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WO 2004/ 052922 PCT/ GB2003/ 005323 Central Nervous
System Damage The invention relates to materials and
met hods useful in the treatnent of, or in the
devel opment of treatnents for, CNS 5 damage, e.g.
spinal cord injury or stroke. Background Most tissues
in the body, such as skin, liver and peripheral 10
NeH YReosaaye a remarkable ability to repairp¢hgshedsQss
after injury. By contrast, the central nervous system
(CNS) including the brain %\nd the spinal cord - has
little innate capacity for repair. Wen axonal
connections are ed | the adult brain or spinal
cord, they shows‘g% ext%éjrrr%IGy 15 limted ability to
<110 egrEef-at@neravansdibaugh sxons can grow and regenerate
ekfaccizditdbynda N t he enbryonic CNS and in the adult
eri pheral nervous stem Factors that account for
<12°Jtohéen?ﬂagbﬁ‘elrm“§ Sd’fg‘"’Ei’il\é%'%ﬁfons to regenerate can be
<130:0r @padidesss t Wwo categories: intrinsic properties of
CNS neurons that 20 may nmake them i ncapabl e of
o0 effep¥itdli*th; and extrinsic factors in the ONS
environnent that are inhibitory to axonal el ongation.
<1605Th® i dea that factors in the CNS environnment can
._prevent 25 regeneration dates back to the early 20th
<1703 efff-Bity" YREHOH y! Caj al observed that the inability of
<10-20ul t CNS neurons to extend axonal processes could be
<211>0Ver come by giving themthe perm ssive environnment of
<2123 ¥8ri pheral nerve. Then, about 20 years ago, David
AN ARG G o* SHERRED t hat retinal neurons 30 could form .
<2208l ong projections in peripheral nerve grafts. Later,
<223:Schwal giag€overey thitats sgtys adandc@ot-ngangl i on neur ons
in culture extend their axons across Schwann cells but
ol i godendrocytes and the fatty myelin sheath
Tyr eSCRWaD, @to &lin 53993). 1 WO 2004/ 052922
1 PCT/ GB2063/ 005323 These results show that failure to
regenerate is not purely an intrinsic deficit of CNS
«wigneurons, and inhibitory factors in the CNS
<21envi ronnent al so play an inportant role. These 5
<212y nifErbitory factors are mainly located in the glial
LIPS IEFLPRE STHWE at the region of injury and by the
<220siyelin that ensheaths axons in the white matter
<2235t rBoK S, ptagé l1omang tGNSdispldye yranddie7-@ent ral area of
necrosis is 10 infiltrated by glia and ot her
<400ndh-neuronal cells, and a fibrous scar forms. Axons

 cly <49 18Qte-&XEend, thf ough the scar and their growth

1 appears tso be inhibited by it. Ml ecular conponents
that may contribute to this inhibitory activity

<105 Nl ude the extracellular matrix glycoprotein .

<1t enascin-R 15 (TN-R) and the nyel in-associ ated rieurite

<212>0Rgrowt h i nhi bitors nyelin-associ ated gl ycoprotein

<213 NG figid Mogece TNF-R 20 TN-R has been inplicated in a

<zzgsvariety of cell-matrix interactions involved in the.

<2238 Wl SHag€ QREL:0) coft @aXpihysGMheRANtReand neural cell
m gration during devel opnment and regeneration of CNS
<400>r®vi ewed by Erickson, 1993; Chiquet- Ehrismann et
ohr ¢ 1eu P94 r%gg,l%%ya et al., 2000; 2001). TNNR 25 is the
1 smal | est smenber of the tenascin famly and is
conposed of four structural notifs: a cysteine-rich
segnent at the N-terminus is followed by 4.5 EG--1i ke
::ig;’r eats. This region is followed by 9 consecutive
<zsfidagonectin type II11- |ike donmins and at the
<213>C-#retarefiSsebBhedRei s rel ated to the 30 beta- and-
gamma- chai ns of fibrinogen. TNNR i s expressed :
predom nantly by oligodendrocytes during the onset
and early phases of nyelin formatioon, and remains
expressed by sonme oligodendrocytes.in the adult. TN-R
i's 2 WD 2004/ 052922 PCT/ GB2003/ 005323 - al so expressed




