like repeats. This
.region is followed by 9 consecutive fibronectin type III-
like domains and at the C-terminus TN—-R is related to the

bata~ and- gamma-chains of fibrinogen.

TN-R is expressed predominantly by oligodendrocytes during
the onset and early phases of myelin formation, and remains

expressed by some cligodendrocytes in the adult. TN-R is



repeats 4-5 were identified to be responsible for
gromh 25 cone repulsion. In vitro, outgrowth of
enbryonic and adult retinal ganglion cell axons from
nouse retinal explants is significantly reduced on
honbgeneous substrates of tenascin-R or a 30
bacterially expressed tenascin-R fragnent conprising

t veo 2052022 domai n. When bot h nol ecul es are pepsEHRtRAMs323
acting as a sharp substrate boundary, regrow ng adult
axons do not cross into the territory containpin
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hi ppocarrpal neurons. TN-R al so i nduces axonal
defasciculation in vitro through 10 the EG-L domain
( Taydoreaqt idhibitl 993proficke &&urﬁ]te, oae&ﬁawthwezperﬂ:ﬁaa on

Becker et al, 2000
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tenascin famly, which play inportant roles in cell
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cone repulsion,

In vitro, outgrowth of embryonic and adult retinal ganglion
cell axons from mouse retinal explants is significantly
reduced on homogeneous substrates of tenascin-R or a
bacterially expressed tenascin-R fragment comprising the
EGF-L domain. When both molecules are presented, acting as
a sharp substrate boundary, regrowing adult axons do not
cross into the territory containing tenascin-R or EGF-L.

All in vitro experiments were done in the presence of
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et al., 1991,1993; Wntergerst et. al., 1993; A em an
A et. al., 1994). TNNRis a nulti-functional

nol ecul e (Lochter and Schachner, 1993; Pesheva et.

al ., 1993; Taylor et. al., 1993; Xiao et. al., 1996,
1997,1998), and it has indicated 5 that it is an

i nhi bitory conponent of nyelin extraction. Xi ao have
f 9@re0dtefrar2, the EG-- L domain of TN-R can i niGTyER2003(045823
neurite outgrowth. MAG 10 MAG is a transnenbrane

rotein of the lLobulin ly expressed
e R T S TS R s
petritpbhét adxmmrlvguswﬁy.st desrivered MAGWtEpresentierel

and 0 I inek¥e
B e YA R
axEﬁrFaIL (t@@mmat-t@mmé aysoingoperitidegadn pis 458 EGF-

0oy PEOf £ 5)NEWROPs; 1N PE SDle 2aXARAlS gaamtch MAG
|n|b|ts neuri'te out grow h of retlnal Ferlor

cefﬁhbéanomgm@ﬁm%pq%gﬂ R, g ﬁﬁBp‘oé’&ﬁﬁﬁ o fdeFtal

I 0t @8 eh | O HiPBRamellr avsr&fs.20 al | postnatal ages,
but can enhance neurite outgrowh of enbryonic spinal

cord neurons and newborn DRG neurons (DeBellard at-
al TN-R996s0 Tinrcnicey etoradl, d2988;icShehni@t ial vita®agroYang

et,.al 9 I [ e ne
cotfrf aEgé x %%7 ?’ g/ﬁqﬁfﬁaﬁn 81’?r%{'/)vt hqggﬁesﬂo%m%gs%gat &Igggay
1 rﬁ%ipoéaﬁﬁaralB%Qroﬁ*é alooﬂﬁ%\?)s@@c\kﬁérﬁ‘t Ry éhtdunt er ed

coat ed reconbi nant MAG (rMAG) Such col | apse was not
observed wth denatured r MAG (Li, et al

Sohfsie 3onees iR VB B et ipcreed r]zfél‘h‘é?ﬁt ohfthsp Otlﬁféocerebellar
eX&féﬁ%ﬁ'bﬂ'Eﬂé denmt nrof, MAG, daviielh b8 daﬂleaseﬁkaunlng TH-
abundance fr.om, ndfo nd in v1v r|c
rlI'—‘(‘f‘m‘5“c*55’|’1ptpsot g‘.y%FF?zS‘?‘?r?lBP% hetitte™d V\{-%Hf rom P6
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003 e results 1ndicate that sol uble
dMAG ederbEeRY dth thpverotedal deedintri bute to the |ack of
regeneration in the manmalian CNS after injury (Tang

et al, 1997; 2001). 5 MAG has two re itiqQn_sites
{ b bREUR PRI GO AR FRaREFAL HTHErNGE ot A0 RITBFaka®
a gist upetghrdtidal t(ivont sidee sthatchali, s19absenrickheomtt ke,
[ fgothree Il g domains (Tang et al, 1997). 10 MAGis a
dhar act eri zed member of the i mmunogl obulin gene
superfamly, and it exerts a robust inhibitory effect

These findings suggested that the continued overexpression

of TN-R in the injured CNS may contribute to the failure of

adult axonal regeneration in vivo.

Tenascin-R is a member of the tenascin family, which play
important roles in cell interactions in the developing
nervous system, such as neuronal migration, neuritogenesis,
and neuronal regeneration. Ténascin—R is expressed
predominantly by oligodendrocytes during the onset and early
phases of myelin forxmation, and remain expressed by some

oligodendrocytes in the adult (Pesheva et. al., 1889; Fuss



on neurite outgrowmh fromyoung cerebel |l ar neurons and
adult dorsal ganglion (DRG neurons (Mikhopadhyay et
al., 1994). MAG is a nmenbrane protein with 626 am no
acids. It has been 15 reported that sol uble MAG.

whi ch consists of the extracellular domain, has an
inhibitory effect on neurite outgrowh (MKkerracher
etwo Ab4ans292094) . The extracel lular domai N oPCTE®R003/005323
consists of five Ig i ke domains, and it is

demnstr at t rst_ two, lg-lik mai ns .are 20
|ngg?%gnf %hlt Hﬁ%?ggg?ﬁﬁ Bgtm%%n Eﬁg?aﬁﬁeﬂ%anhaFt
merddr-ané?ophi 1Td- thscﬁlm@ﬂti*ﬁuaetlgpdh keldowrd Noahgdt and

be Sdh@éﬁh%ﬁ?d 133t hse%mﬁgg ry . ef L&é‘sﬁswsfg lifs et

0is'a cul%ar Weight -
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STV &driak, 19“.{3 et 1%%&' @omMgﬂterygmfﬁethSr%fc&[%

naned Nog - - which are generate by

ol CarRalF ﬁgplpfﬂcr#ﬁfgt Rihe D05 Ao 5 PWBN S FaapoLnatpit

i denei heefi mndungpdetas the 2 isoforns of Nogo; it has

now been established that N -250 is Nogo-A and NI -35

is Nogo-B. Nogo is expressed by oligodendrocytes in

whi¢ matter of the OCNS and is found in the inner and
joouter leaflets of nyelin and in the endoplasmc

reticulum 6 WO 2004/052922 PCT/ GB2003/ 005323 In

vi t§ ehar dererrgrtiags bEoiNdgooRasheddnpwsealatbedint s

f unehbkofamis A cRPE&NMed BDI RI1Qh20{n A%, el ANGat LeNend N
vivo neutralization of Nogo activity results in

enfFEREEY a?ﬂ?nBFerlP%@‘éné?ﬁ‘fquénsﬁﬁif“Fu nthe e ARG BRRRASEp LS
f olil ené ng. IGNS1i pheirtptras mplin pSotdiekeaseshdtastliei tHeape

i n_uninjur CNS, fd hers. The ¢l onal _anti body mAb
13 % L0 Li#?%kn tog%) Sbt B° 18N 1n?ﬁ§ﬁFgﬁc%f gration
an@egammnaﬁmmalan@o&ﬁﬂgnydepﬁnﬂlug ahehe a@@lamajtype of

SPinBako £ Ordn Pkb&ﬁ&de adulty rgafgyélgﬁe@met ﬁ%lrl]l&u%gogeuélﬂce

GrandPre et a rkler et -al These ngs suggest
t hAEtRERIEF- ey Betindtnj oPPLBNEr FoMition] ganglHen, spinal,

noﬁﬁarﬁﬂﬁﬁﬂd%ﬁggﬁtéﬂd3d@ﬁs&i“%og%EﬁéﬁyﬂLBQnF@ﬁﬂ) ntWPons of

2Od|si#nct i nhi bitory donmai ns of o have been
i dénti¥9EF2 2R AB S nPrAcE SRRRSAYPRBE § &7 AGEAF O tBHe
( NegoiNjordfc NogipalA cad Aewshier bndtdv@siaumy e@u@ans

)__l.ocat drop onal
{naRPRr Rk 8 e L oRBbo AN R GR: B ahd KogBoC orn
et 1a98; 2@@@'@E}@hd9ﬂ@9bt al , 2000 Fournler et aI
2001; Filbin, 2003). These donains are illustrated 20

in Science, Vol 297 (5584), 16 Aug 2002, p. 1132-1134.
25 \oYBG /0TS adgpr e BYOWH gonermridepses MRt mét aggnal

SchWeih cones of postnatal day 1 hippocampal neurons
-collapsed when they encountered coated recombinant MAG
{rMAG) . Such collapse was not observed with denatured rMAG
(Li et al, 1996). Soluble dMAG (a proteolytic fragment of
3¢ the extracellular domain of MAG, which is released in
abundance from myelin and found in vivo) and chimeric MAG-Fc
can potently inhibit neurite outgrowth from P6 DRG neurons.
This inhibition was blocked when a MAG monoclonal antibody

was included.



cells. It can inhibit axonal extension and coll apses
dorsal root ganglion growth cones (GrandPre et. al.
2000). The 25 neurite outgrowh inhibitory activity of
Nogo can be neutralized by nonocl onal antibody IN1,
whi ch al | ows axonal regeneration and functiona
recovery after spinal cord injury (Chen et. al.
2000Q)04/03%90 IS a nmenbrane protein with 11@8T&BROGH05323
acids. The C-termnal tail contains two 30 hydrophobic
transnmenbr ane domai ns separated by a 66-residue
hydrophilic extracel lul ar domain. This 66-residue
exThexelteabbrs cimdabﬂte:amaitnhbhi}:tlea&ms aetgrosd hin vivo
(F I 05292
PC?’?“%Z%%IFSI}C%%]O%%StoH’S}geg]l)aC%c ’%MQ %%8 |sg o%hees a
t hePEpdden cCcditne alpmrdaé'hanq @ts@lnm%ﬂe ax@inal
sregeneration in the adult spinal cord. It is an
obj ect of the invention to provide materials and 5
elHD 425U EET (TEATE HEOT e reige BPUTRRs i fhehelalic acid
devaldipaest tofat Rneatan&andiéHmnc@ﬁﬁhﬁkﬁnigen &it@ which is

I,nal i.nj t hi pi t
o PP Syl 5 shsRAI 1S PEBBRET aliBR, “10t SuAary

of Invention In a first general exanple enbodi nent,
10 Mead IXCOL QL PIABOSES - {48k NI CE e&%" G Wik L et act
with the in itory domal ns m? ‘% eins
asIHR é&p%mithea@%mt PEPCIGNS Igblemmgélb;amyf effedte

_ deMe|r@ﬂﬂBﬂé &ftgfrﬁﬁ{:}b%rohr ?&Eﬂ'@%@§ebell%ran§§§&ﬂad and, adult
I ment t he i nventor proposes i mmuni zi ng

BB S PR MECERR S AOIAPTETSRY naE GHL myBR P
prl*@t%lllaSa asanﬂ:ﬂ:aadj plftﬂ:telhr eﬂim_ts §I@Incc|b NSidamage hadOoddn
r ra muni ze ect s agai nst
15 | rRRRER DL BTILEE kel R RS RELES
am@rmh@ladvenlyemmamangaxdlJs:ezasetoﬁgeacﬂfegttcm neurite
U"@&%@Q&J@l@' Bicke 9938{&9%&5 al. AI 599%)Sor¥§emé§éracell la
ant i odles&ﬁ_onote renyel i nat'i ez et~ &t .,
199PRinggf ARG §°ﬁ€>¢t5t§f opefisfe tIdelﬁEngiomamﬂaland it is

r&@&ﬁﬁﬁ@idﬁdj thhe Ny enLof 8 ARRL PAGH dbiailOWEEr, tO
bas ccine on the specific inhibitory portions

20 o FEREF TR riye PRe pIRUtERRELON RSTHaRR JPOWAGE ThyEnT

pmmmerm3e, w&nuebtmbEﬁihéalﬁﬁxieag§+lﬁne WbfaiMirigherye
PO S0E B ek AR0r A B pstieel . sl
PCT/GBZOOS/OOSSZS Accordingly in a first aspect,
F@@ﬁﬁ is provided a peptide, the am no
25
Nogo is a high molecular weight integral membrane protein
that localizes to CNS myelin, but not PNS myelin., Noge has
three isoforms, named Nogo-A, -B and -C, which are generated
by alternative splicing. WNI-250 and NI-35 were first
30 identified and named as the 2 isoforms of Nogo; it has now
been established that NI-250 is Nogo-A and NI-35 is Nogo-B.
Nogo is expressed by oligodendrocytes in white matter of the
CNS and is found in the inner and outer leaflets of myelin

and in the endoplasmic reticulum,
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aci d sequence of which consists of an amno acid
sequence selected fromthe group consisting of:
YLTQPQS (SEQ ID NO. 1); 5 GSLPHSL (SEQ ID NO. 2);
TQLFPPQ (SEQ ID NO. 3); HSIPDNI SE ID NO. ( Q NO 4);
HHVPHDK (SEQ I D NO. 5); YTTPPSP (SEQ ID NO. 6); and
10 QLPLMPR (SEQ I D NO. 7). These sequences each nmay
repreden2t he deduced am no acid sequencePCriCEs®YasRE
pepti des that have been identified by phage display
as being capable of binding to one or nore of 15 the
neuronal growth inhibitory nol ecul es Nogo

( gpecificahbyactdiieahogo-G6Ndesmian) deddiE tanded Ne R

(specjfically, TNR.-EGFL)... S I.D # esent s..
RBRELIAE AR Y ot e iar ThasPr e s IBRe S Sl Yivo
binadt: regl itza t Nog os 6 Bloganakc wilvi by t Fesu20s sy rerhencef @@nal

iNggegA&aAtieﬁpM ef?ﬁ%@?&@le rgEo%ﬂmfggléﬁrMA@N %ﬁqdﬂggas

represents e sequence 8 Identical Se
capabl @ dhchpatkh@lretNddo- 68. wEBnISEE! | BINSE bgrs. The
reBhESEMS hheiseauensene; 18si depbi E@B:ro@r@@%l desg-
-capabl e of binding to TNR-EGFL. SEQ ID NO, 4 |,
r EHPBIIR &epRBe G TENERY JnStI Rt FESPY Heptifg8s Ve when
capgbl &l ab b%m@ﬂngo&a—ﬂ&ﬁrE@quﬁQgSEQdﬁtﬂ\@t ;51, 2000;
represents the nce .0 pepti de capable o
bCRAT %ret &tT -Se&%%%ierge%l%oom 052922
PCT/ GB2003/ 005323 SEQ ID NO. 6 represents the
S ce of. oT=Yoi ol Lndi ng: - l
SEAHPE Rigips DaReegE, SR Bofo ey e e i e
pépt e gonpegapablve BREBINEENET SRR VEONRESe, BED
I ;N nde hasibeedyshemai by ophage Biakdi bl A debkotied:han
inhibitory effects of hbg%;gG and NM(BﬁF gf on;% R
coff PaRIdeiaR FRLOT PR YTy GOBSURy OB | Moo sk
NGhoBt 145 has ibeenrationn(Nayobker K ddaged nbe thictear ywef f ect
of TNR-EGEL. ., A preferyed i de ef _Gonsj
of’ yéﬁ?fl}ogiﬁogori?ionsar?gt & tg’%%%e?sroegggébtl\i%e caéng%%%i’a
ofn8EPIDINCChSn din 2d, sendCagpete, ot heke 408 0pr B ded s
apepti degdn; t £ A0 @M A3y 157ACid%UckAIAENGAN 11 ustrated

conprising an am no aci d sequence selected fromthe
grBupC TSI sVPh P O (598 4igPd8 peEG0Br N 1)32-1E8E PHSL
(SEQ I D NO. 2);

Nogo-A is expressed by oligodendrocytes but not by Schwann
cells. It can inhibit axonal extension and collapses dorsal
root ganglion growth cones (GrandPre et. al., 2000). The
neurite outgrowth ilnhibitory activity of Nogo can be
neutralized by monoclonal antibody IN-1, which allows axonal
regeneration and functional recovery after spinal cord
“injury (Chen et. al., 2000). Nogo is a membrane protein with
1163 amino acids. The C-terminal tail contains two
hydrophobic transmembrane domains separated by a 66-residue
hydrophilic extracellular domain. This 66-residue
extracellular domain can inhibit axon outgrowth (Fourniex

et. al,, 2001).
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TQLFPPQ (SEQ ID No. 3); 20 HSIPDNI (SEQ ID NO. 4);

HHVPHDK (SEQ I D NO. 5); YTTPPSP (SEQ ID NO. 6); and

QLPLMPR (SEQ I D NO. 7), wherein the peptide is capable

of wbhdebsagt 0 Nogo 25 (preferably Nogo-66), and/ or

TN-R (preferably TNR-EGFL). Preferably, t he%gﬁﬁo?fé“osm

is up to 50 amno acids in length, nore preferably up

tlg i‘@}nguﬁttigl 30(19L$|§)tlgiéﬂos@|@ %gtz%}apu@tilaqfa%%,iggpagpomach
bR tiAuldie WdhQ3 up..to.15,, up. to , up . to

13, up to 12, up to 1le;ged%rtagl‘i’b,l%ﬁh?oa@%ltoﬁpt}ﬁa%oCCBCd‘

amno acids in length. A preferred peptide conprises

SEQHU DsNG: dbjetitobhefnhe RLSLE eptide conmpri ses SE

o Dhods 10 VO 20041550555 B4 B B HReF R o

h

third aspect; theéfetts tFeatiewd of, peptindéhapdeoe Béprent of

ant¥gatwitds fiom, | emtdan@ggpré_sj_ngp%faz?ogg @IQTL]QJ: b
se%qu&gnig,%vitgg ﬁtlh.bl.gast S_residues identica Wt KY
corresponding resi dues i & estanPhdvediia seqererrod

sel"B8RRRTAt2eMm t he group consisting of: YLTQPQS (SEQ
ID NO 1); GSLPHSL (SEQ ID NO 2); TQFPPQ (SEQ ID

O$Swg%zs€:ry gl;l PDNI (SEQ ID NO 4); 10 HHWHDK (SEQ I D

TPPSYSEQ ID NO. 6); and QPLMPR (SEQ ID
NO 7), wherein the peptide is capable of binding to

Nogpo e - , .and/or TN-R _
(pr efaeéfg%lgitty {%'{rlgréé:'\%?gm&% e"gjlggf"@??%'d 1%, d8VERteheProposes
peptingerafecwlesstbi ed iprevaouskith tRePiiHes tBay §gndns of

I ; ' s.identical with corresponding
 eapronb ERLE BRI, 351 Ao PaRingte g e atente fiogu NS

15 famegeal and therc bhe edpendbngnt esi dueshdf +SEQtHRAND,

20 3 are preferred. Preferably the m ni mum nunber of
i dghti cal sidues is 6. . 1n a fourth aspect, there is
pr oviadggcgﬁtgoen}ba ﬁtei BRP QTS tei hRe DB eIBEgPoses

pemﬁ?gﬁﬁifﬁe |semijedt § ranH I&ﬁ&{%ﬁ%@%g&#@g‘sogf r?e?}ora myelin
p e.anipo aci d seguence o fch consists an
a%’gn% %CSI Sgsegglé%“e“ ge?’é%’i“g%?“ftr OfF tHE §rBaBeconsi sting

20 of:  YLTQPQS (SEQ ID NO 1); GSLPHSL (SEQ ID NO 2);

25

.30

TikFﬁgyga%§gg&lfhﬂggct§lél to immunize subjects against’

myelin antigens, as this approach may induce autoimmune
‘demyelinating disease, leading to unacceptable side effects.
Also, some myelin antibodies promote remyelination
(Rodriguez et al., 1987), which is not of benefit during
axonal regeneration. The inventor’s approach is, however,
to base ;pe vaccine on the Specific inhibitory portions of
major myelin proteins, instead of whole myelin proteins.
Antibodies raised against the inhibitory portions may block

the inhibitory effect of myelin on axonal regeneration.
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15

20

25

30

HSTPDNI (SEQ ID NO 4); 11 HHWHDK (SEQ I D NO 5);
YTTPPSP (SEQ ID NO. 6); and QLPLMPR (SEQ ID NO. 7);
(b) a peptide up to 60 amno acids in length

co‘gpri sing an am no acid sequence selected fromthe
gr¥iposgiessizsti ng of 1  YLTQPQS (SEQ ID NO. 1),

(SEQ ID NO. 2); TQLFPPQ (SEQ ID NO. 3): Hs’icﬁﬁ%‘a’(}'@%&
IDNO 4); HHWHDK (SEQ ID NO. 5); YTTPPSP (SEQ ID
NGCBrdiaady @ PLNRRst(SHEQID NBerd)is wheneidadt he
papigtdeld, s taapai® of binding to Nogo, MAC and/or
TN-R ., (c) a peptide, yp. to,60 amno acids in._ |length
e eyt B it oS L e 80 Uiy 40 ERGienge
r ésilgobed | ont thal gromipt hosststdsgondli ng resi dues in the

ani No ALFEboRe GHEHCA) \QI@TQE% (SEQ ID NO. 1), wherein
the peptide is capable of binding to Nogo or MAG and
(d) a g%tp%sfﬂ’e(ﬁ%QtIcP' &6-atd ho acids in I ength

conpr i BpIEPraN (S@dN 1O Naci gy Sequence having at |east 5
resid Ss]iE; %in cal_with corresponding residues in an
ani no AV ez ¢® B8rettied from the gr oup

consi sHiMREDE! (BRLRHEHSNO(SEQ | D NO. 2); TQLFPPQ (SEQ I D

MO 3)y P ( | D.,NO__4); HHVPHDK (SEQ I D NO,
5) ; YiEBss %QI?EE)%PG)& ;ané'nd QPLMPR.  (SEQ I D NO
7); wHETEMBERt EQ APt Nde Tis capabl e of binding to Nogo,
MAC and/or TN-R, together with one or nore

phar maceutical ly acceptable ingredients. Preferably

t RBeEBnpIBIANcen Pach aravulrabedsémtr tihgj detihond iamine woid
psefBirdlsy of Ofewdirh €Chep i RE! LRAL INAke H&& GNEnthRida by
fifth a('lrslpeft, thﬁre IS provided a peptide as defined
BRE FEPIRE S FeindetHER L6 Ot radiBnt to SWeh CgsBOFRyPE
bthe meulrenal reaivrani niofbiENSy WslREge e s ESREC] @pkyi spiaaly,
c inju nd, str ... 11a | Si XLh pect . t

ERE el Fesnle Y argelirfarBetHo AN et 8655

SEQ ID NO. 1 represents the sequence of 43 identical
peptides capable of binding to Nogo-66, and also the
- sequence of 19 identical peptides capable of binding to MAG.

SEQ ID NO. 2 represents the sequence of B identical peptides
capable of binding to Nogo-66. .

SEQ ID NO. 3 represents the sequence of 18 identical
peptides capable of binding to TNR-EGFL.

