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WO 2004/ 052922 PCT/ GB2003/ 005323 Central Nervous

System Damage The invention relates to materials and
woretohoso2useful in the treatment of, or in theCT/GB2003/005323

devel opnent of treatnments for, CNS 5 damage, e.g.

spi nal cord injur¥ or. stroke Ba koround Most tissues
in the body, sGERtaelish FeHeral 10

nerve, have a renarkable ablllty to repalr t hensel ves

after injury. By contrast, the central nervous system
THENS)ven ncdbudiaptde by anért%ﬁﬂeﬁlﬁweafscblwh%? dise in the

little innate _c ty
ELhBEt T ohs’ af® Jdlgn%h old il %Peadgducf% graln or Sspfionra’l cHs
dsRd sk, they, sheynan @oﬁcﬂeﬁejlyrﬁﬁaﬁlmnﬁcﬂcbabl lity to
regenerate, even though axons can grow and regenerate
efficiently in the enbryonic CNS and in the adult

BQﬁE.Pgﬁﬁél nervous system Factors that account for
e Inability of CNS axons to regenerate can be
grouped in two categories: intrinsic properties of

S35 DEULE0S (RaLyo 20,y B3k Lo nocpable Blo pesiphera)

n@pYE [ ONARBL at hahaakebiehiblivty to eaxonat tetosghrépmiter

The 1 dea that factors jn the envi ronnent _ca
ippeyent BY5CPBEEREFat FBR a%?Enga%%fY%U?h%Y%B?Ty Rth -

158@%&&%ﬁ£ﬁ?@nﬂr¥lncﬁhélt9@5§ﬁ¥§gltB@idthehaQaDittly dfinate
neurons to extend axonal processes could be

cepectbymefby geykAg-t hBhenhaxopel nFeBRGET &AVE r dRfeAR B in
peri pheral .nerve, ut g VL ¢

BROSAday BLSABABH PRALLT e Ral HEGT oNee 0 Coul i Far ol

lhﬁﬂgeﬂrgbecﬂk9n$olmegehepheealemenvéhgugﬁtsxonsacen,grow

Schwab di scovered that dorsal yoot ganglion ur ons.
anf €apenp&aéet BAdLCASPELExoRst €r8@8r§8ﬂﬁﬁnﬁggeﬁpg it the

Rd e f ekhBtsheablint £
%QF ngelégagel% 1&%93&5@% apdithe fabbyoby £ nt for

the inability of CNS axons to regenerate can be grouped in

two categories: intrinsic properties of CNS neurons that
may make them incapable of regeneration; and extrinsic
factors in the CNS environment that are inhibitory to axonal

elongation.

The idea that factors in the CNS environment can prevent
regeneration dates back to the ea:ly 20%" century. Ramon y
Cajal observed that the inability of adult CNS neurons 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 projections in peripheral nerve grafts.
Later, Schwab discovered that dorsal root ganglion neurons
in culture extend their axons across Schwann cells but avoid
oligodendrocytes and the fatty myelin sheath (Schwab et al
1993) .
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WD 2004/ 052922 PCT/ GB2003/ 005323 These results show
that failure to regenerate is not purely an intrinsic

wa@ledosos292Df CNS neurons, and inhibitory factorBCT/GB2G0B805323

CNS environnent also play an inportant role. These 5
inhibitory factors are mainly |located in the glial
scar that forns at the region of injury and by the
TEK@E'@eEE%EF gngheatns @é@ﬂﬁrent5h§e§@h55aﬁgtEgrnot purely

racks. Fol "'ow ng ury, the central area of
anethosiasis dk@ibﬁtibﬁr@Nédnbyrghsa and othhébitory factors
non- neyronal cells, and.a fibrous scar_forns, ons
8o TRt DSt BRI LERFBEEY CheosBARY ARLFRRFFABrofPhs.  These
1%@@%@&%r§0fa%tbQ@|Qk%eﬁaﬂﬁlyt 1obBkeauliar theogpenentsar that
that may contribute to this inhibitory activity
fiomeisudé the erciaselifuflas Vit PR QVyEéSrﬁveﬂhn that
Jepasein B, T B .and theqavelinzasseei at ed neuri te
out'growth ~"inhi bitors nyelin-associate glycoproteln
(MAG and Nogo. TN-R 20 TN-R has been |an|cated |n a
ﬁgflet of, cell-matrix. interactions |n¥o ved in th

LEEEPEr G gt L &%gnceﬁﬁFa nE&“4nd n@ﬁFﬁPs&SIFS
iMrgnataerduyi Rd ideweloprpBt avd-neegenanatkon sof a6NSa
(reviewed by Erickson, 1993; Chiquet- Ehrismann et
fAbrousossarPdsiava eRxans, d2opgt 2o0eRd TRIRUSE ther fear
SPlhgsl. TRAhRl doddie d enasel Dabamikegadd he . Molecular
conpose four “structural mofifs: a cysteine-rich
ceagRRn t satt Hafte eyt eromtmiduts t@lt@wedlmvlblioE@Fapﬁkelty

repeats. . This e n.s follomed nsec tlve
B ot Sy A B G 1 VEE 20 iR Lenesoin-

@H&ﬂ%ﬂndM£5EH&l&yéiﬂﬁﬁa§SﬂiﬂaleUh&e&th%t@ut@ﬁ@wth

ganmma-chains of fibrinogen. TNNR is expressed

IS ddrROTAN TIE 1oy RS SRsdendo Y vesPaRtieng  TRE) orgst Nogo-

and early phases of nyelin formation, and remains

expressed by sone ol i godendrocytes in the adult. TN-R

Ins-R2 WD 2004/ 052922 PCT/ GB2003/ 005323

TN-R has been implicated in a variety of cell-matrix
interactions involved in the molecular control of axon
guidance and neural cell migration during development and
regeneration of CNS (reviewed by Erickson, 1993; Chiquet-
Ehrismann et al., 1994; Pesheva et al., 2000; 2001). TN-R
is the smallest member of the tenascin family and is
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

beta- 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 oligodendrocytes in the adult. TN-R is
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al so expressed in sonme neurons and interneurons in the
spi nal cord, retina, cerebellum and hi ppocanpus (Fuss

WwW@p004@52922 1991; 1993). TN-R co-localizes w th PCTIEB2003/005323

glial- derived nolecules (i.e. myelin-associated
gl ycoprotein and a 5 phosphacan-rel| ated nol ecul e) at
ahgheypnsrepdi Ant REMRoAEYrens RAAviRFeReER@Ns 1h the

%gé}f‘éﬁzﬁﬁ a&@@ingx' egrgbeﬂhm, 1994 nY8PYcEhpud! (Fuss et

R can inhibi't or prohote neurite outgrowth
adependbng 0A9310 t - Reabemabaﬂ:eleStypehandhehegllal—
envir

0 the-
def upaameleehng oy Sh s ava1 BLER P Fa g anur S CabE g and 2

p%%@bhgéaﬁLkema&@BGhol@@h@E@IbunhlgnddéQEnegl1gaﬁgb|@ades of
neur on growt h cones avoi ded grovvl ng on

Rapvéeyl e€, CHSt mwerd NAGED REGREd ¢ éaeoﬁFaﬁéer éﬁ9€heY159 et
aqth§@9g§nd when TN-R was offered in a mxture with

(which strongly pronotes growth of enbryonic
and adult axons) as a uniform substrate, DRG growh

d | | apsed_mor. phol bl.e
A doanaB A L& Pgs FBP™CIat BoLRANCoR L AR AR aF GRaT 0509 o

t%%l&@u§%%%uabeqan@b@n@hdamhbb@dwe$ohm@dtngnt@hlch it is
di stinct i topes on the tenascin nol ecul e, epidernal
Hﬁaﬁﬁﬂﬁeﬁact PﬁnlﬁWbP(E@P-Pffﬁéﬁéat§cﬁﬁ&9fPﬁréné@PFﬁ

LHRE Al %%%?g%ggusd&f% an%o% %aW%ﬁ?oth®@bf'e@e&%b@@lum

responS|bIe ‘'owmt h 25 cone repulsion. In'vitro,
‘mmﬁgﬁﬂmmhloha@mﬁnymnmeuan® @d@Mﬁhr@pmﬁalag@n@ﬁ@o@rowlng on
el | ns f.rom noyse retin exI t
%ﬁﬁ'ﬂ g&ﬁ?ﬁfs’rg c@@rghnﬁ%ﬁ&geﬁeogs%gugggggp §On the
JteRas Giatd} @het IN-raGiRy Ioafifle)teaxnmeasadﬁte;rmsmmhmaminin
fragnent conprising the EGF-L domain. Wen both

B1ieduISds cance oI &s, Mty Oas SMPIYRAS SRS Akl
undary, I @90 g %Qttra@éonsmk@o g%‘iﬂthcrc(?ﬁl%s' _r&il%ptlré%/ed a

territory containing tenascin-R or
ad 1t lragp sexch erc npeTet s gie reg dd oreer & rabtl@etpr@giefr@é@eofat a faster

rate than on laminin alone.

Using several monoclonal antibodies binding to distinct
epitopes on the tenascin molecule, epidermal growth factor-
like (EGF-L) repeats and fibronectin type III homologous
repeats 4-5 were identified to be responsible for growth

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



10

15

20

25

30

3 WD 2004/ 052922 PCT/ GB2003/ 005323 | am nin

suggesting that tenascin-R and EG--L actively inhibit
w@z@aab2ogr owt h. Neurites and growt h cones wer ePCT/GB2003/005323

repelled fromareas coated with fragnents containing

the EGF-L (the am no-termnal cysteine-rich domain
1philsibthes&@FeStinkethepetesdscEN-Rf #hd obeEtngclaipely

.FN3-5 and F fibrjinogen)  dongi , -
L3R EhEh: S RBAH MBIt g SUER. P H Spocarber felranet
réPeRiabserbndyees saxonakddel Bactfeagmends convaindng the

t hrough 10 the EG--L domai n_(Tayl t al., 1993;
ERFHb LEhal STLBO0ES TMI00% CYOBBLNBECKER GPmatD Bg8y; the EGE-

1 E%k?épggték’ %ﬁ@Qkib@%ﬁ@Et§ﬁ?C§LYLDYNBdannanégced
esion of thé olivocerebellar systemof the adult
(fFabrihhgedénsiotpiok odl F¥-BontafinEREG-FNPreggeRts neurite

£abrithgeden cél F§-BoneanFhg-FPreseRts
cHEBORHy "nikl BEPaRd AL HBCHRICe mtter of the

cerebellar cortex. | mmunohistochem cal investigations
confirmed these observations- at _the protein, |lev h;
THORARLEP ANSiCREl 2¥ordingehanrdaPlrédPonins VALED $ rpugh

tggNéGWai d@h%QnuRﬁ% I3t ed GW ntepgsrskiab ak, 219971996,
ckner et al, 2000). These findings suggested that
11996 , cARLBRUEE cdeer @tpréssil8d 9 2BeckeTNER iea t BE00) -
injured CNS may contribute to the failure of adult
axonal regeneration in vivo. Tenascin-R is a nmenber of
Afhte 1t eraseity ipaidilatnestingi celday e siimportfanher olléyoicerebellar
cell interactions in the devel opi,ng 3Q ner\vous s¥$tenh
. lﬁgg ing TN-

sIFte S IndiCoRlu il didvi Ghe AeSitdgetesite s &rdrtath

E@Qﬂ%ﬁygﬁri%ﬁgﬁﬂﬁﬁfﬁéégéd'B% ¢iiR=R 1y expressedferior

predom nantly by oligodendrocytes during the onset and
cddrdary phasessofandyeln rHeorrdtticomatdrd oémdilye cerebellar
i%%%%gi:qggﬁugﬁg% é%iﬁh S@gﬁg&%&%&dé&f&%%zﬁgﬂﬂirmed these
observations at the protein level.

After a spinal cord mechanical lesion of rat, TN-R mRNA was
also upregulated (Wintergerst at al, 1997; Deckner et al,
2000) .

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. Tenascin-R 1s expressed
predominantly by oligodendrocytes during the onset and early
phases of myelin formation, and remain expressed by some

oligodendrocytes in the adult (Pesheva et. al., 1989; Fuss
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WD 2004/ 052922 PCT/ GB2003/ 005323 et al., 1991, 1993;
Wntergerst et. al., 1993; Aleman A et. al., 1994).

wabeoRos®2m nul ti-functional nolecul e (Lochter BEMGB2003/005323

Schachner, 1993; Pesheva et. al., 1993; Taylor et.

99§ Xiao et. al., 1996, 1997,1998), and it has
%oﬁ‘]ca't etP 5L ¢ h3331 tWiRt s hH 1t ordd 00 ntAjsfmian A. et.
ayve) inoextraption s Xiae have, faund 1h% 148 E
donJal n of)tTN- R can i nhrﬁg']l't iﬁ'he(ptlr#eura{te Oouetdleele qtio%r and
&@W@%r ale?%nSmitﬁr‘&meetp-r atlei n 1(:9‘93 hé?aylor et. al.

RPULY S SUPLAAT oK ERAST Bl DELLIBIR

iSyesit eints, 1 svhet elrhﬂ%irwﬁ&ﬁm@nelntar& 9%1f etﬁ’ce:é&tl%n
elin rote| ns, respectlveIEy (Heape 15 at al, 19
){%?(? ‘ge W bty B djfiéflalfr sfe &t icm amdhlblt
HsS G, l%p@en e age and type of neuron, can
pr om)ete axogdallp(g%l%hv\% . MAG inhibits neurite outgrowh
of retinal, superior cervical ganglion, spinal, and
pocanpal and dorsal root ganglion (DRG neurons of
all postnatal ages, but can enhance neurite
outgrow h of enbryonic spinal cord neurons and
ewhor n DRG neur ons (DeBellard at al, 1996; Turnl ey
D&G S ¥ JIBN P TANSIPTOtRIPR Oty dmmmnogigbaylinps
é\ﬂe@@@ﬁ‘n@_ %}iﬂkd%cseecgrw 290 (% 1 QA o 1y
axonal lgrygwth cones o poset nat al (?I%e?%hl ppocamg)a ©
JrEUTIGs a%lﬁ%%ﬂemﬂﬂwsemm%nedlm eﬂ&G represents
r eGyThj nant_ ) caol lL.apse was no
logdglerve t%gie L'\Jér%egfdm 4 BLC & A rf@@@)Ctlvely (Heape
aSolaubl aaﬂmcs (a@m dtseal Wdtenftr agmanti tofr 3¢ thnal
ext racel l,ul ar domain of MAG which is released in

Al FY GfeiSch SFPersdng o8 \ibo R 98nd nehitiveei @f
IMAGOTG  GAN QIR Yo doMRi1Digh ARYY. bfqo%uagﬁl Vﬁﬁl%sf 'hl%&‘

DRG neurons. This inhibiti'on was cke
qﬁyﬂygwgmmoﬁmﬂauynﬂ; superior cervical ganglion, spinal,

and hippocampal and dorsal root ganglion (DRG) neurons of

all postnatal ages, but can enhance neurite outgrowth of
embryonic spinal cord neurons and newborn DRG neurons
(DeBellard at al, 1996; Turnley et al, 1998; Shen et al,
1998; Yang et al, 1999).

MAG can also induce growth cone collapse. 60% of axonal
growth cones of postnatal day 1 hippocampal neurons
collapsed when they encountered coated recombinant MAG
(tMAG) . Such collapse was not observed with denatured rMAG
(L1 et al, 1996). Soluble dMAG (a proteolytic fragment of
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.
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was i ncluded. 5 WD 2004/052922 PCT/ GB2003/ 005323
These results indicate that sol uble dMAG detected in
wo aog/0s29e21l d contribute to the | ack of regeneretT/6B2008/005323
the manmalian CNS after injury (Tang et al, 1997;
2001). 5 MAG has two recognition sites for neurons,
the sialic acid binding site at R118 and a di stinct

P Ditd | t ' i absent .fromthe first three
1 o e e e e ATy R A ed T o
whardotert Ziedh enberttof ek igimiregrebuldinn genehe
superf.an | and it exerts a robust inhibitory effect
Hbaﬁ&?ﬁaellﬁ’aﬂ eé{\b%tag&tﬁ/ﬁ H X0 yIAY & ddel 1180 THed@dHs -and
adult dorsal ganglion (DRG neurons (Mikhopadhyay et

al ., 1994). MAGis a nmenbrane protein with 626 ami no
MG ds 18V haee g Uy gddratse drhate usoinsh| ¢ h¥AG 1 adbicchacid

i .of  t racel | yl.ar._.dommi.n, .has .an , ,
kiﬁnhi bi Zsrl?/geef ecE}lel)o%L aglecﬁral ?&St&lﬁcg?&ﬂhﬁb(l%ﬁ?& Facfernich is
adtserdl .frai99)e fEhes texthraee!lquldama idemyimanef eMAGL, 1997).
consists of five Ig-like domains, and it is
denonstrated that the first two Ig-1ike donmains are 20

MATPArd antwd1ar drheddHE36d ARt Ween tMAG: and naeyrLanal
menbrane, while the other three Ig-1like domains m ght
Ir&e iSMPSInfEd Ly t REd A Isikesrty ef frebust( Cohlibigoety effect

dﬂ-medy%%@'ﬂﬁ?&%ﬂ%f%5fw%gpykﬁﬁ t%%%%b%&h%%u%%&éﬁgggg%d adult

i ntegral nenbrane protein "ocal’i z

deyrslailn gamgtl imot  (PRS ) nyehiron sNago khapa dhlyage eitseflQr,me994) |
d Nogo-A,_  -B and -C,_ which are generated b

M%I%{T‘élrs_r1aa’_( %\fglbsr&qecipﬁ&teﬁp- ?%G%a_ﬁ& 6Nlam3§°\/\éf3édf3i-r§_tt bgs been

rieghentricld ethaanGonamaed amcthend chsebashs taf JMogge it has

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

S TREGD-1B.1 2 INSG el s expeessednby bopguderdideoty bes nenrite

MR B UEf A LB - ot al., 1994). The extracellular

domain of MAG consists of five Ig-like domains, and it is

demonstrated that the first two Ig-like domains are

important for the interaction between MAG and neuronal

membrane, while the other three Ig-like domains might be

involved in the inhibitory effects (Collins et al., 1997).