. <2203 L

and hi ppocanpal and dorsal root ganglion (DRG neurons

of 20 all postnatal ages, but can enhance neurite

outgrowm h of enbryonic spinal cord neurons and
newborn DRG neurons (DeBellard at al, 1996; Turnley

et al, 1998; Shen et al, 1998; Yang et al, 1999). 25

MAG can al so i nduce growt h cone coll apse. 60% of

W@ 0s@E0M h cones of postnatal day 1 hi pRasaERBless2s

neurons col | apsed when they encountered coat-ed--

reconbi nant MAG (rMAG) . Suéh col | apse was not

observed wth denatured rMAG (Li et al, 1996).

Sol ubl e dMAG (a proteolytic fragnent of 30 the
<z@xtracel lular domain of MAG which is released in
<22BDUNGANCEnaGE QBB G| dnlk 301 f.aundadn; Ykyp) and chineric

MAG Fc can potently inhibit neurite outgrowh from P6
“4°PRdA neurons.  This inhibition was bl ocked when a MAG -
nis MRPQGL qg@lks%ggjl hody was included. 5 WO 2004/052922
1 PCT/ G3B2003/ 005323 These results indicate that sol uble

dMAG detected in vivo could contribute to the | ack of
«s14-£9ener ation in the mammualian CNS after injury (Tang
<18t Aal, 1997; 2001). 5 MAG has two recognition sites
<z1f>orerpeurons, the sialic acid binding site at R118 and
<21% dirSifiipbfl demimnetion site which is absent fromthe

bl st three I'g domains (Tang et al, 1997). 10 MAGis a

<223@E|ﬂron¢93§h§94 @Iﬂx%%g t{{'&”@;{% la?rg :r:taxtl] omlmpsogl Obl'” In gene
superfamly, and 1t exerts a robust rInhibitory effect
<4009n Sneurite outgrow h from young cerebel |l ar neurons and
. u dorsa nglion (DRG neurons (Mikhopadhyay et
i gfjs_ |f4£t15§°4 e L\W(’%\gﬁgs a membrane protein with 626 anino
acids. It has been 15 reported that sol uble MAG
<21{)\;\,hi ch consists of the extracellular domain, has an
seltnHibitory effect on neurite outgrowth (Mkerracher
<2128t prAdl ., 1994). The extracellular domain of MAG
<213gonstist siadfsefnievtee 1 g- |1 i ke domains, and it is
<220<>3Iermnstrat ed that the first tvvg lg-1i k&AdGormidns are 2|O
<293h t oy, er.action_between and neuronal
ZZBnEWEn‘g{ma%%?la%hile%g%hgﬁ%t lé’rglaﬁrr gEe \g?ﬁrﬁe domai ns ni ght
<400hes6 involved in the inhibitory effects (Collins et
_ | ....1997). _N coo 25 Nogo is a high nol ecul ar wei ght
v ﬁlrft'rehé:rg" %rré’ jFane protein that |ocalizes to CNS
nyelin, but not PNS nyelin. Nogo has three isofornms,
nanmed Nogo-A, -B and -C, which are generated by
Zhalfernative splicing. NI-250 and NI-35 were first 30
<2123 degt i fied and nanmed as the 2 isoforns of Nogo; it has
<z13nowmtibeem esquabtd shed that N -250 is Nogo-A and NI -35
is Nogo-B. Nogo is expressed by oligodendrocytes in
' ter..of th CNS and is found in the inner and
<223>bu%‘ %rgl ﬁé\ ('Jleejtlgraorfy %ym*éﬁl?Pla’ésnﬁaridﬁm t'R&*&ndopl asni ¢
<400¥ eticulum 6 WD 2004/ 052922 PCT/ GB2003/ 005323 In
cin vitPro characterization of Nogo has denonstrated its
o FelnePi'sh B8 Eogotent inhibitor of axon el ongation. In
vivo neutralization of Nogo activity results in
enhanced axonal 5 regeneration and functional recovery