SEQ ID NO. 4 represents the seguence of 3 identical peptides
capable of binding to TNR-EGFL,

SEQ ID NO. 5 represents the sequence of 1 peptide capable of
binding to TNR-EGFL.




in the preparation of a nmedicanent for the treatnent
of CNS danage, wherein the peptide is selected from
the group consisting of: (a) a peptide, the am no
aci d sequence of which consists an amno acid

se ected fromthe group consisting '
YL%%%%(S% ID NO. 1); GSLPHSL (SEQ ID NO. S’E:T’G‘”"“’“"Sm
TQLFPPO (SRO ID NO. 3); HSIPDNI (SEQ ID NO. 4);

HHISBEIDKD (I\BEQ6| Pep:sénts tid THRRBRnESESE 11DpNOE i@ ;caghblle of
Q_ LI\/PP #’g 7) (b) a peptide up to 60 am no

d:l.n . !
aC| as“i Ieng corrprl sing an anino acid sequence

selected fromthe group consisting of: YLTQPQS (SEQ

I D'SEZ? I&)NO GSLE 46%%9 l:ll;?e 'Qq)u@me H%EEBQ&%&EQ b%}tldes

55) capwlrwgpbesﬁ@q GON@AGB) ana QLPLMPR (SEQ I D NO.
7) ; wherein the peptide is capable of binding to
No MAG and/or TNNR _and (c) ent i de- to Q0
am%ﬁot%%?eds SER £Rrftht cB'f‘r‘bﬂ? ﬁg?xﬁ ' E‘Sggcﬁ’ﬂ’dmg to
seflesk ecHwdnhfgbhtodyecasfelty el dues—d&jemii Bat ov hleuronal
orrespo ding re u n 0
coPEEf S By TR hinubluan alBpPo G IREWERER L. 3
10 XDha©, begn shesh PHSIb HeSEQ D lN@lbD_ywry FOLEPPO{ %@“F‘EF L.

P, D
NOA ggefeﬂi%hpp«%&sti(d%EQhépeﬂ%e_ %LnSLWEEﬁE Sgisgé\g | %IO

Noanqshewleéﬁﬁr%@esép#@ d@rﬁ%S‘éap%ﬁo OoEDHiPdidhg t o
Nogo, MAG and/or TN—R 12 D| sclosed is a nethod for

atl n d hod ¢ ri SI 0
to 60
ad?n ni Ster nga%lp%gtpu r(e)fl? He Y Venti o lde ULBat?en anino

15 at aOiddea 1angtit edprdhgamgaine dd.d heqpatcteemblected
gcn‘l al | 5 the inv ntlog provides a nethod for
57 it oF KoRe’ ‘met hod conpri si ng
adm ni S:IIQQE’QQ (3EQ Ipatipertt) ;a pepti de:-having an am no

acid  ggppHSL (SEQ ID NO. 2);
TQLFPPQ (SEQ ID NO. 3}:
20 ‘ HSIPDNI ({SEQ ID NO. 4);
HEMPHDK (SEQ ID NO. 5);
YTTPPSP {SEQ ID NO. 6); and
QLPLMPR {SEQ ID NO. 7},
wherein the peptide is capable of binding to Nogo
25 (preferably Nogo-66), MAG and/oxr TN-R (preferably TNR-EGFL}.

Preferabiy, the peptide is up to 50 amine acids in length,

more preferably up to 40, up to 30, up to 25, up to 20, up

to 19, up to 18, up to 17, up to 16, up to 15, up to 14, up
30 to 13, up to 12, up to 11, up to 10, up to 9, oxr up to 8

amino acids in length.

A preferred peptide comprises SEQ ID NO. 1; another
preferred peptide comprises SEQ ID NO., 3.

-~
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10

15

20

sequence that consists of SEQID NO 1 or 3, by direct
injection into a site of SCI or stroke damage in the
15 patient. Disclosed is the use of a peptide of the
invention and/or a conputer-generated nodel thereof,

I Rvd BR4 058081 gn of a mi netic capabl e of bindi

or nore of the 20 neuronal growth inhi bltoPEg/éB%O%bgm
nol ecul es Nogo (preferably Nogo- 66), MAG and/or TN-R
(preferably TNR-EGFL). In a seventh aspect, there is
provi dedhiadmetpact ofcndesi gai pept

as defined above, 't he méng%]llf:%agldr?g] 2 capg% 2 ?8 é@%mlno
bidfdrAgR d-edgEhosoraRie ing athamanraHal Sggemcr.e having at
i rlhelabtt@rrsésrmh@gui&esatmegp ‘ﬁﬁhefcegﬁé)el@bnlé@ge @@mubﬂs@m an
and/ or % referably TNR-EGFL), said nethod
CWPP_S??% 5S¢ E‘)e’é‘ff‘alsfz‘faﬁbe% 5opt ¥ b HOURFPHES tApgvR |

t hat i’SLTQPmabBEQOIfD buondln;g to one or nore of the

neur on QW i tory nol ecul es Nogo

(pref e‘?é I\I(SEEQé% lNB ‘and/ or TN-R (preferably

TNR- EGSQ_I)FPtPQ dBE@IH Ne. th)ec am no acid residues
essentiglppaRd (ot gt far the activity to define a
phar macophore; and 12a 2004/052922

PCT/ HPK 0533 ID(NP) tlodel Iing the pharmacophore to
desi gmmm@égr(mj qgnN@angl dat,g m netics having the

bi ol ogj Pr ef erably the nmethod and/or use
i ncl ug:’é'%ﬂﬁ%té? a§‘§ay7 ng 5 binding of a candidate

”"‘m}ém the'\bﬂgn(dlﬁr ﬁé eqfaﬁh»yel\bﬂon@.@)mg w@ao@@d/ or TN-R
- t t
OB AR, IO RO Ll SR R PRl Bl

bi ndi ng, the candidate mnetic is preferably optim sed
fp % F tipl
e O o ot (MUl 0B EL, B EL B8 Ay bBELy
- i6ke brvias et bh@?trmﬁc@awé\sﬁa ydan‘@e‘pﬁlamléh

| OSFRBHBAE Sng |ﬂ%s§ﬂu€é W Beaspsalo. these 4 1@%9%' ged a
bact.er i ophage whi expresses a f usi on prote

oy Fnjgd?ff“&aﬂaeﬁ%‘#dé’oéﬁas%o%n@aé?%ﬂ%é?ées'%%&” NO.
PF Girei preserded.hat the peptide is displayed on the
surface of the bacteri ophage virion,:wherein the
peptide is as defined above. The peptide can be up to
G eda Aol @ cihes mii nihen glubando £ MEgneHEAN IS idie AMNG.
aci d sequence having at |east four residues identical
wi th correspondi ng residues of an amno 20 acid.
sequence selected fromthe group consisting of:

YhTOPER: ktFEQshPNO. trlre 1 SShFHRLAdSEQLIb NG £ 1%y comprising

‘one or more peptides selected from the group consisting of:

(a) - a peptide, the amino. acid seguence of which consists an

amino acid sequence selected from the group consisting of:
YLTQPQS (SEQ ID NO. 1);
GSLPHSL (SEQ ID NO. 2);
TQLFPPQ (SEQ ID NO. 3);
HSTPDNI (SEQ ID NO. 4);

11




TQLFPPQ (SEQ ID NO. 3); HSIPDNI (SEQ ID NO. 4); 25

HHVPHDFC (SEQ ID NO. 5); YTTPPSP (SEQ ID NO 6); and
QLPLMPR (SEQ ID NO. 7). Preferably the peptide is up
to 50 amino 30 acids in length, nore preferably up to
40, up to 30, up to 25, up to 20, or up to 15 am no

acids in Ie%%}h Still nnre preferably, the peptide
i s BRMPHDE ($8Q 3 n Flengt h, nore preferably 6-10.

Praﬁ&wwﬂ@y(ﬁ@m amnmmume)wumh&i of identical residues

|s Rﬁ(s 4/ 52922 PCT/ GB2003/005323 1In a

nlnt as ect, here I's prOV|ded a screeni ng nethod for
(b)pept P§§§1§1§p%’| & biawing asi Mg (Fngtds pyprising an
amibNegactt) seqbGicandellecidR (e ftiainouNRddidt ihleos

ne# gga cq@@H S %o pr3V|d|ng bact eri ophages as

above,” respecti ély expressing different

peE§P€§§L 45805 &P -n@ Mihe bact eri ophages for the
abThiLFyPRo (IsEQd 10 NONogd ;( pref erabl y Nogo-66), MAG

angégbnﬁw-Q ergkpkgb %) INR- 10 EGFL) . Bacteriophages

are identi as Belng capable of binding to

NoGHMEEPEr dPEBI yONBGo- 68)), MAG and/ or TN-R
(preirersbl (SENRIBGHD)., 60r; timel pepti des they display,

e reened,for the ability to block the
ﬁLégygquggﬁfggtgeofq&b referably hbgo 66), MAG

an‘d herein Rhe(prEféfgbiy ‘FNIR plobimdinsnaic diago, MAC
andﬁdbe$ugn iman in vitro assay. Follow ng the

68 | LB PRS0 BEPLhIBal RIS AP i fing
an @W—@fet §céfi RB@BEPsﬁehéwaBHy aNo@@a@@) 6 meSidaed dfdem;q:\cal
withpeeteeapbydING- EeELjfiues neurbralandeld aadkesicefuerde ALTQPOS

(SE%” Jé ﬁéo i’?sa%heﬁrg nPERE g‘%P d]%r 9iera l%feowllﬁrﬁﬁng to
né or'nore arnace aly "accé
NOQPn@Fe@B@ﬂté“ﬂor adn1n|strat|on invivo. In a tenth

(&) asae,@&ptia@rapl 80PEOV hf@lod iR iR0d rofl ep@@ i RickfpFfik¥ing an

amlﬂ??ggié %Q&ﬁﬁ?&ﬁ hﬁﬁ?hﬁd%gr&%%%%e th351%gﬁ@ fﬁ@htlcal with

COrEQRPPNEing Fﬁﬁé‘ﬂk‘@ﬁattpngnaaﬁ'é&@eﬁ@éddéﬁm&t gelected. from
thelgﬁﬁﬁpf&oﬂgigﬁgﬂgldgs, or nucleic 30-acids that encode

poégﬂﬁﬁéFd?éEgtE@tNaongzlse an anino acid sequence

having a residués identical with
coFQEEPBAJ{ BEQr 8B Ndes3)n an anino aci d sequence

SeeEPBNT (SEQ ID NO. 4);
HHMPHDK (SEQ ID NO. S);
YTTPPSP (SEQ ID NO. 6); and
QLPLMPR. {SEQ ID NO. 7); _
wherein the peptide is capable of binding to Nogo, MAG
and/or TN-R,
together with one or more phérmaceutically acceptable

ingredients.

‘Preferably the composition is formulated for injection in

“vivo, preferably for direct injection into the CNS.

" In a fifth aspect, there is provided a peptide as defined above

for use in a method of treatment. Such use may be in the
treatment of CNS. damage, especially spinal cord injury and

stroke.
ila




EFS

fromthe group consisting of: YLTQPQS (SEQ ID NO. 1);
14 WD 2004/ 052922 PCT/ GB2003/ 005323 GSLPHSL (SEQ I D
NO. 2); TQLFPPQ (SEQ ID NO. 3); HSIPDNI (SEQ ID NO
4): HHWPHDK (SEQ ID NO 5); 5 YTTPPSP (SEQ ID NO. 6);
and QLPLMPR (SEQ ID NO 7). The database is

s%&@gl X%?eec?cera ?P& a:psa%q:‘ovkg héoq_ls%n %S;—Lpee tide

at abase. y it is ase of ‘seq ces 10
im@reesseparatﬂmnml aannetﬁNS.melnes§os pew: fireadatabase NS

damay D€ L HEed, qhl Sgﬁ{‘l hiss, @%Xe%%‘c?rﬂto‘?n ”ﬁrﬁ:?f&ﬂ;?e

ti vERST RIS event aspect
cqmm\ﬂtded af met hod of sear Chl ng for 15 factors that
are likely to reduce the inhibitory effect of TN-R
(MAG arpepl idbgothe hanipohatidompauensg ofr sdvialy gpusists an

atfiN dd Pl aéé! a\eﬁaeaaepébeeau@x@m itthe probpMiceisisting of:

cap S der stringent . condltlons
Hﬂb]]é'ﬁ%%%‘ % (5 5cj#dk@ qgghce t hat encodes an am no

aC| dE%TeEfm%hcéSH@vIﬁgN@t 20:l east 5 residues identical

W t Rp@IOF B RS P gDrﬁgl dggs in an amno acid sequence

| t foo YLT SE
IC %ﬁ%ﬁegai ‘g(’ggécg %gnillos I2)ng OTQFPPQQ(DSEQ(I DQ
I\IO HMPHIZS HSE@DRD KGEQE) D NO. 4); HHWPHDK (SEQ I D
\Egppgrﬁ % f§Eﬁbl DsNO. 284 and QLPLMPR (SEQ I D
nDr

302 jbrary is preferably mamalian,
- aby! 6%@9 %Le library is preferably -
(er ia Vga%ﬂtg 2 ¢4 560! %mi £ ChcRhs! IR mﬂgeaee%pﬁsmg an

nmet ho er nyurther .NnC s,a st

amiRe | RN Plerkehdraaretis WEEOEPW“
PCT/Ymm@E’ OGERP AP yepi | de, or nucleic acid

enc he | ypeptide, of testing the
ptlcrf‘e or ﬁ]e a(gl Ilﬂgy to reduce the inhibitory

pol
ef f ﬁ&LF&PQﬂ\ﬁ@Q MG N/ Dk Nogo.  Preferred further
St eprs IR IAS( 9B xmathewl, aboye. 5 Disclosed is nucleic

aci IW{ r4$i cl eic acid encodi ng one or
rmrg po ypep@iﬁ 1L T
YTTPPSP (SEQ ID NO 6}; and

QLPLMPR (SEQ ID I\TO 7);
wherein the peptide is capable of blndlng to Nogo, MAG

and/or TN-R; and
{(c) a peptide up to 60 amino acids in length comprising an
amino acid seql;.ence having at least S5 residues identical with
corresponding residues in an amino acid sequence selected from
the group consisting of =

YLTQPQS (SEQ ID NO. 1);

GSLPHSL (SEQ ID NO. 2};

TQLFPPQ (SEQ ID NO..3):
HSIPDNI (SEQ ID NO. 4&);

HHMPHDK (SEQ ID NO. 5);

YTTPPSP (SEQ ID NO. 6}; and.

QLPLMPR (SEQ ID NO. 7); :

wherein the peptide isg capable of binding to Nego, MAG
and/or TN-R

12




10 domai ns selected fromthe group consisting of: (a)
the N-term nal (NogoN) domain of Nogo-A; (b) the
extracel lul ar | oop (Nogo66) of Nogo-B (also present
i n Nogo-A and Nogo-C); (c) the third to fifth
I mmunogl| obuI in-1ike repeats of 15 MAG and (d) the
EGH; is'cﬁ 8ma| n of TNNR The TNNR EGF-L domai n has

Of 2P i thcdoter wieatipgod8§ as bei ng

been i

Ca@ﬁbh§80ftﬂenaé9h$d'H%mﬁ%ggiﬁ§3éﬁﬂagié%@gangns éhﬁyd%rgf the

of ,a neuronal cell line and primary neur

ve&PH?”%ﬁﬂlFﬁc?u@@”é@ﬁtPBIO%éﬁﬁ§n€e§iﬁ%@§s@ﬁiybﬁ@EEthE

lngp?eslsabtlmrEnmL S@p@bﬂﬂi@b@iﬁ, agied .-Lhael{ffilrmabk@ﬂldé%: lSmethod
refer ;Lhe vector is mmerci al |y avail abl e

va?&r ngre%l\?gc%% 5 ﬁ{;’éob\ﬁf ctﬁ‘ esBF P KuCPBRPEHAY has

beefnimsderédg tSui pabl enand pppefds madlﬁ@rﬁmra&uabl ¥cid

avaé S AGE] t he peDNY 3.1

Jﬁ of vect oér}%ﬂ\eégge(gf iﬂ“%%% bé’néuﬁeﬁﬁ(l

(aH‘J%ﬁ‘rtdmnl AbEQ rogde @érﬁq} egostragal damqn an U8¢. 30
15 Uspat igntt.he nucleic acid will be DNA. Preferably the

nucl eic acid encodes at |east two of the donains.,

nore preferably at least three, nore preferably it 16
V@Q@@WW%&M@B@OS/@&E@&& ognenpdes all four.

T d | f
%‘%ﬁ‘ék%ﬁ‘ A o P e raprRS e eodte ThacPer o o rhe
g abra ntlhl&mon@mbdﬂal nf hielindg €lommeNsrafi€re of the -
20 pfr@‘u%ﬁQngMEeiﬁﬁ&&%r mgf'echepolléélcf ep(llﬁrggerabl&(t Nggo-

Preferably t domal ns are Separa
byPo! | %&‘ﬁmr@lﬂorn%ﬁ ((pmeéfaewalm \'NBOEGEIAl.a | i nker s,
e.g. Alai Ti nkers) to facilitate correct foI d| ng of

t}e domai ns. %g?r ot.ei ns %o A, No
ané‘/@rsﬁ/ﬁﬁi"t%ﬁ&PSFt prei e 4l VR&SJg dC)a e 0%‘?:‘? di’es@“mg a
pmaireltabl yf Caam@ltedefas e:)qmasal Bgosdlbshankiabt yc Wiliyng

is a domain of the No

Lo th 1 cated. No o]
2 A"?‘Eoggf rﬁr}S 8% G5 oge °FFe PHUFRE nFuaPrat rﬁr@@tg
i sohubmryi\ngmeénd\dogregB mnebfm%lm{awdgia £5) pardd eubasx
[ ncapa e 0 FES,SI ng
@groerf‘*ﬁbfc’%e% FEED » ditRoneCutl cRiPrfotndtns
t he p}ﬁ ot efi! A PaRIjeleBasTNe Ri et /abo vRINGh ¢ tanidd or
PE I C N [ ferably express
nogérrﬁ%bt&faﬁm%g )tr?ozr)'ggprrg?n Orgab‘lp"éetr}?g mor et r?rfg&?
30 nbn}PFd?JéOtrHamoh@eleﬁon elpE e hairl vl GUgon6s oGt had/ or

844 mqpm&@dmﬁ TR EEPL, TR edLEé‘ﬂmg, & ¢80, L aU.-Eén
4% no nore than 3% no nore t Jo Of N0 nor
residues essential and important for the activity to define

2 pharma cophore; and
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than 1% of the protein Iying outside the donmains
listed above. This is particularly preferred for
vectors containing a domain or domai ns of only one of
the proteins. 25 The ami no acid sequences of Nogo A,

Nogo 2B0beggo C, TN-R and MAG are avail abl e ;(5193;32003,005323

GenBank, for exanple under the follow ng accession
nunbers: RbMAG - X05301 (G 56611) TN-R - Z67996 (4

1261914) 1T Ndfad ! lnm‘éselgsa,rr(t@om@sowpesmggoanmfor

AF320898 ¢Gd 83897t 1 NOGG, G %5199%1%%& 2448100)

17 WD 2004/ 052922 PCT/ GB2003/ 005323 T
preferably have the am no acid sequences shovvn beI ow,

. éreffgrablyndihie fedhod had 508 J&Shﬁ‘é‘ﬁlcﬁe@ ﬁos@%dof assaying
e

| 5seq,li§ag§%ogf NAG (12 QS) for dorral n th

resid ami no-aci ¥ Sedirde Pf‘?\ﬁ? ( PZSfSQQE)ly Nego-66} ,
dO#&pnaT%or {THeR mfanam E[NRGESEII]HQBICGJ_@fO NOQ-@NJ.ng

114861 of eLy s
ge§E$ aiﬁml\bggoe%%zg ’g'é%)lc k/ﬁtt (Jf %g%?olggf cuch in

St SASRCEN AR RESE U ISAREGH CA/S r BARFEFERE s e d
RPMHBV\AX%WPKW&&M\{FK%QJ p\E@:lE\/EW %hGDL%RNC

T PE L NOYTFS
10 Aél“TJE@’E\"}% \,%/\\ifﬁé %.‘—"MG‘—EG_H@PTF%@RL@ BEREGTYWQVS

25

30

15PhanHRYPTRE A INGHRE GG 1 EPNTJ LR BG: YASL DVKYPP
VI VEMNSSVE- - Al EGSHVSLL CGADSNPPPL L TWVRDGWL
REAVAESLYL DLEEVTPAED G YACLAENA YGQDNRTVEL
SV APVRR B h YINGTRNESVE GE EF US| 1. CHFQv i SAPDPIHAH e riophage whi ch

KEKQreAd VS 27

5 RATAENLSVE aFEglgli%?tE %A%%%T%\%Nﬁg&s@m@%m

15 5 PAGTORETEISS YYBSERSOLELD TSIUCTL REYA {PAPPRYEL CTS is

RAEL YTl onl PROGAHR JCSEQr | &{%ﬁ%ﬁi% 125- 329 whereln

CASS A%LQELLSR | EMLEREVSV
Y CFEEEROES IEnREGHEEKNCS  EPYCPLGCSS RG\/CVDGQCI
CBEMDQeSE@RGF@FD@StSR@CN@(ECaVQEE%CEEg@REhH@P@C

PDCSAVAgg{( SEQ | W@W“ﬁe(@‘iﬁg e LCVCEEGYQG

SEERERRRPQIRAEKY L VREL PEREREE E E an_amino

E%gV%ERKPA AGLS@APVPT APAAGAPL SNDFVPPAP RGPLPAA PV
sequence setected from the group consisting of:

YLTQPQS (SEQ ID NO. 1);
GSLPHSL (SEQ ID NO. 2);
TQLFPPQ (SEQ ID NO. 3);
HSIPDNI (SEQ ID NO. 4);
HHMPHDK {SEQ ID NO. 5);
YTTPPSP (SEQ ID NO. 6); and
QLPLMPR (SEQ ID NO. 7).

U'CD

Preferably the peptide is up to 50 amino

acids in' length, more preferably up to 40, up to 30, up to
25, up to 20, or up to 15 amino acids in length. Still more
‘breferably, the peptide is 8-12 amino acids |

in length, ‘moxre preferably 6-10. Preferably the minimum

humber of identical residues is. 5 or 6.