Nogo

Nogo is a high molecular weight integral membrane protein
that localizes to CNS myelin, but not PNS myelin. Nogo has
three isoforms, named Nogo-A, -B and -C, which are generated
by alternative splicing. NI-250 and NI-35 were first
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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CNS and is found in the inner and outer |eaflets of

myelin and in the endoplasmc reticulum 6 WO
WQ2MI892022 PCT/ GB2003/ 005323 In vitro PCT/GB2003/005323

characterizati on of Nogo has denonstrated its '

function as a potent inhibitor of axon elongation. In

vivo neutralization of Nogo activity results in

enhanced axonal 5, regeneration and fu ' overy
SRR T g e Tl
FhRcHDbRA] g ed ENSht bersibher apnocdonalord it body b vivo

IN-1 was shown to pronote |ong- distance regeneration
newdrd Lhed Fonal Of e¥ever JCE VY o SHERES abbl PR eed axonal

' - LAku r % wid@0Ns Whijury as

r%ﬁ%ﬁ§£$g9é? gﬁ? ﬁgﬁﬁ?g§5%% g%%éggﬁ%sgg%%éMi%%s_sugge%t Y
wehat adofocraysbe plasfdcitenini butowjured ¢he fibers. The

nonper m ssi ve, pnature_of _the CNS enviro N
mOGETABEL | ANEOPEOTy AR EIIG BFS NS have BegRole Long
ai dephkti edgeaBrdbibat sagefhntai oasi npetevatnaln dofrab nwhen
(NogoN) of Nogo A and a  short 66 residue re

apNbyedeby FBEAREdCHELNERNF #O 2AYHF opAbb ChTBNAF ! of 2000
GE?nggée§6|ﬁgtoMggklg@ggtAalpbgo-B and Nogo- C (Chen
ef al, 2000; &G an

Pre et al, 2000; Fournier et al
2001; Filbin, 2003). These dommins are illustrated 20

Sci Vol 297 (5584), ..1 2002 . 11.32- 4
RB5e AinaSagh, ssdaob, hrF oNadaal s Poan e b epgtitoutor
tSchwanfongelhs sshivecantiumbi bift taxoork extenshoanand Two

col | apses dorsal root ganglion growh cones andPre .
déﬁtlapt,l@@@@}ﬁO?wedggaﬁéarPFeNeanPBMPthﬁﬂiég%Bgﬁfled- an

iﬁ%&%%ggiu@%rN%%QnBa@eQ%inQQUHBQEEEGQNQﬁoﬂpn@ﬁ!QB@b A and a
antibody IN-1, which allows axonal regeneration and
shomct i66nalk sidcev eegiaht dNogpir-hal dordtepnPaEyeethén©

et. al., .2000). .Nogo . s,a rar r inw.thy, 1 ,
St B s 004! 32, TREROSREOhEL Ll 146300
ahydnephehi o cheansrerhr, ane odonairaadseparat ed, bg080; Fournier
66-residue hydrophilic extracellulgr domai n. Thii

et62resi @@OLl; Filbin, 2003). These domains are illustrated

in Science, Vol 297 (5584), 16 Aug 2002, p. 1132-1134.

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 inhibitory 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 (Fournier

et. al., 2001).
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extracel lul ar domain can inhibit axon outgrowth
(Fournier et. al., 2001). 7 WO 2004/ 052922

WEMAGR2D3/ 005323 Huang et al. (1999) di scl oB&BEGH2003/005323
t herapeutic vacci ne approach to stinulate axona
regeneration in the adult spinal cord. It is an
Bpretebfal he(1nVBntdiosclos g avitde mateariial srandh ke approach

t seful_in the treatment of, or in the
TVer STt GOt h et Toren i amag e qpinal cord.
spinal cord injury, by overconmng the inhibitory
ﬁffects of pyelin_on axonal regeneration. 10 Sunmary

A hvEht T T oF filtestd meeran depestovitdee ahwenitaors and
REOROEL S SHNG 3 ATOlRC Ul 65, WAl Gh qjﬂt J:AGh Wil &enfeelopment of
i nhi bitory domains of major nyelin proteins as an
Eeganean ty emeiNg otan@® 1% dameged nadna orar il(:jri’jr]e;ry, bly

V, ment._.of further tre ts. In a_second genera
(g‘geplgéc%%%ﬁ & v lobrletporro"’po G | ZIeg s gy ecral
mdddndeeiigrhi bi tory domains of major nyelin proteins
as an adjunct treatment for CNS damage. 20 It may
appear inpractical to inmunize subjects agai nst

Jumelddy FH igeAstidh this approach may induce
aut oi nmune denyelinating disease, |leading to
unaccept abl e side effects. Also, sone nyelin

t ' te r |l ination 25 (Rodriguez et al.
zﬁgégﬁquﬁféﬁﬁgggﬁbfﬁﬁgxﬁéne%E?l@dﬁﬁ& T EXoRgSes using
mroggenereat ivOrichlThe Hemeent ori'th apRr Qaeh bis o rROWRMRIins e
base the vaccine aon the specific inhibitory portions
T8 O YST Y S5 SRSt EiTnSih iBRSeEd G oRisIea tmfeln KNS

déﬁr@tgj%i,n%-nd_ AYd hodl %i%vreqio%%nﬁgéifn%hrttﬂgfi '%I}iegittm%r s..
portions will block 30 the inhibitory effect of myelin
on axonal regeneration. First aspect 8

In a second general aspect, the inventor proposes immunizing
subjects with the inhibitory domains of major myelin

proteins as an adjunct treatment for CNS damage.

It may appear impractical 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 the vaccine on the specific inhibitory portions of
major myelin proteins, instead of whole myelin proteins.
Antibodies raised against the inhibitory portions will block

the inhibitory effect of myelin on axonal regeneration.

First aspect
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WD 2004/ 052922 PCT/ GB2003/ 005323 Accordi ngly, the

i nvention provides a peptide, the amno acid sequence
w@boomosob2 consi sts of an ami no acid sequence BE&l/6e82@d/005323

fromthe group consisting of: YLTQPQS (SEQ ID NO 1);

5 GSLPHSL (SEQ ID NO. 2); TQFPPQ (SEQ ID NO 3);
Ad4S1RDNIg ((YSEQHD iNGier)ion HHRvPHDIE s( SEQePD NG, B)re amino

YTTPPSP ( SEQ I.D NO. .6); 10 PLMVER . (SEQ . 7
ac'Ilhdess‘ee%ueeqnucelzén coefg Wehalcchh rceopn%ggs et Mt Otgr;éa Lndg uc e%d gaJr%ilan o'g% a ul%lce
sslegient e ol 13y ermlupepirndes itmato thave been

identified b hage_ di spl ay as bei ng capabl e of
bi ndilNREY ogﬁéacgrﬂﬂﬁ?qs' of’ 715 the neuronal growt h

i nhiddtoryr, e ulesydNogo, (specifically, the Nogo-66
domain), MAG and TN-R (specifically, TNR-EGFL). SEQ
| D NOLAPRRprsenis Nhe Jequence of 43 identi cal

pept.i p i ndj,ng to Nogo-66, and al so the
ince o do o i 7

20 séguence dl peptides capabl e of
bi ndHHMPHIK MEEQ ISEQOD NG 2 represents the sequence

of 8 identical peptides capable of binding to
Nogot6%: F S5 @é)I NS, - 36)r’epﬁ-'lé£ents the sequence of 18
idert%ﬂp:]@llPR pefid des w@papl e of binding to TNR EGFL.
SEQTD NO. 4 represents the sequence of 3 identical
peptides capable of binding to TNR-EG-L. 30 SEQ I D

. _5_represents e s % ' : . of
ol SASRSEN B getlenge ol 3 gl haatl e
s &6l (B0 03¢ 0053253 1 S i TANO tifa Ir eprves 6rndesn thientified by
pfﬁﬁgggfgbfgy]ééxﬁgiégaéﬁ%?gﬂéaé) bfﬁ fﬂé“%é‘%ﬁﬂﬁ%h?ﬁﬁgfe of
the neuronal growth inhibitory molecules Nogo (specifically,

the Nogo-66 domain), MAG and TN-R (specifically, TNR-EGFL).

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 8 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 sequence 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.
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SEQ ID NO. 7 represents the sequence of 5 identica
peptides 5 capable of binding to MAG O these, SEQ
w0 DoM@s2922 has been shown by phage binding to BPCDCB2G0REO05323
inhibitory effects of Nogo-66 and MAG on neurona
cell adhesion in an in vitro assay. Simlarly, SEQID
SEDIEB NI Has dyessaiowt o ssaskaehe i fhidsitcide erpedle of

bodeNR EGEI:.{\6 g%&ﬁeferred pepti de therefore consists

anot her preferred peptide consists
of SEQ ID NO 3. The invention further provides a

Egﬁpti de ugmtlg3 60 amtg 15 aC| ds nlcrférl&ﬁwtgjnh ng(}brq};ciasli r%jgew.ldes
létdf_ngolq{dl EL‘DTQ%@-SEQ ID NO 1) ; GSLPHSL (SEQ

PQ (SEQ ID NO. 3); 20 HSIPDNI (SEQ ID
NO 4) HHI\/PHDK (SEQ I D NO. 5) YTTPPSP (SEQ I D NO.

and S
f t*z:%%eabﬁ%cg%@ﬁ%‘%. %4% @ge (pr éﬁs}e:’biﬁ ﬁ%ﬂ{dﬂ% £o
b Mk ated o TN R 4 py ef efadil dﬁ\ll%%d:?_ﬁziﬁéi arkt efzed adpl yr,xeuronal
the peptide is up to 50 am no acids nIe th, %@ NO.
C%}Jef%fﬂra%worupl@ oaerln upt %P IS t adgl ¥ ﬁ%
hé& B3en U&év@n 18y WPod® dife iph 10 dbsy L&Jfﬁ_ébtlS@f umE@GFL
14, up 30 to 13, up to 12, up to 11, up to 10, to

A99r©feupe<ﬂ o @t it noh et Bere nodmwigtrs f pES eIUP - L
tide SOPD rls S efsrred
a‘g% FheP et conprl sespgégl%% % %Stﬁ@%\%e%% iE)|?052922
PCT/GBZOOS/OOSSZS The invention further prOV|des a
ide up to 60 amno acids in qug%@ co ébngmlno
Thi Hovaet for cfiERte navPRIaT @ | ReRY
akdgatigal cMith cokbespondi a9 £@§ﬁ§U£§1dns@@uence 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
QLPLMPR (SEQ ID NO. 7
wherein the peptide is capable of binding to Nogo
(preferably Nogo-66), MAG and/or TN-R (preferably TNR-EGFL) .

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, up

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

amino acids in length.

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

10
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5 am no acid sequence selected fromthe group
consisting of: YLTQPQS (SEQ ID NO 1); GSLPHSL (SEQ
wOo Domas292) ;  TQLFPPQ (SEQ ID NO. 3); HSI PDNI ¥GEGBR(D3/005323
NO 4); 10 HHWHDK (SEQ ID NO. 5); YTTPPSP (SEQ ID
NO 6); and Q.PLMPR (SEQ ID NO. 7), wherein the
peptide is capable of binding to Nogo (preferably

o P50 DG S D! ST S andh

acﬁrc%\/llQUS.Ue)hgtl'PQﬂimpiaSsm@VIaﬂg aatlrﬂoeaSD.dS sleegiethees having at
identical with correspaonding residues of SE

lepstord fegighss 5 dqndsified litde FOATCHSRMCH I ?eSldl}llce)s in an
anfiHd %ﬂ@@é@l&?&é dues Afe SEQIDP NG grdfhi3 risting of:

preferred ferably the m ni mrum nunber of identical
resiiigPrds GEQ THe NGweti on further provides a

cgcgcﬁﬁ%%ﬁntgsge& _JLD%II\&Q % 25 or nore peptides of the

Her Wit H 'dne or nore pharmaceutical l'y

accemiapm | (E@dirme. Preferably the conmposition is
formul ated for injection in vivo, preferably for

di r eE 1AM ctiih Mt t Y ‘ONS. 30 The inventi on

fur therpipsevi o Rgpt ife, of the invention for use
in a nethod of treatnent. Such use nmay be in the

trea‘fﬁms%f NS Hériﬁge blesperd al |y spinal cord injury

and gé% 4/pﬁ2922 PCT/ GB2003/ 005323 The

mve% ion aI rovi es the use of a peptide of the
whdwent i ok i pephedPrepacapaiore off o iredircanentNdge t he

(é{;]%gérna?bnlty ol\flogcol\ls6 é:l)arm X Sc?/egrl a’}l\ll yR S%lnea%era%fy ﬁjré/GFL

Preferred sizes of the peptide are as stated previously.
Peptides having at least 5 residues identical with
corresponding residues of SEQ ID NO. 1, or at least 5
residues identical with corresponding residues of SEQ ID NO.

3 are preferred.
Preferably the minimum number of identical residues is 6.

The invention further provides a composition comprising one
or more peptides of the invention, together with one or more

pharmaceutically acceptable ingredients.

Preferably the composition is formulated for injection in

vivo, preferably for direct injection into the CNS.

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

stroke.

11
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5 stroke. The invention also provides a nethod for
treating CNS damage, the nethod conpri sing
wa@eowitsoeeri ng a peptide of the invention to BCPaB2@awN0s323
at or near a site of CNS damage in 10 the patient.
Specifically, the invention provides a nethod for
treating SCl or stroke, the nethod conpri sing
m, ni st ering o a epti de_havi ng. an am_no
RV EbERos  Brap Rbi e, nBr RS Do Ner B e B By

1dvéﬁctonlmheﬁhéoﬁrégb@a@1§ht§f0§ wEdi 8amshEokgrdaprge
in the 15 patient he invention also provides the use

tepampRpt PAeCHf fRBadpnveRPRehahhY/ 8PiRal cord injury and
s¢epRut er-generated nodel thereof, in the design of a

m nmetic capable of binding to one or nore of the 20
neuronal growth inhibitory nol ecul es Nogo (preferably

go-_6 nd/ or TN-R bI TNR-
Tgon%Pg?P§iOPhél?RVBHPV6Hearévma god ﬁé%hBaeﬁFlng CNS
ddﬁsggﬂlﬁgeameﬂhﬁﬁtb@m@E1§1ﬁ?p&ﬁﬂ§n9§téP§n nXeﬁébQQde of the
the mmetic belng 25 capable of binding fo one or
he

1hBPBL PNt KR AeBP Ptgﬁ§mph nedr b t ot Yo nof eclif edaNage in
t%%%ﬁggiégky h@ c@@%oa@%gzggﬁé?%nvg%k§%éﬁgfé§£§gs a method

sal
fpeptrd@toﬁgtﬁéllnveatrohethahelmetna@abbmpﬁisbn@dlng
a&g ne. or.m g of thg ronal ar %mﬁh 30 inhibitory
HaETF 85 Rdg5°( Br BPELSBFy= NOGRE 665 h%%&?%nﬂ?o?m#ﬁPF@Cld

ségneﬁeéabhytThisnE;GEt% be depermime. theoandNopachdrect
resi dues essential and |ngortant for the activity to
lHé?FEéonalbﬁarﬁaééEHoPé S@hdol 2s Yy ke drnsge2Pn the
pREILEB2003/ 005323 (ii) nodel ling the pharmacophore to
.~ design and/or screen candidate m netics having the
bi ol ogi cal act|V|ty Preferably t he nethod and/ or use
c s.a Sstep_of assaying g ndi dat e
TBQ £¥95n¥loﬂbgg ?ng?g%éngtREg%s%6§P a peptl e og the
1nventlon 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 Nogo (preferably Nogo-

66), MAG and/or TN-R (preferably TNR-EGFL) .

Similarly, the invention provides a method of designing a
mimetic of a peptide of the invention, the mimetic being
capable of binding to one or more of the neuronal growth
inhibitory molecules Nogo (preferably Nogo-66), MAG and/or
TN-R (preferably TNR-EGFL), said method comprising:

(1) analysing a peptide of the invention that is
capable of binding to one or more of the neuronal growth
inhibitory molecules Nogo (preferably Nogo-66), MAG and/or
TN-R (preferably TNR-EGFL) to determine the amino acid
residues essential and important for the activity to define

a pharmacophore; and

12
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MAG and/or TN-R (preferably TNR-EGFL) in vitro. Having
identified a candidate mnetic that is capable of such

WO 004052920 bi ndi ng, the candidate mnetic is pref/eBal®BY0s323

optimsed for in vivo use. Follow ng such
optim,sation, the optimsed 10 mnetic is preferably

f or mifdt e@OCSdEEREr thict Rhemmagpphore tphdesigsuehddbly
seGeept abhe ilngediiartks s The i nyentLop. furt ber . praoyi de
a bact er i ophage %ﬁﬁbhgchggggg seééfg%%gﬁgggggeﬁﬁ¥lVl%y'

consi sting of a peptide and a 15 bacteri ophage coat
I iLn,.such th t.he ptide is displayed on the .
PES? g@glgf%gﬁemﬁg%Pgr98§285e9§ﬁrEaﬁ?ugﬁﬁe?eFHePh@f assaying
bpept hde offs aup ah@i6@ tanifea¢tdsol RobBNIbheaBd a1y Nogo-66) ,
0

%gngrlses an am no aci d sequence having at |east”fou
MAGSPBALST dNARI dRFePERPAGr THBpBREL hginegitues ofamhng

iaghp9 r2Q4agi e cLe om.t up .
L g of * L TP TSER| bR 1) o EEbpHERT (spgp in
VEDrNOP1pPingTQERPPQa(SEQaLD NOneB) ¢ iHShPERer&BEQR bPrimised
.. 4): .25 HHVPH EQ.ID NO..5); .YITPPSP (SEQ ID
2 lé) ?’l‘a{ﬁdus&PEﬁBQE’gﬁbﬁ BRI gﬁi%mbﬁé%?am yheneptimised
mpaptideisf prh€eiraBept E8RMLSatPdt 00§08t BBLNY: tB0-AE1 95 more
n Iengthh more preferably up to 40, up to 30, up to
pEs:—”maﬁ pbi98l Lyr 2gpepbakbeamaredtedssin | ength. Still
nore preferably, the peptide of the invention is 8-12
amino acids in length, nore preferably 6-10.
Theetevabtyonh&umthemuproniudeer a oba ¢ dent boakge eshdues
e&%rés?ésGa 13 WO 2004%052922 PCT/ GB2003/ 005323, The
inventron furthel' ProvFuRsCa Sty ben? ngt ndt RetEee and 2
bpepérﬁeﬁhagaabbatoﬁrbteﬁhngs&@hh@@@t(QBSR§§§fiMe is

Nogo-66), MAG and/or TN-R (preferably T GFL), the
dﬁﬁ%ﬁ%ﬂe& on the surface of ége bacterzophage vi%ion,

wherein the peptide is up to 60 amino acids in length and
comprises an amino acid sequence having at least four
residues identical with corresponding residues of 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).