<210¥ of Jowing CNS injury as well as increased plasticity

:;igj nsg%ni njured CNS fibers. The nonoclonal antibody mAb
<2133 I\E W5 SBQWHs t 0 pronote | ong- di stance regeneration

and functional recovery in vivo when applied to
<400>spf nal cord-injured adult rat (Chen et al, 2000; 10

et hgeggpfeﬁ%m @ngwrgusﬁ £t T%'E 3%1&?%&& %Pt%gggs suggest

500 a maj oryscon
nonper m ssive nature of the CNS environnment. Two
‘distinct inhibitory domains of Nogo have been .
identified: an 15 intracellul ar am no-term-nal domain
(NogoN) of Nogo A and a short 66 residue region
(Nogo- 66) | ocated between two hydrophobi ¢ domai ns of
the three isoforms, Nogo-A, Nogo-B and Nogo-C (Chen -




cell adhesion in an in vitro assay. Simlarly, SEQID
NO. 3 10 has been shown to block the inhibitory effect
of TNR-EGFL. A preferred peptide therefore consists
of SEQID NO 1; another preferred peptide consists
of SEQID NO 3. In a second aspect, there is provided
a peptide up to 60 amno 15 acids in length
CRORsB42m@ an ami no aci d sequence sel ect ed pcti8rioddss2s
group consisting of: YLTQP (SEQ ID NO. 1); GSLPHSL
(SEQID NO. 2); TQFPPQ (SEQ ID No. 3); 20 HSI PDNI
(SEQID NO. 4); HHWHDK (SEQ ID NO. 5); YTTPPSP ( SEQ
ID NO. 6); and QLPLI\/PR(SEQIDNO. 7), wherein the

i f [ ef erably

o Reony TR and 5 BRE (b ererabiy: R EGFL)

'Preferably t he peptlde IS up to 50 amno acids in

len th nore preferably up t 0, O up to 25,
e g Eg el i e 8 s redoe dRe 7% 388 o 16, up
to , up to 14, up 30 to 13, up to 12, up to 11, up

. to 10, up to 9, or up to 8 amno acids-in l ength. A
Glu peuehisy P@dﬂk?e]ﬁ‘]i e BonPri GdsTBEEF 1B NOP °f* Pifiot her
tef erred peptia‘se conprises SEQ ID NO 3. 10 WD
20041052922 PCT/ GB2003/ 005323 In a third aspect, there
Tyr PS PysOondndedt arpept vdevaipeieoly§Geafradhz &rdstin | engt h
65 conprising af®am no aci d sefuence having & |east 5
resi dues identical with corresponding residues in an 5
val 804 BQ: 884 ehesSeguencersalrestzedufeanmiyhep groupyconsi sting
of:  YLTQPQS (SEQ ID NO.#01l); GSLPHSL (SEQ ID NO. 2);
TQLFPPQ (SEQ ID NO. 3); HSIPDNI (SEQ ID NO. 4); 10

Leu EHVEH 5( %E:QL(—IﬁxpLe\pLeusQér ThﬂILEPS%? E(rgEQHIIQuN@y 6) ; and

QUPLMPEb SEQ | D NO. 7)gs wherein the peptide is capable
of binding to Nogo (preferably Nogo-66), MAG and/ or
( er abl R- - r i zes of
Gy II he: 3% 9 g%e gfge}é%ls? getg;%l)yp?lé'\]/‘lﬁ' ouA;F"ed.‘lﬁ TlrIégggrthi%des havi ng
. at Ieast S resi dues I denti cal W|th correspondi ng
residues of SEQID NO. 1. or at east 5 i dues
Ehe rs%geﬁﬂ EH 5% f’ﬁl Ll PES pSntien ™ Bgi dde s  of SE’ I D NO
3 are preferred. Preferably the m ni num nunber of
identical residues is 6. In a fourth as ect, there is
val Bp@f &P éi%&g?ééﬁ EhofPrcBiipfiisfiig'=totté 6F fhjre
14
pepti des sel &8ted fromthe gr oup consisting of: (a) a
peptide, the ami no acid sequence of which consists an
val am Aep aei dyseguehc e dfgeBtoedluf FegnfarhtrgreguPyconsi st i ng
of:  YLTQPES (SEQ ID NO ™) : GSLPHSL (SE® ID NO. 2);
TQLFPPQ (SEQ ID NO. 3); HSTPDNI (SEQ ID NO 4); 11
is BAVEHDK SEQcl D eNOrnb i1 1TIRPSR (SEQql ®uN@p 6); and
QLPLMPRE{ SEQ I D NO. 7}85 (b) a pepti d¥%up to 60 amino
acids in length conprising an am no acid sequence