13



10

is

20

35 APERQPSWDP SPVSSTVPAP SPLSAAAVSP SKLPEDDEPP
ARPPPPPPAS VSPQAEPVW PPAPAPAAPP STPAAPKRRG SSGSV ( SEQ
I D NO 10) Nogo66 (823-888) 40 RI YKGVI Q Al QKSDEGHP
FRAYLESEVA | SEELVQKYS NSALGHVNCT | KELRRLFLV DDLVDSLK
( SEQobddskA2 11) 45 The vector preferably encpdg§g@osnossz
pol ypepti de having the am no acid sequence

MAG( 1-508) - Al an TNR(125-329) - Al ano NogoN(1 18 WD

2004/ 052922 PCT/ GB2003/ 005323 185) - Al anp

NBgo8 64 523: 83Bhct SHAJR NG §20v; IRPTCoAL s TP REESEA! fox

p ns
SPeBEa Mg e B Banalhs HelhPet | BReter doagRny
i MéG ot/ cdoREiR (o) fetaiel o OBReBEIN Nt eiethadi d
S MAG (126-1649); for domain (d), the 205
ng{gﬁf‘ﬁﬁﬁ%{ ei c acid sequence of TNR (454-1068); for
donai PRy dipfbacteyicshonenad slediaed dspueneepettively

I\Qagﬁlés(sinéfz{)ﬁﬁfe&@g/cOﬁegtplrdesdoggan (b), the 66 codon
nucleic acid seqﬁfnce of go66 10 (2467-2664

(126- TEASPRARY ot P et iaphages afeécttb%étbcllﬂ‘grt%?w to

andgat {predier gulyt Wogdagk )99YagCacd Briggtcekggerably TNR-
ctcgt ccatctcagc cttcgagggc acgtgtgtct
ccatcccctg ccgtttcgac ttcccggatg agctcagacc
ggct gt ggt a catggcgtct ggtatttcaa cagtccctac

C@&&%&@Bﬁﬁaf&c GASEAU - JINLELE CAY %g 019&%30 @5%5&9194 Qgt cca
cagggccgt a geecgactgtt 9ggdgacct

20 cgagagct

g@&f&&gg @ Nogst deaetenabdut Veawdfe - aifc tagdder TN R

Cligagek g8y agGgaast AC ot @B&tﬁé‘[g:qgegttgﬁ@cﬁggﬂlay, may

cggct acaac cagtacacct tctcggagca q .

kit B¢ o snkc, Eot oo aPEOT G0t Bt MyEatinibitory

tzejg'ite@gsa@g ngﬁﬁ@iia%taggﬁ&‘%?—%) gcm@%‘g@gﬁr gowm@aact ge
B TRGo0 ROt beBodat e isaagua on o0

'ttgé;acggeaw 14 gggtlgmmgg thgtt@mttgﬁcabm:t b€gs goeptide (or

ct g?gt £e& (ﬁggggggcag% %'{‘E&%Qt 29 5 995Ld E)Egg(gf blocking

cttccc caacaccac tgcag t Cg agggttacg
&hGt éplytaidagyc adfratcce oécr@@@ggt(@aefegqlggagag@- efat.t #dfct g

- 3Qdy682809GC b L BAAGAG! SRR RG] CBH L IRLET Qélg.g adhesion

ggct gacagc aacccgccac cgetgctgac ttggatgeg

. g8t 8ot Y TEGt R y¥Yyghe geprigegés wagé]@%ﬁgtfomulated

30

asehogd Gr ﬂgag%gﬁzﬁrﬁcéﬁﬁféé@g?agccétQQQQQgﬁﬂ;}redlents for

ct at cttgc .ctg ga atgcctafgg ccaggacaac
age %ﬁlﬁﬁc? ‘gﬂ’@‘r cat gt at gca ccttggaagc ccacagtgaa

35 tgggacggtg gtggcggt ag agggggagac agtctccatc
(ithgggI:éI?i?l@a %@8@9 Ci%c 9 Cc&gd ?E%{é&ﬁag % searching for

tcttcaagga gaagcaga ct'ggccacqgg
gagt@ﬁgdﬂ‘@tcagetﬁgaag t € asdidypeagthe 1nh1b1tory effect of

TN-R, MAG and/or Wogo, the method comprising interrogating
a sequence database to identify polypeptides, or nucleic
acids that encode polypeptides, that comprise an amino acid
sequence having at least 5 residues identical with
corresponding residues in an amino acid sequence selected
from the group consisting of:

YLTQOPQS (SEQ ID NO. 1);

14



gacgcccgag gacgat gggg agtactggtg tgtagctgag aaccagtatg
gccagagagc caccgccttc aacctgtctg tggagtttgce tcccataatc
40 cttctggaat cgcactgtgc agcggccaga gacaccgtgc

(gcct t gt ggt aaaa t ccaacccgg aaccctccgt
g %&% Zctgecttcce gcaacgt gac t gt gaacgagCr/GB2003/005323
acagagaggg agtttgtgta ctcagagcgc agcggcctcc
t gct caceagmeat @g}g(gaicogNgt C£99ggt ¢ aggcccaage
cccaccc %tcattt a cct'ccaggaa cctctacggc acccagagcc
45 tha'éﬁt g {§5e §g ®a Yeacaccga (SEQ ID N0 13) 19
WO 2004150:5%922(%/1683@03{ 005323 This sequence
comen {%h a start codon if any other sequence
i s use t (850 IRNYf S he nucleic acid, a start
5codon \MTrI'IPPBé fSEim;uuDemb I6h ;1 sn®@f course a matter of
routin into any nucleic acid
sequen?éP% Pﬁ(g %I)mugh it will be noted that
Nogo( 1- 555) aI so comTences with a start codon. TNR
(%Egégﬁaéé)l g Lgc C42p56Cagg ct gcaggagc

Lgpgec g a:scgggg%rﬁgc? gfggcg{ab’%gg g&@ﬁ gt cggt 2y b4 o

gc aé 8 fac cagf§eaaby LtctaacdgtahasT adgaaaegnces

10 gaeixgeeasad) :glaﬁaaﬁ&gigﬁ ehat atL%%Qt é:cﬁ(‘fgg;cggéa%ases may be

g g9 t cttt gagt cct gt g gctgcat ¢

c%%ggaa%g% é Jgsgé"é‘ya‘é%rﬁrtaé&t’@Olggafgééétmsqtg@@cgct g9
1%egutiget acag ccggggggt g t gt gt ggat g gccagt geat

ct gt gacagc gaat acagcg gggat gactg ttccgaactc

cggt c act gcag ctcccggggg ctctgegtgg

aggg%%ag edre]_ng %‘a_a égﬁEEC%%ﬁOVQﬁggchOd of searching for

15 ct@@t&g@g%aaetgﬁegqtﬁgf Céoggggéct?gc Bgcg‘g’&%%&%asﬁﬁ‘“gfgf’ A

g@gﬁ &'%‘& ccaac tac ctgtt
2 cgge/ Ta Qecadee gethohatoger t4 gonglegggning a
coargadaatry g4iga0aa0a0 ekl AGGLL %98}9@%@%@ Stb cfal.Bable

%}% %% ccct ctgc tcagcagttg cccctcca
!;% S%N“-’( 85)s“@f?%’t’@gﬁ%‘gﬂaéeorv@g@@@agtuuclelc
t%@tdctsggtlenttecgﬂmct ERPRBAGE CHAGHS 2ELIUCERHEAde having at

20 CGLHQEOEtEQ agrace t. cqgt ggag cccgaggacg
aggaggaaga agagga g%%\tg‘ g ‘g’a &9§T4 Aggheakinest dgage

25

30 -

. qagePgyaty ﬂ@@eggag@@egaa@m@@cen@cgawctcgﬁsw%gs@cc
30 ag{PESERCY Sg(?Cf@tN%ccg} ccggcegcegec cctgat ggac

tt cggaaat acttcgtgcé gctggecgeecc cggggacccce

tgcc Lt J8BecHyte. Zcccggage ggcagecgtc
ttgggmg:@ggg@g,g}g,b cgi.cgaccgt  gccegegeea

tccccget gt _ct gccge agt'ct cgece tccaagcetcc
ctgagxg%rgg)ﬁ’ g@‘écﬁ%&’@ gtlgcggect ¢ ccecctcctcec ccecggecage
35 gtIAGGIDRC¢SBYATARBICH ,COt gt ggacc ccgccaccce

cggct cccccc tccaccccgg ccgcgeccaa
gogcadddger: (R dgle- ¢ and |

OLPLMPR (SEQ ID NO 7).

The ¢bNA library is preferably mammalian, more preferably

human. The library is preferably derived from CNS tissue.

Each of the two pr‘eceding methods preferably further

includes_,a step, following the identification of a candidafe

15




|
|

cagtg (SEQ I D NO 15) Nogo66 (2467-2664) 40 agga

t at acaaggg tgtgatccaa gctatccaga aat cagatga

aggccaccca ttcagggcat atctggaatc tgaagttgcet atatctgagg
agttggttca gaagtacagt aattctgctc.ttggtcatgt gaactgcacg
atweaggeasx»t caggcgect cttcttagtt gatgatttag Ji,ga)

45 gaag (SEQ | D NO: 16) 20 WO 2004/ 052922 petiblofns
PCT/ GBZOOS/ 005323 It is, however, thought that

f r RFTERERE 14fer ioFanhekeicorei ¥ amicant 8g afhet beseispeci fic

domailppept {de, akgOr g Ay kA8 Sy REEEG e fg}gg%;ygiﬁﬁgto

Accordl n a pol ypeptid
‘FRac ?gVéentll PEHDY Yoéfée‘ﬂ? aFnBNtR oMAGnyn&/ oneogh. t he

? o et na Foirdhe equepEes i nahoney Lhs,. fragnent
spreferably consisting of at least 15 conti guous anmi no
acids fromsaid sequence, nore preferably at |east 17,
nore preferably at |east 20, 25, 30, 40, 50 or 60
am no acids. For MAG NogoN and TNR, the size of the
fragnment is 10 nore preferably at |east 80 am no

acPUES1 5% 15r ekl peidovectpn, 140, 160 or 180

am:cmpraem Erle 1 EN th is nore
pr ef er.abl §2%0 :%-Engcg{]%é' E#%ﬁc—frtrﬁom PRAYETP ige
rmr°é“a6P8f %?%%ﬁ dySgom e 986 opB8ierirdbOfam no

aci ds. (Thetifer agrmmmzml |voBGh L el L 1BBE epi t opes
i ven

of 15 ose sequence
above, t‘gﬁda’\?m | |"Er?‘é$]gﬂﬁafhle°%|<|l‘lpt396@f oﬁh@om.(mmg
r &rgeenh JantViolgod} andesipgbs® i n vivo. Thus, the

- fragmem) Wiple tpgrg%a%g% i rai SJOCP ant | bodi es in

15

20

25

30

Tunog pohfh g @EREP not

%gt hat cross-react
Lnéar? |tope mapping is a matter of 20 routi ne for

the skid) edlepeEBONLkeSUBLLA! ¥ TR Epol ypepti de domain
within the neaning of the i nventl on may be a vari ant

~of any one anmino acid sequence (the reference am no

ahd Bequenee) (Qir!\éﬂ.ﬁ BbOVRen! Dadiii$:2a Bpr}h%ét e %al.
vefdAnt sbgl cya{?; gil de_ having a sequence whicC
dlffers r om & ?é?ﬁénﬁﬁ‘i’h@“éfcpéuslém@nterowm in

ViRt igte of nal nrdesnalpeell annef amd Jreasty 12.8%L00 acids
that has at |east 65% am no acid |dent|ty to a

corresponding portion of the reference sequence.
R FEShPy ¢ inslapeotonterit istyuesc@d micdseasy 790%tne

ExYre 80%n &% % 804 qQr 99% . Pr eferably the
%F@ Pon 1 atosaggs%m%;{%mgno 48 B 42angeht s nore

BFFRY 1t8RgRsten dst hosmnr@lméallm avae 1 pp BS efidtGne
vpatag,ramftfqhé nents. Again, the
of @hi ltﬂeseh%lngﬁgfeal% LEE9E ItpeﬁBr seepﬁtteéjpes

é %‘ﬂg‘t generally 1 nc e one o
esﬁ&fil pireferred commercially available vaccine

vectors include the PCDNA 3.1 family of vectors, especially

pchbNA 3.1%, and PVAX1 (all from Invitrogen, San Diego,
California, ©Us).

Usually the nucleic acid will be DNA.

Preferably the nucleic acid encodes at least two of the

domains,. more preferably at least three, more preferably it

16




10

15

20

25

30

21 WD 20041052922 PCT/ GB2003/ 005323 domai n whose
sequence i s given above, and will retain the ability
of the domain to raise an anti body response in vivo.
Thus, the variant will be capable of raising
antibodies in vivo that cross-react with the
correspondi ng domain. Disclosed is a conposition
cwonod4esog the vector of the invention, forydahesenss:s
together with one or nore pharmaceutically acceptable
ingredients for use as a_(therapeutic) vaccine.
Peetetesbiyl t fretroonPplsinuicdal ¢ SAci@ TaY rRficRleda fipyurality

age o fpﬁtersagf Otk P¥ink NbLGlor@Not tHeSabRSEEG i S the vector
as defined above, for use in a nmethod of treatnent.

The treatment may be of CNS dammge, especially SC or
sthoke thD seénsied abﬁdtehﬁ:ouég Iﬂfret hﬁal\/&ﬁieoﬁoﬁs_ud,eftlhﬁed
ahove, i n the f(ﬁ\r%nugﬁééture of ica nent 9 hcklde

t PR N BB PINS GanA g PrEE P |a§| F‘y CraRd™ ¥R T
Desetasedyi sha doekhos frer stpeatiedgf ONE wamagetier &y

p t net S| adm nj in tor
oF PR e o Bhe PRl PO AT LAl g f, vae
vatekers) tThéaciddtots qﬂn;epbsiﬁidwpglOiyﬁ&6cépm§lnﬁe

adm ni stered 25 by injection, although other vaccine
delivery nethods are known in the ar% (such as raI

oPft EhSdeErirs dWEPvRr YWOIRdB: "HE&dPRIFIEAE hF T 0
apde faahe NSQs-d)n aﬁ@efe@aeeely\nptrlafewtely m@abl@mf

I njectiaqgn ntr I

P SO TR Ba Pt SRoF TRy i SRS areEeran) %ﬁégﬁ
t ost heiqpassage tchfe Hngo @odmeSQHGNSNdaqa@% isegpeeiaald vy

I 91315' & in ?19 ggg‘%ox]r&y uﬁé@ovﬂ | Eo@@@ "ﬁldl Yo -lCOW In

passage o Ies across the bl dod-brain barrier
apathecudisre bhie V@&ﬁﬁ@els P eif araidys it BerRAP e 8F P HR e S1ng

t B@ﬁemparesgéaéoﬂf%@ﬁmgegmewng Qﬁuths%ﬁcﬂ:eahbow Of the
passage acr 0Ss t he brain arri e

D Bpar oS0 0Ipcy Aas6oh) GA58o8 G YRS E&tﬂ’é’g PRFEEFOIH
rﬁS@@n:S)e &:ﬁevmdi‘abk@ﬁhx\blbtl.b éhereseestor nasedehameds,

above. ed is a p 1|de consi.sting.,5
eglg‘é%tprfl ?y ote ™8t *° %glr%‘ ggfypepfnl gé oaﬁla?r%s‘” no more
seh&nt:lems fnormo:tdwe:hgno&ﬁ) consdst ithgnobd, () mpke than 5%

{%lhagll\pﬁ?m}po d f@'ﬂ%aﬁf BJG\P% Aoré thaInhQ% or no more
race

oop O go- a SO gresent in go-
aﬁaanxblg%ﬂé) thg pyagpip by g pEtEsier tpppdomains listed
| apR0gl ehyki Ns ke benaatSpelre MAG f@Rtrectors

containing a domain or domains of only one of the proteins.

The amino acid sequences of Nogo A, Nogo B, Nogo €, TN-R and
MAG are availabl_[e from GenBank, for example under the

following accession numbers:

MAG - X05301 (GI 56611}

TN-R - 267996 (GI 1261914)
Nogo B - AJ251384 (GI 9408097)
‘Nogo A - AF320999 (GI 11878297)
Nogo C - CAB99250 (GI 9408100)
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15

20

25

30

35

40

45

(d) the EG--like domain of TNNR Preferred features of
t he pol ypeptide are as defined above 15 for the

pol ypepti de encoded by the vector. Disclosed is a
conposition conprising the pol ypeptide of the
invention, fornmul ated together with one or nore

phar maceutically acceptable ingredients for use as a
300 tdob@rapeut i c) vaccine. Preferably the ceapesiobsieos:s
is formulated for admi nistration by injection.

Di scl osed is the pol ypeptide of the invention, for use
in a nethod of treatnent. The treatnment 25 may be of

g&@%‘? %&’@%M %aSO (i apkkOkR1dDis@l0sed d1sounhe
use o

o ypepti'de of the _invention in the
niwﬂwﬁﬂac%u@e for~ gomveidy d&r}ren‘th SR8t Fe PP 3PN ECHY NS
30? SEheel Qilsyosiicl fef &drfa@ke(d), Dltselmdeﬁsd\ae
rret 0 or treating at,i e
LG 2 BIAS BrRES SO TR ??&92 T dﬁgjﬁ &6 e
i Ty nRki ol d0d Begpatdeentt ASgE t(het%ﬁpeutané f%eﬂ@mﬁ@i 23
20041052922 PCT/ Q03/ LSHE NessI@dion i
%’e?’gﬁl E'g e 85%?%% %ﬁo$9$%§3§%ct orrl Di scl)osed are

analogous nethods and uses of 5 antibodies capable of
spaei fli-688ly binding to any one dommins (a)-(d), or

preferably m xtures of antlbodl es to et Ie of
th@M@P@WIWﬁé@G%rHWM gﬁ%
t RRAVHENT IS ESEXERE YA ﬁg@mv (,r oke

Tﬁ%ﬁléﬁtLﬁBEd#(&KYégﬁG‘BeL k0 the

pA T%@;: Er@?%ﬂ% FRE a%g 8‘ ﬁ%ﬂg r st

as \{ (FG g Gyl %Abﬂ Lh %L pAE'i)t 0

the. 51 % 0 oo ﬁ@ ‘%‘m%@{n‘? 5 SBDmcchu o),

! ?efé Q%Eﬂé‘ Glyebgpms yd wevAENQYGO

p ts'vg 'LE@H E‘@ AlivaRsild kodyriesRaonse.
%LE n QizpRELdFd ’nbrerisig are

rgg]_aé gE er bl Ppdi es for this purpose. Detailed

descripti on 20 Pept| des The term "peptide” is

| penged-tooyefer to a nolecule consisting of several
amno aci ds, adjacent pairs of am no acids being

i nke@bdmssps@nmeBnMLmspewtu@@CW @§Aﬂ'ﬁ@91@5
skt petsaHeN- EOFMMGCTANMIRE PEENGS BRYYFPBECHRRGVEN P
OCOBEYSATPC OFLRIATDAAL W@GV@Gﬁﬁc‘(ﬁEﬁlPﬁgGEDr&rRﬁlLﬁ% %Fm no
aGEHGRIPANET ph@mweﬁeafﬁﬁm%%o@w@g BhECVRERET S | y.
o®OOBRVARY dRE@aID N@aPho acids (i.e. amino acids other

than non-chiral glycine)

NogoN (1-185)

MEDLDOSPLY SSSDSPPRPQ PAFKYQFVRE PEDEEEEEEL EEEDEDEDLE
ELEVLERKPA AGLSRAPVPT APAAGAPLMD FGNDEVPPAP RGPLPAAPEV
APERQPSWDP SPVSSTVPAP SPLSAAAVSP SKLPEDDEPP ARPPPPPPAS
VSPOAEPVWT PPAPAPAAPP STPAAPKRRG SSGSV (SEQ ID HO:10}

Nogo66 (823-888)

RIYKGVIQ ATQKSDEGHP FRAYLESEVA ISEELVQKYS NSALGHVNCT
IKELRRLFLV DDLVDSLK (SEQ ID NO:11)

The vector preferably encodes a polypeptide having the amino
aclid sequence MAG(l*SOB)—Alan—TNR(125—329}~Alan~N0goN(l~
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10

i5

are of the L-isoform Peptides of the invention,
however, 30 may include or consist of am no acids of
the n-isoform Such D-am no acids nay be the
D-isofornms of naturally occurring L-am no acids,
may have no naturally occurring L-isoform The

i nclusion of DDamno acids in the peptides 24 WD
2004642932 PCT/ GB2003/ 005323 of the i nvemcir@missszs
assi st in reducing clearance of the peptide in vivo.
Synthesis of peptides 5 Peptides may be generated
WhH 1 A lon-Nramotk Y8 B3 6@lHeni 8B IDsypitlRdsi gheqhdilgept i des
oge%%enagem QN can e readll v nprened ascording to

est abl i shed; standard |iquid or, preferably,

sol i d- phase peptlde synt hesi s nethods 10

or

gener al

deserdditali B Sa f pwgf@fhmryeebém Myat/k@é |ghh ew{sge, for
exanple, in J. M Stemart nd gg Solid Phase 4
péﬁﬁvwesahtﬁhesf.og Ao re dft mfﬁle 508, CopnBprisie 2ol

Caspadtite Boakfordze-1449)inoise (db@84), (din MheBooanzsley

Bodanzsk The . Prac e hesi s
SBFfzﬁger a?/érl agq?{J REw %Fi@‘lg‘ﬁﬁ&@%F pit&g Eo%m (), Sthe
Bil8§ ysidems n4@BA cUs el d vaments BNogekt, (1~ Sﬁééfeamct?ﬁqryfor
Cﬂlofngﬂ{ n('b@) £ eNEYad¥%hulee PE GRABCG: ano%ob@twc%seby

i d phase nethod or by any conbi nation

56?5@7 ééé | i qui d phase and sol ution chen1stry, e.g.
by first conpleting the respective peptide portion
and then, if 20 desired and appropriate, after renoval
oMaanylam-a@tegt i ng groups being present, by
i ntroduction of the residue X by reaction of the
respectiioré sardsdrtrccorcsivbont cudtktdogat aatpehttdae

- deckVelttdore gdeamsetiy 26yPyggesDiadgica t%%aa%m%&?y is

20

25

30

35

40

45

ool %ﬁfcé

a ctbeerngganadc Pradwit St nerateshnl 4 REIt At ¥ D riRdICECHI AT
eﬁgph%ﬁCﬁggwﬁ%géanC%W@ycﬁ Sts bt id 1939FScCC
sKREFR2GFESE] BRCIGRTE | YHCHHCARY ﬁ@%cgﬁa%rﬂaugﬁgagcca
r@&é TQﬁtt036a%ﬁ9959ﬁérgqﬁQﬂﬁtﬂ t @CtQWﬁ%%

gf@% and

\@? E Gt gfﬁﬂﬁﬁ“ dPTIBGEE° ( %
feﬁgé;@t? o ?%gfetacaa cc@gg
SSSiEN S AT G é&?} cin
use

T

tgcagyg
L€at peeagdi ng
t@@cégb@d 08 Besd %cv.u £ coBge \etrggeait{g’ s
Clc8at &8y cPHY S el cki £kagR LD EEVﬁﬁﬂﬁgagaﬁ§taaﬂﬂcbt@ﬁg/ Of

r 24953 ReR! t feyFRYUBNEAS RAGcONYRBEQE NI RAGRCage

aacccgecac
ggcagttget
aggacggecat
cgcacggtygyg
tgggacggtyg
cacagagcaa
ctggccacygyg
gacgcccgag
gccagagage
cttotggaat
tgtggtaaaa
gcaacgtgac
agcggectece
cocaceocege
tegagetgee

cgetgctgac
gagagectgt
ctatgcttge
agctgagegt
gtggcggtag
ceceggaccect
tcatctatga
gacgatgggg
cacegecttce
cgcactgtge
tccaacccgg
tgtgaacgag
tgctecaccag
gtcatttgta
tttccaggga

ttggatgegg
acctggatct
ctggcagaga
catgtatgcea
agggggagac
attctcacca
gagtcagctyg
agtactggtyg
aacctgtetg
agcggecaga
aaccctcegt
acagagaggg
catcctcacg
ccteccaggaa

gatgggatgg
ggaggaggtyg
atgcctatgg
ccttggaage
agtctccatce
tecttcaagga
cagctggaac
tgtagctgag
tggagtttgc
gacaccgtge
ggccttitgag
agtttgtgta
cteceggggtce
cctectacgge

tgttgaggga
accccagcag
ccaggacaac
ccacagtgaa
ctgtgttceca
gaagcagatc
tcoctgeagt
aaccagtatg
teccataate
agtgcectotyg
ctgecttece
ctecagagege
aggcccaagce
acccagagcc

gcacaccga (SEQ ID NO:13)
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sequence, allowing rapid identification of peptide
ligands 5 for a variety of target nolecules by an in
vitro selection process called panning (Scott et al,
1990; Arap et al 1998). Interactions that involve
particul ar protein domains (either protein/protein or
protein/non-protein interactions) 10 typically only
qﬁ@ﬂmﬁo%ﬁ am no acids, anong which 5-8 an1pencﬁﬁmg@5n3
ey role. Phage di splay libraries displaying
peptldes of 6-10 am no acid residues have been
sucieessfudoe cumeehdes aibunbetaot epphi caf iamyspether
includln e N ng p [ rote
OHHEPE £ kB AR BT Cape TEOPAERROLE il JLoy b
n@:rdqmepilblé:»el |rgan©hse6bnd1§es‘?f oF ePuRfevel MY RE raHdne
n@éNe lﬂ}géeﬁ %I‘}xq_ts.t 18lo %.ln_fy ﬂgg&lc%.{cﬁ %e@;ﬁeﬁﬂ:e cﬂfgg.ﬁterest

DevIS i Felici et al h
mgwghl—i@ﬁgw:étl b notlegbshamwoéit S57 3488: Sogrbsdh wt
al ,s+2000)0ar0) Recent work has shown that a series of
peptides isolated wusing a broad range of enzynes as

targets c ined simlar amno acid sequences for
éggglégﬁégﬂégﬂd bound one or two sites per target by
tl LLONANALYSLS agdec f RERLL G885 a e shEtyagkigner
U? ot b g% % Setlc neag@éa%@u on.
c(i G g W L0980 RS L4Le JaSkRgLPIRGe
RV o8 G RUeLS E§Qtdﬁﬂth cE@H'@ﬁbﬁ dfqagkbtftdirdg
aa@ dﬁ%ig&@@laddaht ttc @BEYeE-dddnebtotyctay
(Eg’gi% yt"?@d?a%g@ g gthQ g gQadtqmrit esgiiparppept i de
dcafBl egdl R g achy & ichelcr ehgrsatbda0 capeptyaies for
i atdlddg@ggﬁafﬁm@egtg@adcgg@gagwg:e:@tdtmgjagp, ga@éci@ca
2004 35392 2cRCELEBO03/00580S: arigegadsy ckcydeyaay
pepidgegtof cddwgghventticontabye begdesigpiedcgfbygtaa
phaactaceut | calcagsegt THietdestgmiatgeadtydanegies2¢as ta
k abyaugplay nectertico bt | sotaepuves %tééﬂwﬁw FCrE9aC I own
apgﬁqnﬁghtﬂoCQQRSCGévé$QRNﬁ@nﬂOtﬁ4 phar maceuti cal s based
on a "lead" conpound. This mght be desirable where
t Red@dtt(ituaSeonpound is difficult or expensive to
ﬁggtheiggg or mher% |tqﬁ#%tug ngﬁ% Ie fora%ag aééécular
uRSTTIE67 8 %CC?C-{C\? § ah(-{ ?Cfco %%?%s th gacg &% they
t%ﬂ%aggtaé‘g%et 3@9 %ac:eg
E@' d %c @élmgaﬁg

a

tgg E cc BRIcHy %@Q@cﬁc@@cﬁﬁﬁm ng
| €hg kecul &xjabekq aagcfcaggﬁst RIg@RgkEygt 15
%@Eé@éﬁb@asgaégégctéEe@%ﬁdﬂ%@ﬂ@@'égﬂb@ g§fcd ndchagdesd gn

tfaggacga cgagccteeg geccggecte ccectcctee cececggceage

gtgagcccce aggcagagcc cgtgtggacc ccgccagece cggctcecgc
cgegecceceoe tocaceeegg cocgogeccaa gcgecagggge tcctecggget
cagtg {SEQ ID NO:15}