Preferably the peptide of the invention 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
preferably, the peptide of the invention is 8-12 amino acids
in length, more preferably 6-10. Preferably the minimum

number of identical residues is 5 or 6.
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5 conprising: providing bacteriophages of the
i nvention, respectively expressing different
w@eptioshws and screening the bacteri ophages f opCT/682003/005323
ability to bind to Nogo (preferably Nogo-66), MG
and/or TN-R (preferably TNR- 10 EGFL). Bacteri ophages
whi ch are identified as being capable of binding to

Th%gre era oq'{ W%I@@l’ I\éA@ %%q/e%'hﬂ;@' Rethod for

or the pept i they di spl ay,
pel’pﬁ;}d.dﬁb& tdmna]djea seft é:sn@ttrfgortd e gabi (pirteyf etre blyo dlegohé 6 )

Mziéﬂ'é} T T ST B an SHSURONA el |

fgﬁﬂbw n an in vitro assay. Follow ng the
entification of a peptide (or phage that displays
peptp@éz)lctm basc’fc%frﬂalﬂ@gcﬁs mfoctkiqﬁgmzf@qm@mnwe&p@&rwvely

fgeq§§1 f 66), MAG and/or TN-R
e{% St dfﬁ%&f%ﬁi%{ on neurong{ cell adhesion in an
in \/slctﬁ’e!)ara]ss(ﬁythé I’Iqumﬁmcdﬁqag@qorfeﬁertéiﬁ yvfidriray dteedpind to
wi th one_ or npre_ phar |caII tab
NGy B0 SHULA OF ORI T st P GRAE N VBT 28 Fpferably THR-
gdiyention further prOV|des a nethod of searching for

factors that are likely to reduce the inhibitory
effect of TN-R, MAG and/ or Nogo, the nethod

s £SIRL SLNGL LIS 00011 09 0 SEAUENCE, I BRASEI Lo of

ypepti des el c 30 acids that encode
bnwymgm@dmmotmMeﬁmnbhﬁm@mW%ﬁnoww$mn®@mmﬂh£

havj é eS|due |dent

Qﬁﬁ#%@ﬁg%% ﬁ@gr% ?%h@s ? A%%?aC|J“?é§E§ﬁﬂay’ may
t15eh 864 egord&08m thec g’ik@élpawpltﬁﬂﬁtﬁ@goxtfck WHPR (ISEQ ry

ID NO 1 14 WD 2004/ 052922 PCT/ GB2003/ 005323
e PSSO géqg¢[)p£yf§5ably Nogo-66), MAG and/or TN-R
(preferably TNR-EGFL) on neuronal cell adhesion in an in
vitro assay. Following the identification of a peptide (or
phage that displays a peptide) that is capable of blocking
the inhibitory effects of Nogo (preferably Nogo-66), MAG
and/or TN-R (preferably TNR-EGFL) on neuronal cell adhesion
in an in vitro assay, the peptide is preferably formulated

with one or more pharmaceutically acceptable ingredients for

administration in wvivo.

The invention further provides a method of searching for
factors that are likely to reduce the inhibitory effect of
TN-R, 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 in an amino acid sequence selected
from the group consisting of:

YLTQPQS (SEQ ID NO. 1);

14
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TQLFPPQ (SEQ I D NO. 3); HSIPDNI (SEQ I D NO. 4);
HHVPHDK (SEQ ID NO 5); 5 YTTPPSP (SEQ ID NO 6); and

warmu2y SEQ | D NO. 7). The dat abase is pref ePebiGB2@3/005323

cDNA dat abase. It may be an EST database. Preferably
it 1s a database of sequences 10 expressed in
mamMmESLER SENSSERQed® &Pecihiirc dat abases may be used,

aIthq@ggp%%g§§%3%1%p&%ra%s{nnre fal se positive

resul t's. nt’i on ‘further provides a nmethod of
sear ¢iSI@PNIor(SEDS 1bacor g)tthat are likely to reduce
t he bg@ibitor§ ef fect. of  TN-R, MAG and/ or Nogo, the
net h 8895rﬁ @QgIQCN@enPh@ a CcDNA library with an

ol i genuelbget ideoprebaowhisgh Lgqcapable of hybridising
under stringent conditions wth a nucleic acid
sequehEdMPRat(SBRcEBed¥Oan7ami no aci d sequence having at
20 |l east 5 residues identical with corresponding
residues in an amno acid sequence selected fromthe

Tgeodptebasestisngrefera¥l YQRQSDUSEQ tBoNS: . 11 t; mSPLEESEn EST
d%gE%%ID NO% 2).; T%%FPPQ,(SEQ ID NO 3); 25 HSIPDN
BEEPFB- NOT LAY STERVPBHEK (3D FBEReRSS) °f YITPRRPeE SEQ

ekﬁké@%e@)inaﬁgmmghEENPBNéSEciéQEh@be@lfigongEF§Q§é1nay be

uIibrar}/L is preferably mammalian, nore prefera
REfan2lfheuphbicliy Mmgypgenrerabkymdeei fetisér pos Chisve
rkkgsde. Each of the two preceding nethods preferably
further includes a step, following the identification
of a candidate 15 WD 2004/ 052922 PCT/ GB2003/ 005323
TR YRSBLESS, 2L, RHELebE 8¢hd eneoding,the candidate o,
factors that are likely to reduce the inhibitory effect of
TN-R, MAG and/or Nogo, 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
least 5 residues identical with corresponding residues in an
amino acid sequence selected from the group consisting of:

YLTQPQOS (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).

The cDNA library is preferably mammalian, more preferably

human. The library is preferably derived from CNS tissue.

Each of the two preceding methods preferably further

includes a step, following the identification of a candidate

15
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pol ypepti de, of testing the polypeptide for the

ability to reduce the inhibitory effect of TNNR NMAG
waeaios29dgo. Preferred further steps are as PeUGBat08/M05323

above. 5 Second aspect In this aspect, the invention

provi des nucleic acid vector conprising nucleic acid

p@ﬁ@@@pﬁgd@neoarnmndelpohypdpEndedlm@ dbﬂabaﬁd$aheéted

CRIBER) Grmin SFROG0. Aoo( By LY REPEARFaZeF] Brar sPobpty to

reNageeaheoﬁnMQ@@tBr@ab$@ec@r@%emN RN NagoxAqand Nogo.
the third to fifth i mmunoglobulin-lik

PF§%85F§d %UII@eWA@$e§ﬁda€é)aﬁhénE@FaFBﬂeabgﬁaln of
TN-R The TN-R EG--L donein has been identified in
Xiao et al. (1996) as being capable of inhibiting

Sgegnidt espetgrowt h in 20 vitro of a neuronal cell line
and primary neurons. The vector will include contro

sequences necessary for the expression of said

Inuthescaapkdti nthanBktani 68l bsoviREST £LAPLY 1R8I vector
vector .is a comercially avail abl e vacci ne 25 vector,

CPRPSIRANENNESILEIRUBFéceREPEiRGsObeenr| NeBet edl ypeptide
aSHht 88! g-a0dREekebRelLc0 gglébhg gygLbapre vaccine

vectors include the pcDNA fam ors,
espediRal Fpe PcDRAM3nal, Engon»%d@méhhloerﬁgo -A;

I Di Cal ifornja .30 _Usual
the Koerere SePatuePPupat A B rlbPuothl o Ptk el eloo
paebénén¢odESgaPAleﬁsth@Q of ;the dommins, nore

referab | east three, nore preferably it 16 WD
20047622g§§ PEFF 6850051 b 3dmmupagbeledl st 1} bar rempets of

MRuel ghg acid may encode a plurality
(d) the EGF-like domain of TN-R.

The TN-R EGF-L domain has been identified in Xiao et al.
(1996) as being capable of inhibiting neurite outgrowth in

vitro of a neuronal cell line and primary neurons.

The vector will include control sequences necessary for the
expression of said nucleic acid in mammalian cells.
Preferably the vector is a commercially available vaccine
vector, into which said nucleic acid has been inserted.
Suitable and preferred commercially available vaccine
vectors include the pcDNA 3.1 family of vectors, especially
pcDNA 3.l+, and pVAX1l (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
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of copies of any one or nore of the donmains. \Were the
nucl ei c acid encodes nore than one domain, the 5
waleovaioseo2ar e preferably expressed as a fusi on PCT/GB2003/005323
pol ypeptide. Preferably the domains are separated
fromone another by flexible |linkers (preferably
erRldesAlad 1l ifker.s, TéwegnuAllaiic bbnmemsy tocbdei Ri patgality
correct folding of the donains. he pr ot ei ns
OGP &S oSG, O’ RTad@ 6 4%N5hﬁaﬁgpgﬁ pref er abl y
Nogo-C), the vector is preferably capable of
expressing substantially only the domains indicated.
WiogoN he 1 ldoimiatist arifedNGyBoRS $6RGr M Néﬁalas@'. &he

déﬁ%?ﬂ&) fo%ﬂ%ﬂ%%@%%ﬁ}%%?ﬁ%é§§ggﬁﬁ%.fN%Q%nA’ B ide.

the vector is preé erably
Pﬁdmmﬂﬁ tfe expreaas rgre Gidyerradpid @@ncmemamqtgler by
portlons of the r ot O the r elns No

fhoge s e hd Hﬁe%&%ﬁﬂé’nﬁ U Brét ety Neg & of e

1ihe vectias preferaly @xrass e Ie P IcE tﬂm&n C%(%lns
nor e preferably no nore than 15% no nore than 12% no
nore 20 than 10% no nore than 8% no nore than 6% no

fore than 5% e Yl % M dhamB%ay
rmtrkéet %0 orhﬂ? &Ir)r}(or eﬁ%aﬁ 1TA) the/ pr ot ei nga | yi nogI
pmttétﬁ@ly heo glonai nstlhe stedkombiov@réfeahly capable of

particul arl referr d for vegt or cont ai
SHoRes MY Honar Wt I?fljdﬁeﬁbef C?Cﬁréalpnrsotel ng&@ezqs The 9N
1 &Mk NorRe] é@q@@@qe@?@m Nogof Sxm Nogood Nogios G ddhaRn
and MAG are avail ab

e from GenBank, for exanple under

fowed iml &bl ﬁ@r%%cﬂe%%f%ﬁnmn%%%- 3PMGE %(% g‘(ﬁe

5 28
P %fgéﬁ%%%97§% h%%%ggf sty d 3 %8297)A9%S%o ssing

ot h&AB9S260p ¢ Gt 094HBA 0Ny narwibQQOﬂﬁdﬁzgzzxmelns Of the
pEE%ég%gOOgégOSSZﬁogo B, TN-R and/or MAG (and/or preferably
Nogo-C), the vector preferably expresses no more than 20%,
more preferably no more than 15%, no more than 12%, no more
than 10%, no more than 8%, no more than 6%, no more than 5%,
no more than 4%, no more than 3%, no more than 2% or no more
than 1% of the protein lying outside the domains listed
above. This is particularly preferred for vectors

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

The amino acid sequences of Nogo A, Nogo B, Nogo C, TN-R and
MAG are available 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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The domai ns preferably have the am no acid sequences

shown below, i.e. for domain (c), the 508 residue
wa@pdonoszaet d sequence of MAG (1-508); for donap@I/G#2003/005323

the 205 residue 5 am no acid sequence of TNR

(125-329); for domain (a), the 185 am no acid

sequence of NogoN (1-185); and for domain (b), the 66

o e pealiencs oL hRoose, CE233%y MG CH A hnon

b ACREDRPREL £ RPANMHEGAW SNSRYRKINYR PYYEKESRT@ino acid
VHESFQURSR LLGDLGLRNG  ILLLSTLSPE Lagone .
S IIEYNY THS MBSV T /PNIQAVISISEAI D A EVEVSORCS cesidue

VP P GEPTVLGRB FOEGEWQYS S (a)
aﬁﬁﬁﬁiﬁgﬁ5af%a§%ﬂ§§;§g& FPN#¥LQFE29$AS§5VK$g§QVIVéﬁﬁss&ée
164 Efsm:smwme LOTRARRRGEWL IREAFAESIEYIS BIEE\RrmEED
RTVEL SVMYAPVKP VEG ERVSI LCST
USRI T ARG LA TGRS ARG TATAENGY G
RATAFNLSVE FAPI | LLESH CAAARDTVQC LOWKSNPEP SVAFELPSRN

M29 MDAMETEREF VYSERSGLLL TSI LTLRGQA QAPPRVI CTS
-—RNt¥%TQSEE LPFQGAHR (SEQ I D NO 8) TNR (125-329) 25

LA o d ENLEREMES éﬁ%(;i%lz@i@@sﬁf%TmEL

‘P

%&%% e STy E
o ARG A S A
ARG SUFRD RS\ OA! AP ISR AP 'Sl

SMPPPPFRPASK NSBENEPVANTY REAFARAAP P &q
RAIAEKL&@§ FA@Q@BBE%@Z@A@@@@TVQC LCVVKSNPEP SVAFELPSRN
VIVNETEREF VYSERSGLLL TSILTLRGQA QAPPRVICTS RNLYGTQSLE

LPFQGAHR (SEQ ID NO:8)

TNR (125-329)

CPCASS AQVLQELLSR IEMLEREVSV LRDQCNANCC QESAATGQLD
YIPHCSGHGN FSFESCGCIC NEGWFGKNCS EPYCPLGCSS RGVCVDGQCI
CDSEYSGDDC SELRCPTDCS SRGLCVDGEC VCEEPYTGED CRELRCPGDC
SGKGRCANGT CLCEEGYVGE DCGQRQCLNA CSGRGQCEEG LCVCEEGYQG
PDCSAVAPP (SEQ ID NO:9)

NogoN (1-1853)

MEDLDQSPLV SSSDSPPRPQ PAFKYQFVRE PEDEEEEEEE EEEDEDEDLE
ELEVLERKPA AGLSAAPVPT APAAGAPLMD FGNDFVPPAP RGPLPAAPPV
APERQPSWDP SPVSSTVPAP SPLSAAAVSP SKLPEDDEPP ARPPPPPPAS
VSPQAEPVWT PPAPAPAAPP STPAAPKRRG SSGSV (SEQ ID NO:10)

Nogo66 (823-888)

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

The vector preferably encodes a polypeptide having the amino

acld sequence MAG (1-508) ~Ala,-TNR(125-329) ~Alas—NogoN (1~

18
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40 RI YKGVI Q Al QKSDEGHP FRAYLESEVA | SEELVCKYS
NSALGHVNCT | KELRRLFLV DDLVDSLK (SEQ I D NGO 11) 45 The

wo e@ins29p2 ef erabl y encodes a pol ypepti de havi neCT/682003/005323
am no aci'd sequence MAG (1-508) -Ala,,-TNR (125-329)

- Al an- NogoN (I 18 WD 2004/ 052922 PCT/ GB2003/ 005323
181585)A1AlaNoNoG666£8288838) SESEQDI ISDOIN@ 12) wheher 814k an
repres ts an pol yal ani ne |i.nker ref erably 3.

r R e R R A R G ae iy ERE S i 5
sequences i.e. for domain (c), the 508 codon nucleic
acid sequence of MAG (126-1649); for domain (d), the

ThSAEdE HiR IR HARE % IR E454-9106%) -

efforai n ( cqdon l=gigC

sedlis R6GoK (1. o8 f)wg?uod in oo dﬂgllr‘?cau‘%?B( gj(a(%he e ocdarte

semdrete caﬁzlbﬂ\%eql%rdééﬁ Noi}zmaiolr@l(nm( 2664 :203vmGdon

6- 1649), 15
‘;]fg]acf NYonde gcfl%&}a%egg%% 81;%%3 4;5 g (‘:’(‘:’gcczthOJ_1 q}o%alqlgaga

188 gesid e glu st € taagt s el gRgaoe Nit@ﬁ\gt gt-c355)
ccat ccget g ccgtttcgac ttcccggatg agctcagacc

dgeetyt gyta ' Rt IOy Jt Itz TagtiE@sies of Nogo66
(E£CPAP/OLL . acccgecagt ggtcttcaag tcccgcacac aagtggtcca
20 cgagagcttc cagggccgta gccgectgtt gggagacctg
ggcctacgaa actgcaccct gcttctcagc acgctgagcec

ct gagct ggg agggaaatac tatttccgag gtgacctggg
MAG gl 2caaed Thagt acacct tctcggagca cagcgtcctg

gacat cat ca acacccccaa catcgtggtg cccccagaag

t 9ot gggag o Biacggeadt s Gaggs CAage tt Pradtghi e G Yopoaact g
g@@t@@@@ﬁﬁ%@@g@@&@ﬁ@%t&?@&}@%gﬁzmgﬁ%tctcagc

’Qtéc&i&gﬁétﬁg% HGAAHI I cccggatyg
@80 &&G@E

Gat et 9y @ﬁﬁ%é&gt@agtccctac
c&&{{ 2929,
g%%%i%cc§

S99LE &@&&&é& S%c FA%k gtggtcca
elmes
act

and/or for

G Shegt gecl s o S 3IEEH o
tatttccgag

gtgacctggg
gacatcatca

aacggaagta
gccctgaget
ctgggtcgge
acacttegtg
ctgccttcce
gtcaagtacc
tgagggctcce
cgctgctgac
gagagcctgt
ctatgcttge
agctgagcgt
gtggcggtag
ccecggacect
tcatctatga
gacgatgggg
caccgccttce
cgcactgtgce
tccaaccegg
tgtgaacgag
tgctcaccag
gtcatttgta
tttccaggga

cagcgtcctg
tggtggcagg
ccagagctge
gcccactgtt
tgtcactgcet
ggctgtcagg
cagtctggac
tggaggccat
aacccgccac
ggcagttgct
aggacggcat
cgcacggtgg
tgggacggtyg
cacagagcaa
ctggccacgg
gacgccegadg
gccagagagc
cttctggaat
tgtggtaaaa
gcaacgtgac
agcggectcece
ccecaccecege
tcgagctgece

cggctacaac
acaccccecaa
gaggtcagct
gagctggctyg
tgcgggagga
cctactagag
caacaccacc
cccecgagtgat
cacgtcagcc
ttggatgcgg
acctggatct
ctggcagaga
catgtatgceca
agggggagac
attctcacca
gagtcagctyg
agtactggtg
aacctgtctyg
agcggccaga
aaccctccgt
acagagaggg
catcctcacg
cctccaggaa
gcacaccga

19

cagtacacct
catcgtggtg
gcatggtgce
ggccacgadgyg
tgaaggcacc
aggccaacgdg
ttgcagttcg
tgtggagatg
tgctetgtgag
gatgggatgg
ggaggaggtg
atgcctatgg
ccttggaage
agtctccatc
tcttcaagga
cagctggaac
tgtagctgag
tggagtttgc
gacaccgtge
ggcctttgag
agtttgtgta
ctcecggggtce
cctctacggce

tctcggagcea
cccceccagaag
ggacaactgc
ggctagggga
tgggtgcagg
ccaccgtctyg
agggttacge
aattcctctg
ggctgacagc
tgttgaggga
accccagcag
ccaggacaac
ccacagtgaa
ctgtgttcca
gaagcagatc
tccectgeagt
aaccagtatg
tccecataatce
agtgcctgtg
ctgccttcce
ctcagagcgce
aggcccaagce
acccagagcc