Glu %% ent ed, fL ot her GEOoUR, EONBIShiN@ 10§50 THLIGPQS ( SEQ

1); GSLPHSL268EQ I D NO. 2)205 TQLFPPQ (SEQ I D
NO. 3) HSIPDNI (SEQ ID NO. 4); HHWPHDK (SEQ I D NO
5); PRSP ls - EQ I D NO
o 34 s HORE AT B B B bRl e PR o Rogo,
MAC and/or TN-R; (c) a peptide up. to 60 amino acids
- in length conprisi ng an_am no_aci d sequence havi ng at
The TenSEe 607 E3F dUESYT dehCPTAR SH tH tor PespSnding
residues in the am no aci d sequence YLTQPQS (SEQ ID
NO. 1), wherein the peptide is capable of binding to

 Val Ngg@abrel ramcef @pr dalpé F‘-tPeI{?pG%UoGJGOSWWD acids in

| ength coff?i sing an aci d sequencCe€ havi ng at
| east 5 residues i dentl cal with corresponding
vallsesirduasu icgs any alrk nep a6t dsseguencessatebtedihf rom the
group consisting of GSLPHSL (SEQ ID NO 2); TQ.FPPQ
(SEQI1D MO. 3); HSIPDNI (SEQ ID NO. 4); HHWPHDK (SEQ
ID NO 5); YTTPPSP (SEQ ID NO 6); and QPLMPR (SEQ
ID NO' 7); wherein the peptide is capable of binding
to Nogo, MAC. and/or TN-R, together with one or nore




In a seventh aspect, there is provided a nethod of
designing a mnetic of a peptide as defined above,
the mnetic being 2S capable of binding to one or nore
of the neuronal growth inhibitory nolecul es Nogo
(preferably Nogo-66), MAG and/or TN-R (preferably
TNR- EGFL), said nethod conprising: (i) analyzing a
ReEPivfR235 defined above that is capabl e e&rbbiehoig:s
to one or nore of the neurgnal gromh 30 inhibitory
nol ecul es Nogo (preferably Nogo-66), MAG and/or TN-R
(preferably TNR-EGFL) to determ ne the amno acid
resid%§§ essential and,inportant for,fhe activity to
definé " a pharnacophore; and 12a WD 2004/ 052922
PCT/ GB2003/ 005323 (ii) nodelling the pharmacophore to
Trp Mdedrgisatdy det Jet den Acafdi dat dahpheflcsesthads ng t he
bi ddgi cal activit§® Preferably?he nethod and/or use
includes a step of assaying 5 binding of a candidate
Tyr LA DB it6u lcdu Nagaa( prefres abl y1Nagoeb6kie TMAGand/ or TN-R
Ppreferably TNRSEGFL) in vitrd®® Having identified a
candidate mnetic that is capable of such in vitro
cys 124 4L NGy _AEP%lQ@?Q'GQf‘tG@n HLEatd Grd SnP el eralby optim sed
305 for in vivosuse. Follow ng3such optim satden, the
optimsed 10 mnetic is preferably fornul ated toget her
i t e .or nor.e har eut cal | t e
sor L S0 DS 08 PR nfe (PLRLTIEE L B O BECER 900 i ded &
bact eri ophage which expresses a fusion protein
AL vponsisti% ofr%, %gtids an% a %5 Egc;eriggggge coat
= Vpr GrRigyy Such RaCT HES pEDITUEST £ LB Tayet on the
surface of the bacteriophage virion, wherein the
peptide is as defined above. The ?eptide can be up to
Pro AgD Fapide 'aeitds W fheryt Frad® Shay ;&ﬁ*bﬁ?fsé“h%m am no
i°d° havi*ig at |east fodf  residues identica
aci'd”sequence havi’ng a
wi th correspondi ng residues of an amno 20 acid
val deduertde Sselutlied ofir Gry the Igr dup AtoNst §t4 Age of :
¥ETQPQS (SEQ I B'R0 1); GSLPI%E (SEQ ID NO. 2);
TQLFPPQ (SEQ ID NO. 3); HSIPDNI (SEQ ID NO 4); 25
Glu AEIMEFDREE i SEQ: Ity Ng: va) ;ala ¥ITRRPSR1{ 3pQskPeNO. 6); and
385 QLPLMPR (SEQ°PD NO. 7). PreéPérably the pepgftde is up
to 50 amno 30 acids in length, nore preferably up to
Arg A0, Rt @rdQsn UR tsRr 3D .1l Pnt @12Qr0 Glie UPe tow 15 am no
acids indoength. Still moepe preferabl ylsthe peptide
is 8-12 amino acids in length, nore preferably 6-10.