Nogo66 (2467-2664)

agga tatacaaggg tgtgatccaa gctatccaga aatcagatga
aggccaccca ttecagggeat atctggaate tgaagttget atatctgagg
agttggttca gaagtacagt aattctgete ttggtcatgt gaactgcacyg
ataaaggaac tcaggcgecot cttettagtt gatgatttag ttgattectct
gaag [(SEQ ID NO:16) :
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m nmetic froma conpound having a given target
property. Firstly, the particular parts of the
conmpound that are critical and/or inportant in
determining the target property 20, are determned. In
the case of a peptide, this can be done by
syst ematically varying the amno acid residues in the
LbfRs0B 9 Dy substituting each residue plpchiodoesszs
ani ne scans of peptide are comonly useg to retine
such peptide notifs. These parts or residues
cmﬂsisi t hbw@@ﬁ hahae@ﬂtv&h% freginontof dehéveoimeeund are
S i har one p e
ar yeen %‘)un F‘g rucflﬂl?aé"nlss(:ngfl Hgfegﬁég?grggr%
t effetcstlphymccxalnepr op@qqrésngleg aspehveeehéns songin
b&?ﬂﬁﬁﬂgthé'&@arﬁ_@@ QF GRAL HentUShNEa F@e@a38rdfu@Mdot any
range of sources,” eg spectroscopi c techniques, X-ray
dpne¢ rca‘cfch@nf%tt AMAAE MNR. STHIRRGRAL T IFR 2BR%Ey dhe,

Sig Pk drdnit:t yr@mmg Loy G 3 AP dsd Stti@as}haﬁgeoraﬁ@beﬁs

- vol unme of phar macophore, rather t

10

15

20

25

30

b BFHRR R CAEB nES 0T 4 RSB RITF GRS 24 Bhabts toaderh 17
t hibse rmféebkam prrotess: 227 3D 20044©53922r 60 amino
PCT/ 0Q3/ 2 v a r n
t AFed: d| ngblg)}g(%al% sI?ran l’%% g;" %1 é‘{l oF %59 P%%He the
bindé refarainkey adr deastpdél hmiho ?h%@scm@rbepé%%ﬁéf@ﬂ%yl y

ESBU'lz‘Uhe;LEot hesd anf% ém@ﬂcﬂ/a% dQ' ncb‘d}gTﬁﬁfirrhEﬁwAG, the

confor'mation on bi ndi ng ovvln%the gl to
téﬁ@gtabééuﬁ?r%queﬁ%al?w £Re ‘H@éﬁogﬁ“cﬁs ar it it

t @za%@ﬁ qsnﬁbﬁ@%x@fb;@agmrxsselm edswntqcm\/\/ﬁn:ckﬁccrmﬁtlcal
roups,. which mnc macophor e can

gFS?‘F%d Tﬁ‘ﬁefr?%?‘?‘ﬁlta‘%ljndlngg‘bc{ O8Rd°t A¥ cheﬁ%toﬁes of
gltﬁ@lp@%ﬁﬁ.t ecdbmrint Ghote segmercEnvenyevd ybbee s elnaic vebil

Qflr; t aerT]. l?l;/e%{%}{\airg)écb ¥QIQ§ é‘l gntiﬁocw kel y

& phar maco accept 0€s  not
dergﬁa@esel nnvvvm wﬁhil%: rfé@aifmmﬂtth‘élbﬁ Heogrealle 5t

a%%h.yiﬁ@/ Akithe dLad ¢omeund. cAsLeraatd vaky, tivhere
th metic is peptide based, further stabilit
%aéi%etrsof

é’oéé?ﬁ%\‘i‘é‘éing ERPmAIRr | sHEAEhEP PeBei BRRP g Rl

rirgudide/ foFhene réyigtbe wyrsBhetics found by this

approach can then be screened to see whether they

have the target property, or to 20 what extent they

e%hmbldxlivt, . aleiraPtmmidﬁn@animhdn timpdicfkiné ag i oh tEan

N80 P SARE L O Wiyl Qo A eV B AlorBNEnbilo s e
in vivo or clinical testin Sequence

i dehei tafezBnperaeiie £04d HAHIHONR dlgéfé{u%?ﬂf’@ -i dEmtihy

WAL EESPeChal Parer il:Ch EFQANGEp SAAIRRAGENY S dRlubREe amich
the percentage of am no
differs from the reference amino acid sequence, but which
includes a portion of at least 15 amino acids that has at
least 65% amino acid identity to a corresponding portion of
.the reference sequence. Preferably the level of identity is
at least 70%, 75%, 80%, 85%, 00%, 95%, 98% or 99%,
-Preferably the portion is at least 17 amino acids in length,
more preferred lengths are those given in the preceding

. paragraph for the lengths of fragments. BAgain, the variant

will generally include one or more epitopes of the_specific
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acid residues in a candi date sequence that are

identical wth the amno acid residues in the

ref erence sequence, 30 after aligning the sequences

an cing gaps, if necessary, to achieve the
q’lor%EJrﬂo%g#cent sequence identity, and not FCT/GB2003/005323

consi dering any conservative substitutions as part of

t hGOJSeEJQUGJﬁGEe | glefiointcy. i Y04ident amqﬁrevahmxe&nmyrbealn the

det WJ: BLAST- 2 t schul in

Gdonfotbrosiomeen Esear oumass el mesetss o vive.

ZGmaﬁO-tﬂtSOvéﬁJ%ﬂ:) Wil WhaBIcASdb Re wefesasmn@r ahtllstecalrecsh in

pag anpty - AdiGiodabayl §

val ues. %% he gg(;ssusrt ab?é\/geq%ghr gkgtgﬁreggg set’ w d ﬂ% th

foI | owi ng values: overlap span = 1, overlap fraction

= @i32bosawrid 5 tbmﬁﬁﬁmﬂﬂﬁn(EbmpfﬂghngAt%éa”1nO aci d

sequence identity value,  is determ ned by the nunber

of V?fﬁt"&hPﬁgt}i’edéﬁ‘tveeéto’?'esﬁoﬂfﬂesateé'stﬂ%‘?‘%‘@rﬁ Hegh pypre or

Wi BtAPha Pmadiutiidadl Pyaddeptbpialingusdiemtefl for esdddu@sa

of . t.he refer nce seguen I nt roduced

e i T gl L RS S £ e

alfcgmwente@c@rreablemgshxgﬂtmpeoby 1nwta¢t1pin| ed by 100.

Stri ngent condi tions St ri ngent condi ti ons may be

|dent|f|e those hat .15 e | ow ionic

S IFRSPHEntr HitEh VEGHBor A% S8R VER g, f or

exaihge Olrojasm%ﬁgéi'mtci@h@rﬁérﬂ:e/ O 0 15 oWk 506k Uia 2y be of
citrate/ 0.1% sodi um dodecyl sulfate at 50C;, (2)

efpiofamres nGSPRGH L S5 0h 3E*@%Rat uri ng agent, such

as formam de, for exanple 50% (v/v) formami de with
[#% ovi ne. serum 20 al.bum n/ 0. 1% Fi col | ) ) n

ARl 2 s S SRR pAOGHRE I aPPEs i the
pHhaBnF awitibe 760 arMesiadamen tc doar itde, 75 nM sodi um

"'%%'E*ﬁtﬁaa”fzga ORI a1 @) TR0 AT st um

phosphate (pH 6.8), 0.1% sodi um pyrophosphate, 5 x 25
Dexibaldséd isolautieohod s cakedisal Gigh depegen DNA (50

g/mM), 0.1%SDS, and 10% dextran sulfate at 42C, with
vv&§héspad"tle“&2CUi“h Npthod cuwisdny (AAME R BE R EETS Gd N BRTOF

Cioltl 84&)irdide D8N0 td ahXBpheRemt a85C theebbovert Rycaine.
hi gh-stri ngency wash consisting of 0.1 x SSC

cont ai ni ng EDTA at 55C. 30 The subject The subject to
wiihe lwedtorsodpost eswheridhdr vpiealdat ﬁénﬁgm-'b‘fls’ftelaféd

YA B BB 5o 5y B s 2850

ekpewd nenthk ant nluchuebasrsd podenins@ergal edelivery and
“needle-free” injection) and may be used in accordance with
the invention. Injection will typically be intra-muscular.
While the blood-brain barrier normally provides an obstacle
to the passage of antiboﬁies, CNS damage {especially injury,
e.g. external fnjury) will generally allow passage of
antibodies across the blood-brain barrier at the site of
damage. It is considered therefore that no special measures

are required to allow passage across the blood-brain barrier
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rabbit, rat or nouse), dog, cat, nonkey or ape, or a
farm animl such as a cow, horse, sheep, pig or goat.
More preferably, the subject is human. 5 Generally,

the subject will have CNS damage, usually CNS injury,
e. %o 20040886 i njury. More preferably, however, . fhe oo
damage is to the spinal cord, e.g. SCI. In -
experinmental animals, the danmage nay be experinental .
TheeICRBL Harriges maysdd ial sespesid tof tameihadisRASE Ok he

di seider, a8 GrifRid 8BSY., Stroke, or a

neur odegenerati ve condition, |earning nenory- rel ated
condition and/or dementia such as Al zheinmer's di sease
or Hardkionsanis #liwagpeptide Thadikeatyents of the

ol n\éggti onaa}#i Il _generally be intended for use in
conjuﬁ%Eﬁ YWPEhORE e "PRe Redivesptide Ifoas insirgrdrepted from
andhergrefhabohkiatimnorkFornul ations 20 It is

preferaflie.tqQ present th eptides, mnetics, and
vectorsggft&ﬁeﬁiHV@HPF&nﬁggoﬂﬁa?ﬂﬁﬁghpﬁcﬁPgofAF
f or mul ai)ofibe ¢etigceltohpoiobpOodf NYRPBr @il present in

neﬂgﬁgnpghh Gokrd;sing at I east one active conpound
as defi ned abé%g,)fogether with 25 one or nore other

10 phar mad&dt Feal $Rirgc se phiafihe Linvgradiopnt sn-ld rkpests toF

15

t hhase skiblled in the art, including, but not limited
t o, phgrpageutical[x acceptabl e carriers, adjuvants,
exci pi efit s*hhJfFartike plamadrvef iR and st abil i sers.
The fornulation may further conprise other active

a Thuys, the.present invention further

DAV aEEeS SaNES® of s Wk PRy e AP nATR RS Cafined above
cdiposhe i pnlypeppi dei ousidgd def ithedyvectde. met hod
conprising adm xi ng at | east one peptide or vector of

t he igventipn together with one or nore 30 WO
260350522 2 SPETFERRDVE 005 308 bHrddeut i cal |y

apoeppéid ieid BEr edd enfenell koW L4 Q88 nskilidigd D
the art, 9., carriers, ad|uvants: exci pi ents, ~etc..
5°’fh’8°’feerpﬁﬁa‘ PRSP eIt Y casgaptabiepindregtients ued use as a

20 hétietrmpepentai n&aimeconpmﬁmblynaq@dio%gbéitf@; g5l al s,

25

COIRASI L. an dosage fornms, etcC., wihich are, wthin
tﬁe scgﬁggo?bgo% ISEEH?E%P PHdypaEsfttiogui tabl e for use

in contact with the tissues of the subject in

apesdicd( €s9rne WURRLLW Shot 1Q excessive toxicity,
irritation, allergic response, or other problem or

cHHfinté ani ofor amemensainatthodi bh Erda@asAnablme treatment
may be of CNS damage, especially SCI or stroke.

Disclosed is the use of the polypeptide of

the invention in the manufacture of a medicament for the

treatment of CHNS damage, .especially SCI or stroke.

Disclosed is a method for treating CNS damage

in a patient, the method comprising administering a

polypeptide of the invention to the patient as a therapeutic
vaccine:
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benefit/risk ratio. Each carrier, adjuvant, excipient,
etc. nust also be "acceptable” in the sense of being
conpatible wth the other ingredients of the

formul ation. 15 Suitable carriers, adjuvants,

exeo piene2 etc. can be found in standard pcr/gB2003/005323
phar maceutical texts, for exanple Rem ngton's

Phar maceuti cal Sciences, 20th Edition, 2000, pub.

Li ppi ncott, WIllianms & WIKkins; and Handbook of 20
Phamipesttd€aln EXChRi@IbS1y 20d 8détia £899%he vector.
Formul ati ons may suitably %e i njectabl e formul ati ons,
e.g. 1in the formof aqueous, isotonic, pyrogen-free,
stiesiclesed odngt ianR3ogous Wwhithhdshenacidsase o€onmpound i s

di_s d. Such ui ds th .onal contain
CIRETbedtes SERpER 41 SPeCRuTR R B05 e SR BB
asioanttns ofd Jddrd 3, obtﬁrﬁeéﬁsqblypmeswwe&t iofesntibodies

s r tegi " BUS
th??bgggﬁ<§!§gﬁgsgflﬁghséfutes gﬁﬂg%%ren er f§%°f
f dPRBLRT | G -ilddt Bov Ehei E¥eatimenbl @b ENSr demrehr GspRABLLY

f BOI dox 3 dokanpl Bise GintSbblabl ecd:s HORHR1 A Hd RIS d&%ctly
such fornul ations include SOdIUWlCh|OH

|§PeE‘E*? R EIRPhgEpraLerahly B0 hor o RePhEdRF T QB? girst
| appett or. gTypy Caidey:t 1:kueect¢encarﬂd ahboWof ihite Bkd isdde

corPould Bt he L gl 3 Lram, AQUL d pak L spout
P€§¢I§%§ﬁ@3ﬂ@@5@2&D01£®Cr&ﬁuﬂ ot opahpebtidpgiadcingheo
f9é£%4é¥d QRS 4 éﬁ%&#ﬁ?orggﬁﬁﬁégteq?ﬂﬂlb%ﬁktffgﬁﬁéd%% ca able

nmul ti -dose se nt ai ners anpou

afifl shefificahindimg- Bées¢Qﬂaéée¢r#Qabﬁréeﬁ%bodﬁqseéor this
(byed¥d.i sed) condition requiring only the addition of
5 the sterile liquid carrier, for exanple water for
injections, imediately prior to use. Extenporaneous

i Pgeciledndestipiina and suspensi ons may be prepared
from sterile powders, granules, and tablets. 10

Adm ni stration Adm nistration of the peptides of the

i fpmridiesn will generally be by injection, preferably
directly into the CNS. Injection nmay be directly into
the site of damage, e.g. into 15 the site of damage.
Aheetgani ‘\‘/mgtlden] éstirdendey e refiep ta lremolecule
Qﬁfn%b.rsglétgx 3 sefvley"ig'anhxw &:(’.35.(:{ Qﬁf‘éc&h{f pscug:g & amino

injury ri mental work ying the invention

a%?c}dén%bﬁlvrelﬂtr%tedowtm@tiﬁ%mﬁdén wh IReptddeplond has the

desekthed, -dpLnaay oim%agpi&s Wgosé ynat\Mrtalll?eé@é@ﬂiq_ﬁg
to the acconmpanyi ng Figure I C shows the priners

PedoPora Sy aily Pﬁ%qusbl t%rwlaahawgw PCORT t Py
Ameladast iEna INmbd 8¢ b6 . Cadi 082 B80WeRGer{#F chiral

amino acids (i.e. amino acids other than non-chiral glycine)

~are of the i-isoform. Peptides of the invention, however,

may include or consist of amino acids of the p-isoform.

- Such p-amino acids may be the p-isoforms of naturally

occurring L-amino acids, or may have no naturally occurring

1~isoform. The inclusion of p-amino acids in the peptides
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the conplenmentary strand) is shown in bold. Start
(Met) and stop (***) codons are doubly underlined.
Restriction sites 25 are underlined. SEQ ID NCS are as
follows: Primer SEQ ID NO MAGL 17 MA®R 18 30 TNRL
19 TNR2 20 NogoN 21 NogoN2 22 Nogo66-1 23 32 WO
2004/ 052922 PCT/ GB2003/ 005323 Nogo66-2 24 Al so shown
swbaombizerl |y is the resultant construct ($E@QckkMosw0s323
NO: 25) obtai ned by digestion and sequential connection
of 5 the resultant PCR products. Restriction sites are
uffierie dedeninian @Ar Gisigt chldrrsiuatrg |cABeFref oEolihhg
E%@Qﬁelgoh‘e@ch inhibitory domain is represented by
bracket ed nane of the domamin. The stop codon is
I abel l ed 10 Aspect 1, Exanple 1 Identification of
Nogo:deiai 88 pespeasi bl e having inhibitory 15
properties Repul sion assay NGLO8 cells (nobuse
neurobl astoma - rat glioma hybrid cells, 20
c bepieiceisainky v giehabdted wbod herAperilyvahy TEksueaType

81 sC0l 4181100  NARASEAS 11 Vot 453 caHNBe M reads 1
gcg:lc’:%és)}{sﬁ on” nunber g\TlCC HB- 1323117% wer e gaat ed rc‘)%r?L éo%t ed

shERarEfe 3CeRT HGINBY dieldsestapgdetedo, stRpgard de-aahg o

Gole N2381 66 @l\ﬁekhaé’é poelidsS syalRés 0 neERH®S AlgeaBrand
purification of the reconbi nant 25, do |rzs of go,

eF?WPé}PSH% o whEch Adico Hr‘ﬁs?q}tyeﬁﬁé%ﬁb( BT, re
pexdrgrirediass pf.evi ousdty adesern. be’duﬁ@Q ao1I€ Biasal peptide

ﬁggzg%h_egd’s, %rbcfeldljéf.orég%l{a% el zl-:ugrygfgll %ﬁgt |F¥00k§58%

Neboindis aih@iS(STln e (Boide Bz Dt gundeh l%psisayslsﬁ \me
20441022922 ?5@1%2%11%95&%5;:“%9? wghh a V&@é@ vkt ed

on coated substrates usin
I\I&b%ﬁ‘;JGGa“ﬁn%PEGS’;‘FﬁI\%’g@SGGeIa% By Ua%rmnaélcdﬁlr R
Srhledyd terout@awbbnof) NelOghLHekhs MR cbabidited

solution, by the liguid phase method or by any combination
of solid-phase, liquid phase and solution chemistry, e.g. by
first completing the respective peptide portion and then, if
desired and appropriate, after removal of any protecting
groups being present, by introduction of the residue X by
reaction of the respective carbonic or sulfonic acid or a

reactive derivative thereof.

Phage Display

Phage display is a recent and promising technique in
biomolecular engineering which can survey tens of millions
of short peptides for tight binding to an antibody receptor
or other binding protein. Phage display was firstly
described in 1985 {Smith et al, 1983%) and is a selection
technique in which a peptide or protein is expressed as a
fusion with a coat protein of a bacteriophage, resulting in

‘display of the fused protein on the surface of the wvirion,
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significantly from Nogol -50, Nogol -66, and GST

Nogo- 66, but not Nogol-25 and GST. 10 Aspect 1,

Exanpl e 2 Screeni ng of novel short peptides agai nst
neuronal growth inhibitory nolecules TNNR, MAG and
Nogo t hrough phage display technol ogy 15 Purification
of TN'R, MAG and Nogo from adult nouse brains was
peve wosseb2by | mrunoaf fi nity chromat ography gSres003/005323
previously described (Pesheva, P et al, 1989).
Ceneration and purification of the r econbi nant
doRait st DR mocadday Reydupbomg epiideorvighdnetins wict bn.

G@ia@sr@_a@%&oeme@sapm»élleyﬁlmnkgsé (He't%gn(g(' 'ﬁﬁ%tzc
t hese proteins were used as phage

b.lﬁgF%ﬁY %y é@’e‘%oﬂr SEPFLfs Fegupreat Afd RI¥ sgcphing each
Prse@daﬁdd,plaagewmgs ﬁ:laﬁyd mhtﬂﬁlddtbbaraf lﬁebtia@vulgands
Engl.a dar%egl abé corg g}to t he nuf acturer's
Sk oy 05 ags P e Lot Buby B I etet et Ton
divsptess mglded fErmening pepiatdeet saquEneEs Araaseexqioseds) .
to a plate coated with the target protein. Unbound
phage was washed away and specifically bound phage _
steraftd@npythand vty RarTheularypeet gicodoni 130 (shager

,m@&oa&ﬁmﬂpfrbe@im ngeam/‘a@s%a@@nrﬁ&%@aégl&w% times.

Aiter 3-4 rog affinity selection, several
sPERTFIHY BRLY G ofial? VBB | 3T1dEr eRFFI0 T et~ 8 aRdBmMm
peptds:l@l;alyagekeﬂ|mpbayad1algebcu:aery1a§ Bivkardest dfdad vbyg

E h 34 WO 2004/ 052922 P /GBZOOS/
cReBias " Sen ot 48u8Y AR SRR v gEet aﬁ%%eaﬁ,%}lify

desed nimed iy s tdnapreid css oenc |:Lngludl"1hv@ spliugrcespping,

pﬁ@ﬁﬂ)gﬁf’ p%t@ﬂ%@&.r? FL%%B&«E@' )ﬁextltolglt&%tg.gﬁ q&d %%pt%de

pro te| ns were obtai ned rarrevvor sequence
t e HEGe ©F o2t st bin, Lisards vitidc Aes kg7 ofepovel vaccine

pem I1ter @BGesli nEcTeqsenas wga ns:aﬁﬁéi den aﬁacmwa@@vlm
10 TT T CCT TTA GTG GIA CCT

S, a L] ons
TerE anLA%% %lT&’f %]35(5% ’tb ”’r%t%? al, &hi G@&n@@?t
TEG GCESGAArACEtGET, QA% sAQTL IIEsbn( SEQ1L,| Robly 27) . .
represents the site of insertion of the 7-ner peptide-
15 encodi ng sequence. A Kpnl site is underlined, a
Ehgterdi rerkikagdslibhy theder! $mdds EX argpitadys 7igm@ated

pepidde- %BQ@'Mg@egP%“zﬁﬁeQraes %Q ?{:@E?%Iog\%,lnec{] slmllar
refers to the nunber of isolated es displ ayi n%
amino acid sequences for each target an bound one or two

sites per target by competition analysis. Of 17 peptides
tested, 13 were found to be specific inhibitors of enzyme
function. Peptidic surrogate ligands identified using phage
display are preferentially targeted to a limited number of
sites that inhibit enzyme function (Hyde-DeRuyscher et al
2000) .