(SEQ ID NO:13)



30 tggaggccat tgagggctcc cacgtcagcec tgcetctgtgg
ggct gacagc aacccgccac cgctgcetgac ttggatgegg
w@aioggsaeyg tgttgaggga ggcagttget gagagcct gt PCT/GB2003/005323
acct ggat ct ggaggaggtg accccagcag aggacggcat
ctatgcttgc ctggcagaga atgcctatgg ccaggacaac
Tngnaﬂﬁguqy}eagnﬂ@mqnqﬁs cdttdt at gta récrrggaagd fc eavagiyas
t gacg t g a a
S Agagein o coaacto T, FARTEIE e,
cdcfdri GQQQQ%EQWCC aitggec adggoieactatigater of routine

gagt cagct g cagct ggaac tccct gcagt ccga
tQRIGHITFTg Atsac g?\qygtrg:g:g{edgg aggglcg&qé% Le of interest,

LG RADAGAG0 10AGRIGHTL ARt Gl 119830t EHAG (CeERIRALC with
40 cttctggaat cgcactgtgc agcggccaga gacaccgtgc

a agtagdetaytdpn t gt ggt aaaa t ccaacccgg aaccct ccgt
ggcctttgag ctgeccttccc gcaacgtgac tgtgaacgag
cagagaggg agtttgtgta ctcagagcgec agcggectcce
Twaph (fgﬂq“g]l% vatcctcacg ct ccggggt ¢ aggcccaagc

cccaccccgc gt catttgta cctcca aa CCt ctac C accCca CcC
45 ¢ e FRfc tHPAC e %W% qg% %@99%37
9 AT POTUY D SPODE FRY GRS 233Ctﬁﬂ9§ (A caacy
CeoItiEdtes Wadoar s ardCkaimitad f9aahp C@t%@r c
ca@tmmtgqm%cmdcwtamtm&a@@%w Fgetcty
cxouprdd | L et regpia edyadttdct ofgrrmgstar e IerIoigy
gtiogticeng tocenpineey tdhistdoroy amcaginjait aedidyacage
gS£ERENEEy of gd it exesd |, ¢ Scddrugic idggtiddcdrs nd e tdetg
c Nogod dg &P 5t At SOy ERIMBESEFI G Lt StRrda L ogiogecdivRa
c&é‘éégé@@a‘%)ctl@cé@w&@tc%w@%é Cc EHEFROgS Ot €4 GEaguagC
gccega?é @’@Q@t&: HER9A9 Ah AU HCIH cgttggtyga
ték Rgaggacaat

gi E&%ﬁ?t t
§§§§ %? %g g)gctgca C Sectgactge
ca%cg ag C (f‘gg gaattg ¢ ggagccctac tgcccgcet gg

a start
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atggaagacc
ccggccgcecag
aggaggaaga
gagctggagg
agtgcccacc
acttcgtgcc
gcccecggagce
gceccgegececa
ctgaggacga
gtgagcccece
cgcgcceceece
cagtg (SEQ

Nogo66

ag ccggggggtg t gt gt ggat g gccagt gcat
gaat acagcg gggatgactg ttccgaactc
ggtgcccaa cagact gca

tggaccagdgtc
ccecgegttea
agaggaggag
tgctggagag
gceccecetgecg
gcecggegecce
ggcagccgtc
tcceegetgt
cgagcctecg
aggcagagcec
tccaccccgg
ID NO:15)

(2467-2664)

agga
aggccaccca
agttggttca
ataaaggaac

gaag

tatacaaggg
ttcagggcat
gaagtacagt
tcaggcgcecet

(SEQ ID NO:16)

tcectetggte
agtaccagtt
gaagaggagg
gaagcccgece
ccggcgcgec
cggggacccce
ttgggaccecg
ctgctgcege
gcceggecte
cgtgtggacc
ccgcgceccaa

tgtgatccaa
atctggaatc
aattctgcectc
cttecttagtt

20

tcgtcctegg
cgtgagggag
acgaggacga
gccgggetgt
cctgatggac
tgceggecge
agcccggtgt
agtctcgeccc
ccectectec
ccgcecagcece

gcgecaggggce

gctatccaga
tgaagttgct
ttggtcatgt
gatgatttag

acagcccacce
cccgaggacy
agacctggag
ccgcggceccce
ttcggaaatg
tcceeccegte
cgtcgaccgt
tccaagctcc
ccecggcecagce
cggctcecgce
tccteggget

aatcagatga
atatctgagg
gaactgcacyg
ttgattctct
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ctcccggggg ctctgecgtgg acggggagtg tgtctgtgaa gagccctaca

ct ggcgagga ctgcagggaa ctgaggtgcc ctggggactg ttcggggaag
wWQoWagsogt g ccaacggtac ctgtttatgc gaggagggct arQr/Gyi0gaos323

20 ggact gcggc cagcggcagt gtctgaatgc ctgcagtggg

cgaggacaat gtgaggaggg gctctgcgtc tgtgaagagg
Itgdisac bayggy eagctigactays  theagdagorgnééecesa VRSE@SEDOT

NO 14) N (1-555) , 25 at - -
Ve e AT Ata Aripa e L 1009358580%e rise to
e fORCAGHI Ga RAtReLagidc eHddagayag acpodygegatdde domain
aggaggaaga agaggaggag gaagaggagg acgaggacga a t
wigRGeT GRRIE IO ToAad FaadoetGorgtodantt gt feogengcte Y
o0 AILGCCCACE. GGEGH! 30T CCURUCREC B edakBUAG, the

tcggaaatg acttcgtgcc gccggegecc cggggaccce

£ tagegdc qoe feordriae gtan s igddegy gdg @ tggeagdc gidc contiguous

tt acc cccgat gt cgt cgaccat g
T G e S o fe ettt arty at Least 17,
nAGAGCAR KIGAGHC! G0G 10 LI G 06 ¢ ot c i © e iy grdage
2l g't gagCCClV?C aggcagagacfg%%g\%ggg%g:%ﬁcgccg%}%c fragment is
t t-Ghns - .
m( e% S, JeFt L0908t s+ CGag hiRFQRJiR NORe Naaaab-ably

40 agga tatacaaggg tgtgatccaa gctatccaga
1 Gt cifat gl 0 agyel ave ces @ tardgyycati datct ggaatld'R and MAG, the

t ttgct atatctga a ) ca
LR RO T it e o bl g FAUET For e, the
14 €RAGYCOE Glo0d 164 Bgh 4b DAt THEA 1 13D 1 13Feld 1 A0 ox 5L Paagnino

(SEQ I D NO 16) 20 WD 2004/ 052922 PCT/ GB2003/ 005323 |t
a¢kds howeRert raweeryht W hat 145 e YerTat i SRS Ges °F

tNArd e 5¢. 0f 4 HRSen SPESEd | Se dmidS Widdvah s @ye disarill
to ‘effective vaccines. Accordingly, a polypeptide

refomai nthe ability of the domain to raise an antibody

response in vivo. Thus, the fragment will be capable of

raising antibodies in vivo that cross-react with the

corresponding domain. Linear epitope mapping is a matter of

routine for the skilled person.

Similarly, a polypeptide domain within the meaning of the
invention may be a variant of any one amino acid seguence
(the reference amino acid sequence) given above. In this
context, a variant is a polypeptide having a sequence which
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%, 90%, 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. Again, the variant

will generally include one or more epitopes of the specific
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wi thin the neaning of the invention may be a fragnent
of any 5 one of the four am no acid sequences given
wabaves29the fragment preferably consisting of PE/GB2@3N05323
15 contiguous am no acids from said sequence, nore
preferably at |east 17, nore preferably at |east 20,
dRBIMBEhAE BEHUENGO J'émgq'{}’ena@b@é’.erF@Pd?\//lﬂlelll\lé@cml@n&he
TNR, th Lze of t.he fr t s Nrqels |y at. .
a ll;Ealstty E?% Zc%eno g c%lg‘s,gom%%g% %r éfer ;1&1%% d%og,re%%%%%l%& wivo.
THB) ahel 84 Ao wadilde kepabiR arfd rMAG1inchentidogtiles in
I's more preferably 200 am no acids. For, MAG, the
VighdR T <R Tt erdiy B0 COF66 SPRSEI A0 6198 450
amno acids. The fragment will include one or nore
epi topes of 15 the specific domai n whose sequence is
Thy eweaioven aimb iidvides & wommesdfilan P tifeng the
donai n raise a I r AR ' I VO T
V?%eoj? roa%%ehn% W T ﬁ:’a?ﬁ%‘“&l& rg—‘?) |ér%e\§nt| tgldimél% in
moht &/ pHhata enosiscd ¥actawdddt e  iogmeesiporidi npores ms a
Li near epitope mapping is tter_.of 20 routi.ne f.or
(EHE AT 0 PASOTE S IS0 S SEP e ot 1
£ A ddves SR aninon of el or Mentd e dmh be a variant
of any one am no acid sequence (the reference am no
aci d sequence) given above. In this 25 context, a
variant is a I t V) C | ch ;
T £ Her S 5 Y f‘gre%%feégﬁ%%@eaém%oeaam seqoﬁ%mﬁe%mbﬁentlon'
fahiede imcd ugdeshad pof ttoertoferdt. | st W amieroc auiysce of
that has at |east  65% amno acid identity to a
CRYriFepdndi FPpor 1 oh of ‘flﬁesatr%‘? St'ence sequence.
Preferably the level of identity is 30 at |east 70%
75% 80% 85% 90% 95% 98% or 99% Preferably the
Tihoripoenisomt al easpravides nehadisls 9h Hengiectohore the
.preferred. |l e r EV [ . e [
BEFal 4t ortenl MR thEE % g IRBE TR
tvastastit of | ECNgedenatéy ésmcdadsl bneSOr amd esepbkopes
of the specific 21 WD 2004/ 052922 PCT/ GB2003/ 005323

The invention also provides a method for treating CNS damage

in a patient, the method comprising administering a vector

of the invention to the patient as a therapeutic vaccine.

The vectors of the invention will typically be administered
by injection, although other vaccine delivery methods are
known in the art (such as oral or transdermal delivery 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 antibodies, 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 1s considered therefore that no special measures

are required to allow passage across the blood-brain barrier
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domai n whose sequence is given above, and will retain
the ability of the domain to raise an anti body

WO e@pos®e2 i n vivo. Thus, the variant will be PepaBR@®3/005323

of raising antibodies in vivo that cross-react with

t he correspondi ng domain. 5 The invention al so
opr evkdlesdacsompasitli dn cempohsénygot heccvestbonofithethe
Vingenti n, | fornulgted together with one or nore
BhaPreREuf '€arfyeREL8Bt abl e i ngredients for use as a
(therapeutic) vaccine. Preferably the conposition is

10 fornul ated for adm nistration by injection. The
TPﬁvéHVPBElPUr?Héﬁhﬁﬁopréﬁsd?heavE@ibPe@tlﬂﬁeconSiSting

; o[ Use. i Lre

e hent ey Batop BB qEhtolePLibE iR by fEpotea £rom
tber gkeuplBoiheésinugnbiton al so provi des the use of the
vector, of. th invention_ in the manufacture of _a

medi %he%?efgrtﬁﬁglnﬁheéPﬁ%ﬂW of ORNE" d3hmljeyC-A

espe¢hpl tieSektandesti 10Ke. 188p THe WBYEDEI 091 8bSPresent in
provides a nmethod for treating CNS damage in a
Npgpreantndt Negaefhod conprising administering a vector

of theyi nt | to t t a [

vacel ok, Ui oBa: 5P ot i et S e TP pf ety of
Mp@; admiini stered 25 by injection, although other

vacci i y.methqds are _known in the art (such
as oégf ggetﬁgﬁ§&g§ﬁa Oﬂ%F?v%Fy¥§ﬁ%' "needl| e-free"
i njection) and may be used in accordance wth the

invention. Injection will typically be intra-nuscular.
PORfFET R BREBASEr AENthar PPEYPRRE HAF | §rpravi defimpd above

£obstRel 8o30pLBLt RE BA25208 0 @ﬂéi@@@'{s& CNS darmage

(especially injury, e.g. external irnjury) wll
general ly all ow passage of antibodies across the

sBLOBBAE BDRIEL o8 A0 81 Lo,0l SOROEal Ly cne

consi der
pgegpépeﬂ§§005|t5@l@ﬁSéﬁﬁ@oﬂPr@@ﬁm&b@t@ﬁoﬂggéﬁﬁéﬁ with one
arrier
or more pharmaceutically acceptable ingredients for use as a
(therapeutic) vaccine. Preferably the composition is

formulated for administration by injection.

The invention further provides the polypeptide of the
invention, for use in a method of treatment. The treatment

may be of CNS damage, especially SCI or stroke.

The invention also provides the use of the polypeptide of
the invention in the manufacture of a medicament for the

treatment of CNS damage, especially SCI or stroke.

The invention also provides 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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WO 2004/ 052922 PCT/ GB2003/ 005323 of anti bodi es rai sed
in response to vaccination with the vector of the
w0 pwafosioen. The invention further provides a PCT/GB2003/005323
pol ypepti de consisting 5 essentially of one or nore
pol ypepti de domai ns selected from the group
consisting of: (a) the N-term nal (NogoN) domain of

NogQ A, ) the extr cel l.ul ar | 00p
(fﬁ dgo-~6) def@f&%fﬁ?%er P vBstor-
fifth |nnunoglobulln i ke repeats of MAG and (d) the
EG--1i ke domain of TNNR Preferred features of the
waolw@pﬂtﬁld@ die e wariavddlegbave Logpupopeieds and uses of
I ade d : t [ l.so
R ST S ey e oy pest 48 of
ddﬂ&idgwent4nn” RurquﬂanmumMeum¢mnmﬁkwbﬁ@tmmOdmm%

phar maceut i cal | cept.abl i ngr.. |ents f e _as
toge (S Te rcqRAR aﬁ :€§%EF %W rerrdBiSy e 3 Iﬁﬁéﬁﬁlo
ddn%lrfsoramlﬁ@@)d f_f@f @canwe%ttr@tdtora;fbscmmjd%@ftagm sEecially

i nvention further provides the pol ypeptide of the
SQh»@htS’depkefor e arrtlévqﬁétqﬁoavldf )iaeeét%ﬁtwtﬁ%d directly

t%gﬁ(gje{\%ﬁhe | n{B‘y?I on all SO pr oVl %Ehs ?J%gﬁ(l}scgéo%blfqgeorflrSt

asmwicytp,epﬁngjeflmj ditect nwerddioren nirttre tren @ ot U ofthe site
i cament for t treat. ment of
oA 157 STt b e 1 S D SR Tt g dirspead of

adi 0y Sesy 2ndred hegef o1 c taeat iy NS wamigee tardine to
patient, the nethod conprising admnistering a
I Kalepta HeA BE L RORY | FREMITh t S HEIh | BrRInRn e capable

%c%%e’gg‘g/%@%@én%e 23 0 2004/ D329 tibodies for this

purpose.

Detailed description

Peptides

The term “peptide” is intended to refer to a molecule
consisting of several amino acids, adjacent pairs of amino
acids being linked by peptide bonds. A peptide bond has the
structure -CO-NH-. Amino acids may be naturally occurring
or non-naturally occurring. Terminal amino acids may
include terminal modifications. Naturally occurring chiral
amino acids (i.e. amino acids other than non-chiral glycine)
are of the 1-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

L-isoform. The inclusion of p-amino acids in the peptides
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Adm ni stration is preferably as described for the
vector. The invention further provides anal ogous
woredohos®2and uses of 5 anti bodi es capabl e of PCT/GB2003/005323
specifically binding to any one domains (a)-(d), or
preferably m xtures of antibodies together capabl e of
ofbithe ngvtemd, i drhmesy erssdldt flouredfucidgneiles rgare( df ftoe
t ec%%eatnent of CNS danmmge, especially SC or stroke.
Pe‘l?ﬂéel tihodi%ey will be adninistered directly 10 to
the patient (preferably as for the peptides of the
first aspect, ng. by direct injection into the CNS,
p mage or into the cerebro-spina
fluid), instead of admi nistering a nucleic acid or
pol ypepti de vaccine to generate an anti body response.
P At deodyndy deprerdrse wapablvnolly ofr ppedili ©ybiohdimigadr e
regarded tq be antibpdies. for this_.purpose. t.ail
Sy&éngersilﬁi O?FheZqupetplt e ITH etérr%enécel&rf&g.n ibs%e Ay
pidpandedhdsoFefef 4@ v IBlamda 1 LeRSI sidaiglofd Severial or,
am no acids, adjacent pairs of amno acids bejn

P§ e by peptt e oTRIS SRk IsthtS e NP e RS reneral
aSd LMt &, 5 QO N ; 1A N0 1 AGi A8 JBY, De NAlr@de, for

occurring or non-naturally occurring. Termnal amno
examipolse mayn § ¢l udteewasrtmiared haidki FYaoatd ol iNatRIvald peptide
occurring chiral., amng, acids (i.e. amno i.ds ot
S}frh\gthe STofe c (fl aeFngt'rJy%r} ’ng%leracree éol}en%lhcea%b(,lnosm&%aag{rygh ﬁ’ogﬁord,
1Pepiddes(0fsd he imuventi@dunhoneveaid B0 Bmyan 2k wdertor
consi st of amno acids of the D-isoform Such D anin

PRt sC a9t beeR e D- $8bt bt 1S of SRIEHEA 1P ®%urtthg ©F
(g gm Poa&@'%ﬁ%lféd r@i’o%‘@exﬁ‘é’ Mg d Ys agGUEd1 NWBT Inc.,

L-1sof orm I nclusion of D-amno acids in the
Fpept i dest 24 WO ROQWR 052920 PATH \GBRO0HDUB32R e tThe
sclb %f?%%?%ﬁ?@%sfic?ﬁlé npk[xaesdeucnlmen cg:nji X Wear%; ct,glﬂ%ination

of solid-phase, liquid phase and solution chemistry, e.g. by

S

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, 1985) 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 virion,
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Synthesis of peptides 5 Peptides may be generated
whol Iy or partly by chem cal synthesis. The peptides
w@bootls29envent i on can be readily prepared accPeGBOBO05323
wel | -establ i shed, standard liquid or, preferably,
sol i d- phase peptide synthesis nethods, general 10
whdescmhatDNRSe@towhhghtaeefbsmadlyeaﬂdbbabﬁéh@seéhefUirion.
xampl.e, .in J.M Stemar and i ? Young 5 ol i d Phase
Ph@@ﬁtﬁ&éplgthﬁ€§F§s EnB gaice lﬁ#é?@e BiifBap vast

lng Yor ReciiRr de hﬁb'@%Q&eﬁ%@§4hndlDNN‘eB@@@ﬂﬁékﬁach
Bodanzsky, ?h Practice of Peptide nt hesi s,

sespuem'@er EVER R m@wnﬂome%lé}gan}waﬁé Rgplide ligands
fo&%%%tr%)y“%%t gt M%lg%mes | 96 in FORLE! sglg%ctlon

[ forniay, prepa sol ution
pﬁdm@sbl@mudeph@ﬁ&wﬁﬁ@mqﬁcomtb¢taay casbionatirep eaf al 1998).
sol i d-phase, liquid phase and solution chem stry, e.g.
by first conpleting the respective peptide portion

1raRG dhennd it 2@ desidned aadtapprapr babeeiaf temaierdV@k ther
of any protecting groups being present,

y
prigkerisd gt rofor Wéqt@@md@@nxpwterl@aéﬂt@ﬁa@ft 1oRé)
v ni |d t -V
tyrQ%%%ﬁ ?ﬂ%ﬁergﬂ%% %g %ﬁl % %éy Pong E?g%lgy%lgmlno

eriva
acadsg@ér@ty andkeyr omlsi.ng Pma«gtemdqw@llaw 1hibgewliesulddsplaying

eer | ch .,can survey tens
EGH T PO G ERat R o "N SaRE Body CoossTuLLY
udeRCEpt &f nudber i hgypihidadiiRg spr aheild iRkage idicpel @upping,
was firstly descrlbeg in 1985 (Smth et al, 1985) and
MARP 1 % & XS I8 PRAEHA @%ﬁaﬁt\ﬁm éﬁe@tﬁéﬁﬂa&é% of peptide

ml eq:t gl dls I%IZESJSZGLC&@%. anfdés!a%@ Sllg% %%atnonreq_t %'a%01ne

acterlop resu ting in I splTay of the fused
01@« rdmory g hies cirtf ade adf, tUPO Ovi IGwdir, la2%tWe1l, 1990; Devlin

5o R o B g s 2 28, PUB N0 9T e

al, 1995; Arap et al, 1998; Nilsson et al, 2000).