ven i 3B e T BT GBYGS e baihos 065325 in a

ninth aspect, there is provided a screening nethod for

epti des capabl e of hinding.tao. Nogo referably
a1 "%bdﬁ]qg ST S RAG A TN R e b SERBrh “FREFEGH ) . the
met hod 5 conprising: providing bacteriophages as
‘ def.i ned above, respectively expressing different
Arg Aseptel diés; Vaaridn ST déhi Y FREBLEE é’ﬁ?&ﬁiﬁ%@ésﬂf‘ or the
‘ 4z'iaf?)ilityto bi nd"*fo Nogo (preferably Nogo-66), MAG
and/or TN-R (preferably TNR- 10 EGFL). Bact eri ophages
arg sshid@h @raendentinkised As seithg leapgabléy ¢ir Mpnding to
465 Nogo (preferdBly Nogo-66), %AG and/or TN R®°
(preferably TNR-EGFL), or the peptides they display,
cln ATRYPrdop:bhey e sereensd deorarhhenabildyt yeiy anbl ock t he
i nhi bitorags effects of N#go (preferabl y®Nogo-66), MG
: and/or TNNR (preferably TNR-EGFL) on neuronal cel
 Gin ﬁgfh%ﬁ!éiﬂ 1o A0 d3 Ml 15 08S8@YmrgFol | OW Ng the
I dentidgocati on of a pmptide (or phage that displays a
pepti de) that is capable of blocking 20 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 fornul ated
Wi th one or nore pharmaceutically acceptable
ingredients for admnistration in vivo. In a tenth




of copies of any one or nore of the domains. \Were the
nucl ei c acid encodes nore than one domain, the 5
domai ns are preferably expressed as a fusion
pol ypeptide. Preferably the domains are separated
fromone another by flexible |inkers (preferably
poly-Ala linkers, e.g. Alai Tinkers) to facilitate
GRH hRGbs29:9! di ng of the domains. 10 O the peRtRiIRH0s323
Nogo A, Nogo B, TN-R and/or MAG (and/or preferably
Nogo-C), the vector is pr ef er abl y capabl e of
expressing substantially only the domai ns i ndicated.
NogoN is a domain of the Nogo A isoform Nogo 66 is a
<210>clognai n found in all three isofornms, Nogo-A Nogo-B
<2118Nn8psNogo-C. I n 15 particular, the vector is preferably
<212% nempabl e of expressing other epitope-containing
<213poHeonigiedf the proteins. OF the proteins Nogo A,
<soolNogo B, TN-R and/or MAG (and/or preferably Nogo-C),
thé vector preferably expresses no nore than 20%
cys rr@spnefser abkyinsiaore tehann E59Eenoewdee Athan 12% no
1 nore 20 than 10% no nor’d than 8% no fdre than 6% no
nore than 5% no nore than 4% no nore than 3% no
T1e ERNGRLtNAG12%-9rc100/:00:€ val tan 21§mef ciheypmet ei n | ying
outsi d® the domai ns l4ssted above. Bhis is
particularly preferred for vectors containing a
j r [ I Lot e pns. 25 The
e G A
and MAG are avail able from GenBank, for exanple under

the follqwn ccessjon n s, 3 -..X05301 (4
bro ‘?‘ﬁe?f)serﬁ%ﬁ’ i ﬁé?"ﬁ@é’hfgerl%%g%%‘lif” %K%MSG\?Y B2 AJ251384
(G 9408097) Nogo A - AF320999 (G 11878297) Nogo C
- CAB99250 (d 9408100) 17 WD 2004/ 052922
Lle pETi-aEro0Er dBI2s STy dofgins=pridt &Fasy Jave the
am no acid sequences shown below, i.e. for domain
(c), the 508 residue amno acid sequence of MAG