Mimetics

Non-peptide "small molecules" are often preferred to

peptides for in vivo pharmaceutical use. Accordingly,
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20 peptide having the sequence shown (though there was
of course sone variability in the encodi ng nucleic
acid sequences, owing to the degeneracy of the
genetic code) "SIN' is an abbreviation for "SEQ ID
NO. " and refers to the peptide sequence. The SEQ I D
NOS of the nucleic acid 25 sequences are 28-35. Target
Exerrplaas22nucl ei ¢ acid Peptide SIN Nogo- 66GecTASB26036m5323
ACG CAG CCT CAG TCG YLTQPQS (n=43) 1 Nogo-66 GGT TCT
CTG CCT CAT TCG CTG GSLPHSL (n=8) 2 30 TNR-EGFL ACG
CAFERGSTTT T el dsnGof EFPROvEREL®) M3y TRIGEdBneCAT
TETr ARRrREIc CALAALSATT HSIPDNI (n=3) 4 TNR-EGFL CAT
CAT ATG CCT CAT GAT AAG HHWPHDK (n=1) 5 TNR-EGFL GGT
TCT CTG CCT CAT TCG CTG GSLPHSL (n=1) 2 TNR-EGFL TAT
At AEELEETNECEE AR 3CE YETEW%ﬂBwﬁnﬁﬂérﬂice351&ﬂily active

AL ST A R 8 e e B et ATG ocT

Qe @R NPRe{I=Bps7d dvAG ABGCAGCEHGHELIT TCTs GEHThEAR

T&Lé:ﬁpglénw@r@ t§e3§ct%e299m%%8922 59?:.9@@90&1 005323
Aspect 1, invitfro assa hages

d?%&ﬂ“&ﬁl"ﬁgt‘be‘iﬂt&égl%%é’@f FeRfifcét %%éﬂisﬁhtbﬂ%rfypreﬁf ect

0paiNAGR) a HAGe @i I RnR1 e QBal & Adhest oesTi-sgue
culture petri_di shes (Becton Di cki nson) wWth a

d?%sri-ﬁttéPE%fa%“éfecﬁ?We febatiéd GPfppsitions as they tend
ned h:&anha.sbl}ubielglrzﬁéh by procisksl OsecracanidénthriyOcanal .
r e 1987) 4 d 10 aJ -dried nder a
steri % ﬁ rl_ Th n&f%e pe WSFE® r"“llc"'u Feddte
vmcr%dPBSn@mﬂtmlsmrﬁgn@qgﬂntg@@iuytbat @ motlhﬂlmbea‘ dior 2
hoavfeabr 3d&erySubsequent |y, the dishes were washed
three tinmes with PBS and dried under a sterile hood.
15 Protein spots (1.5 1 of 5 pMGST, 5 M GST- Nogo66,

1'fl@aMe BBQO%Jerl@OSMﬂ\AO@@!nm&QyO&aM PMcNe 0@l 512B) owes e
t he nltrocgl | ul ose-coat ed surfaces of t he

l&u %ﬁ%r% ATEPPHEUBRY B oL hdirdeht PPRSTN - a
hEunschlm ethatmosphela pabubsequbatdimpoithe sipot aireer e

S R il TR ey e e e ORI E p PEy

. atiedpkeEnBBAl-( SLynd)e ande i afcabaertidegyehhs gfin be done

b pGlystesi duali 19oRsshegi £ie a%rlggeé&cplrggh&ges St e 25
Then,, the dishes were washed with PBS and NGLO8 cells
v&ﬁgglde, e.g. by substituting each residue in turn. Alanlne
scans of peptide are commonly used to refine such peptide
notifs. These parts or residues constituting the active

region of the compound are known as its "pharmacophore".

Once the pharmacopheore has been found, its structure is

modelled according to its physical properties, eg

stereochemistry, bonding, size and/or charge, using data

from a range of sources, eg spectroscopic techniques, X-ray
diffraction data and NMR. Computational analysis,

similarity mapping (wﬁich models the charge and/or volume of
a pharmacophore, rather than the bonding between atoms) and

other techniques can be used in this modelling process.
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cald dbkBdhdig;de ' [ h j TQ.FPPQ .
dReBR0hdr] g @B@@@ Fol %Qlf@,\"dlﬂgﬂe Le%te&m.}ﬁ?et eqbloe(%lcal

plated in 2 m of Dul becco's nodified Eagle's nmedium
containing 10% fetal bovine serumat a density of 2.5
x 105 <cells/m and incubated at 37Cin a humdified
atnosphere. After 12 hours, the dishes were gently
washed three tines 30 with PBS and the cells fixed by
flooding with PBS containing 2.5% glutaral dehyde.

A¥O eaoadse9eat i on, cul tures were stained w thcDchbH03/005323
tol uidine blue (Sigma) in 2.5% sodi um carbonate. The
stained cultures were then washed three tinmes with
water and air-dried. 37 WO 2004/ 052922

PCT/ £&B20023h080582%1 sCabpoardheFidIGnt-0ethG KAl LQUS Spots

ot ographed ,and. counted., All experinments were
EE??%% 3 TR dA9PRT b 1 Frainadpe antneal azmal ysi s

\A@Sdg{?}rqd.ed'!'bm day Bt uggnici dEBE .usgthm$$g%h@glégand
Si en_as p_ < 0.05,, - Nogo66,
msg%e% a9 heBe rty s i preaneips.

r adheEdoNEhegnestslll teotaites acomper of o sGSE; tiNoglsi36 of
dikHe NBne+10. NGLO8 cells were plated on

poly-DL-ornithine-treated tissue culture petri dish
as single-cell suspensions. Specific phages that

dh sipdnayl at BemdNgRO6- i s Mien S EMR Hiddi,RgcnH PERL; des
kg%]} |Sf hﬁgcﬁbﬁve wer e dded to the cell cultur e.
SN ES ANt S ndd PPGF P RIGEE sCcale 6 614§ est-i oBhand

16emitlgitni nolasile tod Uihdi beerbldig. gEalds adhesiOBNAS 1+
deterdyl ; pf.eVi descri bed. Phage, di spl ayi ng
e R bR QLB G ) it LB & bbb b
t M UNRRE BEt OGSy lékebete b MNegnab6layidalBE arceNGib8e, 20

‘was able to block the inhfbitory ect

(DN 3y |

o TR ECEL 6 RRSLOBTERRIY hi AdFerRatiBegpediert, the
i P e el e R ST
inhi ) ect .Q 0, MAG an “R on neurona
a%gg%%%% %F’F R §&r e%ﬁé&aébﬁ%%u?%@b‘tqydes’ﬂa?e
dyekési gedimstigs fichedsigl itthi phasa-oaeh heth hyeregans of

adrephide Syt hgsizear l.._1000. .Neurite outgrowth
and gr ow h cone%?ée%ﬁ SI'0 %gggal%se atF@g%%rﬁré’PFrﬁgY’asor to
r

JEEEr PPN T BeY RigIipit a0 ECretemlboptidO@it)yionPorifi ed

impact caiNoR, <MAGRRAdLNOGG L P&y
2004/ CSZ%ZZ.E’CT/ GB2003/ ooszggg 5%%&@%&% %%é% VEG

and-Nog6 ‘afa"Be* CodPER T ianek rdtigiced tegltiom.
identification of the inhibitory domains of TNNR, MAG

%@gué\ﬁ)&oi Eﬂt further assay, the synt hes! zed peptides
Ere—m—xeg—w—% the rel evant protein/domain before
coating, to

Percent (%) amino acid seguence identity with respect to a
reference sequence is defined as the percentage of amino
acid residues in a candidate sequence that are identical
Wwith the amino acid residues in the reference sequence,
after aligning the sequences and introducing gaps, if
necessary, to achieve the maximum percent sequence identity,
and not considering any conservative substitutions as part
of the sequence identity. % identity values may be

determined by WU—BLAST~2 {Altschul et al., Methods in
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5 identify peptides that can neutralize the inhibitory
effects of TNNR, MAG and/or Nogo in vitro. Aspect 1,
Exanple 5 10 In vivo test for peptides that can
all eviate spinal cord injury Those consensus short
peptides that can neutralize the 15 inhibitory
effects of TNNR, MAG and/or Nogo in vitro are wused in
VWoeook/es2eet er mi ne that they all eviate spi n@cteseasoosszs
injury (Bregman et al, 1995). These peptides are
injected into spinal cord injured adult rat.
Reteierl a8y orf 66f 4 8% oARd (L8%@dsafBcPif\pT-2 uses several
i éﬂ'ﬂ&@hb§f§m%%|§trﬁd§tb)§f9m heONsaN th are Zleefault
untreated control. Function inprovenent, |s S .
2 Pe e RSHBREALE BRERITETE 25 SelAFRg oo loving
catidiedat evddaborsan Fatl, caredkpl £sdcttihe =i 6hidy,t epyd
e C f . N-R. . MAG .a 0 r -
oﬁ%&%ﬁéﬁebﬁ’i Eeiééq%eﬁcggilggr ealgggtsér% %gg ?%eremilﬁg. value
peptdedesmitrat byabhdewnbak i ¢ maliehinvthilbienbt yalefreetdge of
O Ric o3 M¥GLINGH M0G0 | dt Mishs O BRALOEoE s WiukBer of
(pr elfeefabjf both). EST dat abgses (py?ef_gr a%ly dz:\lt a%%soes
ofeidgegert VEE ESTRYegRes S ACEhEFRISITAGTPReCed Py WU-
d@mel _ Qal@tdﬂtihgoﬁé‘fél%gkled_ﬁe@%l @Snfciﬁ%;xd%é:%
ipraries are screened using | abelle e ate
GHSEET S ooB Thadnorrly PapFLUaHE Blntrat o
factors 39 WD 2004/ 052922 PCT/ GB2003/ 005323 that can
ﬁ%g!f@? Ehgorjdq@':.ggléory effects of TN-R, MAG and/ or
. te factors are purified as

GST-fusion protein, and the neutralizing effects are
testiedeas cARICELRERT BYI puSltY el &8 HhenBeptides. (b) An
alternative way to test the neutralizing effects jin
VERRI-OYj §9Y o- i Eng b iiftthc aRdi et e L PURATGEIE R af T HEERYNI-
Nedl @xambDe tth@15i M) 4R dmSPhNtalide oo hd1s ANsexNel icrendtad /
aninel and opserve the neutralizing results. 10 New
Ao e R ey B teter He SOrb HEY oPgE LT i £y
TR L A1 MG cand/ aendNagAngr egdrter efiat exsolibanmete, afdrar e
usef ul. for, t] r.in.th el qpmen
gl (/T e he R B SESRDIRE RS oy ury.
15 bhedact - 1% FEgahpl ® 18 pyérwiawlmnmlri@@neéhorgo sRdeh®ei ¢
A A pRRCO NG e FL0l 160W PO a7l AF MRS uRADLR J18AebYTs
mM sodium citrate at 42°C; or {3) empleoy 50% formamide, 5 x
SSC (0.75 M NWaCl, 0.075 M sodium citrate}, 50 mM sodium .
phosphate {pH 6.8), 0.1% sodium pyrophosphate, 5 x
Denhardt's solution, sonicated salmon sperm DNA (50 pg/ml),
0.1% sDS, and 10% dextran sulfate at 42°C, with washes at
42°C in 0.2 % 39SC (sodium chloride/sodium citrate} and 50%
formamide at 55°C, followed by a high-stringency wash
coﬁsisting of 0.1 x 85C containing EDTA at 55°C.

The subject

The subject to which the compositions and/or treatments of

the invention will be administered will be a mammal,
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PCR N-term nal and 66- Aa extracel |l ul ar domai n of
Nogo-A, third to fifth Ig |ike domain of MAG and the
EGF | i ke domain of human TNR PCR prinmers were
designed to include restriction enzyne 25 sites and to
encode Ala linkers at the ends of the subcl oned
sequences (see Fig. 1). Therefore, when the PCR
pwodagbsaez2wer e doubl e di gested by restrict p@RcRIENITES:
and then connected sequentially, DNA encoding the Al a
linkers was | ocated between each pair of neighbouring
RifdieRdRagai AxPIDISEE Ak A ingy suﬂ%’ea%l%l yqdsREr 689 2
fagbhi| ata proReksd )0l @lb@g &ft, héecegonni diss, 40 ¥NQarm
2004/ 529% CT/GBZO 3/ 005323 Then, the equ ntially
cBhf8ct BY RS "o tBF 8° di%gEER ey O Pef Xbal
ancfeheht v, nseet schjattoia pelBNA 3.1 vector

(I'nvitrogen) to produce a recomnbi nant vector. The
reconmbi nant vector was verified by agarose gel and
Sepgently, Ehanahly:'s@@ wAthdutve 20NExianpte, syelly i@t i on
Ofn G, |03 DRE BLYq TUREL ONSicl AT LEEAMDIARARYCr 1Qne
vector in vitro Before DNA ‘vacci ne ‘can be 1 njected
iFRmgIeelt tanthal goined CW‘%rr@ -festiing Fustxaseieartiled

QiHink s TR SHKEgd haly bBexplackimaicanTne xpaasspd mBy
r%. mral i an cell s and can be 15 secreted out (if the cell

36t FRTIHL &7 PHe? | ThiSAES Rfs CERP TSt Red hdRLI°88Y check
tdtireoke CQ& & aehidﬁ&gﬁherhtfumsEsﬁdxﬂiommtteaﬂning memory-
regpngénargltdl gctorng ém&ﬁEQSée %gq§3|gn gthe
20 and The® e d unt wer &7 c'ot g Tespectivel y
ahde‘al\éstter rﬁ’alkgmswvsfss gésf¢arened usi ng ant| bodies to the
inhibitory nolecules (Xiao et al, 1996) to verify.
that the reconbinant protein is secreted out the cel

ang Eaprertasohntimirgenticn gilmaeapsal bhdensaended
| 7RI AEe SHS oY Whett drh @1 VieCtBk | Sneaadiph Bs Steic@dak Nswdiyery
V|v9 as %F%ﬁikkﬁ Transfected cells were detected
GO PFVES RS- TS S TNR  ant i bodi es compared to
non-transfected cells. Inmunoreactivity for Nogo was
Qeinglge%; both transfected 30 and non-transfected
ce 48 nours after transient transfection with the
reconblnant pl asm d, the nmediumwas coll ected and
|ﬂﬂnﬂ90§¥é¥érﬁb§@t@51pf@%eﬂ%DéH%O§t§%i5%32 mimetics, and
PCT/ GB2003/ 005323 th anti - oN or _anti- TNR: EGFL
Bsayﬁhg ﬁgliﬁ%ﬁnﬁoﬁ As pnarma eutical formulations

(e g., composition, preparation, medicament) comprising at

least one active compound, as defined above, together with
one or more other pharmaceutically acceptable ingredients
well known to those skilled in the art, including, but not
limited to, pharmaceutically acceptable carriers, adjuvants,
excipients, buffers, preservatives and stabilisers. The

formulation may further comprise other active agents.

. Thus, the present invention further provides a method of

making a pharmaceutical composition as previously defined,
the method comprising admixing at least one peptide or

vector of the inventiomn together with one or more
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agarose. The precipitates were separated by 10% and 6%
SDS- PAGE and probed for Nogo and TNR, respectively.
Each precipitate reveal ed i munoreactivity for the
corresponding 5 anti body, indicating that the protein
is being secreted. Aspect 2, Exanple 3 10 Dot-bl ot of
GST fusion proteins with pre-imune sera and

amtd 20e@ER22ANt | -sera were col | ected from LewSrésh&inosis
after 2-nmonth wvaccination with reconbi nant plasmd. A
serial 15 concentration of GST-Nogo66, GST-NogoN,

G2 TIReEGEEa L S PCCRE I3 180281k 6B5T Witkle k@GR eeP ddose

subsitat as and subsedyentdayrs blOt hashWdths, Sekaipients,
Anti-sera speC|aIIy recogni zed GST fusi on pr ot ei ns,

b&tcnot GST. Pre-inmmune sera recognised neither the
fusion proteins, nor GST. 20 Aspect 2, Exanple 4 Trial

of .the regopbi nant vec accine 1o
BT PREETAHEL GOt FrE YR Gy oo il P o5t e
a@EEtalnantuncqmgqumdswniﬁgnBHEemIQA W@C@IIE%SJ|¢QNPOSlti0nS:
r ve i nj, t t
arp oy e e g CRh Rt e ThERhICgh e, B gooune
agsdyed tigdveenify supkablkamine vesponsenBTaftién e

| R 864401 0L DNAREET 18- quBsBEIH - (kI g5 enlneh) Mdetodtor
spinal cord injury is used. After a period of tine

mMSEBRHTG éarl%wdy 1p¥itatd opnj A Ed I g 2T IIGG4/ o Shs"
PGELEBR003/ @&ﬁ&?&at&ﬁhﬂ&lon@@ﬁﬂim&r QﬂﬁlaXaDn:,eaaBdalale

behavjiaral, st . of th [ f d

AR SRioR Ehti Spi RAT CBPE TeerdRrTa © TR 85

fe\nat eallsewps Yatepdeblé'hmnntzedaoreeofeaking wonpatitleg
bhﬁcﬁ@b S I q%‘;cfg&!ier‘i{so@ft b AeRAHL O £Xxanpl es.

vect or king the insertion I's used as a
control The vector is injected into the back of the

r@bltﬁlteeeakbﬁeé@ At svdike Qﬁ&tﬁi%%@sané&cs%rau%etmnd
spinal cords are lesioned. The rats continue.to

r é&e?Wdﬁxﬁdcﬁh%‘?ﬁ%wmﬂnﬁﬁﬁﬁatﬁ%n§X?I8?1%WHB?*C%“ s
wed k SmacEne i eat ssareelcaaesztdtet EfZHﬁ.dﬁl t lao@mmpdml

(L.ng/ 209  bod {
Igg? et o%y %ﬁfééﬁg ? lkln?h mm%%*@a? ggf% of the
sphaghaccetdchd Bidvemwients wi2nh edigdion, ok99%4n crosci ssors

to sever the corticospinal tracts. The depth of each

| esi on, about 1nm is estimated by a mark placed on
Formulations may sultably be injectadble formulations, e.g.

in the form of aqueous, isotonic, pyrogen—-free, sterile
solutions, in which the active compound is dissolved. Such
liquids may additional contain other pharmaceutically
acceptable ingredients, such as anti~oxidants, buffers,
preservatives, stabilisers, bacteriostats, suspending
agents, thickening agents, and solutes which render the
formulation isotonic with the blood or cerebrospinal fluid.
Examples of suitable isotonic carrxiers for use in such
formulations include Sodium Chloride Injection, Ringer's

- Solution, or Lactated Ringex's Injection. Typlcally, the
concentration of the active compound in the liquid is from

about 1 ng/ml to about 10 pg/ml, for example from about
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the tip of the mcro-scissors. After a 6 week survival
20 period post lesion, the rats are anesthetized and a
5% solution of WGA- HRP (wheat germ

aggl utinin-horseradi sh peroxidase) is injected onto
t he sensory-notor cortex as described (Li et al.
1996). 48 hours after injection of WGA-HRP, the
aworred«®s2ane sacrificed by intracardi ac 25 penfeesiosmss2s
and the |ongitudinal cryostat section of the spina

Erd | reacted for HRP histochem stry as descrlbed

mi Lo Ak 1 pohmiver T84 cﬁ&ff“%alafont‘-*h@aﬁf

| preOrtedas PONGE toliobbeod AL zRde Séhlani ﬁahﬁaﬂr&r\éerfcﬁy
that the antisera of thg_ cglzed anlnalg have B
f GAETEGn 8?‘9%‘?10‘3 Fid St ntiDiPEry° et rREE Y %ﬁéeeze
inh1¢niidwyphhﬁm£e@$ o@mduﬂabntrﬁqmutgnQWWﬂiy aheeatditéon of
g P 3 ssay is
e s R GG T Tannt 20 anrral s A
Aipptqtigngh jenedipselye guted W tiges dFaisnpeoFageous

ﬂhhf&&%h%@ﬁﬁcm@l@dam eéu@ﬁé‘lbﬁtcﬁq Méi)rbesg/r%ared from

| y-L-1ysine. The GST fusion |nh| itory domai ns or
péb??’&é’spa?’%%‘-l'aééan‘r”rﬁst'hé“@veqai 15853 5 2p1 drop and
then incubated for 4 hrs at 37C. These wells are then
iﬂgqpa%%gagvernlght at 4Cwith the serumfrom either

r mice inmmunized with the DNA vacci ne.

The serumis renoved, and post natal day -10 rat
cga@ﬂ@s@atl&@w@ﬁe% iy 899 &vtﬁsrﬁ%énﬁ@ﬁ%m
gradient centrifugatio i are ated at a density of
19%nepFe 1y ebs sbbpe—mmﬁon:méew 3y dkrecddivt ke thg CNS.

SehjuBdibaensh ey @akéatlcyeflhagoméemﬂénJforda%ége NrSq. into
E%ged mnth 4% par af or nal deh and, stained with :

eob] T Heur b @ PaRGT Lo oW eBAnaE iy a0
Unhe/efaatabrbimgiexall Fiege apalysily syst eéme Pata oS injury.
anal yzed 15 using the Student-Newran-Keul's test to
determne statistically significant differences (Li
eﬁxp%z-’limenmgeyork @8%eNGriph oty iloaknistandandf eplprdiment s

| E uiRd 5 806 A& orC Q6 81 200 T8 CABKK 1108, R0RAGT BE c%mg&e
the transected axon, the rats are perfused with

pa?’éffof“ﬁﬁPd%%ﬁFof@ncﬁnbo FPEORTIIPERY I P DT EEI halvPich
CEyaS aheS}Qﬁird\dﬁ% afed h® SpbNAe e;:ﬁé dlmslmltakgddommnen

| ati t ed
OFRa e SPRr T BRS, Pl eRin Hoaar S . Snncsods®
25he3we>mp|‘lglh¢mmtd themmdii th staweptavibaidi- c8hrigaited) and

an{;‘@;{ﬁ&@@ nc:czcgc;?lr :clirQrdoutbg d\?gd%%tllﬁécﬁcm tSltg.gCthin Sébes

odi e Functional test of t e ani
Thee fupderibred . r §60VER WOST at%@SeﬁpH@Wént al rat is
also carried out. Contact placing response is tested

bgrléé¥1 IySEQ ID NO
MAGL 17
MAGZ 18
TNRL 19
TNR2 " 20
NogoNl 21
NogoNZ2 22

Nogo66~1 23
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touchi ng the dorsal aspect of the hind [inb w thout
causing joint displacenent. The ability of the
animals to lift the foot and place it onto the
support surface is then assessed 44 WD 2004/052922
PCT/ GB2003/ 005323 in three to six repetitions.
Greater than a 30% response wll be scored as
pweizbduaszKukel - Bagden et. al., 1993). (5krcpabai3foesss
testing 5 The safety of this vaccination approach is
assessed by admnistering the vaccine to test animals
lﬂﬂgééﬁdhe§4and | esi oned) and | ooki ng for adverse
events especially loss of sensory or notor function
agﬂ behavi or al or,cognltlve 10 inpairnments. CNS tissue
i $ERaMTIEY SAPEPDHEEEERI I8y the Feool thBE ARSEEHRUNEEQ ID

dawage) abitginby bhyAigest &nnkhAg éé#(%gtﬂgd“83n9@éthn of
922, lot 71k4889). CNPase Is a

anti - CNP (
e o B rEs SE PEOER ol ROBEiin gbybides are
2'ungerkiyedd.c Aleteobiliiey Fodphosplodabst BI@ASECoding

e t|on has_been d rib
o e PO e L T 28T sTP Eha BRar &7For
p@Fﬁ%%%&?doﬂa@Paﬁﬁt??eaﬁﬂwa}nder%ﬁaaﬁ&ppgqoddm mﬁllaﬂniled
readily apparent to those of ordinary skill in the
art in light of the teachings of this invention that
certain changes and nodifications may be nade thereto
wi t hout departing fromthe spirit or scope 25 of the
a c . docunents cited herein are
|ﬁgdggggétgg&g§'reference in their entirety and for
al | - purposes. 30 45 WO 2004/052922 PCT/ GB2003/ 005323
Rﬁﬁﬁfﬁl’fﬁﬁﬁtﬂ@m@ﬁo& dBSEn R re%g g:l.lﬁe %.Q:%SC i I:Lgi£gre
infured rat optic hnerve and 1 n-non-neurona 9 CAPEEREY
vPEPRF*%8Fential role in neural repair. J Cbnp
Neurol . 1994 Feb 8: 340(2): 233-42 Altschul SF, G sh

Vé cha% alégnnent statistics. Methods Enzynol 1996;
266" = W Pasqualini R, Ruoslahti. Cancer
treat nent by targeted drug delivery to tunor

VRS aLyy e del . Science, 1998 Jan 16,
279(5349) 37‘7%2%“% n@ %bgoiﬁfmasecﬁ%fgi Ry RYoRd cells,
SEPEHISRARRL M aF@AAsl o fRom it Binesltde Tgsowt ryale opliwre
fedarestion Vitdn@shal, 'V% L@%ﬁ(ﬂuxde§céégég§&89 éﬂ“ﬂe@gATCC

I’]I?é’ % epeneratlon |n t e sal aman
: -1231 were plated on coated substrates using Nogol-25,

25

30

Nogol-50, Nogol-66 and GST-Nogo-66 as well as GST as
control. Generation and purification of the recombinant
domains of Nogo, either alone or as fusion proteins with

GST, were performed as previously described (Xiao 2C et al,
1996) .