Recent work has shown that a series of peptides isolated
using a broad range of enzymes as targets contained similar
amino acid sequences for each target and 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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Phage di splay creates a physical |inkage between a
vast library of random peptide sequences and DNA
wenmansage each sequence, allow ng rapid i dentPET/GBR106/05323
of peptide ligands 5 for a variety of target
nol ecul es by an in vitro sel ection process called
mipRidyg ofSeold pehbtdldesl3%0thAr apvehtabnl®8g) be designed
Interactions that involve particular protein domains
£ Qe R GG HEad prS6t-ei n or  pr ot ei n/ non- prot ei n
interactions) 10 typically only need 8-12 am no aci ds,
anmong which 5-8 amno acids play a key role. Phage _
Thii sislsdywrliing arfi esmgitspisajiong kpephi B&8rERCELLOcCaminoactive
aci d resi dues have b suceges 1 [ nunber
Coé‘}poéjﬁlpﬂe i"Cat’ 2( S r?&%%g}laﬁgl gt%i Ect fg%e d)ré}gsgi%ﬁgl,e ln[Errgg)fpi ng
pHAOtRIdIrfirailel maoert act , "ildent"i doaabuond .of Thept mndehtsbe
m nmetics of non-peptide |igands and design of novel
dSPATEANE I SIS YESEFP OB dal S £9d0; Bk I°F et
e:@ensk9R0;: DMl ihe BilsAlo 1 9QR reelikCii setunahis thPIE; Mt
et al, 1994; Hong et al, 1995; Arap et al, 1998,
pahi i isg o retmediho @ 000 )2 drper iRdaerit oRor I -IWas PSRGW Sshat ea
Lms’seur { teasb loef aD %Ditvl'ed &2 e'nscosl aﬁtoend 2B R ogri%ﬁ%nrsa%%e t‘?lfey tend
enzZymes as argetg cont ai ned similar - am no aci d
t & agplenciesk foraeachiddangetp rane ds@snd rord eor ltiwen tsirtyescanal .
per target by co tition apalysis. O 17 pepti.des
M, SO T S WEIRP 0 6 GRAI% SonRRer Sofioed £
aRINZY By 2R UNCE d .tk n iRRpti e SlifdRgatlsr MgaiS es for a
identified using phage display are preferentially
targfettPRer @Y1 i mted nunber of sites that inhibit
enzynme function (Hyde-DeRuyscher et al 2000). 30
M netics Non-peptide "small nol ecul es” are often
Theef edredsdwergeptiaes domadml witekgrhanmmedeutdesalgruse. a
Accordipngly, 26 WO 20Q4/ 052922 PCT/ GB2003/.005323
n{RTRT CERN 3 HPBRHT O B o G 1S THY Fra e Y
roest ghed:-nd o5a PhaduBeey$d 6 diS&he compound that are

critical and/or important in determining the target property
are determined. In the case of a peptide, this can be done
by systematically varying the amino acid residues in the
peptide, e.g. by substituting each residue in turn. Alanine
scans of peptide are commonly used to refine such peptide
motifs. These parts or residues constituting the active

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

Once the pharmacophore 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 (which 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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The designing of mnetics to a known pharnmaceutically
active 5 conmpound is a known approach to the

waelewelosgorent of pharmaceuti cal s based on a "I RPeMGB2003/005323

conmpound. This m ght be desirable where the active
compound is difficult or expensive to synthesise or
where it is unsuitable for a particular nmethod of
dmpistration, e.g. _peptides are 10 unsujtable active
T ent 8 BMtoPal CBANBEPE PRS- abat HEY X FendtmeS benal
squiickhyedegr aded] byaprOLRASEEsi Bihhend! hbarnLary Fé‘”a' :
M netic design, synthesis and testing is genera? y
madedled- albia Fahdbal gssecbehingusaigt wuebertbé ligand
lyecu e er 15 There are, severa
e e At Po AR ek PR 8RR £ L o Rl 88 em
adlewvhpouhdehavilay bogtuka sacgent poOPERiy.in Fihsti¥sign of
tEQe Ear%kcular parts of the conmpound that are
cri tircar+&nd/ or i mportant in determ ning the target
property 20 are determined. In the case of a peptide,
this can be done. by systematically varying the am no
AQbPEPT RSP dieserle his %J@mi@l@;e@t@d By s ubst ¢l uthergical
€36hs r 88k { s Lu ' ns. of peptide are
gcong%n§§iggg%i@%&r% ?néﬁggéﬂg%%%§$%eca?m§%f%fa gdp The
tpaptstormebstdlesandnshét chémicd hegasipyeg2brt€gi On ©F 1t
e re kno as i.ts "pharnmacophore"., Once
c%ﬁecéﬁggﬁggg% r eh%%T%%gﬂdf%%n 3% (%Rt bt e 13 easy to
s yotliets esle ACCOr T gL § Ot b t15e DAY Si kAo EPREI L1 $Sa c 8ot abie,
séereochen1stry, bondi ng, size and/or chargdge, using
A CD FPome0ratRel Bt Viver el leg epEiotios copt doiological
ateLhit PUSS, t s I | hon and NWR
Con‘ppt%ti on%}?% a%??/gtlb%ﬁﬁ&gﬁﬁ larTty mppYerhgy’( Wi ehe the
nHRlel ¢ Iheoeharde awkdr fottiner oftalal jphay ecoph®reshicved

et e e, el
m MG 200 44 10 52922 REET/ LRZOD B POE3Z3 approach can then be
screened to see whether they have the target property, or to
what extent they exhibit it. Further optimisation or
modification can then be carried out to arrive at one or

more final mimetics for in vivo or clinical testing.

Sequence identity

Percent (%) amino acid sequence identity with respect to a
reference sequence is defined as the percentage of amino
acid residues in a candidate sequence that are identical
with 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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In a variant of this approach, the three-di nensiona

structure of the ligand and its binding partner are
wore@elsme2 This can be especially useful wher eP€TI6B2003/005323

ligand 5 and/or binding partner change conformati on on

bi nding, allow ng the nodel to take account of this
Enzyndieqges2@s :dfc 0-1l8® nileewi)¢.. AUtBhpBaté mokecskseirsl

t hen sel ected onto which chemical 10, grou i ch
St PEHE Mt Tac JEer & Lo TLEE Grar o5 EIneRe) QRprALs
va TR UlTe AR L@ ehemaan@teuRs ageakbe@dwaRht @hiet fotaBwing
conveniently be selected so that the mnetic i s easy
valyie ssy pvieadioge spiad 5 Kel PVeg 5@ pEaFHaE8 6gifcaliby word
t.apl .and does g¢nat. . r [ [ i€ 1
1j$%%§?ﬁ?ﬁd%?he gﬁdlogﬁ6%?&Tgﬁg€?g?if%qgfmgﬁewpggglty value
iscarpeumd.nedl ter ndtd velnpe nwodr enattlvdingi deleing lice lpeptsiidaes

based, further i can, be achiev cyclisin
s SR Bon G e G §Y e Theml petpR of
rdBiRId LS aupd R drhing: ARRIPRER C Ay ablae A ke o e Red WU -

to see whether they have the target property, or to 20
BIgkat-Zextreift Wity ehefidBiae iteIRmncehér Sptimisat it or

: td can it ri t: Q AR t one
A T T P AR SR L b Y &5

testing. Sequence identity 25 Percent (% am no acid

sequence identity with respect to a reference
§Eﬁ%i&§é§}3%§i§§¥%§% as the percentage of amino acid
residues in a candi date sequence that are identica
with the amno acid residues in the reference
8% CRTIEFAS A3 Hng I Sefierted i that: (1)
erﬁr%itcffdl% NGRS £ A dng IPCRRP A Mgh tQrfdYiBYEd M r washing,
Ximum percent sequence i1dentity, and not . '
foorsiaeriadg dHyd dbrsetivat okl suisst4G.R016n epPam cigfrate/
the sequence jdentity. % identity values b .
0 (it croH HED By S B by | e afrb by AbEnEn

h@¥ridization a denaturing agent, such as formamide, for

example 50% (v/v) formamide with 0.1% bovine serum
albumin/0.1% Ficoll/0.1% polyvinylpyrrolidone/50mM sodium
phosphate buffer at pH 6.5 with 760 mM sodium chloride, 75
mM sodium citrate at 42°C; or (3) employ 50% formamide, 5 x
§SC (0.75 M NaCl, 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 x SSC (sodium chloride/sodium citrate) and 50%
formamide at 55°C, followed by a high-stringency wash
coﬂsisting of 0.1 x SSC contalning 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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WD 2004/ 052922 PCT/ GB2003/ 005323 Enzynol ogy,

266: 460-480 (1996)). WJ BLAST-2 uses several search
w@amans2er s, nost of which are set to the def apdT/GB2003/005323

val ues. The adjustabl e paraneters are set with the

follow ng values: overlap span = overlap fraction
prefRrepdy Aor @X@Gtmm%lﬁ@lld apfpad ﬂchAa% anfREcaEi de 9. a

en i den et y abhe e

o GG T IS dal el G5e Ta0}dg ernrhed by T e
ar\iBaBlL ASEN2 a sdiav icded khlyortshae tshieal , npn‘geprofgoarte3| tHoes

of the reference sequence s introduced by WJ
PIGERSPOS Virnt-G et ﬁélt}j@% @{‘g\? uence to maxim ze the 10

al i gnnment score being |gnored) mul tiplied by 100

Stringent conditions Stringent conditions may
Geirgeratlilfi. e d-hisy smms@ectt itk %f)ve f@seﬁﬁmé‘@el'owslu@ﬁllé/ CNS

AP ok M, SRR Ui Py, Fofver, che

dapidgeatied td).tH¥ sqdinsh dmiet;yle @ul fSEtIe atIHS@@;pe(IZ)nental

T S SRR PSR o
al%ol%eba%\ﬂ_"d"'%ﬁﬁrf M A% & ug N/Q sE¥dRirGold /0. i lepsy,

pol yvi nyl pyrrol i done/ 50mM sodi um phosphat e buffer at
spH¥e /5 oM teh TRGT: OV GRodH AR 16T S1ongid,tiTs, piRag@dingmmemory -

I tra C 0%, f C
=R Nt G SR A B s
didwsphaie E(amiaﬁnsajn 0.d%esadi .um pyr ophosphate, 5 x 25

Denhardt's sol ution, sonicated sal non sperm DNA (50

g/m), 0.1% SDS, and 10% dextran sulfate at 42C, with
THRSHES: t@lentd2 G Ntk & i IRG drs adi UM i ard 1de/ sadiiBended

citrate) and 50% formam de at 55C, fol | owed by a
o ghsssti memw giheraphesssEuch as surgery

T, 5C. 30 The subject The subject to

ar\?\ﬁprﬁ%%g%lor%p% |rgns and/or treatnents of the

invention will be adm nistered will be a mamal,

Formulations

It is preferable to present the peptides, mimetics, and
vectors of the invention as pharmaceutical 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 invention together with one or more
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29 WD 2004/ 052922 PCT/ GB2003/ 005323 preferably an
experinmental animal such as a rodent (e.g. a rabbit,

WO a00405292DUuse) , dog, cat, nonkey or ape, or a PEI/5B2003/005323
ani mal such as a cow, horse, sheep, pig or goat. Mire
preferably, the subject is human. 5 CGenerally, the

prsutyjaectu tiidall lva e (@S addmagegresidanity @RS1 kppoyny to those

e.d. .he injury. More pref.erabl ; r, .
A
ctexperinmental aninmals, the danage may be experinental.

The CNS danmage may 10 also result from a disease or
di sorder, e.g. epilepsy, stroke, or a

1%&?%%99§9ﬁ§ﬁ¥§3366§f¥H5¥fQ‘Ebcéﬁ%ywﬂemga@e%%ﬁyrlﬁéﬂe%%ed
conditi on and/or denmentia such as Al zheiner's disease
peort aRarKitrs arorp adirsbas 6.n 9% dilee tsy e aErkentis 1of, (sapositions,

i nvention will_ generally he int, d..for [
d‘?ﬁﬁﬁ%rﬁc‘ﬁ”&ﬁ'f vﬁtt% ’ot%cr%/haeﬁedpiwelg?ﬂgluc s sf?%ge({ky sound
meii0r fehakidd t atiionsblkoried aideoriss 2Mitatcti svith the

preferable to present the peptides, mnetics, and
EARRURT  Tofthehes At i gh B PHaheGedt-icduman) without

l.at i o8 9.5 - LOMRosit i Qn, ratd oth
e>]:rrét;él ca\/?réentg ccol r sjl'rnllg;l at St%&e'a?@t1 loe%eg%g“?tﬁée@gjosn?p'ouonrd, eher
paﬁomﬁimobcaml |‘ attioget heomwdnsn 25 ond oy avores tverle
a eutically ac t.abl e i.ngredi e I no 0

b%)%%é:giaé%ﬁ e%ai?%ot he %fkf ,Callrnrcjl(%di gaga,eﬂ{)\iatner,{\gtéxﬁ mv(%hegd ete.
mi®s Phes e tcaptabrecept alle wargd erfs, baidjgvantsatible

exci pients, buffers, preservatives and stabilisers.
wirkle therefu e i BRI FRYLIRET et G SR A e act i ve

agents. 30 Thus, the present invention further

provi des a nethod of naking a pharnmaceuti cal
Sebbapoks t¢aon: ber pr evi Dusdyt seférmihients, etc. can be found

in standard pharmaceutical texts, for example Remington’s
Pharmaceutical Sciences, 20th Edition, 2000, pub.
Lippincott, Williams & Wilkins; and Handbook of

Pharmaceutical Excipients, 2nd edition, 1994.

Formulations may suitably be injectable formulations, e.g.
in the form of aqueous, isotonic, pyrogen-free, sterile
solutions, in which the active compound is dissolved. Such
ligquids 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 carriers for use in such
formulations include Sodium Chloride Injection, Ringer's
Solution, or Lactated Ringer's Injection. Typically, 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 nethod conprising adm xi ng at | east one peptide or
vector of the invention together with one or nore 30
wOD020892052922 PCT/ GB2003/ 005323 phar maceut i B@l/G$2003/005323
acceptabl e ingredients well known to those skilled in
the art, e.g., carriers, adjuvants, excipients, etc..
1 rikhelt eromalyher ringeuinilcal ITyleaCE@e“pmléI@rte"bnas magyede

herein , pertains to 0 S, edl nts terials,
orbarmiect Ronah rsichse T A el IR S M ininisy for
eﬁéﬁ@l%commpzfulw%d rEdi 163 aJnlddgﬁ@nﬂo,e %litlotr@bﬂ érf Qr fuseze-
in contact wwth the tissues of the subject in

dgiress t ( LorP R gk s © hurfid Wil o ute 16 TéREe S8 Ve texiagiddyrion of
tid rétlte%tllcg"lleﬁtll% QL J1RSPONSE, e%an@tlréerwat@ro@o%m or
co I'cation onmensurat'e With a reasonab
irbj@"n:efuddsr,l sikorweat i a0 e IBa g icar moemseadjﬁmmtpor@xmcmsent
nust .al so be ceptable" in the sense of b

SR 5 T R o G g8 GG o g arett £1dm
stfrimy dwibrsld Quidalle cald iteisetad) uvant s,

exci pients, etc. can be found in standard

pharmaceutical texts, for exanple Rem ngton's
adharymmeceyti sal Sciences, 20th Edition, 2000, pub
-—ggbﬁfntorfL—VVIllans &.VVIklns and Handbook of 20

Phar maceuti cal Excipients, 2nd edition, 1994,

or mul.at i ons ui t abl e | able f Qr.nul at.i.ons,

dg“”gn Stl]ha e % o‘;f/ n@?ﬁ Rt %lodgess o|qc'Jso oni ¢, Vepnqcrloogr{eﬁ%J ?lee
g&ierdley kﬁ@bﬁtl:ﬂﬂﬁect:[brv\hlpcﬂ%ﬂd’}ﬁakﬂql iddereciipountd She CNS.
di ssol ved. Such 25 liquids may additional contain ,
Ira)wretrl%ha?%c%tqhew&w&fépt% S itfyrddi g e st - 1nto

£18S Std -OXi fa So . bULfeL Sy o+ PFLSEI Vialj@Sion may be into
stabilisers, bacteriostats, suspending agents,
tm¢nqﬁmﬂbxmrsggnm$ £t s ot yitiesa M gteatenides e of injury.
formul ation isotonic with the blood or cerebrospina
fluid. 30 Exanples of suitable isotonic carriers for
EXS€rinersth work underlying the invention and embodiments

of the invention will now be described, by way of example
only, with reference to the accompanying Figure 1, which
shows the primers used to isolate the inhibitory domains
from the proteins MAG, TN-R and Nogo. Coding sequence (or
the complementary strand) is shown in bold. Start (Met) and
stop (***) codons are doubly underlined. Restriction sites

are underlined. SEQ ID NOS are as follows:

Primer SEQ ID NO
MAGL 17
MAG2 18
TNR1 19
TNRZ 20
NogoN1 21
NogoN2 22

Nogo66-1 23
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formul ati ons include Sodi um Chl oride Injection,
Ringer's Solution, or Lactated R nger's Injection.

wapisosdory, the concentration of the active ce@peBa@3/005323

inthe liquidis from about 1 ng/m to about 10

pg/ M, for exanple from about 31 WO 2004/ 052922
NPEPHEB20034005323 10 ng/m to about 1 p.g/m. The
formul ati ons may be presented in unit-dose or

nmul ti-dose seal ed containers, for exanple, anpoul es
Aabd ¥hals, saRdmABY che15t sednin-asf - oGk
élgoghilised) condi(ioﬁ (eqﬁ?fiﬁgS%%?§ﬁ?h%gggg?%?%n(%?Q 1D
Ng:¢he gbepined| byufdoeattperand oscexanpl @l watenefoton of

h0j j [ dj riof_to use. Extenporaneous
tP%jg%%FggggglE?thggghﬁtQUsp%%%?%%%th%9 be"pf epar ed
uhdem igeéri | Blpeadepdingrandbes, apadl 4lodl B¢S. 180ding
Sédm'nist ation ﬁdniglstration of the peptides of the

FRVERTT ohOWi FRCRgERBHEEFOr bed PR i hj 2t FoRre preted dby ythe
bdecretéy hahe bhetEDSdomhDhecttRn By, besdikest | y il ey

the site of danage, e.g. into 15 the site of danage.

ternatively, injection may be into the

cerebro-spinal fluid, typically near the site of

injury. Experinmental work underlying the invention

and enbodi nents of the invention will now be

i pbe y,of exanple 20 only, with reference

A?§é§ﬁePég%%%%%%€i%g Figure 1, which shows the priners

used to isolate the inhibitory domains fromthe
rofeins MAG TN R and_Nogo. Codi ng sequence (or the
1 %%’r%h%?ﬁh?v QF Npdy demairsurespens blethavingkinhibitory
podsersi®p (***) codons are doubly underli ned.