‘o Yel §08)v Jeersedoiai Hy(W), CypHiel 205 FeSH ¥ 51ani no aci d

sequence ©Bf TNR (125- 32930; for domain (a), the 185
am no acid sequence of NogoN (1-185); and for domain

Cys &4p) serthie 66 @M 919 BeidrSeguencdu gk Nogdseé #r823- 888) .
MAG (11%808) 10 M FLT*PEPLF W M SAS HWGAWVPSSI
SAFEGTCVSI PCRFDFPDEL RPAVWHGVYWY FNSPYPKNYP

Thr RYVEKSREQL - G ShQGROR vs LfallL Asb RNE 610 ldyk SEL SRE
LGEK¥YFRGD LGGYNQYIRES EHSVLDI | NT Al VVPPEVW :
AGTEVEVSCM VPDNCPELRP ELSW.GHEG. GEPTVLGRLR EDEGTWQVS

P RN Hl.QREG cYASLD\tyPP

oo li‘tf_ﬁ%‘vﬁ’E’EL°|\/|\H|fs:3’\sg\/%8Ee"Aily LS e T L S

REAVAESLYL DLEEVTPAED d YACLAENA YGOQDNRTVEL

1 R A EDRECID (AR B

RATAFNLSVE FAPI | LLESH CAAARDTVQC LCVVKSNPEP SVAFELPSRN
20 VTVNETEREF VYSERSGLLL TSI LTLRGQA QAPPRVI CTS
Glu mw&%ﬁ FPPeEARR ‘f@%\? BING 8 TRR 161257329) 25
CPCASS AQUWQELLSR | EMLEREVSV LRDQCNANCC QESAATGQLD
Yl PHCSGHGN FSFESCGCI C NEGWFGKNCS EPYCPLGCSS RGVCVDGEC
cys CRSEYSERDE ySErRORTEHESSISREYCYDCEE WCERP YEREET) *CREL RCPGDC
SGKGRCENGT CLCEEGYVGE'CGORQCLNA CSCRGQCEEG LCVCEEGYQG
PDCSAVAPP (SEQ I D NO: 9) 30 NogoN (1-185) MEDLDQSPLV
cly DRSESPERPE PARKYQFAREL RERRERERRE EEDEDEDLE '
ELEVASERKPA AGLSAAPRPT APAAGAPLNVD P&NDFVPPAP RGPLPAAPPV
35 APERQPSWDP SPVSSTVPAP SPLSAAAVSP SKLPEDDEPP

<210ARRPPPPPAS VSPQAEPVWI PPAPAPAAPP STPAAPKRRG SSGSV ( SEQ

<211bDiBD 10) Nogo66 (823-888) 40 RI YKGVI Q Al QKSDEGHP
FRAYLESEVA | SEELVQKYS NSALGHVNCT | KELRRLFLV DDLVDSLK
(SEQ I D NO: 11) 45 The vector preferably encodes a
pol ypepti de having the am no acid sequence
MAG( 1-508) - Al an TNR( 125-329) - Alanp NogoN(1 18 WO
12004/ 052922 PCT/ GB2003/ 005323 185) - Al ano. _



cgcgcceccccc tccaccccgg ccgcgecccaa gcgcaggggce tcctcgggct
cagtg (SEQ I D NO 15) Nogo66 (2467-2664) 40 agga
t at acaaggg tgtgatccaa gctatccaga aat cagatga
aggccaccca ttcagggcat atctggaatc tgaagttgct atatctgagg
agttggttca gaagtacagt aattctgctc.ttggtcatgt gaactgcacg
at aaaggaac tcaggcgcct cttcttagtt gatgatttag ttgattctct
4%0 geag2e5EQ | D NO: 16) 20 WD 2004/ 052922  PCT/GB2003/605323
PCT/ GB2003/ 005323 It is, &omever, t hought t hat
fragnments, derivatives or ~variants of these specific
domains will also give rise to effective vacci nes.
w1eggrdingly, a polypeptide domain wthin the neaning
<2139f udb&apiR¥eNti on may be a fragment of any 5 one of the
four am no aci d sequences given above, the fragnent
<400pr¥f erably consisting of at |east 15 contiguous am no