NG108 cells were repelled significantly from Nogel-50,
Nogol-66, and GST-Nogo-66, but not Nogol-25 and GST.

Neurite outgrowth assay
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| Eeﬁél ﬁEﬁgf M 26EN&- NBFO 'Q@f‘f‘gg’% ohrist F
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garyrownt h |nh| bitor and an antigen for nonocl onal
anti body IN-1. Nature. 2000 Jan 27; 403(6768):434-9

quet - Ehri smann R, _Tannhei ner M Koch M Brunner A,
§ﬁiarhfge oyptokayh PIDNCEMRGALE maresinihifsst M
E@@@ﬁﬁd&n&@xm@s%gm shy fbsvldsastsd ickrehoyatdd bat

se 'l agen. gel s. Cell Biol 1994 Dec; 127(6 Pt
‘(’Z%%ﬁfqlégi) ‘3%(% "ns BE, Yang JS, Mikhopadhyay G
Fi | bin MI, Kiso M Hasegawa A, Schnaar RL. Sialic
acid specificity of nyelin- associated glycoprotein
bi nding. J Biol Chem 1997 Jan 10; 272(2): 1248-55
ErPetta ISEExmmrks £ EA, Barrett RW Dower WI. Pepti des
on phage: a vast library of peptides for identifying
gands. Proc Natl Acad Scii U S A 1990 Aug
§$‘f‘i%‘)”’@3?§ Bovelnshar | Hp thees ragnat Waﬁéo?ﬁwha
Shﬁﬂo:’)‘abryFmbbe&hME TNMY £ MAR- asSD Glogh ethglugRophadeei n
[ nhi%’ 8:6 F regener ation 46 WD 2004/052922
200510 froma variety of neurons via
i nteraction vvith a sialoglycoprotein. Ml Cell
ggi! ft%itlé%%fF el (e 83lfdgo ﬁkg&hd\/inohg@dml%T
eim Iing M Dfferéentia expressi on of
éﬁa@%ﬁﬁ@r@edtlesna@muwo#fﬂtnéﬁas@iwmﬂogwy PENBERT YPHRLY

kBssPimAl (eebsbwtar bissue1an6) I ngbhernl fackagy
ﬁstem Ex Neur ol 2000 Dec: 166 (2):350-62. Devlin

PHALEARAIRDLEE BBy P ACTELN ARk HOrRA DRt dRT TRy bPAT dowd'
ROUF L of p$pE‘€irfd Giphotsm webé rmhﬂf@rm@di ecUlpesvi@cilgnce

B9% bl ZL.243(4960): 400, Bricknol, Ko Tenasely ©
eRasel - R and fenaséih fam I"en
pret ednphage serrdrgotafaaict pfgnsrap@eir ﬁcmmn@el ¥sigg ghe

'%ﬁ%-ﬁt«i %(aéé &@%ﬂg p ‘édd%""iuf&ifycklt':: ii@ﬁhagmid L,

Musacchi 0 A, Cesar eni Sel ecti on of
Bafi Pody thidé;a?i%%orfdrlﬁﬁi &0 Ité‘ieg’@afll‘iﬁ&icéﬁij%fs instructions.
oligopeptides expressed on a nultival ent exposition

vect
Brle%iy, a library of phages, displaying different peptide

sequences, was exposed to a plate coated with the target

protein. Unbound phage was washed away and specifically

‘bound phage was eluted by lowering pH. The eluted pool of

phage was amplified, and the process was repeated 3-4 times.
After 3-4 rounds of affinity selection, several specific

phage clones were isolated from 7-mer random peptide phage-

displayed libraries and identified by ELISA. The peptide-
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Mol Biol 1991 Nov 20;222(2):301-10. Filbin, M.

Myel i n-associ ated i nhibitors of axonal regeneration

in the adult mammalian CNS. Nature Reviews °

(Neur osci ence). Septenber 2003; Vol. 4: 1-11 Fournier

AE, Grandpre T, Strittmatter SM Identification of a

receptor nedi ati ng Nogo-66 inhibition of axonal

I EEReGaihon.  Nature. 2001Jan 18; 409: 341546:5M8%055s

Pott U, Fischer P, Schwab ME, Schachner M

Identification of a cDNA clone specific for the
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Arch Neurol Psychiatr. 1993; 144(3): 197-8 G andPre
T, Nakamura F, Vartanian T, Strittmatter SM
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of native nyelin-associated gl ycoprotein from rat
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td-t d ant
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639-47 Hyde- DeRuyscher R, Paige LA, Chrlstensen DJ,
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PR PERET ok PTRe BUPBET 14 o7 LSHREh PESSiEH care e,
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subgidmie-e Boe Mewsi.te extension. Proc Natl Acad

Target Exemplary nucleic acid Peptide SIN
Nogo—~66 TAT CTG ACG CAG CCT CAG TCG YLTQPQS {n=43} 1
Nogo—~66 GGT TCT CTG CCT CAT TCG CTG GSLPHSL (n=8} 2
TNR~EGFL ACG CAG CTG T1T CCT CCT TAG TOQLFPPO {n=18) 3
TNR~EGFL CAT TCT ATT CCT GAT AAT ATT HSIPDNI {(n=3}) 4

)

2

6

TNR-EGFL CAT CAT ATG CCT CAT GAT AAG HHMPHDK (n=1)
TNR-EGFL GGT TCT CTG CCT CAT TCG CTG GSLPHSL {(n=1)
TNR-EGFL TAT ACG ACG CCT CCG AGT CCT YTTPPSPE (n=1)
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Filbin MI. Sol uble myelin- associated gl ycoprotein
rel eased from damaged white matter inhibits axonal
regenanatpos Wk Gelds Beywassi, 2004 gsBeRogos6s, 100uM
18(3):259-69. Taylor J, Pesheva P, Schachner M
| FegUfenceCHft] drasilang 18endstpacior?Sgr 6ot appaéed to
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): 347-62 Turnley AM Bartlett PF. MAG and MOG enhance
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the olivocerebellar systemof the adult rat. Eur J
NERRos Epe 19g9pes were washed with PBS and NG108 cells were

plated in 2 ml of Dulbecco’s modified Eagle’s medium
containing 10%‘fetal bovine serum at a density of 2.5 x 10°
cells/ml and incubated at 37°C in a humidified atmosphere.
After 12 hours, the dishes were gently washed three times
with PBS and the cells fixed by flooding with PBS containing
2.5% glutaraldehyde. After fixation, cultures were stained
with 0.5% toluidine blue (S8igma} in 2.5% sodium carbonate.
The stained cultures were then washed three times with water

and air-dried.
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Twensmes:i2 Rougon G Gomaz S. Signal ling @veak%osoosszs
i nvol ved following the interaction of the neuronal
adhesi on nolecule F3 with the EGFL domai n of
tenascin-R J Neurosci Res. 1997; 39: 698-709 X ao ZC

t e n
Ser 3R pdlmipBoRd fhe, JRLBAY Fpolt R BRONABRESS,
tenasein-AR grderimenteurorfalperéeeyiidopt st three -
| R0 gk ohyls 'tr.ﬂc§}:|p<§{aflgglé Wasﬁggf?&l@deo&g/lg brudent test.
Neur osci _ Res 390-404. Yang H, Xiao ZC,
B drvel 4§ LeRbHaiacR, W%@@eﬁefaasserméc%rpe‘% M Rol e
for nyelin-associated gl ycopr ote| n as a functional,

t cin rece Neur s 1999 Mar 15;
el e LR TR g AR e e
segnend eN@foswhith camnsssd:csnpaﬁ:edalm & N oN @ 1d-28 edil e .
selected fromthe group consisting of: YLTQPQS ( SEQ
IDNO 1); GSLPHSL (SEQ ID NO. 2); TQ.FPPQ (SEQ ID
NG108) cellﬁswpmpl(a%@ 1D MY~ n;—ornﬁﬁi&nﬁm@ Hesker | B NOe
D1 ey ¥ e%sp GSEQ dDs &@l@oemngmpgﬁ&wﬁ (gBe:4B N0

e peptide of aiml, wherein the amno acid

@sﬁc@a‘a §l§@%ae\éttéla FR%R 5 h M3 0 3 e BIR TREEARS of -

 YSEERASS (ﬁE@tli.BLé\JOabib)re ek aIMRBQtﬁ@EQJJJDcM}.u&

eptide.u aci th co r|S|n
TerdaPORd PO R AR Fackln PR GegoRRE ' S M
CORSNENE N tof tolMLdﬁ@EQ&n(eSEQCbm N@het}.on G@.@H@Le(@&@d

| ST SEQ ID NO 3); HSIPDNI (SEQ ID
Na([%.%Jz%)ﬁa‘;"’gguSl %gg{iE |8No. 5) )YTTPPSP (SEEQISNO.

6); and Q.PLMPR (SEQ ID NO. 7), wherein the peptide

I 5hag8PaRd A 208 n bl 1l REpE LuNAEOPIAG BB P N0 . ThY Rias able
to block the inhibitory effects of Nogo-66 and MAG on NG108
cell binding; phage displaying the peptide TQLFPPQ {SEQ ID
NC. 3) was able to block the inhibitory effect of TNR-EGFL
on NG108 cell binding.

Aspect 1, Example 4

In vitro assay for peptides that reduce the inhibitory

effect of Nogo, MAG and TN~R on neurcnal adhesion

All the screened consensus peptides are synthesized using

the solid-phase method by means of a Peptide Synthesizer
Model 1000. Weurite outgrowth and growth cone repulsion
assays are performed as described previously (Xiao ZC et al,
1997).  Purified intact TN-R, MAG and Nogo and recombinant
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4. The peptide of claim 3, which conprises the am no
acid sequence YLTQPQS (SEQ ID NO. 1) or TQLFPPQ ( SEQ
ID NO. 3). 5. A peptide up to 60 amno acids in

| ength conprising an am no acid sequence having at

| east 5 residues identical wth 51 corresponding
residues in an am no acid sequence selected from the
gwoumsoamai sting of : GSLPHSL (SEQ I D NO. 2)pct/cBadebiRes

.(SEQIDI\IO 3); HSIPDNI (SEQ ID NO 4); HHVPHDK (SEQ

YTTPPSP (SEQ I D NO. 6); and Q.PLMPR %SEQ
|€>°fr@n57ff Wigh-ehCt e gegﬁ% P& el 85 oFUAtHALAg O
t @ll\&}gd,dei;!]ﬁﬁﬁﬁﬂi/leﬁ ?fT I‘ng uﬁhlbmerpecméﬂadesoéf Cﬂl\ﬁ-:Rm BAG
n the_numher, o entic ues .i s _at, | eas
R e S S N T T e A S
capedl eridh tl nedilagatio p‘ENReEG‘domalS beflveepepd tide, ofo
a
AT ObRLRETE phal haby sMOLENIEE LR AR MR eect
upf tB-20 Hhf r@dd@rd%cqu in| whigtch. 10 The peptide of
claim9, which is up to 10 amno acids in length. 11.
A conposition conprising one or nore peptides sel ected
fromthe group consisting of: (a) a peptide, the am no
aBsgkaeqyeneandle ®Whi ch consists an amno acid

sequence sel ected fromthe group consisting of:
YLTQPQS (SEQ ID NO. 1); GSLPHSL (SEQ ID NO. 2);
TOLPAPE (SEQ i RNeptBies thist REN| al8EQdte KELnal) co5d

FI;_—%E,%K(SEQIDI\IO. 5); YTTPPSP (SEQ ID NO 6); and
R (SEQID NO. 7); (b) a peptide up to 60 am no

acids in length conprising an am no acid sequence
seh&td ednbedid RECBF Qe G ARSI aialtnga@fneut\fhﬂ?@n(aSEQ

@h’\%ltolw%ﬂlts %%Q- 'D G@)n%)/or Nog;BFEEQVJ(.tS;:% ar
used in vivo to determine that they alleviate spinal cord
injury (Bregman et al, 1995). These peptides are injected
into spinal cord injured adult rat. Regeneration of axons
is assayed by immunohistochemistry by comparison with an

untreated control. Function improvement is alsc analyzed.

Aspect 1, Example &

Screening for candidate factors that can abolish the

inhibitory effects of TN-R, MAG, and/or Nogo

Degenerate oligonucleotide sequences are determined for the.

- peptides that can neutralize the inhibitory effects of TN~-R,

MAG and/or Nogo in vitro and/or in vivo (preferably both).
EST databases (preferably databases of CNS~derived ESTs} are

searched using the degenerate oligonucleotide sequences.

. CNS cDNA libraries are screened using labelled degenerate

' oligonucleotide probes. Hits represent candidate factors
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HHVPHDK (SEQ ID NO. 5); YTTPPSP (SEQ ID NO. 6); and
QLPLMPR (SEQ ID NO. 7); wherein the peptide is capable
of binding to Nogo, MAC and/or TNNR, (c) a peptide up
to 60 amino acids in length conprising an am no acid
sequence having at |east 6 residues identical wth
correspondi ng residues in the am no acid sequence
Wvo@hos202SEQ | D NO. 1), wherein the pepti @ericB2003/005323
capabl e of binding to Nogo or MAG and (d) a peptide
up to 60 amino acids in length conprising an am no
athak sequencld shavhegirtibleast effeesi ddetitRiepEcand/or
c R . [ [ ; 0 - ce
N R R T TR PR o e
| Pr¥@in2) and THeFPPO {BEGLLD 9jBechy ;areHSEPEME 3ESEQ | D
NQ s Aibed ﬂ%sﬁgE&ﬂ Pn epft)ides .YTTPPSP (SEQ I D_ NO.
6); and PLMPR (SEQ ID NO. 7); wherein the peptide
i s capable of binding to Nogo, MAG and/or TN-R
t pg eilgj%ﬁ:nw:i\l‘%@ﬁ?ZOdS Ttr&rtetlp@ afe!ﬁﬁﬁewdi?gl Ilaiﬁea:ﬂ:cse it alpd v
i ngredi ents. i c osi tion
W & EPRE il Er e oG e B sa elthe o the
pépjimkel opipar tcofd) in sraexpedstental ahd3ma¥hand observe
c sition. of claj , Wherein the peptide of part
(g ?lseutggggjb?lél ofr@%llﬂn I'ng to Nogo-66. 14. The
conposition of claim11l, wherein the peptide of part
(ﬁéwiﬁc?aeamr%wkabiMla?ht%emahﬁszﬂol t ryiﬁffa\ﬂ'ﬁﬁs of TN-R,
conposi tion_of any one aof clainms 0 ereLn
¢ FR® e PaCYS 1Y Blh%re&f’r%a‘fktt?l(‘%‘il' 39 A SR 500
apt@einaci d8 im thengételopbenThe €oaposintisofionf AISai m
1gamv\heer ei net.haehpegtirgla iig.grp to 20 amino acids in
Ieng?gh.’ T7°°The gon‘%osu i'on of claim 16, wherein the
peptide is up to 10 amno acids in length. 18. A
peptide as defined in any one of clains 11 to 16 for
use in a nethod of treatnent. 19. The use of a peptide
i AsPeE Br P Hi%oA of a nedicanent for the treatment
of CNS damage, wherein the peptide is selected from
t he group consi sting of:

Vector Construction

Nucleic acid encoding the following domains was obtained by
PCR: N-terminal and 66-Aa extracellular deomain of Nogo-A,
third to fifth Ig like domain of MAG and the EGF like domain
of human TNR.

_ PCR primers were designed to include restriction enzyme
sites and to encode Ala linkers at the ends of the subcloned
sequenbes {see ¥ig. 1). Therefore, when the PCR products
were double digested by restriction enzymes and then
connected sequentially, DNA encoding the Ala linkers was
located between each pair of neighbouring domains (again,
see Fig. 1). The Ala linkexs facilitate proper folding of

the dqmains.
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(a) a peptide, the am no acid sequence of which
consists an amno acid sequence selected fromthe
group consisting of: YLTQPQS (SEQ ID NO. 1); GSLPHSL
(SEQID NO 2); TQFPPQ (SEQ ID NO. 3); HSIPDNl (SEQ
ID NO. 4); HHWHDK (SEQ ID NO 5); YTTPPSP (SEQ ID
NO. 6); and QLPLMPR (SEQ ID NO 7); 54 (b) a peptide
uwob@4pfeani no acids in | ength conprising g @Riodfss2s
aci d sequence selected fromthe group consisting of:
YLTQPQS (SEQ ID NO. 1); GSLPHSL (SEQ ID NO. 2);
TELFPPORE SERYYSD ti@! 1 B )connpisk DIIVA ('SEQdopbie), dig)ested by
HEMRHEK 2 0 SEQ 1D NG t1dn 1 nXIHRRSEN{ SEQJBNNG; , H)ve b

Q(PLI\(PR f(:]SEQ ID NO, 7); wherein the peptide is capable
of ITHTHECHG Mt FNBGBIUIAG TaReGmati Fectard TRy a
peptdntdnbpt tie RO rand NoreadtEdsd iy beagddt goNPaALSiSRGuakce
ag}&g{s’%i d sequence having at |east 5 residues

i dent’i"cal with corresponding residues in an am no

aci d sequence selected from the group consisting of:
YLTQPQS (SEQ ID NO. 1); GSLPHSL (SEQ ID NO. 2);
TQLFPPQ (SEQ ID NO. 3); HSIPDNI (SEQ ID NO. 4);
HidiyFRidBK 2 ( SEQuipDeND. 5); YTTPPSP (SEQ ID NO. 6); and
QLPLMPR (SEQ I D NO. 7); wherein the peptide is capable
of binding to Nogo, MAG and/or TN-R 20. The use of
cYetifiieatithefeithet Inhibpdtbery fohctilens iofalthe resictrésanin

t e Pt hdeiaf, part (c) is at least 6. 21. The use of
claim19 or claim20, wherein the peptide of part (b)

or part (c) is capable of binding to Nogo-66 and/or
TiNEdzGEhe 0B Z3cciie dasepdfimRytone @b ebat hikd15p in
s%itzf\éh %g%%ﬁg;gﬁ%agpg téalq:ghg{l Hfu%rE:o(rt?a?keo%uggr%hegtc)thlas up

vaccine can be expressed by mammalian cells and can be
secreted out of the cell to stimulate the immune system of
the host.

To check this, C0S-1 cells were transfected with the
recombinant vector. After transient expression, the cells
and the medium were collected respectively and Western-Blot
was performed using antibodies to the inhibitory molecules
{Xiao et al, 1996) to verify that the recombinant protein is
secreted out the cell and can act as an antigen to stimulate
the host immune system when the vector is administered in

vivo as a vaccine.

Transfected cells were detected positive for MAG and TNR
antibodies compared to non-transfected cells.
Immunoreactivity for Nogo was detected in both transfected

and non-transfected cells.

48 hours after transient transfection with the recombinant

plasmid, the medium was collected and immunoprecipitated
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23. The use of claim 22, wherein the peptide is up to
20 amno acids in length. 24. The use of claim 23,
wherein the peptide is up to 10 amno acids in

| ength. 25. The use of claim 19, the peptide having an
amno acid sequence that consists of the amno acid
sequence XLTQPQS (SEQ ID NO. 1) or TQLFPPQ (SEQ ID
NEO 28h)0s9aerei n t he medi canent is  for tregbicQg09hial
cord injury or stroke, by direct injection of the
peptide into a site of spinal cord injury or stroke
denhdygentih-NdwNpati &nti-THB-EGHIe anboxoly aspeptiméeas A-

defined, Inm?embrgegppia 's%gﬁe Js%?af&e%%@nﬁé@rané 6% SDS—
conput er - generat e er eo in thée design of a
nf et ired clagraiside fof mqulaﬁ@ TR OReSRACLABEEY of BrRigE
nﬁw&@akawr&%ale@hinmuhewaa@k@@ylﬁ mgoaoﬂ%@p@ﬁ@irg;"
e

A nmet hod of designin m nmetic of a pept
%n‘in‘éjﬁ’fiﬁeo&n%’?aéhi%goﬂ‘é‘t Fh%IPaFO J~T5L9“‘t BesRy Fafdehfietic
bei ng capable of binding to one or nore of the
neuronal growth inhibitory nolecules Nogo, MAG and/ or
TN-R, said nmethod conprising: (i) analysing a peptide
akspbefti AedEdampary3one of clainms 17 to 22 that is
capabl e of binding to one or nore of the neurona
growt h inhibitory nolecul es Nogo, MAC and/or TN-R to
d%%féwbﬁPheoﬁ [RETaf AP OGP iR HRER RISSEREFRE whTd 2nd
| #par-saps for the activity to define a pharnacophore;
and (ii) nodelling the pharmacophore to design and/or
screen candidate mnetics having the biol ogica
alotiivistya wre28plToetadséron Iwmthothtaf ackar -2@noh

t of ~ass g binding
‘%ﬁécr%gﬁi ﬁé"‘;)tlgﬁm ?r&i’%ﬁ“t i’blsasg‘g g%{oj? TN-R i n
V¢QWQ§nt2§¢ldﬂh@fu§%EtN09¢§6hc&ﬁﬂ:ﬂogwﬂ/ @ﬁ@ BFR GAHILrs G5

Ui g3 vhi Gy G'S@CJ«@p@%oétéﬁea% s@gé/ﬂﬁgd dgﬁ‘cﬁ'Jdb%gq@ently
cand| ate mnetic that is capabl such in vitro

TaFtRg, wbib SFERmM z?i“‘r‘r'g‘“fsﬁéa @@ﬁawlalty(e mﬁPﬁ%ﬂ%i £6F in

VfLié(louSﬁrotmnsThButl&ﬁ)tOGSﬁ?t tred- gﬁmujlleabaraﬁrededagﬁ,ﬁém
mnmetic.is for ted together with one

o BB B HaiBh TGS B bre | noredtents. 35,
A bact eri ophage which expresses a fusion protein
consisting of a peptide and a bacteriophage coat
protein, such that the peptide is displayed on the
éﬁﬁﬁﬁéezcﬁEﬂﬁmﬁlebﬁcterlophage virion, wherein the

peptlde is as defined in any one of clains 19 to 24.
screeni ng net hod for peptides capabl e of binding

'-“o“-a&o@% thon S ERBP I RENY RE E 4 @5 ntBY VeERFS si ng:

To check the_ regeneration of the injured spinal cord after
immunization with the DNA vaccine, the recombinant DNA
vector is injected into a test animal. The anti-serum of
immunized animals is assayed to verify the immune response

after the injection of DNA vaccine.

A semi-transected model for spinal cord injury is used.

After a perlod of time, a morphological study of the injured
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bact eri ophages for the ability to bind to Nogo, MG
and/or TN-R, 33. The nethod of claim 32, wherein
bact eri ophages which are identified as being capable
of binding to Nogo, MAG and/or TN- R, or the peptides
t heyodiosplay, are then be screened for the P@%gzh&,x%@g
bl ock the inhibitory effects of Nogo, MAG and/or TN
on neuronal cell adhesion in an in vitro assay. 34. A
metHEd! ceprst insiumgn sdtont, hendteepshaticladi st3dy asrd tag
adgiiti 008 5 %@Qor&@&' owi ng the identification of a
peptide, or 57 phage that displays a peptide, that is
capabl e of blocking the inhibitory effects of Nogo,
MAG ) anthhmun i EbRoRNaiewponal ekl 1es9i%§% yon in an in
vitro assay, of fornulating the peptide ™with one or
nore pharnaceutically acceptable ingredients for
acﬁnWﬁerwkﬁ|ﬁamaE@ MWLGE. réﬁ% abe MEEMOD z@H §ﬁﬁ€‘ﬂ%bﬂgyfd¥£h
a]T ors]{hat are |keI% reduce the inhibitory

ef FROROIREE A V‘Eﬁ' fQBYothe paechginp@xamples.