Restriction sites 25 are underlined. SEQ ID NCS are as

follows: Primer SEQ ID NO MAGL 17 MA& 18 30 TNR1

Réﬁhlsion assay

NG108 cells (mouse neuroblastoma - rat glioma hybrid cells,
commercially available from the American Tissue Type Culture
Collection, Manassas, VA, USA, under accession number ATCC
HB-12317) were plated on coated substrates using Nogol-25,
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 ZC et al,
1996) .

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

Neurite outgrowth assay
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TNR2 20 NogoNl 21 NogoN2 22 Nogo66-1 23 32 WD

2004/ 052922 PCT/ GB2003/ 005323 Nogo66-2 24 Al so shown
wa@edvensoeral |y is the resultant construct (SEQ@ECDGB2003/005323

NO 25) obtai ned by digestion and sequential connection

of 5 the resultant PCR products. Restriction sites are
NGiAdeckilhedwetkapdatedi ny codbad arkstapebbedsitpdNagol-25,

f h i_nhi hi d in_i db
Mo e Sy akBraq Hane a0t CohaTNERaPR, STnabr OB coabnt e
cohabkell ed 10 Aspect 1, Exanple 1 ldentification of

Nogo domai ns responsi ble having inhibitory 15
properties Repul sion assay NGLO8 cells (nobuse

bl bg%% r i ri ek 8414
Ne@%%%%rgﬁglly g&afﬁgg%éo??gﬁ?¥%ew%ﬁ%rFé§%b+gggue Type
siQulitfucentCyl Ifech dlogoahissisgoVASOLSAnduRd@r Nogo—-66, but
ccessi.on nunber, ATCC HE-12317) were plated on coated

1o u@?@?&(&é G8i%h§Nogol - 25,  Nogol - 50, Nogol - 66 and

GST- Nogo-66 as well as GST as control. Generation and

purification of the reconbi nant 25 domai ns of Nogo,

ei ther alone or as fusion proteins with GST, were

ARefonMeG A% AAlew ously described (Xiao ZC et al
996) . '‘NG108 celI's were repelled significantly from
Nogol -50, 30 Nogol - 66, and GST- Nogo- 66, but not

Nogol.- 25 d GST. .Neuyrite,qutdrow S
SO 965 RSO0 Sopiiat WladiBeuink? growen
inhibitory molecules TN-R, MAG, and Nogo through phage
display technology

Purification of TN-R, MAG and Nogo from adult mouse brains
was performed by immumoaffinity chromatography as previously
described (Pesheva, P et al, 1989). Generation and
purification of the recombinant domains of TN-R, MAG, Nogo
as fusion proteins with GST were performed as previously
described (Xiao ZC et al, 1996). All these proteins were
used as phage binding targets for rapid screening, using the
Ph.D-7TM phage display peptide library kit (New England

Biolabs, Ltd) according to the manufacturer’s instructions.

Briefly, 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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NGLO8 cells were plated on coated substrates using
Nogol - 25, Nogol - 50, Nogol - 66, and GST- Nogo-66 as wel |
W@sg00882925 control. 5 Neurite outgrowh of NAOBGB210B©05323
were inhibited significantly from Nogol -50, Nogol -66,
and GST Nogo- 66, but not Nogol -25 and GST. 10 Aspect
entpdExanplegu2nSeseerdi ngeotprovél cshbegepeprideswagai nst
neurgnal, growth inhibitory nolecul TN-R and
AeRE 5 PR otgh SHHHBE ot SEAT P aBHnol 005 T8CRGRCFPcal! on
pedf 1 HdsRwhViME @nogeecligmcadalt tapuse beagBsedWpsoteins
performed by i mmunoaffinity chromatography as
wegrewdadned .descri bed (Pesheva, P et al, 1989).
Generation and purification of the reconbi nant

domains of TN-R, MAG Nogo 20 as fusion proteins with
Th@ST narresy quexr fsergquethcas ofr eévicopblege destr ppedefXi,adnZe which

t al, 1996), Al these proteins.were u %% as pha%e hage
a rﬁftﬁlhé’etpztﬂgi’&'senrc& Wit BEFEEN g M GSiTg Tt hé SacT Phades
1 PhOFEINMRBage display peptide library kit (New

Engl and Biol abs, Ltd) according to the manufacturer's

instructions. 25 Briefly, a library of phages,

o1 SRIA@HENY diof fcedgempﬁ%?‘d den %%%U%%e%mwmew@sg@ (SEQ

to a plate coate protein. Unboun

Iphage dyas. Washeabravdl DUE 66 iGAAC AATy GTHoGad pisdgd GT (SEQ
Idxﬁ?' ted by lowering pH The eluted pool of 30 phage
anplified, and the process was repeated 3-4 tines.
After 3-4 rounds of affinity selection, several
specific phage clones were isolated from 7-nmer random

- pERTRE Praddle di S &fed 1SWrdeStandts demS PP By
eﬁ%d&%%g'@EadgﬁﬁéﬁezﬁﬁqMﬁi%QQ&!Qé?%%éé%ﬂ%ﬁﬁ@oQSEQQQB%ﬁte

encodi ng sequences of the specific phage clones were
is doubly underlined.

Exemplary 7-mer peptide-encoding sequences are shown below.
“n” refers to the number of isolated phages displaying a
peptide having the sequence shown (though there was of
course some variability in the encoding 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 ID NOS of the nucleic acid

sequences are 28-35.

Target Exemplary nucleic acid Peptide SIN
Nogo—-66 TAT CTG ACG CAG CCT CAG TCG YLTQPQS (n=43)
Nogo—-66 GGT TCT CTG CCT CAT TCG CTG GSLPHSL (n=8)
TNR-EGFL ACG CAG CTG TTT CCT CCT TAG TOQLFPPQ (n=18)
TNR-EGFL CAT TCT ATT CCT GAT AAT ATT HSIPDNI (n=3)
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~EGFI, TAT ACG ACG CCT CCG AGT CCT YTTPPSP (n=1)

o DN W
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determ ned by aut omat ed sequenci ng. The sequences of
pepti des which bound specifically to the targeted
wEe@iesas2 were obtained. 5 The franework sequR@IV6BRG03/005323
t he phage coat protein, into which a 7-mer
pepti de-encodi ng sequence is inserted in each phage,
MAGS as foIﬂAﬁV&TGl&CETAAETCC@CAAATTCGCT TIAQEDS GRALECT1

TTC TAT TCT CAC TCT I D NO 26 :
MRROG G GAR AGT GFF GAA RGP FOT CoEo PBERIFSTInoD) 7
MAepr esented hacsicre afrTi ager tcencak t heglreed QﬁQW'de3
15 encodi ng sequence. A Kpnl site is underlined, a

Eagl site is doubly underlined. Exenplary 7-mer
pepti de- encodi ng sequences are shown below. "n"
refers to the nunber of isolated phages displaying a
20 peptide having the sequence shown (though there was
of course sone variability in the encoding 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 ID
NCS of the nucleic acid 25 sequences are 28-35. Target
Exenpl ary nucl eic acid Peptide SIN Nogo-66 TAT CIG
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
CAG CTG TTT CCT CCT TAG TQLFPPQ (n=18) 3 TNR-EGFL CAT
TCT ATT CCT GAT AAT ATT HSIPDNI (n=3) 4 TNR-EG-L 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-EG-L TAT
ACG ACG .CCT CCG AGT CCT YTTPPSP (n=1) 6 35 WD

2004/ 052922 PCT/ GB2003/ 005323 MAG TAT CTG ACG CAG CCT
CAG TCG YLTQPQS (n=19) 1
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MAG CAG CTT CCG CTT ATG CCT CGT QLPLMPR (n=5) 7 NMNAG
ACG CAG CTG TTT CCT CCT CAG TQLFPPQ (n=7) 3 5 36 WD
WQOm40892022 PCT/ GB2003/ 005323 Aspect 1, ExanptBGB2008/005323

vitro assay for phages displaying peptides that reduce
the inhibitory effect of Nogo, MA.G and TN-R on
Agiesntora| Exaaflesidon Ti ssue culture petri di shes
(Becton Dickinson) with a dianmeter of 3.5 cmwere
coated with nethanol -sol ubilized nitrocellul ose

TRAGEO N4, LAGe PHHgN HilPIRA gl PR iarG khat reduce

air-dried under a sterile hood. Then the petri dishes
theerimhibiciiry effgath FBYeamt ARG fpdb TJFHR on neuronal

oly-DL-ornithine for 2 hours at 37C. Subsequently,
aéﬁﬁfﬁégthes were washed three tines wth PBS and dried
under a sterile hood. 15 Protein spots (1.5 pl of 5 pM

GST, 5 M GST-Nogo66, 100M Nogo66, 10%¢M Nogoln qlor

Thyh M Nogoic 253 wier ST edPgdFon fgckinson) with a

afiddaceld gl pse- gpated swiacesafh thae metdii-dishes and
i ncubated for 2 hours at 37Cin a humdified

nit nesphetkose Subserlian |50 hagemspot ik deWigghed Yhtleand
times. Wwth .. 20 The dishe t degd w

R e e

1 B4 S @) tRNeB $ nestbad Bk n@veny gt dol yelmcko ieisirdual for
non-specific protein binding sites. 25 Then, the

2 dises aler 27 Was IFed sRiIeTRBS  a v eNCLGB Sge e ewwpghed three

cBheledi L Zeu o 0f Pl beceoys, rpdifled Fagleys medi um

cont al ni ng ovine serum at” ‘a density of 2.5
x 105 cells/m and incubated at 37C in a humdified
at nosphere. After 12 hours, the dishes were gentl

PyRsebd speee {1 nestBorthi ¥ PES Bnd tie %%WT%O%C?%dyWHM
WLASBE! TR 55 oty 2 gLt L0V e
the nitrocellulose-coated surfaces of the petri dishes and
incubated for 2 hours at 37°C in a humidified atmosphere.
Subsequently, the spots were washed three times with PBS.
The dishes were then flooded with PBS containing 2% heat-
inactivated fatty acid-free BSA (Sigma) and incubated
overnight to block residual non-specific protein binding

sites.,.

Then, the dishes 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 (Sigma) in 2.5% sodium carbonate.
The stained cultures were then washed three times with water

and alir-dried.

37



10

15

20

25

30

with 0.5%toluidine blue (Sigma) in 2.5% sodi um
carbonate. The stained cultures were then washed

wao boog@soees with water and air-dried. 37 WO PCT/GB2003/005323
2004/ 052922 PCT/ GB2003/ 005323 Cells adhering to the
vari ous spots were photographed and counted. All
experiments were performed at |east three tines.

Statistical anal ¥SIS was carried out by Student te
Cod i onadherordof osFBR PRELAbe GRETENBEsH BROpOG GPBEY and

coimte Hogﬁﬁﬁ eNBQQ@ﬁeﬁ@g h@gelpégf@kheg|§9|§¥§§t three

significantl reduced cell counts conpared to
ti@SE;. N@g@llSZSCdlldanetlysm N@&Oga@énﬁé ABEeb| dtedesn test.
or.ni t.hi ne~treated tls cylLtur etki di sh
Th&slfwggl8f0399n§3§53H§F0H§? %geP 5 ghgggsb?hat
di spl ay the Nogo66-, MAG and TNR-blndlng pepti des
identified above were added t

| lture. , .
G5EeNog Akér e NRgickPaifREd NpaplzéohagﬁgdgngF‘ggfii s%grg%ﬁlgﬁatly

eér%c%tda'N%'l@@ Wit tehiikdi RenBhued €8l bsadhasiyen-wasdid not.
termned as previously described. Phage displaying

t he peptl de YLTQPQS (SEQ ID NO 1) was able to block
iLhi tor ff Gt f 066 o]

NI ' NS RAgE 551 Sotig CChe RablTdS TALERRO oot
cdlf‘tzEQd @d‘ﬂ@l )i s saksllelgtl@—bzleddk smlseelrmhlonlst or )‘BpefCEléatc

of TNR-EGFL , on NGLO8 cel |l bi ndi ng. “fjﬁi&%cg
phBastIteat 9 BlEvo tSs AP IPe pepti de§ IS "Che
péﬁﬂlé@é‘ydénﬁﬁﬂfﬁa DoPbgr r MGgaad tENtReOR NEURNRNure .
adhesion 30 All the screened consensus peptides are

Ceslylrat hessiez ep ingiarigrect rfevrs@l4| dopiras & eferifo d IR tian s 6%
st% 91[% | \?\Aﬁ%ht% @ohﬁﬁ' e bl\ﬁl%el JC%qq a rSIltO %étsg ra%‘@ellmlned

cone rep sion assays are per or ned

agjq;mvmmw eldsausiped Xi ao ZC et al, 1997). Puri f| ed

intact TNR, MAG and Nogo and recombi nant 38
Phage displaying the peptidé YLTQPQS (SEQ ID NO. 1) was able
to block the inhibitory effects of Nogo-66 and MAG on NG108
cell binding; phage displaying the peptide TQLFPPQ (SEQ ID
NO. 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 neuronal adhesion

All the screened consensus peptides are synthesized using
the solid-phase method by means of a Peptide Synthesizer
Model 1000. ©Neurite outgrowth and growth cone repulsion
assays are performed as described previously (Xiao 2C et al,

1997). Purified intact TN-R, MAG and Nogo and recombinant
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WD 2004/ 052922 PCT/ GB2003/ 005323 donai ns of TNR, MAG
and Nogo are be coated as substrate, to allow
w0 d@anpsoerati on of the inhibitory domai ns of TRERGBRMAG005323
and Nogo. In a further assay, the synthesized peptides
are mxed wwth the rel evant protein/domain before
dawratin@t tV-R i dBt sy pogic des brarogardnést sabistgate, to
t-he i.nhi hitary .effect f IR, h
i R T S s 1R, S B e, mne
arpepldgtes tihata cantaldredsatasy , s pihrals yoahe s lizejdupgpthose are

consensus short peptides that can neutralize the,6 15
AR BTy PR Y P IR O P oG8 ST 0
i RR s et d Y e deterauniedinate they iahlieMitalrs effects

spi nal” cord injury (Eregman et al, 1995). These
ofppt-iRre Ay earigy| e thago iift 7 idpinal cord injured adul t

rat. Regeneration of axons is assayed by

i mmunohi stochem stry by conparison with an 20
untreated control. Function inprovenent is also

anal yzed._, Aspect. 1, Exanple 6 25 Screening for
A%?ﬁ# Tég’fﬂ@o?’ssthat can abolish the inhibitory

effects of TNR, MAG and/or Nogo Degenerate

ol i gonucl eoti de sequences are determ ned for the

Ipapmyddeshafor &e 21 ¥hAE 198 iFigYiiedrsy SHmEck S

iT;Ni& 30 MAG and/or Nogo in vitro and/or in vivo
l'Zpre erably both). EST dat abases (preferably databases
of CNS-derived ESTs) are searched using the

d te oli | eoti.d . CNS
THG s MRS 4 S RIS I | S IGHT. i the
1 gonse) eof §dlec Probesi-t g eprEsantngandirdatiecro are

factors 39 WO 2004/052922 PCT/ GB2003/ 005323 that can
LB IBH iR Fhrieteoryneffiad Sy mNRVINAG aiRlyrl cord

ir@%ﬁfr u@%ﬁ&n&ﬁ”@ﬂ daf e fapdor s A& PYWddd @b 8% re injected
into spinal cord injured adult rat. Regeneration of axons
is assayed by immunohistochemistry by comparison with an

untreated control. Function improvement is also analyzed.