cids .from sai d_seguenc [ a | east 17,
e G5 F L0 300 DS AR By BB SPORRARLY 8B 0 °50
am no acids. For MAG NogoN and TNR, the size of the
fragnment is 10 nore preferably at |east 8Q am no
exo 25548 CUbre "5t SFerdbIy” 106" 190755 P156%r 180
ami no acids. For TNR and MAG the Ilength is nore
preferably 200 am no acids. For MAG the length is
Asp Giprdu Flefier bt F1250u 309G 350 A G &7P 450 2aii no
aci¥ds. The fragmer® will include®ne or nore epitopes
.of 15 the specific domai n whose sequence i s given
Leu @boIe, Leatu Wkl |Leur@t airg Wherabid Rty cof Lthgedomain to
FPai se an anti bdd8y response if°vivo. Thus, the
fragnent will be capable of raising antibodies in
ala AkWQothater&mas 3k eastainiaih ciheia eos taspondipg domai n.
65 Linear epitdpe mapping is dSmatter of 20 ®Butine for
the skilled person. Simlarly, a polypeptide donmain
Phe éﬁ}(tﬁgh GKSE rﬂ’ﬁe %P@x@%r@fzu& n’@o Aw\é%m?k@ﬁem&‘o Q.@a a var | ant
of any ome am no acid seguence (the reference am no
aci d sequence) given above. In this 25 context, a
varj a [ epti.de _havi sequ ich
e o A B e L R B S Bt e but
which includes a portion of at |east 15 am no acids
that has at |east 65%am no acid. id n&&t% {oa
val SepriceSPonar fge Por tiigm b ° (At SPeft} nté seduence.
Préﬁerably the level of identity 1s 30 at |east 70%
75% 80% 85% 90% 95% 98% or 99% Preferably the
Ser Byerier dis ilgu o |BaSP FPP & FE° zﬁg ds® PRI IFERGER, nore
Peferred Iengfﬁ are those gi'véen in the preceding
. paragraph for the |lengths of fragments. Again, the
Pro Mearirarfro Al [Ser geheteal dry dlndlud@u dne Vet THoITEx epi t opes
145 of the speciffc 21 WO 20041652922 PCT/ GB2d63/ 005323
domai n whose sequence is given above, and wll retain
pro BB6€1aa0hb laik VWrofaitha 2 deBEIE o Thairse rak raAtizbody
response i6a vivo. Thus,172he vari ant wliP be capable
of raising antibodies in vivo that cross-react with
1ys G GANLesPaRding donphn.  Disclosed is a conposition
conprigihng the vectorisef the invention, formnulated
together with one or nore. pharmaceutically acceptable
<2]_oin redients for use as a (therapeutic) vaccine.
<ml}wggerably the conposition is 10 formul ated for
<21zAadpamni stration by injection. Disclosed,is the vector
<213asHgefdspizdsabove, for use in a nethod of treatnent.
<Mmjh? treatment may be of CNS damage, especially SCI or
Sttoke. Disclosed is the use of the vector as defined
arg AlhOME iy diheval marUfACKIUr B e finayeedi cagent dlgr t he
1 treatnents of CNS damage,l%speci al | y SCli%and stroke.
Di sclosed is a nethod for treating CNS damage in a
patient, the nethod conprising adninistering a vector
of the invention to the patient as a therapeutic
vacci ne. The vectors disclosed will typically be.
adm ni stered 25 by injection, although other vaccine