C WPNRAS Jngre:cmber rggahgngtla l&@aﬁﬁ&ﬁ 1_@3&@@%%% taocoratrol.
i t ol,ypepti de aci ds that encode
pgfﬁlsp{é%)%og: 5 ?ﬁ?ﬁc e%n’b?‘f & 5nb ?ch NG 58F d*dequBhRber the
haitAghate piredsted angst-shrem, |dlemtsmala1v\4':cb:l‘us are

cakkespndi pg.r £si dug Gld sequenc
sel ect ed fromthe gr oﬁ%ﬂglgng?]s TG 6 EY 'F@B%‘”(SEQ

y Ebmfiﬁjl“f)tme&%@n@sm |DVRIEXS 2) TQLFPPQ (SEQ I D

NO. 3); HS PDNI (SEQ ID NO. 4); HHVWPHDK (SEQ I D NO
5)11he YTTPPSP ID,NO, 6); and Q.PLMPR (SEQ I D NO
E ARt 'a%s tiged dithgS 1YL tPAc( BReY 20§abody e

| |WRe<hlyt )t-0 and el Ubsvetrh emmlbu 1mme@ﬁc5@9t 1 9TachbF Rro)VAGhe

a rreth screening a cDNA
Iﬁgé‘%[rl %@?hoénr@me S :L%amJC gp hﬁ%oﬁ'é vfﬁ’]t@h Igalr of

c &b‘é{ﬂsé‘léﬁoml bt dieSTBn gthn dertlcsispunge ntraaxmdl ThoRpth

wok Neabrnuekebe, Aol SHAHERS S NAk BRCOTES o 13 on
%%ld sequence havi ng Ieast resi cHl
h Cér Pgsb%dﬁﬁ?éor%%ﬁf@& iAftan anf rﬁﬁ%\fmseirsmlence

sptegtdedost rosuidig gROUREEONS ShikBehof i 24 TRQ {SEQ
&b b ERRFHPSASTS hEm apothbintninorecrialan O
peroxidase) is injected onto the sensory-motor cortex as
described (Li et al., 1996). 48 hours after injection of
WGA-HRP, the animals are sacrificed by intracardiac
perfusion, and the longitudinal cryostat section of the
spinal cord is reacted for HRP histochemistry as described
(Li et al., 1996).

{2} Verification of the immuno-response of the immunized

animals

To verify that the antisera of the immunized animals have

- the function of blocking the inhibitory effect of the

inhibitory domains on neurite ocutgrowth, a neurite growth
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HHVPHDK (SEQ I D NO. 5); 5a YTTPPSP (SEQ ID NO. 6); and
QLPLMPR (SEQ ID NO. 7). 37. The nethod of claim35 or
clai m 36, which includes the step, follow ng the
identification of a candi date pol ypeptide or nucleic
acid encodi ng the candi date pol ypepti de, of testing
the pol ypeptide for the ability to reduce the

I Mo Padosroy, effect of TNNR, MAG and/ or

met hodogonprl sing all the steps of claim 3(7)"“%%2%@005323
addi ti step, followng the identification of a

pebynepsi deed thAtess ©apablen of bh@Ciﬁinﬂgjl_hb@ animals. A
r

i nhi |t ry, effects _of No

VIR R R ch PRI RIS e SR LM (AT ER P
f endndratinngbd thel okl papt/mtepotiyt-h-dneimey. IbeessT fusion

.y acce redi ents_f
PRALIASEHL| S onABERRAIE: | A B S Phe, st tagy
oAkl ¢frop| andrethen tl-ocquatevafcem 4 Qrsfem 1" &t eThdser wells
agﬁa nah%tnr 2heQMh Y bPESALHe Mt 41@(: Jb& ReR! bgsurpffrelna' m
use in the treatnent of danage. ;

p@i:)‘fl}etfe cRtEPRTHCEgOT fI‘HFeuéf@“‘%nﬁZ?ﬁ ewathbeébﬁePHA oﬁaccme

SPhd e rGAr Os | RndfKd Orarkt b@g@atéz dJ}he.’LOU&QtOée@b)élQQﬁ
of clains 19 is O

AP BPEL iUy BT s 5y G5 B60%) Bepepsugation

P_Elﬂ'd @B2063/ H05323nsht il o$EQJEN@E ¢d1SEl bl& welllQ>The cells
Ség%%%ggr%rﬁ{ %lerl',;!gsﬁl tal hem a'.'t&dede %f§8 I%Qc!ilum %09 24

ntral™ neérvous sy s em arra
d\ﬂ:Fﬁé&S@@MkﬂEO&tﬂ@@M@bﬁEO ard] E2ip€@2ikR- 06

<368m 33 WV Pabepidd 1¥RE& 98 ﬁeésur%%lgslﬂgz?11> 7
<212> PRT <213> Artificial sequence <220> <223> From

aOpHEGE>E 1 HIadS Tt hBRIUPSPIUS'S PaRER Pafvar &5 analyzed

using the Student-Newman-Keul's test to determine

statistically significant differences (LL et. al., 1996}.
{3} Morphological study of the injured spinal cord

To check the regeneration of the transected axon, the rats
are perfused with 4% paraformaldehyde, and a 10pm thick
longitudinal cryostat section of the spinal cord is picked
up on gelatin-coated glass slides. The sectlions are
incubated with a biotinylated goat anti-rat antibody
overnight and then with streptavidin-conjugated fluorescein

for 1 hr, to detect circulating antibodies.
{4} TFunctional testing of the animals

The functional recovery of the experimental xat is also
carried out. Contact placing response is tested by lightly
touching the dorsal aspect of the hind limb without causing
joint displacement. The ability of the animals to 1lift the

foot and place it onto the support surface is then assessed
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> Tyr Lau Thr An Pro @n Ser 15 <210> 2
:gcl)cl)> % )</212> PRT <213> Artificial sequence <220>
<223> From a phage library that displays random 7-rrer1i
<400> 2 dy Ser Len Pro H's Ser Lou 1 5 <210> 3 <21
7 <212> PRT <213> Artificial sequence <220> <223>
From a phage library that displays random 7-ners
<&QPwoddskr G n Leu Phe Pro Pro Gn 15 2bh3/005323
<211> 7 <212> PRT <213> Artificial sequence
2004/ 052922 PCT/ GB2003/ 005323 2 - <220> <223> From a
phal & EPBr 59 yBithger el idbays Grantem %ameas30%<4@@5%{ilszg;ll s
Sewilll eePﬁ@o;f&paAslst]iltgve1(@1,@52%%%16 %1151,:7 angp}_
PRT <213> Artificial sequence <220> <Z223>"Fro _
phage library that displays random 7-nmers <400> Hi s
H &)Mebafetiy HiestMsp Lys 1 5 <210> 6 <211> 7 <212>

5 PRT <213> Artificial sequence
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The safety of this vaccination approach is assessed by
administering the vaccine to test animals (unlesioned and
lesioned) and looking for adverse events, especially loss of

sensory or motor function and behavioral or cognitive

impairments.

CNS tissue is examined histologically to look for autolmmune
damage, e.g. by immunostaining using monoclonal anti~CNPase
{Sigma 5922, lot 71k4889). CNPase is a protein expressed
by oligodendrocytes, 2" ,3"-cyclic nucleotide 37—
phosphodiesterase.

Although the foregoing invention has been described in some
detail by way of illustration and example for purposes of
clarity and understanding, it will be readily apparent tb
those of ordinary skill in the art in light of the teachings
of this invention that certain changes and modifications may
be made thereto without departing from the spirit or scope

of the appended clainms.

All) documents cited herein are incorporated by reference in

their entirety and for all purposes.
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<220> <223> From a phage |ibrary that displays random
7-mers <400> 6 Tyr Thr Thr Pro Pro Ser Pro 1 5
<210> 7 <211> 7 <212> PRT <213> Artificial sequence
<220> <223> From a phage |ibrary that displays random
7-mers <400> 7 dn Leu Pro Leu Met Pro Arg 1 5
<210> 8 <211> 508 <212> PRT <213> Rattus norvegi cus
<Hwoshsietr || e-Phe Leu Thr Thr Leu Pro LeUpdhi€raddsRossas
Ile Met Ile Ser Ala 1 5 .10 15 WD 2004/ 052922

PCT/ GB2003/ 005323 3 Ser Arg Ay Ay Hs TrP Ay A a
ReF95e0EPSPro Ser Ser Ile Ser Ala 20 25 30 Phe Gu Qvy
Thr Cys Val Ser Ile Pro Cys Arg Phe Asp Phe Pro Asp 35
Afdhidd A Heder, Angri @, AtenhalinVah ddieSifd Nre\.{lalraqrtﬁbt-g)ér
ndhe Asd Semdidraeubthai5cb01sTVim RLocd:y pofehe i B YO
nd@lalVakpfhe Lysokernergl Throod revad: 365 (70: 333802 Val
Hs AQu Ser She An Ay Arg Ser Arg Leu Leu Ay Asp
Altagh@lySB5 @EhIB. LomalAsli AsrenCystakhiktley. brinbes Ser
Empymollel®Ber26Br46@Graft.Leu Ay 100 105 110 Ay Lys Tyr
Tyr She Arg Ay Asp Leu Ay @y Tyr Asn @ n Tyr Thr
Aneps W1 2B 495 L iPheR Sduod] ght s C8are/direhbe s pyl Lerddted
Az deh VD ERS AV YRAFULBRIrE35n 1M ouyal ndted . PEGid@ae
1378 9931 1M %Py 4Th37@&B0val G u Val Ser Cys Met 145

150 1 60 Val Pro Asg Asn Cys Pro Qu Leu Arg Pro
Beﬁ rlt‘ r ker Ttég?y@r HeSchgphnens M. Tenascin-R
inhibits the growgh o othc fibers in vitro but is rapidly
eliminated during nerve regeneration in the salamander

Pleurodeles waltl. : J Neurosci 199% Jan 15;19(2):813-27.
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Glia 2000 Feb 15;29(4):330-46,
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monoclonal antibody IN-1. Nature. 2000 Jan 27; 403(6768):434-9
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J, Martin D, Baumgartner S, Chiquet M. Tenascin-C expression
by fibroblasts is elevated in stressed collagen gels. J Cell
Biol 1994 Dec;127{6 Pt 2):2093-101,
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assoclated glycoprotein binding. J Biol Chem. 1997 Jan 10;
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Hs Qu Gy Leu Ay Qu Pro Thr Val Leu Ay Arg Leu
Arg Gu Asp 180 185 190 .Gu dy Thr Trp val dn Val
Ser Leu Leu H's Phe Val Pro Thr Arg 195 200 205 du
Ala Asn Gy Hs Arg Leu Ay Cys G n Ala Ala Phe Pro
Asn Thr 210 215 220 Thr Leu G n She AQu Ay Tyr A a
Ser Leu Asp Val Lys Tyr Pro Pro 225 230 235 240 Val
| e vatos@u Met Asn Ser Ser Val Gu Al a ||q;cgd.]§2@3/y05323
Ser His 245 250 255 Val Ser Lou Leu Cys Ay Ala Asp
Ser Asn Pro Pro Pro Leu Leu Thr WD 2004/ 052922

L1ET AGB20G3 /0053231 ro s 26r 265e2y@ionr piiNeta Arg Asp Ay
sivdiegVaronraieAng M3lu Calh Nealroabd 1Q9%¢ Ber 1(&U : 82751280
285 Tyr Leu Asp Leu Au Gu Val Thr Pro Ala Gu Asp

qgkyper| % Epndapan DoGudbseizng. Bl ingM A fEruemsnlAl a

W@S@LW G tﬁ@ﬁs%@n Car bermfcival, degagetn/3esand0 315
tespgeingt i EPiael dAP%\arPltéSfW%O “gs“P’r‘H‘eTﬁllf%ﬁorﬁ(sn
SS@VWWR&QW&# 8867 P 2) p#30¥4r Gu @y Gu Thr

Dﬁ%@g@% gf ABSft b%ﬁﬁgi{g g;;g 5 %PfergoAs%epL %Oe%ﬁ;\g s
C
J“E A&l gyg??_au 13ro Al a Val aThr E’ro 370 37SegBO nGI Eu

B AR5 Pl »freﬁaycﬁyrc TEOL LG VR ol B AR G Nealiny
o081 EhPeq 3851390 3955400, A0l sTRL  Ahd PBe; AL kU
BaAl. Yab3 Aot ; Bhg) Al@-Peo ddall e Leu 405 410 415 Lau

GQu Ser H's Cys Ala Ala Ala Arg Asp Thr Val dn Cys
rdiaiCys caA2Qgddbi 430MyadcNalb Ry Srappel s, Pres&dahiPo
sSertVah A anPheodd wibendPrizofbes 12435 Udfr4450fArg Asn
oMalopdhtidéml eApneEad Dhra Gul tArglddtu elPhes MalonTysctSer. J
Ml Bidb0L AFB5NGB020:R2¢ (Spr3w@-i0leu Lau Leu Thr Ser Ile

Leu Thr Leu Arg Ay G@n Ala 465 470 475 480 dn Aa
Fippanprigl Ar ffyvaintdssocyatthingexitrg ASretamalTyr Ay
repeneaBGiy@nadhe agudt Jepnrgadgay QNSLeuNF’F‘bf@t RevVEF¥s A y
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500 505 WD 2004/ 052922 PCT/ GB2003/ 005323 5 <210> 9
<211> 205 <212> PRT <213> Honpo sapiens <400> 9 Cys
Pro Cys Ala Ser Ser Ala A n Val Leu G n Ju Lea Leu
Ser Arg 1510 15 Ile Qu Met Leu u Arg Gu Vval
Ser Val Leu Arg Asp G n Cys Asn 20 25 30 Ala Asn Cys
Cys An AQu Ser Ala Ala Thr Ay G n Leu Asp Tyr lle
30404h59RBro Hs Cys Ser Ay H's Gy Asn PhermghnolRliess
GQu Ser Cys Ay Cys 50 55 60 Ile Cys Asn Au Ay Trp
Phe Ay Lys Asn C,\és Ser u Pro Tyr Cys 65 70 75 80
dPFBla@@&l tigles 1gbraseonAsgr@ateVdbngys VAl wilsp-t@oy and
‘QP§”FP% P S9pe s, E@;B@ Ash? BePc 2F IRy 9 Bet 7IA-RTASP
As s Ser Qu Leu Arg Cys Pro 100 105 110 Thr Asp
. ’g %" ¥eke Lé\’faeg}sPEvawaAsﬁ G ¢ Grergymitial
%melfgpi%hl 53 SHTRlEtE prep ?ﬁﬂewat@o V& s pdays
mﬂr ajdaﬁ EBt éfo Woé‘l yiI9%oNess 24G) A§1°b9'dy7s Ser

ki zgﬁ ey

i Iéb eye on s

l tlicgi 2—
‘Sﬁ)%aégol?xgl f%g 4 58 <21116’> ﬁﬁ %O%Fg
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Pro Arg Pro G n Pro Ala Phe Lys Tyr @ n Phe Val Arg
GQu Pro u 20 25 30 Asp Qu u Qu Gu Gu GuQu
GQu Qu Qu Asp Qu Asp Gu Asp 35 40 45 Leu Gu Qdu
Leu Au Val Leu Qu Arg Lys Pro Ala Ala dy Leu Ser
50 55 60 Ala Ala Pro Val Pro Thr Ala Pro Ala Ala dy
Ala Pro Leu Met Asp 65 70 75 80 Phe Gy Asn Asp Phe
Vb 2524350 Ala Pro Arg Ay Pro Leu Pro Al 3cBasRfdis
Ala Pro Pro Val Ala Pro AQu Arg @n Pro Ser Trp Asp
Pro Set Pro 100 105 110 Val Set Set Thr Val Pro Al a
MuRhop8ityaPr ©, lehe8ey Al &ahbhl Y, acYadkerl P8, 120 EA5MT Sat
nopPed 188e £gs nypdiPros@aiabsp @BypotetePnoaPron Andibigpr
ofpPperTRlo re¢3encr3® ioA 0 NePronPriP Hr 6ePr d 3ABA: SEE7-\83l  Ser
Pro Gn Ala Qu Pro Val Trp Thr 145 150 155 160 Pro
NipseonMT . Pessaing B o WildgTAFen Pt.o FRReti9apl TerpiRss iph aand
afAiL%lltFYr 6616‘5‘:110710Oflszﬂslgl@y@ﬂ%gAPgbxap}laserdwla@ Ser
oLt tlf@oOis%OVEézﬂi& binding 1pr@eingy EXOtPRY &rm?;m?ﬁbno
J“%ab?@ﬁs 280> 11 Arg Ile Tyr Lys Gly Val Ile Gn Ala

e d zoés Ser AS‘%?‘GI u GI é\o OO%/@OS%QZZ
ecr }: Inp I[Hl 1ve IT%% ué GI
E Serl A%Dno QE% q ?—h S § s Thr n

él\QevAaS | EEnd 4S8 &, g c‘\f%c Sbh L /a3 AT P AP
igﬁgéﬁoxghofé&l%eﬁed E% é‘é t o@gneuzﬁi@? bﬁthe%é%}
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<220> <223> Fusion protein <220> <221> VARI ANT <222>

(509)..(511) <223> Polyal anine linker. <220> <221>

VARl ANT <222> (717)..(719) <223> Polyal anine |inker.

<220> <221> VARI ANT <222> (905)..(907) <223>

Pol yal ani ne linker. <400> 12 Net Ile Phe Leu Thr Thr

Leu Pro Leu Phe Trp Ile Net Ile Ser Ala 1 5 10 15

Sap wwmigs28ky Ay His Trp Ay Ala Trp Met Pr echienobiesosss

Ile Ser Ala 20 25 30 Phe Au Gy Thr Cys Vval Ser lle

Pro %s Ar Phe Asp Phe Pro Asp 35 40 45 Gu Leu Arg
quqls VER 2 PAPLAG g o ngsalpatpr o

ingega

159, smzﬁ%%??%ﬁfﬁ??&?ﬁfﬂ Zglﬁ%’ﬁ"

Val QLSJUZ%J%]‘“QLA%’}'HE &klébgng g ggael ge J.X—-gqi ‘ae/;
ﬁﬁiﬁ%&a i Lo S R £y Lguoé" foo

Tang
a 0%1 d g
i

yr Thr 115 120 125 Phe Ser GQu Hs Ser

brL@u pagaeu &1 lsenAsih et Pre1Ashcd | & YahudB0 2h35
c_v.lvatln Brewil (bogeubé'f?elvﬂé@ 1B tGY dTheuEbycVales@ U
19\é@| Joern qss(l\/&at 345-450 155 160 Val Pro Asp Asn Cys
Pro Gu Leu Arg Pro du Leu Ser Trp Lou Ay i65 170
TukAdey Hitg Ghut(@3tt PEU MGy aGhiuMdy @nhlificd/aleukete Gutgdbgth
ofl eubAygni@ nowsd spi801 18Hrdl 8lufdns .G YWekivorEpprivals98 dun
2A/8l(9Ber28le@0Leu Hi's Phe Val Pro Thr Arg 195 200 205
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GQu Ala Aso Ay H's Arg Leu Ay Cys G n Ala Al a Phe
Pro Asn Thr 210 215 220 Thr Leu A n Phe GQu Ay Tyr
Ala Ser Leu Asp Val Lys Tyr Pro Pro 225 230 235 240
Val 1le Val Gu Met Asn Her Ser Val Qu Ala lle Gu
Gy Ser H's 245 250 255 Val Her Leu Leu Cys Ay Ala
Asp Ser Asn Pro Pro Pro Lou Leu Thr 260 265 270 Trp
Met Arg Asp Gy Met Val Leu Arg Qu Ala Val Ala Qu
Ser Leu 275 280 285 Tyr Leu Asp Lou GQu Gu Val Thr
Cl@tpsAla Gu Asp Ay Ile Tyr Ala 290 295 300 Cys Leu
Ala Qu Asn Ala Tyr Ay G n Asp Asn Arg Thr Val Qu
Leu 305 310 315 320 WD 2004/ 052922 PCT/ GB2003/ 005323
1.9 Serrapftidgt the ahineracift praguerRe othwidadh ggmadges of
an;ﬁ\hﬂ@%&?& &?@Tmh Giﬂcg f‘@'&ns @Héédr ébégmlpéﬁng of:
er r r n Ser n ro
Yﬁ%#fe(% I%EN% et ’Phe Lys GQu Lys GI nille Leu
AI &SWHSBSGSE&BOHB@BDV&) Aile Tyr Qu Ser An Leu Gn
Leur@ppﬁ (dHP I%qu/alg,)Thr Pro 370 375 380 du Asp

Cys aIAIaGnAsnGInTyr Ay

9@%&3%@ ,ﬁ’)g‘ Ala Thr Ala Phe Asn Leu Ser

Val HRYRFEh e S 3 30| )i e Leu 405 410 415 Lou Qu
Seryt gy St gg@;mam\l ag)Ar GrAsp Thr Val A n Cys Leu

42 AV Lys Ser Asn Pro Qu Pro Ser
ValQWAé&% é@ﬁ%%% )Ser 435 440 445 Arg Asn Val
Thr Val Asn G u Thr Glu Arg Gu the Val Tyr Ser du
455 Ser. Ay Ley Leu L Thr .Ser 1l.e, Leu
TR P AU PRt T 4 GRS ™ PR 0T (Ao Fpence

is F&@WYQEQ/ ran etl’@grmrp secrnsaaeg:m afeu Tyr Ay Thr

e e Sy DS e 50 L &
| ' ro S a Ser
Se?r a%ﬁ#&? j@aah%l FCTL’)GI u Lau Leu Ser Arg Ile 515
520 525 Gu Met Lou Qu Arg Qu Val Ser Val Leu Arg
3. ASpA (Bé}pt@’dse %nt% %0 amino acids in length comprising an

amino acid sequence seglected from the group consisting of:

YLTQPQS (SEQ ID NO. 1);
GSLPHSL (SEQ ID NO. 2);
TQLFPPQ (SEQ ID NO. 3);
HSIPDNI (SEQ ID NO. 4);
HHUMPHDK (SEQ ID NQ, 5);
YTTPPSP (SEQ ID NO. 6); and
QLPLMPR (SEQ ID NO. 7),
wherein the peptide ig capable of binding to Nogo, MAG and/or

TN-R.

4. The peptide of claim 3, which comprises the amino acid

sequence YLTQPQS (SEQ ID NO. 1) or TQLFPPQ (SEQ ID NO. 3).

5. A peptide up to 60 amino acids in length comprising an

- amino acid seguence having at least 5 residues identical with
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530 535 540 Asn Cys Cys A n Qu Ser Ala Ala Thr Ay

A n Leu Asp Tyr Ile Pro 545 550 555 560 WD

2004/ 052922 PCT/ GB2003/ 005323 10 His Cys Ser Ay Hi's

Gy Asn Phe Ser Phe GQu Ser Cys Ay Cys Ile 565 570

575 Cys Asn Qu Gy Trp Phe Ay Lys Asn Cys Ser Qu

Pro Tyr Cys Pro 580 585 590 Leu Ay Cys Ser Ser Arg

@y Val Cys Val Asp Gy Gn Cys Ile Cys 595 600 605

Asp Ser Qu Tyr Ser Ay Asp Asp Cys Ser Qu Leu Arg

capresponding r@EOBES 620 anAsmibps abes SeudngeCGhyibeded from

tr@/%r\é@b RS iU Fys Val Cys Gu 625 630 635 640
u Asp Cys Arg Au Leu Arg Cys

Proeét%}%é (ég:@ gg%mg?) Q/s Ser Ay Lys Ay Arg Cys

Al a TR&HPERY (SEQr IOy80Led3)@ys Au Au 660 665 670 Gy

Tyr H¥alppiry (kb é@pm@/s @.y Gn Arg Gn Cys Leu Asn
7?3&0@5}85 GIyArgGIyGInQ/sGIuGIu

¥ o Gy 690 695 700 Tyr G n

GI yYE’EBPA@p(Sﬁé $or Nal. aGVaI ahAlla Pro Pro Ala Ala Ala

Met QLﬁgﬁPﬁlqsﬁéSIﬁzgo Gl% Asp Leu Asp @ n Ser Pro Leu
al  Ser %2 Se Ser Pro_Pro_725 730 735 Arg Pro

YEFRePHo AR 2P BR 1@?51%?&@1% phef \Bindieg ke ¥pgo g YAG and/or
TNABp 740 745 750 Au Qu Gu Qu Au QQu Qu Qu Qu

Au Asp Qu Asp Gn Asp Leu 755 760 765 G u G u Leu

Gn Val Leu Gu Arg Lys Pro Ala Ala Ay Leu Ser Al a
6.770Thgspeoidal af Perball 5 Prighdie 1 thrmurber AdR (Hientical

redausoides: MekadspgPhe 785 790 795 800 dy Asn Asp
Phe Val Pro Pro Ala Pro Arg Ay Pro Leu Pro Ala Ala

805 810 815 WD 2004/ 052922 PCT/ GB2003/005323 IL Pro
7. Prorival pébiei &b 0o 8 g1 4 H &3 O REDs S8 ts Tr‘,alﬂp 3:&3‘}‘ le of
r

bl%ﬁgn%/% S,g_l@‘QﬁéES%SgOAI ge{/als,erse;l'hr VaI Pro Al

8. The peptide of any one of claims 5 to 7, which is up to
40 amino acids in length.

9, The peptide of claim 8, which is up to 20 amino acids in
length.