Aspect 1, Example 6

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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protein, and the neutralizing effects are tested as
descri bed previously for the peptides. 5 An
w@bdogoseaei ve way to test the neutralizing efferpdBEGBR003/005323
vivo is to transplant candi date factor-transfected
neurons to the injured spinal cord in an experinental
thani mah andlobserve ithebiedtrakiffengsr eSulNsR, 18ANewnd/or

factors that can abolish the inhibitor ffecE% of. |
NopQ-R, ThERS &RddAaNGyd 4@ theres BRELGHER) A&d>>anduaren

oA O HehRGa19zing thecdexwebopmeastell as,
treatnents for, CNS danage, especially spinal injury.

deks rAdpec o2V ibvady €0k thecPeptddsstruction 20 Nucl eic
acid encoding the followi ng domai ns was obt ai ned by
PCR N-term nal and 66- Aa extracel |l ul ar domai n of
arNega-eAna thiliar aialyo tfa ftdstl ghe kevdomiiinioty WMEGeand tihe vivo
EGF | i ke domain of human TNR P riners were
§ 1681 GRS At IS U 1EOETO - ATE 26 6 PELTaRg £ the
1reede Hiddll kRS 13t dihe xgrds e tkhe asubeliored observe
sequences (see Fig. 1). Therefore, when the PCR
ther ovcize l ey desllEsdi gested by restriction enzynes
and then connected sequentially, DNA encoding the Al a
linkers was | ocated between each pair of neighbouring
NelonB dtsofsagdiat, G sewlBigy the iThdbAltady mkddressts of TN-R,

facilitate proper faqlding of .the domains, 40 WO
MER G108 ST B0 U052 TP 1t e s ftrerntica Ty £°F
t£onnacd e PN Wase doud shicgasted dneathartd mnd Xoad

and then inserted into a pcDNA 3.1 vector
dqnans + rotgeaniall praovidel alvldgohbi nant vector. The

Aspect 2, Example 1

Vector Construction

Nucleic acid encoding the following domains was obtained by
PCR: N-terminal and 66-RAa extracellular domain 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
sequences (see Fig. 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 palr of neighbouring domains (again,
see Fig. 1). The Ala linkers facilitate proper folding of

the domains.
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reconmbi nant vector was verified by agarose gel and
sequence 5 analysis. Aspect 2, Exanple 2 Verification
wo@boohs29enhi bi tory functions of the reconbi naneCT/G82003/005323
vector in vitro Before the DNA vacci ne can be injected
into test animals, in vitro testing nust be carried
Thaut, tidemslesiusunte atldat admeeoracc DN tan Beubtpr ddgedtiy by

lia ells a can .be 15 secrete f st he_cell

BRI 4PE 1 REY TS SR of " iPhd RSB 7o ToHERRO:
(IRt r G&or) 1 teeldroaieree d ranshedhed twivkh tlre The

reconmbi nant vector. After transient expression, the
reqdinasy HeFtHe WAEHiRRIMESE B0l PEREES S §§geftid sleuence
aﬁgxygggﬁern-Blot was perforned using antibodies to the

Inhibitory nolecules (Xiao et al, 1996) to verify

that the reconbinant protein is secreted out the cel

and can act as an antigen to stinulate the host

i mmune system when the vector is admnistered in 25

adddk as ﬁé@ﬁﬁi@@z Transfected cells were detected
(ﬁﬁ%lvb%%or MAG and TNR anti bodi es conpared to

non-transfected cells. Imrunoreactivity for Nogo was

detected in both transfected Q and _non-transfected .
Vet e g he AR Aot ds (S S g nant
vdeeahimanitrgpl asm d, the nedium was col | ected and

i mmunopreci pitated 41 W 2004/ 052922

PCT/ GB2003/ 005323 w th anti-NogoN or anti-TNR EG-L

. . ‘o ‘ ‘ G Lo s
EUiDN I AR L PRl pegal st 1o
viNogo sk IENR muss fextdamstied Bath tprediepistate tteatedited

i munoreactivity for t correspondi n ant i bod
T4 RS T R R SO T e, oty EHL fet
seord@Mhie: Df 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 vacclne.

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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10 Dot-bl ot of GST fusion proteins with pre-inmune
sera and anti-sera Anti-sera were collected from
woeumsvat s after 2-nonth vaccinati on with r epONOBEAN0S323
plasm d. A serial 15 concentration of GST-Nogo66,
GST- NogoN, GST- TNR/ EGFL, GST- MAG 1g3-5 and GST were
widot taext iadlosnains toratzes iaTRsEisFequent.bpdyblstingd pwiottkin A-

sera. Antj-sera specially recognized T. fusi,on .
S G ne Ty B FRGR L oA RE A LarET, BYogNiedd 6% SDS-
pAE RS pirk® JUHRN NIRL Qinds TNRQr r©8hec2@vAIRECt Fach

Exanple 4 Trial of the reconbinant vector as a DNA ‘

PrEgEE iffé L 25 eFie adisst K M regehdVaLvo i O8f thige Ciogjrgseg@nding
[ card,.after i i,zat i i;th.th [

o AR T TRt or PR Cotea rnt s Soraered:

animal. The anti-serumof imunized animals is

assayed to verify the i mmune response 30 after the

i njection of DNA vaccine. A sem -transected nodel for
Asggdplg,cq_f,@ﬂwj@ry IS used._ After a period of tine, a

nor phol ogi cal study of the injured 42 WO 2004/052922

PCT/ GB2003/ 005323 spi nal cord neuron/axon, and a

pPERA O S B o o ANHTRLS oS RYHQIRE dobla and

I rmunc% zaoﬁ on a(rj%‘ spcf ngjlerocor | essoni'ng 56 week. ol c?n

arftgiredesra ew s rats are i muni zed once weekly wth 100g
of reconbi nant vector fromthe precedi ng exanpl es.

pcDNA3. 1 vector |lacking the insertion is used as a
A0 welhe steCtartds fnyreated § Haa & her thack -afortthe

rat. After the 10 rats have produced anti-serum the
Ve i t gy g8t et erequ gt PRfeTgts dorfaiie t o
cdBEE M ML & MY 5066, GST-NogoN, GST-TNR/EGFL, GST-
MAG Ig3-5 and GST were dotted as substrates and subsequently
blotted with sera. Anti-sera specially recognized GST
fusion proteins, but not GST. Pre-immune sera recognised

neither the fusion proteins, nor GST.

Aspect 2, Example 4

Trial of the recombinant vector as a DNA vaccine

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 period of time, a morphological study of the injured
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I muni zations for another 6 weeks. The rats are

anest hetized with Somitol (Ing/20g body 15 wei ght),
w@nw4msloener thoracic |amnectony i s done (T9)PCTE82003/005323

dorsal half of the spinal cord is then cut with a pair

of mcroscissors to sever the corticospinal tracts.
sPheadlepbhd péueanklakesi oandabobehdnhoras estdyasedeby

a,mark placed_on the tip of the mcro-scissors. After
agl@a&EeESSB?GFQSWeﬁo period post lesion, the rats are

anesthetized and a 5% solution of WGA-HRP (wheat germ

aggl uti ni n-horseradi sh peroxidase) is injected onto

(9ge SER4BE Y2 hbOBr 288r 6BXNas cerdciepeeoning et al .,

1996). 48 hours after injection of WGA-HRP, the

animal s are sacrificed by intracardiac 25 perfusion,
6andekheltiofginalidi halvier yass at rsettimoni pédt iece spe@aly with

rd is reacted for HRP histochem stry as descri bed

1@ P9 et aFeconigopynt (vyciey | Fremt toh pFe¢eding examples.

[ o1r e ; | [ ; [ To verif

P e o 2ot 25t e ne MR Lt el o pae Yt Yrot.
Thaneecbarof sbiogkngdt hetonbhdibacly ef felcé ofttheafter the

Lhhibitory domains_on,neurite outgrowth, a neurite
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4-well dish is first coated with solubilized

d
IHPER bERFH o BsEOr aRBCpRer neubated- wi t h 59/ m
pol y-L-lysine. The GST fusion inhibitory domains or
eptides are placed in the well as a 5 2l drop and
Tgﬁeﬁatﬁc@b@t@deSbheﬂiheS at tB78miThiese Wehd 62 0@rigod{pen

' ted overni ght 4C with the serumfrom either
w%g§¥$g1 %?@eaogo eﬁegéﬁﬁ%%+%eﬂaW&??FYTﬂ§’DN%‘@%%%iL%Q)' The
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of XadW61£8lb8, PERWE! {mm Thes C&ll Brated by a mark placed on
the tip of the micro-scissors. After a 6 week survival
period post lesion, the rats are anesthetized and a 5%
solution of WGA-HRP (wheat germ agglutinin-horseradish
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

(L1 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 outgrowth, a neurite growth
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are cultured in serumfree chemcally defined nedi um

for 24 hrs, fixed with 4% par af or mal dehyde, and
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(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 10um thick
longitudinal cryostat section of the spinal cord is picked
up on gelatin-coated glass slides. The sections are
incubated with a biotinylated goat anti-rat antibody
overnight and then with streptavidin-conjugated fluorescein

for 1 hr, to detect circulating antibodies.
(4) Functional testing of the animals

The functional recovery of the experimental rat 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 lift the

foot and place it onto the support surface is then assessed
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2',3 -cyclic nucleotide 3" phosphodi est erase.

_Al't hough the foregoing invention has been described in
150hBre@0tdesak| ropenayionsi | Gusttati onamnd 2xanpdepdose

pRse larity apd _under st ing, it wil] be
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appended clainms. Al docunents cited herein are

i ncorporated by reference in their entirety and for
The| S@E@‘p?ﬁs@é. t30s 482 WOL 290 1) 529220 RAT/ B2 DOS3 23y
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Neurol . 1994 Feb_8: 340(2): 233-42 Altschul SF, gsh
SRS oL P T AP gRheht RSt her st et ol |hgem i tiogs;
1R66; ABOS89, Arap W Pasqualini R, Ruoslahti. Cancer
treatnment by targeted drug delivery to tunor

vascul ature in a nouse nodel. Science 1998 Jan 16;

9 1 347- : ker Becker T r RL, ,
CHaerng W S o e The Yrovih ‘O gt mune
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mce after injury.

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 to
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 claims.

All documents cited herein are incorporated by reference in

their entirety and for all purposes.
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OllV§§§§ E% ?%%SSySt%Eugorepor? ng 5¥ont&rn9uﬁgu§859§ 1997
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22;9(9):1987-90. Wntergerst ES, Fuss B, Bartsch U
Local i zation of janusin nRNA in the central nervous
wayaoemoef t he devel opi ng and adult nouse. EUPCTGB2003/005323

Neurosci. 1993 Apr 1; 5(4): 299-310 Wntergerst ES,

Bartsch U, Batini C, Schachner M Changes in the
Claigygressi on of the extracellular matrix mol ecul es

tenascin- C and tenascin-R after

3-acetyl pyridi ne-induced | esion of the

1. olA vegerieksl ltare sysitreomefi d Re @dilct b3t whEWh Lonsists of
Neur osci, 1997 WMar;9(3):424-34. Xi ao ZC, Taylor J,

an FPACag DY REGFERE ssdirsdipsef tom bhet greup ebhedtss ioly of :
I agAMHRANts HEeRgs§N- Rydomai ns i n neuronal cel
functions and identification of the domain interacting
WG PHSRe ($&€@ dPalNO.e@digniti on nol ecul es F3/11. Eur J

Nﬁ¢' . 96, 8 766-82 Xiao ZC, Hillenbrand R
Sc %@Eﬁ%%(ﬁﬁg%ﬁg?ﬁgg %3'Rougon G Gomaz S. Signalling
eHsSIPONINvVeEged of add.ow)yng the interaction of the

neur onal adhesi on nolecule F3 with the EG--L dommai n of
t EHYSEDH- RSE NBUN&sci®)Res. 1997 39: 698-709 Xi ao ZC,

ReveshsdM( skaerg Ro Reugo Schachner M Mntag D
Defascicuﬁat?%n 0 cegggeﬁpgﬁ neurons i s nedi ated by

t OAZSYPR- (RE@NADI tN® .ndur.onal receptor, the
i mmunogl obul in superfam |y nolecule F3/F11. J
Neurosci Res. 1998; 52: 390-404. Yang H, Xi ao ZC,

2. DBaebokepeBtibel bénbrang R, RadgennG:-nhsSchashnes ;M s?%h@nce

. er myel i n-associ ated gl ycoprotein as a functiona
18 SPSRESEANIROFeEBFt GECUY REDPHSELNReSL1999 Mar 15;

55(6Hr687-¢0d. 1B0yWO 20040532922 PCT/ GB2003/ 005323
d ai s 1.(A %eptide, tﬁé Sﬁ?no aci d sequence of which

cBR&FEPY ¢PEQamDalNDno3aci d sequence sel ected fromthe
group consisting of: YLTQPQS (SEQ ID NO. 1); GSLPHSL
(SEQ ID NO. 2);

3. A peptide up to 60 amino acids in length comprising 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 is 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 sequence having at least 5 residues identical with
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TQLFPPQ (SEQ ID NO. 3); HSIPDNI (SEQ ID NO. 4);
HHVPHDK (SEQ I D NO. 5); YTTPPSP (SEQ ID NO. 6); and
WO SEQ I D NO. 7). 2. The peptide of cl ar@r/GB2003/005323
wherein the am no acid sequence is selected fromthe
group consisting of: YLTQPQS (SEQ ID NO. 1); and
Corfﬁggéma@n@SEQSHBdﬂa i3) .an3.amAnpepicide sepued 80 salel®ed from
in_|ength conprising an am no acid sequence

the sgeﬁoéla SEFrSmti¥e Yrioup consisting of :  YLTQPQS ( SEQ

| SEQ.ID NO. 2); TQFPPQ (SEQ I D
QmP-QB) Hssfag_mapsmgmal@o NO. 4); ) HHVPHDK ( SEQ | D NO.
5)GSLP2VﬁPF‘§FEQ( §@QN<D Kd; 6); and QLPLMPR (SEQ I D NO.

7 i s capabl e of binding to Nogo,
)18 and or%E%:L%IQO?\g} %ﬁé peptide of claim 3, which
ccblrfﬁrirPlDelés (tShe a4 nw.adi)d sequence YLTCPC% (SEQ | DGISIO
FP (EIDNO 5. A peptide up to
Hﬁ%@%ofg%gn % % h580npr| sing an amino acid
sequ@r}pcse h@angDatNd_e@t Snpesi dues identical with 51
WD 2004/ 052922 PCT/ GB2003/ 005323 correspondi ng

r SSEGHER i(§E8n Tanifo ddird sequence sel ected from the

oo BB EORE AL O IR SER AR, o R ey o

TN-R.D NO. 4);

6. The peptide of claim 5, which has at least 5 residues
identical with corresponding residues in an amino acid
sequence selected from the group consisting of:

YLTQPQS (SEQ ID NO. 1); and

TQLFPPQ (SEQ ID NO. 3).

7. The peptide of claim 5 or claim 6, wherein the number of

identical residues is at least 6.

8. The peptide of any one of claims 3 to 7, which is capable
of binding to Nogo-66 and/or TNR-EGFL.

9. The peptide of any one of claims 3 to 8, which is up to

40 amino acids in length.

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

length.

11. The peptide of claim 10, which is up to 10 amino acids in

length.
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HHVPHDK (SEQ ID NO. 5); YTTPPSP (SEQ ID NO. 6); and
QPLMPR (SEQ ID NO. 7), wherein the peptide is capable
wotosisadeng to Nogo, MAG and/or TN-R 6. The PepGBA®3/005323
of claim5, which has at |east 5 residues idenfitcal
with corresponding residues in an amno acid sequence
12. sél echedsfirdmrt hengrdud ngorsies birngoek: p¥bTRRRS GSEQrHPng

NO 1) ; and FPPQ (SEQ ID NO, 3). 7. The peptide
to o Ak o Hn g,o(g\m@ﬁéi H-itfe ORGnBer mfe
pharnderiitGala1Nes iy apiat ihgdshiiBnt8.. The peptide of

any one of claims 3 to 7, which is capable of binding
to Nogo-66 and/or TNR-EGFL. 9. The peptide of any one

ofy ¢l.ai 3 \Whi .S . up_to -40.am no.acids.i

L3 |§h%ﬁ%?q?8.a%ﬁéﬁﬁ%§@:§§ giycggfnp ,gﬁﬁﬁ@ﬁ ﬁsgﬁpigogﬁé use

in aametdoaciods tireatmemgt.h. 11. The peptide of claim 10,
which is up to 10 amno acids in Ilength. 52 WO

2004/ 052922 PCT/ GB2003/ 005323 12. A conposition
14. CQmMpr uSkeN@fORe pRIptALkE aReBLHE8s 86Cahd Bde b2 BA¥ins 1 to

preceding claim together with“one or " nore .
11 ighahfepsgPrealtipraccept abléchngnédifent shel8reAtpepti dé CNS
damagecording to any one of claims 1 to 11 for use in a

met hod of treatment. 14. The use of a peptide

according to any one of clains 1 to 11 in the

nt for the treatnent of CNS

ti f di ca S
15 GRndGe o85Ok FERGATEor NEr SaTFAG: CRBSGARAREY PREPTISINg
admiﬂﬁbh@diﬁ@narb%bmgdeadaba&aaﬁgiee anpeBhkderaciding o 11

to any one of claims 1 to 1 ‘ '
to a patient at or near a site of CNS damage in the patient.

16. A method for treating spinal cord injury or stroke, the
method comprising administering to a patient a peptide having
an amino acid sequence that consists of an amino acid sequence
selected from the group consisting of:

YLTQPQS (SEQ ID NO. 1); and

TQLFPPQ (SEQ ID NO. 3),
by direct injection into a site of spinal cord injury or

stroke damage in the patient.

17. The use of a peptide according to any one of claims 1 to
11 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 Nogo, MAG and/or TN-R.

18. A method of designing a mimetic of a peptide as defined
in any one of claims 1 to 11, the mimetic being capable of
binding to one or more of the neuronal growth inhibitory

molecules Nogo, MAG and/or TN-R, said method comprising:
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to a patient at or near a site of CNS damage in the
patient. 16. A nethod for treating spinal cord injury
w@eogHske, the rmethod conprising adm ni steriPQI/GB2@3/005323
patient a peptide having an amno acid sequence that ‘
consi sts of an ami no acid sequence selected fromthe
gridup cewsivstiimy ofpeptiBePGES @SE@an NQ ah)y; cardof claims

PR (E D 3 dir injection into a

be -E'% 2 SEE@ Ehe 9%-%% &P&I?eo&aﬁ‘é’&@ of the
neuﬂ@&bﬂ&@&owﬁh iHHibﬁﬁb%? mele%@ue@eN%@%Of%m&gah%/%@yTgnﬁ to

of cl alrrB 1 to 11 and/or a conputer generated node

detenpdngoft; qr@%%ﬂ@<ﬁﬁ%Qy¥Qﬂidu@Snﬁﬁeeméleépabwel@portant for

i-di f eyraon growt h
the ?ﬁﬁ?g??gﬁ?cho ecul %@grmg%%ég CPoana LS A

meitiio d meideddsingn |tﬂn@ épl’mrmtclo@hofr eatpeplisdgnagndgbirnedreen

ny one.aof clains 1 nmeti ¢ bei ng
candé%agbe?/ B8 T 455 diaYg o t&‘ﬁe%dplﬁﬁlléa&f af:ﬁévﬁééfronal
growt h inhibitory nol ecul es Nogo, MAG and/or TN-R
sai d nethod conprising: 53 WO 2004/ 052922
19. pEReGESG0SOOSIPDd (Oif) Céﬁamyéﬂ gracpepmi d8,awhdehi nedludes

a st%@ %&ya%@%yQEgckﬁhﬁﬁngl F élcggaadé%ecﬁgﬁgwgﬁ to Nogo, MAG

bi nding to oné or t he neuronal

and/joghTbi-Roiy wdltecul es Nogo, MAG and/ or TN— R to
deternmine the am no acid residues essential and
important for the activity to define a pharnacophore;

20. amde(mek pedeldtihag ife sphacracephengihe desikgniand,Qs -n
Sereen %andl date mnetics having the biol ogical
inc &éﬁﬁvﬁtﬁ eP9. h?ﬁén@sédéptﬁéﬂﬁédaoﬁa@ﬁaﬁﬁt§7m@me@u3|ﬁhat is

capab8e W@'%Uchnﬁhu@g%roab§58@n%ﬂ 8% Qﬂlghﬁ DYoL gdldate

candi date mnetic to Nogo, v
mimegdc fRE Gsevévomusked of any one of clains 17 to 19

which includes a step, having identified a candi date

mmetic that is capable of such in vitro binding, of
1. optenmuzengrt hettaddodat@aim 20, wherein the optimised

mimetic is formulated together with one or more

pharmaceutically acceptable ingredients.

22. A bacteriophage which expresses a fusion protein
consisting of a peptide and a bacteriophage coat protein, such
that the peptide is displayed on the surface of the
bacteriophage virion, wherein the peptide is as defined in any

one of claims 1 to 11.

23. A screening method for peptides capable of binding to
Nogo, MAG and/or TN-R, the method comprising:

providing bacteriophages of claim 22, respectively
expressing different peptides; and

screening the bacteriophages for the ability to bind to
Nogo, MAG and/or TN-R.
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mmetic for in vivo use. 21. The use or nethod of
claim 20, wherein the optimsed mnetic is fornul ated
w0 ogebe2 Wi t h one or nore pharmaceutically aPCEOBaDBO05323
i ngredi ents. 22. A bacteriophage which expresses a
4 fg ion otein consisting of a peptide and a
* babfePE5PRAgE tc G4 1By 88ei Hhesaéh PERAETiABhPEPSI Witk are
idendéi $pkay t.he s e ef .t ha. hacteriopha viri,on
mherein%?hggéggtF%ga%ggagedgﬁpﬁéagi%Eaﬁégebngg%fand9or TN-
R, ogl &hgspeptddes. they Aisplegni agenehhndbéoscpephidesor the

; abl e, of bindin 0, . 0, G and/or TN-R, the
abll%g?hg ggﬁﬁ%i§gﬁggnéﬁgégg?¥geg£€FgFiBEhQQEQ'OMAEIéﬂﬁfor
TN-R22n nespeatilvekyl aexpeesshngndbhf eneptpephides; and

screeni ng the bacteri ophages for the ability to bind
to Nogo, MAG and/or TN-R 54 WD 2004/ 052922
25. PETHEBROA3 i h of .cl.aim 23, wherein
,bacterigghggg§§§§%8§ g%g €?g§%???5eéfaé %g%ng4c% gb?%
addigiopphdehgrt ofNOGoyiMAGEhadidenTNEi Batbont be pepépdese, or

h i spl are then,he screened for the ability to
ohagp N BB PYAYE! FoPoh fact SPOT RbaBSPRRES and BROCHAR the
inhibhtoeyr efidkceel bradbgs) omatNag@/ bp YL O0ASS&Yrodl A11

met hod conp(ising all the steps of claim?24 and an
adhegjqnt {Bnal ifepitrel podrig Phefpopnatatinat tlom pepaide with
one BePhbdE, - d] pept that is

R R T R T s e Y
admippersatior TN Rivn.neuronal cell adhesion in an in

vitro assay, of formulating the peptide with one or

nore pharnaceutically acceptable ingredients for

26. adnmhatsbdabiosehPcNing. £36. rAMBENOhOf searchiag, fos
actors . that are likely to reduce the inhibitory

f
redugPriRe bFPTREROT NG BRET of T NBYOR tHRG amthodl Nogo, the
meth@@n@émﬁkﬂgih@tfﬁf@9§$éggiﬁgS§q§§55§%égué§¥§%%§é)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:

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).

27. A method of searching for factors that are likely to
reduce the inhibitory effect of TN-R, MAG and/or Nogo, 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
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identify polypeptides, or nucleic acids that encode
pol ypeptides, that conprise an am no acid sequence
whaooisiospo2atr | east 5 residues identical with  PCT/GB2003/005323
corresponding residues in an amino acid sequence '
sel ected fromthe group consisting of: YLTQPQS (SEQ
an appngoaciy SGQSEEHSLh@SE@gI@tNmeaEﬁ 5 TekERRQs( SE@nkPcal
HHVPHDK Q I D NO

WlthsNgor@\?f?Bgéﬁn(gséé 258 i6) aﬂaﬁaﬁ@ePEﬁP@k FS%@GPBGI\@eleCted

fronﬂkhe2§roﬁpnekm@qS@ﬁngegﬁthng for factors that are
uce the inhibitory effect of TNR MG

aﬁ&ﬁ@%QﬁodéEmiﬁ@ Nfet Rdd conprising screening a cDNA

I W ig nucleotlde probe which is
cggg@ﬁéLo %&Qg?Pdgglng Under stringent conditions

WIER E& PRUCISEIC Tac NG .s8guence that encodes 55 WD

2%%% %g?%%ggcg 500%/005323 an am no acid sequence

haV|ng esi‘diies identical with

caHMesEpandsrg mesikdues)i;n an am no aci d sequence
sel ect ed fron1the group consi sting of: YLTQPQS (SEQ
| BTNEFSF) ;(SE@SEPHEL - (8EQ PBANO 2); TQLFPPQ (SEQ ID

EQ;\D NO 4 HHVPHDK ( SEQ I D NO
NQFP§¥$$PE§EB?QE ot Q&E a%d Q.PLMPR (SEQ I D NG

28. The nethod of cIa|n126 or claim 27, which f
i aclu e ||OMAn the_ identifjcation of a
28. cgﬁ i §?85§0Pypsggﬁﬁ 60PrnﬁgFéWc ZC|H hiGRotRAgueRe the
stepeafididatenpokypepticel robat eshi B8 at BENROLYPEPELHELEQE 1 de
th abl|lt¥ to reduce the inhibitory
or nuc elCc acid encoding the candidate polypeptide, of testing
the polypeptide for the ability to reduce the inhibitory

effect of TN-R, MAG and/or Nogo.

29. A method comprising all the steps of claim 28 and an
additional step, following the identification of a polypeptide
that is capable of blocking the inhibitory effects of Nogo,
MAG and/or TN-R on neuronal cell adhesion in an in vitro
assay, of formulating the polypeptide with one or more
pharmaceutically acceptable ingredients for administration in

vivo.

30. A nucleic acid vector comprising nucleic acid encoding
one or more polypeptide domains selected from the group
consisting of:

(a) the N-terminal domain (NogoN) of Nogo~A, or a variant
or fragment thereof;

(b) the extracellular loop (Nogo66) of Nogo-B, or a
variant or fragment thereof;

(c) the third to fifth immunoglobulin-like repeats of

MAG, or a variant or fragment thereof; and
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effect of TNNR, MAG and/or Nogo. 29. A nethod
conprising all the steps of claim28 and an
w@dwisnsoenl step, follow ng the identificati onP@f/G82003/005323
pol ypeptide that is capable of blocking the
inhibitory effects of Nogo, MAG and/or TN-R on
neltloridle ¢&lH-laddeesicomaim o TNFRYi br0a #3%A¥ntOlor fragment
the %ﬁﬁulating t he pol ypeptide with one or nore
phar'maceutically acceptable ingredients for
admazuealnr alalien ﬂr@gnﬁén}to-co%%ri{%e@u%ltell%ag%l QSV%%%%&guous
. _conprising nucleic acid enCoding one or nore
ami I%ﬁﬁﬂﬁiéi?Wﬁﬂﬁﬁ4ﬁ§qmﬂh@otG@Cﬂmdﬁﬁtﬁ@egp@umore epitopes of

sai =Sty fe t N-_term_nal domain (NogoN) . of
R e s T adanC oL Rar a0 P B e hecy
respouscadel Milvar, laoop (Nogo66) of Nogo-B, or a variant
or .fragnent .thereaof; (¢) the third to fifth
iWﬁ&ﬁ%gpoEﬁﬁﬁnyﬁﬁ%éhFeﬁgéﬁgdﬁﬁ aVBEL CHPRaCfapitareast 15
aminfor agreist thiaer @els; aand <26 t\W9s20Q4/4 0829224 identity to a
PCT/ (B2003/ 005323 d) the EG--Ilike domain of TN-R, “or
COrrgsSparraRd Brrtiggnent Saikededinwher ei n said fragnent
conprises at | east 15 contiguous am no acids from
said domai n, includes one or nore epitopes of said
31. d8hei meghdrr efaichsimh80abivhitryithothai secasiantitbad¥ncodes
0 [ ivo,, and wherein said variant includes a
at l%%%?igﬁgopga¥h eggpaigs'anino acids that has at | east
65% am no acid identity to a corresponding portion of
sg%d dongin. 31. The vector of claim30, wherein the
nacFelECABFdC&nELaE Sar 1BaseinwbhefdeneldenarasexBressed

aThesveat gh19beptahm 31, wherein the domains are
expressed as a fusion pol ypeptide.

3

ro

a

)]

33. The vector of claim 32, wherein the domains are separated

from one another by flexible linkers.

34. The vector of any one of claims 30 to 33 wherein, of the
proteins Nogo A, Nogo B, TN-R and/or MAG, the vector is
preferably capable of expressing substantially only the

domains (a), (b), (c) and/or (d) recited in claim 30.

35. The vector of claim 34, wherein the vector is incapable
of expressing other epitope-containing portions of the

proteins.

36. The vector of claim 34 or claim 35, wherein, of the
proteins Nogo A, Nogo B, TN-R and/or MAG, the vector
preferably expreéses no more than 20% of the protein lying

outside domains (a) to (d) recited in claim 30.
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33. The vector of claim 32, wherein the domains are
separated fromone another by flexible Iinkers. 34.
wab@4wsaoenr of any one of clainms 30 to 33 wher BATIGBRG03/005323

the proteins Nogo A, Nogo B, TN-R and/or MAG the
vector is preferably capabl e of expressing

37. smhstaettatlyfoahy bhe ofognahas (B) ,t¢ )6, (ﬁheﬁ@ﬂﬂothe

q ﬁted in claim30, 35. The vegéor of ¢

oma K%? R URcEBI P s FhE apaBrencor b &l ﬁjg %%)er SEQ

ID N@pnbppedgﬁaiﬁlnbpghggr£h9n§m£$ot£@ad+&é&@%ﬁ@e §§ NdPSs6
vect or of cIa|n134 or claim35, wherein, of

(823pP B ei NEEROEB MO : Nbye Epmai®$2€ﬂuﬂiﬁ mﬂﬂaamh@ov@©i®r
seun%?%SbeMXG g ggg ?55892?56N6h§§ &Qﬁ&%gfnp f %%.the

out si to (d recited i c
aminb7a¥\ 20044852922 PENR GB29932 095320 37D Nhedyvect or of
any one of clainms 30 to 36, wherein the domain (a)

has the am no acid sequence of NogoN (1-185) (SEQ ID

38. NehdOyecHopmbn bdihasot hgn 88k NOL@Ch&s SEQETNGS9F 1 de
Nogo66 (823-888) (SEQ fD NG 11), donaln (c)” has the

havigg hbe agigno s@qu@n@@q@enm@%msﬂ%% SEG-ONIG D5 -3 -

e B Ve BER T Nl e g TR TULERS Bt e drhy s

Ala, weipclkesentedes aocpelypepniedéinkavi.ng the am no acid
sequence MAGF 1-508)- Al a"- TNR( 125- 329) -
Al an- NogoN( 1- 185) - Al an- Nogo66(823-888) (SEQ ID NGO 12),

39, Wﬁeéﬁmpﬁéﬁﬁléﬁpé6ﬁ§9l§lﬁﬁ PRt Yt @b nect | kerond9% £ Aclaims
osition conprising the vector of any one of clains

30 tgp38o Bgrmubrhafatedetbget Wekhvwwih @RE1@FS nor e
phar@ﬁ@égﬁfggil§agégegggﬁg%agéﬁréggéﬁgéeP#? HQL Lsejas a

erapeuti c” vaccl e vector of any one of
thergpauhsc30atoild8, for use in a nethod of treatnent.
41. Use of the vector of any one of clains 30 to 38 in
t he

40. The vector of any one of claims 30 to 38, for use in a

method of treatment.

41. Use of the vector of any one of claims 30 to 38 in the

manufacture of a medicament for the treatment of CNS damage.
42. A method for treating CNS damage in a patient, the method
comprising administering the vector of any one of claims 30 to

38 to the patient as a therapeutic vaccine.

43. A polypeptide consisting essentially of one or more

polypeptide domains as defined in claim 30.

44. The polypeptide of claim 43, which is encoded by the

vector of any one of claims 30-38.
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manuf acture of a medi canent for the treatnment of CNS
damage. 42. A nethod for treating CNS damage in a
wQEaiosesme2 t he nethod conprising adni ni st eri ngp@T16B2003/005323

vector of any one of clainms 30 to 38 to the patient
as a therapeutic vaccine. 43. A pol ypeptide consisting

45. es%emrrimla%tiozfn onenmri siore tHeolpaiepteipde ddorEl NSLaAiSy 43 or
def e 0. 4 The pol ypepti de of claim 43,

cladihi Z{} i sorenn ogge:;g atfqeﬁéjervé@t%} B &ty "GFE of clai ns

pha 3Gt iath WG 2004062922 REHWLEB2003 303323 43 A
conposition conprising the pol ypeptide of claim43 or

therqRgyhi44 VacsimA at ed together with one or nore
pharmaceutically acceptable ingredients for use as a
t herapeutic vaccine. 46. The pol ypeptide of claim43
46. orThed giohypkptfigte use dimian 4Bethodlefint Hagt et wA7.in a

Us t he po eptide of claim43 or claim44 in the
mEthr?aCElﬁ ?ﬁ“ﬁf‘y medi canent for the treatnent of CNS
darrage 48. A method for treating CNS damage in a

patient, the nethod conprising admnistering the
7. plspp&t |td1@ sloleicsinhiae of llaiim 444 oto cflee mpdtdi emt ths

mand%éd%% Iﬁ%ﬁ?ﬁéﬁ%nt4%orA%h%n Feag%ﬁg%p %?gy%(gfngge.

speci cal to any one o
defined |n cIa|n137 or a n1xture of anti bodi es

%geth r abIe of binding to two, three or all four
) e i o ed TR S L Brtifat udde method

compilsﬁﬁbh@@ﬂﬁﬁl%&%&tE%P%heS%oly%%pQEd@no%nkﬁggqy4%a8@bg aim

of specifically binding to any one of donains
44 t@s thef PRéd ot SlsaitmtIErapeusini xegranef.  ant | bod| es
t oget her capable of binding to two, three or all four
of domains (a)-(d) as defined in claim37, in the
49. n@mu@a¢ﬂbpdyota@amﬂéi@éﬁﬁ@bcﬁdﬁcemeytbeadﬁﬁ@tt@faGNSone of

od fqgr treating CNS damage in a
doma&gﬁ 839 gﬁe ﬁeﬁﬁégned in cla?m 39 or a mlxture of
antibodies together capable of binding to two, three or all

four of domains (a)-(d) as defined in claim 37, for use in a

method of treatment.

50. Use of an antibody capable of specifically binding to any
one of domains (a)-(d) as defined in claim 37, or a mixture of
antibodies together capable of binding to two, three or all
four of domains (a)-(d) as defined in claim 37, in the

manufacture of a medicament for the treatment of CNS damage.

51. A method for treating CNS damage in a patient, the method
comprising administering to the patient as a therapeutic
vaccine an antibody capable of specifically binding to any one
of domains (a)-(d) as defined in claim 37, or a mixture of
antibodies together capable of binding to two, three or all

four of domains (a)-(d) as defined in claim 37.
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conprising admnistering to the patient as a
t herapeutic vaccine an anti body capabl e of
wa@pmaiosioenl |y binding to any one of domains (BQF/G82003905323
defined in claim37, or a mxture of antibodies
t oget her capable of binding to two, three or all four
52. of dompioss tiah- (Hmpas sdeki RedahkiebaymMc3panre WP
2004/ 052922 PCT/ GB2003/ 005323 52. A conposition
specadaprildivn§ 1B 1ast itSody: e 8pgblod epmadpeci(pi cdld)yas defined
; isRdi t @.any f [ - (.d ined_.in
R R TR e A o b A S B
binddfig biondiweg tbhrewoort hrlde fonrablf flommiak damei(ds as
.(a)-(d) as. defined in_claim37, fornulated together
aee il 68 B3anl B0, ToRaacas: iteglel’cg)‘eﬁc&’éﬁ%‘aﬁfﬂ@ or more
pharinageediealls yf accugpe ad3 «a i nhhenapauti ¢ovagekngs 33. The
conposition of any one of clainms 12, 39, 45 and 52,
thergprekics VRGFHIEat ed for administration by injection.
54. The peptide of claim 13, the vector of claim 40,

the polypeptide of claim46 or the anti body of claim
53. 4%hewknempirittibe brfeanyeohei sft heat meataentopf 46Nsnd 52,

. danage. 55 h eptide.of claim 13, the vector of
Whlcglé?n&gémugﬁge%pgpﬁpé L ads5FatiarnPye180 SChé8nt i body
of claim49, wherein the treatnent is the treatnent
of spinal cord injury or stroke. 56. The use of any
S4. ohbeoPeplarfs of4claim 43, ahbiesgechper efnclehm 40, the

polybéﬁ@&ggngfi%lgﬁmsakn%& %gédahg&BBXyOEfSEiggﬁ'499 wherein

the treatment is the treatment of CNS damage.

55. The peptide of claim 13, the vector of claim 40, the
polypeptide of claim 46 or the antibody of claim 49, wherein
the treatment is the treatment of spinal cord injury or

stroke.

56. The use of any one of claims 14, 41, 47 and 50, wherein

the treatment is of spinal cord injury or stroke.
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