10. The peptide of claim 9, which is up to 10 amino acids in
length. |

1l. A composition comprising one or more peptides selected
from the group consisting of:
(a) a peptide, the amino acid gequence of which consists an
amino acid sequence selected from the group consisting of:
YLTQPQS (SEQ ID NO. 1);
GSLPHSL (SEQ ID NO. 2);
TQLFPPQ (SEQ ID NO. 3);
HSIPDNI (SEQ ID NO. 4);
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835 840 845 Pro Ser Lys Leu Pro Gu Asp Asp Au Pro
Pro Ala Arg Pro Pro Pro 850 855 860 Pro Pro Pro Al a
Set Val Ser Pro Gn Ala Gu Pro Val Trp Thr Pro 865
870 875 880 Pro Ala Pro Ala Pro Ala Ala Pro Pro Ser
Thr Pro Ala Ala Pro Lys 885 890 895 Arg Arg Gy Set
Set Ay Set Val Ala Ala Ala Arg Ile Tyr Lys dy 900
905 910 Val Ile Gn Ala lle Gn Lys Ser Asp Gu Ay
Pro Phe Arg Ala 915 920 925 Tyr Leu Qu Set Qu
VaIHKNBHPKe(Sgg TPuN@ uSleu Val G n Lys Tyr 930 935
94OYT$EPSAsms§ngAI Roley) A yngl s Val Asn Cys Thr Ile

Lysg%m% éha R§4§%259L955 960 Arg Leu the Leu Val

bu Lys 965 970 <210> 13
bk21§>pqs9nd6<m2*éom aife Katdaisimolemyilc usonsddding an

amiﬁoaé@@&aéé@ﬁeﬁéé0§@$ééﬁeﬁcﬁﬁéﬁgﬁﬂéd@ AU sting of ;
ttt§ﬁ9@£¢§ kgg gggg@ 68 cactggggt g  cct'ggat gcc
ct c(g @ t g )ggcacgtg tgtctccatc 120
cccrBeREth (2PAcIP ¥e@-. ggyht gagct ¢ agaccgget g t ggt acat gg
cgtmggpp@ 1860 ﬁc)qa@cag)tc cctaccccaa gaactacccg
cacaagtg 240 gtccacgaga
gct cca E‘g(:%?g]g}gg\g@ gt t gggag acctgggcct acgaaact gc
m‘&%}gg gETER IQd\Iﬁac’@cx gagccct gag ct gggaggga
aatmmgg@ eoxgaonb aas. 3P0, HiPggogget acaaccagt a
cac ct ggacat catcaacacc 420 WO
ﬁ%z%ﬁ%ﬁe/@%ws 12 cccaacatcg
tggfﬂgfcrwct Hynayyyidp goaggamtde af)lagaygly cagalgrat $IAC
and88: @tgecggaca actgcccaga getgegecct gagcet gagcet

?g;g{%tgg;a e&g%g%gg%g: 5362) @?rgtgjg}agccca ct gttc gcomprising

an @hgdica cabitd tmhm}m%@ﬂvag@@ggdemgga@md@sctM@al

e aggenpie toas ct‘tééﬁ?%;?é%%@%%%ﬁ %Pl%i?t thgroe YLIoPs
SEf IR0 3o 3@@% e REPGAGE gt Cobabee Chgdingdre to

NOQFB(P’: gget g acagcaaccc gccaccgcetg ctgacttgga
t9%993@&99&9@&9@&9%&9a%ﬁ%o 3999299624 b %%8@&151ng an

.CCt t atct g gacccc ag ac 9 _ ,
amlné’cacclt%;t%qg’t %&3’3“@83&3@@6 Pat’-‘&gé § aclgaédgdcwith
CDIg@W@@-@@ ml dagsgticakgt astigoaectitly sggagneeacalected from
thegtg@mbgmsq@@tﬁ@t%c ggt agagggg 1020 gagacagt ct

g a caacccgg accctattct caccatcttc
S519 (ChieTingad o0

agg'f;@@'gé’@t (@@@a@ﬂ:@@t “ ggc cacggtcatc tatgagagtc
HSIPDNI (SEQ ID NO. 4);
HHMPHDK (SEQ ID NO. §);
YTTPPSP (SEQ ID NO. 6); and
QLPLMPR (SEQ ID NO. 7):
wherein the peptide is capable of binding to Nogo, MAG
and/or TN-R,

together with one oxr more pharmaceutically acceptable
ingredients.
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gcagt gacgc ccgaggacga tggggagtac tggtgtgtag ctgagaacca
gt atggccag 1200 agagccaccg ccttcaacct gtctgtggag
tttgctccca taatccttct ggaatcgcac 1260 tgtgcagcgg
ccagagacac cgtgcagtgc ctgtgtgtgg taaaatccaa cccggaaccc
1320 tccgtggcect ttgagctgcec ttcccgcaac gtgactgtga
acgagacaga gagggagttt 1380 gtgtactcag agcgcagcgg
cctcctgctc accagcatcc tcacgctccg gggtcaggcc 1440
aaggcccac cccgegtcat_ttgtacttcc aggaacctct acggcaccca
1 ngOETE (ST £ et IR apg el o e Tsber of
icelobcall redidudd 5in <29 NN &2 135> ddonp QBpiienst least 6.
<400> 14 tgtccatgtg ccagttcagc ccaggtgctg caggagctgc
t gagccggat cgagatgctg 60 gagagggagg tgtcggtgct
1Yycgable cayperiaioyt cf actaiot gdca vigaadgt gdte H2@tide of part
{ G CAE aGYFLH PACH O GRCH B fpttQC Qf dedcagt ggcc acggcaactt
tagctttgag 180 tcctgtggct gcatctgcaa cgaaggctgg
tttggcaaga attgctcgga gccctactgc 240 ccgcetgggtt

1@.8501?@ Qﬁﬂnmfc?{ Qift gitl?%‘ agc.e u@ﬁetr%t%t i@ LeREAGRIJE part
) gag: C £¢gg tgcccaacag
(s TR RS TS oooaotot o

ct gt gaagag ccctacactg gcgaggactg cagggaactg 420

got C act gt t aa agat.gt gcca _acqggtacctg .
L A it il S e qr%gé%%gag& LddgiBedg whetein
t%g&ﬁ%@% iy gy iy dagegdgodd)540 UB) 208440529220 amino
acRCE GBRQG3/06323 13 ggacaat gt g aggaggggct ctgcgtct gt

gaagagggct accagggccc tgactgctca 600 gcagttgccc ctcca

615 <210> 15 <211> 555 <212> DNA <213> Honb sapi ens
16<40Thel Taatrggraagate dfggdedagts,t alketgat eheCgbpetic@dis up to
20a%ﬁﬁﬁﬁF%&Sﬁ&FQQPﬁﬁﬁgﬁjpo cccgcegttca agtaccagtt

cgtgagggag cccgaggacy aggaggaaga agaggaggag 120

gaagaggagg acgaggacga agacctggag gagctggagg tgctggagag

aa .0GCaggckat _cgacggeccce -ag c . .
;ﬁccc@@ctgﬁﬁ@ccgg@%% Cal e unEr AL ERRE oo 15w w0

ggggacccc tgccggecge tccccecgtce
300 gccccggagce ggcagccgtc ttgggacccg agcccggt gt
cgt ¢cgaccgt, gcccgcggca 360 tccccgetgt ctgctgecgce
18agt§t§§$@& cEfagEtdee égg&§€98n698506966&5428 to 16 for
usgc degge oethodc etfc treetmenggccage gt gagccccc aggcagagcc
cgtgtggacc 480 ccgccagccc cggcectcccge cgcgeccccc
tccaccccgg ccgcgcccaa gcgcaggggce 540 tcctcgggcet cagtg
19555The 1@2 ©F «2bepti@e ixn2tPe= DMAparation of a medicament

for the treatment of CNS damage, wherein the peptide is
selected from the group consisting of:
(a} a peptide, the amino acid sequence of which consists an
amino acid sequence selected from the group consisting of:
YLTQPQS (SEQ ID NO. 1);
GSLPHSL (SEQ ID NO. 2);
TQLFPPQ (SEQ ID NO. 3);
HSIPDNI (SEQ ID NO. 4);
HHMPHDKX. (SEQ ID NO. 5);
YTTPPSP (SEQ ID NO. 6); and
QLPLMPR (SEQ ID NO. 7);
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<213> Honp sapi ens <400> 16 aggat ataca agggt gt gat
ccaagct at c cagaaat cag at gaaggcca cccattcagg 60
gcat at ct gg aat ctgaagt tgctatatct gaggagttgg ttcagaagta
cagtaattct 120 gctcttggtc atgtgaactg cacgat aaag

gaact caggc gcctcttctt agttgatgat 180 ttagttgatt
ctctgaag 198 <210> 17 <211> 28 <212> DNA <213>
Artificial sequence <220> <223> PCR prinmer MAG

ﬂ§400> 17 gatccaté%atattcctt accaccct 28 <210> 18

211> P?é’t\i%%zoewtes 2 ATPOP eRA0e3400382gthldonpt2sing an

aNDe <21zt a@cjueﬁ’sc@ slelsegeanceon<RRA>g f%%? cBEB:.BEhHSf of:
NAG&IJ;%QEP g@pﬁ%cgg tcggtgtgct ccctggaa 2
<21 211>72 1237 HNA <213> Artificial sequence
<22 §§§>(§§ﬁ pFi Mer #AR1  <400> 19 tccccgegge

at g€ &FFO gGE@gEDCH0293)<210> 20 <211> 28 <212> DNA
<213mypbhicl i(Gkal rheguengs. <220> <223> PCR prinmer TNR2

Zgg%§M§§ %;g§ggcgﬁmytgga9gggca actgctga 28 <210> 21

YITPPSP (SEQ ID NO. 6); and

QLPLMPR (SEQ ID NO. 7);

wherein the peptide is capable of biﬁding to Noge, MAG
and/or TN-R; and
(c} & peptide up to 60 amino acidg in length comprising an
amino acid sequence having at least 5 residues identical with

corresponding residueg in an amino acid sequence selected from
the group consisting of:

YLTQPQS (SEQ ID NO. 1);

GSLPHSL, (SEQ ID NO. 2);

TOLFPPQ (SEQ ID NO. 3);
HSIPDNI (SEQ ID NO. 4);

HHMPHDK (SEQ ID NO. 5);

YTTPPSP (SEQ ID NO. 6); and

QLPFLMPR (SEQ ID NO. 7);

wherein the peptide is capable of binding to Nogo, MAG
and/or TN-R.

20. The use of claim 19, wherein the number of identical
residues in the peptide of part (¢) is at least §.

21. The uge of claim 19 or claim 20, wherein the peptide of
part (b) or part (c) is capable of binding to Nogo-66 and/or
TNR-~EGFL.
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<213> Artificial sequence <220> <223> PCR priner
NogoNl <400> 21 ttgcggccgc aat ggaagac ctggaccagt ct
32 <210> 22 <211> 31 <212> DNA <213> Artificial
sequence <220> <223> PCR prinmer NogoN2 <400> 22
aaact gcagc cactgagccc gaggagaccc t 31 <210> 23 <211>
28 <212> DNA <213> Artificial sequence WO 2004/ 052922
PCT/ GB2003/ 005323 15 <220> <223> PCR priner Nogo66-1

22<4O%§ 23 aaa tgcagc aa%%atatac aagggt gt 28 ~<210> 24
22115€08PC<F10SPNRIE2 PE>CARENE| &7 af © s@fuerieereipobbe
pep2ige PERpprindb)Nogopexr? (s4#00z2 ¢ gstLdagatito acids in
ledgktcagaga atcaacta 28 <210> 25 <211> 2934 <212> DNA
<213> Artificial sequence <220> <223> Construct
resulting fromsequentially connected PCR products

235400he2bsg08ECERLYIRA baL t GRLIASH CAGS {a&1BLIEL 902 o0
amﬁﬁ%t at tc.aggttc%gga 60 ggggggcacféggggtgcctg ﬁ
ga

géccreg tecat®rtag ccttcgaggg cacgtgtgtc 120

tccatcccct geccgtttcga cttcccggat gagctcagac cggct gt ggt

ac c 0.,tggtatttca acagtcccta ccccaagaac
24fa2%%g9%gaé_%g ?%:‘??‘gagg gt ¥oeLe at%ﬁ@emgﬁc‘ép te 10
amapgagRgesticc gt agccgactgt tgggagacct gggcctacga
300

25. The use of c¢laim 19, the peptide having an amino acid
sequence that consigts of the amino acid sequence YLTQPQS (SEQ
ID NO. 1) or TQLFPPQ (SEQ ID NO. 3), wherein the medicament is
for treating spinal cord injury or stroke, by direct injection
of the peptide into a gite of spinal cord injury or stroke
damage in the patient.

26. The use of a peptide as defined in any one of claims 19
to 24 and/or a computer-generated model thereof, in the design
of a mimetic capable of binding to one or more of the neuronal
growth inhibitory molecules Noge, MAG and/or TN-R.

27. A method of designing a mimetic of a peptide as defined
in any one of claims 19 to 24, the mimetic being capable of
binding to one or more of the neuronal growth inhibitoxy
molecules Noge, MAG and/or TN-R, said method comprising:

(1) analysing a peptide as defined in any one of claims
17 to 22 that is capable of binding to one or mere of the
neuronal growth inhibitory molecules Nogo, MAG and/or TN-R to
determine the amino acid residues essential and important for
the activity to define a pharmacophore; and

(i1} wodelling the pharmacophore to design and/or screen
candidate mimetics having the biological activity.
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aactgcaccc tgcttctcag cacgctgagc cctgagctgg gagggaaat a
ctatttccga 360 ggtgacctgg gcggctacaa ccagtacacc
ttctcggagc acagcgtcct ggacatcatc 420 aacaccccca
acat cgtggt gcccccagaa gtggtggcag gaacggaagt agaggtcagc
480 tgcatggtgc cggacaactg cccagagctg cgccctgagc
t gagct ggct gggccacgag 540 gggctagggg agcccact gt
tctgggtcgg ct gcgggagg at gaaggcac ctgggtgcag 600

gtg c t acact cctacta a gaggccaacg gccaccgt ct
28599 %&t BEG @60me§%chegt€&aé8a gaetaglaingdAgt voich includes

& gagpovtfaegseyaghcbdgdingt cdagt agnd28at €CACAEBL Hato Nogo, MAG
anbgg&gqﬁgﬂtiga@gEgggct gt ggaggcca ttgagggctc ccacgtcagc
7 ctgctctgtg gggctgacag caacccgcca ccgctgctga
cttggatgcg ggatgggatg 840 gtgttgaggg aggcagttgc
29t 0agRgCakE LAcqLOHahCoEI9A09a00t ¢4, 900
8hCok ?ﬁg 848 8 ffgcfg 1 %a%gac ghich

. agggca tctatgcttg CC caga gcc at'g gc
m@i‘é@sg St g-eBo @‘éb%gh@%@t%éa% t%u@%n Fedatggabmetic that is
Cap@b&eagfgauahgggacggroggig@ﬁggtEbﬂiﬁﬁtiMIéiE&Jﬂﬁggﬁindldate
miRet 4 EB2OP3{ H06343 46, gagggggaga cagtctccat cctgtgttcce

acacagagca acccggaccc tattctcacc 1080 atcttcaagg
agaagcagat cctggccacg gtcatctatg agagtcagct gcagctggaa

30114@hec&g@c&ﬁ%@tﬁ@@cgf%ﬂ@lﬂwg%@%m%%t imised
ml% gtagctgg %FS@%@%%at 1200 ggccagagag ccaccgc
EETN T IhTarGHth Qg @ydare 260
Pha e bt op Lhy cyycroeptn e chcpgid) exagi gect gt gt gt ggt aaa
at ccaacccg 1320 gaaccctccg tggectttga gectgecttcc
cgcaacgtga ctgtgaacga gacagagagg 1380 gagtttgtgt
31 gtk Aot Ca bR ot cht g&}tpmsg(aatmmtm meiteciggggt
cordd#Abk 1 6R GHT GL G AL aGGE G KAl ?éfjsteln, guch

cl.ct ac ccca ¢ ,1500. ctcgagc c ctttcc
th%%é st g dlhb e g é&%
Yeragre W@mhmg@m @E@agdegatsg@samtm any

on@t@iggjjgg_tn% 1620, cgagaccagt gcaacgccaa ctgctgccaa
gaaagt gctg ccacaggaca actggactat 1680 atccctcact

gcagt ggcca cggcaacttt agctttgagt cctgtggctg catctgcaac
32 17(‘:-’9 S@wﬂ@@%ewc %%9180 ttl%%c%?%bﬁ%;g:{%;g:%gmgimg to

E%ﬁggca ct Cﬁégggé% gﬁ%ﬁ%%ﬁ%ﬂ%@%&%@ﬂ%bc 1860

a@@f@@@@a@cﬂ cd adyggdycrespgeytigedygg

exp@wl@tggmft%&&ntt agRAG Gelgacact gg cgaggact gc

ag g ttc aggg

ga%gﬁ%%%%ggb%ét %%rﬁ% Sgg Oﬁgggetgggi ggg%ﬁb&@ﬁ@ to
Nogggq gogdderagdi-Fgcagt gt ct gaat gcct gc agt gggcgag

gacaat gt ga ggaggggctc 2100 tgcgtctgtg aagagggcta
ccagﬁgccct gact gctcag cagttgcccc tccagcggcc 2160
33 .gcdtrgfasfodcofggaada §Rct ebeckegngbetigréophageacagdet are
ide@%@@@@@C@@ 2220y e:ag,%q@%tf 'b%a% ceg &bgsgt #9389 and/or TH-

g g £2G9a9 a ga
i %3‘ %%ga ig%s g}%%% o3 959a5et ggoa E{eacgs Scaashasyfer the
abii3ky é@@ etgn@a@aggwyceéégﬁgscofaﬁogoch&@ and/or
TN- Rcgﬁcg@&@@n@@@@mah&h%é%n gﬁcghcgaaélekea%*s%‘égt
gccgccggeg ccccggggac ccctgecgge cgctccceccc 246
gt cgccccgg agcggcagec gtcttgggac ccgagcccgg tgtcgtcgac
34, cghtgm@eﬂ@a taa%@mg&ﬁbcamgﬁhte%% gt ge £9528 85C9nd an
¢ecetccaa cc a _cgacga gcccg
add%%&egégtgg&?ccgeggg%&nﬁggégggéeet&g&ﬁ@ﬁ gaogcécﬁﬁﬁFéée or
2640 accccgccag ccccggetcc cgeccgggecc ccctacaccce

cggccgcgcecc caagcgcagg 2700 ggctcctcgg gctcagtggce
t gcagcaagg at atacaagg gt gtgaxca agctatccag 2760




aaat cagat g aaggccaccc attcagggca tatctggaat ctgaagttgc
tatatctgag 2820 gagttggttc agaagtacag taattctgct
cttggtcatg tgaactgcac gataaaggaa 2880 WO 2004/ 052922

PCT/ GB2003/ 005323 17 $ ctcaggcgcc tcttcttagt
tgatgattta gttgattctc tgaagtgatc taga 2934 <210> 26
<211> 42 <212> DNA <213> ML3 col i phage <400> 26
ttattcgcaa ttcctttagt ggtacctttc tattctcact ct 42
<210> 27 <211> 33 <212> DNA <213> ML3 col i phage

Phaqro LIt JHrsggagt 2 cgyddgmaaclegt igagaghabigt cd3blocking the
irdRikr 28 ekl oK , DMAG<@ 137 A il h%‘ﬁ' n%%%%%‘iecen

3> Ex t de encodi ng.sequ
adé%%gg 5‘ Z%’%tlg’angd%‘—)é’géﬁséé(gt 8'% '?fmu 21?6992§ 29?9‘62116 with
ong 7> MONGE FEFsameiticsilaly @@q&@ﬁa@le<2ﬁgredzms for

admdenpitatar iqriem Rapid de- encodi ng sequence <400> 29
ggttctctgc ctcattcget g 21 <210> 30 <211> 21 <212>

DNA <213> Artificial sequence <220> <223> Exenplary
357- mar W@@Mdcﬁ@femdﬂdmgn@equenﬁﬂctéﬂ'gthgg ae8Ccaqgbal to

ré&d&%t%%%FQn%;%ﬁt x%lg%f%%t %1%N2& MAG and/or Nogo, the

method comprising interrogating a sequence database to

identify polypeptides, or nucleic¢ acids that encode
polypeptides, that comprise an amino acid sequence having at
least 5 residues identical with corresponding residues an
amino acid sequence selected from the group congigting of:

YLTQPQS (8EQ ID NO. 1);

GSLPHSL (SEQ ID NO. 2);

TQLFPPQ (S5EQ ID NO. 3);

HSIPDNI (SEQ ID NO. 4):

HHMPHDEK (SEQ ID MNO. 5):

YTTPPSP (SEQ ID NO. 6); and

QLPLMPR (SEQ ID NO. 7).

36. A method of searching for factors that are likely to

‘reduce the inhibitory effect of TN-R, MAG and/or Nego, the

method comprising screening a cDNA library with an
oligonucleotide probe which is capable of hybridising under
stringent conditions with a nucleic acid sequence that encodes
an amino acid sequence having at leagt 5 residues identical
with corresponding residues in an amino acid sequence selected
from the group consisting of:

YLTQPQS (SEQ ID NO. 1);

GELPHSL (SEQ ID NO. 2);

TOQLFPPQ (SEQ ID NO. 3);

HSIPDNI (SEQ ID NO. 4);

HHMPHDK (SEQ ID NO. 5);
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<212> DNA <213> Artificial sequence WD 2004/ 052922
PCT/ GB2003/ 005323 18 <220> <223> Exenplary 7-nmer
pepti de- encodi ng sequence <400> 31 cattctattc
ctgataatat t 21 <210> 32 <211> 21 <212> DNA <213>
Artificial sequence <220> <223> Exenplary 7-mer
pepti de- encodi ng sequence <400> 32 catcatatgc
ctcatgataa g 21 <210> 33 <211> 21 <212> DNA <213>
Artificial sequence <220> <223> Exenplary 7-ner
pepﬂﬁﬂéﬁéﬁtd@mmgI§eqmenﬁe «4d0> 33 tatacgacgc

cthggg@@@ If?%@? 34 <211> 21 <212> DNA <213>
iticial g

Arti sequence <220> <223> Exenpl ary 7-ner
pepti de- encodi ng sequence <400> 34 cagcttccgc

Iﬁtaﬁﬁﬁﬁﬁ@%hbdzéf E@%Qﬁ §§ 6%1%Ta§$ 3?21%ﬁl55wingi§aes the

t f hal .sequ g
St CAIIONADE O oaadeatAs 1caka08 85 ArgaRgifate polypeptide
ortp@@ﬂ@gpcacgdzgncodlng the candidate polypeptide, of testing

the polypeptide for the ability to reduce the inhibitory
effect of TN-R, MAG and/or Nogo.

38, A method comprising all the steps of claim 37 and an
additional step, following the identification of a polypeptide
that is capable of blocking the inhibitory effects of Nogo,
MAG and/cor TN-R on neuronal cell adhesion in an in vitro

- .asgay, of formulating the polypeptide with one or more
pharmaceutically acceptable ingredients for administration in
vivo.

39. The composgition of any one of claims 11 to 17, which is
formulated for administration by injection.

40. The peptide of claim 18, for use in the treatment of CNS
damage.

41. The peptide of claim 18, for use in the treatment of
spinal cord injury or stroke.

42. The use of any one of claims 19 to 24, wherein the
treatment is of spinal cord injury or stroke.

58