exanple, in J.M Stewart and J.D. Young, Solid Phase
Peptide Synthesis, 2nd edition, Pierce Chem ca
Conmpany, Rockford, Illinois (1984), in M Bodanzsky
and A. Bodanzsky, The Practice of Peptide Synthesis,
Springer Verlag, New York 15 (1984); and Applied
Bi osystens 430A Users Manual, ABI Inc., Foster Cty,
Cwloizbwroseezr) , or they may be prepared in scraIiGBomz/0d5y2s -
the |iquid phase nethod or by any conbination of .
sol i d- phase, liquid phase and solution chemstry, -e.g.
by first conpleting the respective peptide portion
and then, if 20 desired and. appropriate, after renoval
of any protecting groups being present, by
His By rPel ey irdm Tof lehale ssi duevd by 1reaet concaf the
respectfve carbonic o5sul fonic acid3dr a reactive
derivative thereof. 25 Phage D splay Phage display is
Leudval @&Cents apd spr 0Bk $bNgad eehpiane tn b epohgeul ar
engi*heeri ng whi ch @an survey tenssof mllions of
- short peptides for tight binding to an anti body
11e LGS QPL @y | ndi of ei n.. Phage displ ay
wgs firsti 599 32%&75‘? Eg% L?‘%Q%gg% €§§m£et“h9"‘elt Esaﬂ ,9“1985) and
is a selection technique in which a peptide or
Leu Pgtein is expressed as a fusion with a coat protein
¢s Of a bacteriophage, resulting in display of the fused
protein on the surface of the virion, 25 WD
<2102)00%/052922 PCT/ GB2003/ 005323 whil e the DNA encodi ng
<zllt)h%gusion resides within the virion. Phage display
<2126r eat es a physi cal |inkage between a vast |ibrary of
<213 andomiq@eptdiesdensequences and DNA encodi ng each
<szgsequence, allow ng rapid identification of peptide
<2x£i9éﬂg§;§o&3£ a variety of target nolecules by an in
vitro selection process called panning (Scott et al,
:gg#QQO& Arap et al 1998). Interactions that involve
<222§a?{§§9§'§ﬁ(§{1 protein domeins (either protein/protein or
<223P" @ €L, B0N1 prQtein interactions) 10 typically only
need 8-12 am no aci ds, anong which 5-8 am no acids
lay a key role. Phage display libraries displaying
jgggeg&&g@§ of 6-10 amino acid residues have been
<2228UGEe$SWldyy used in a nunmber of applications,
<223 nedydiangnepidxvepe mappi ng, nmapping protei n-protein
contacts, identification of peptide 15 m netics of
<«opollON-peptide |igands and design of novel vaccine and
<2210ewisdigs (Scott et al, 1990; Cwirla et al, 1990;
<z22Peviosn. . (eg7yal 1990 Felici et al, 1991; Mtti et al,
<229 obelvalgpiny binkewl , 1995; Arap et al, 1998; N lsson et
al, 2000). 20 Recent work has shown that a series of
<qooPpepiides isolated using a broad range of enzynes as
targets contained simlar amno acid sequences for
Met Hgc et%r‘@lf Tridbdyotnedhenrfe okp thhe Mesileseperiat ar get by
conpetition analysis. %7 peptides t¥sted, 13 were
found to be specific inhibitors of enzyne 25 function.
ser IRgpilydile Wurmpgayenlki gands s-dent isti ade Usi ngaphage
displ & are preferentdsally targeted3vo a limted
nunber of sites that inhibit enzyme function
Phe dlhg@?"l’@@%ﬂ'y%megerefleajro C@QQQ% 'Phc,SQsNPHgtPlrgsﬂsgbnf pept ! de
“sraal | nol ecul es” @are often prefesred to peptides for
in vivo pharmaceutical use. Accordingly, 26 WO

[Q05323  m ics _of the

o RO FREAEE B aEHRINE, PR e f e et o
phar maceuti cal use. The designing of mnetics to a
known pharmaceutically active 5 conmpound is a known
approach to the devel opnent of pharnaceutical s based
on a "lead" conpound. This m ght be desirable where
the active conpound is difficult or expensive to
synthesise or where it is unsuitable for a particular
met hod of adm nistration, e.g. peptides are 10
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Gly
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145

Val

His

Glu

Glu

Thr

22%

Val

Val

- Trp

Tyr

Cys
305

42C in 0.2 x SSC (sodium chloride/sodiumcitrate) and
50% formam de at 55C, followed by a high-stringency
wash consisting of 0.1 x SSC contai ning EDTA at 55C.
30 The subject The subject to which the conpositions
and/or treatnments of the invention will be
adm nistered wll be a manmal, 29 WD 2004/ 052922
PE0RAOR/ 005323 preferably an experi nmentpghycRBiosmksszs
suchas a rodent (e.g. a rgabbit, rat or nouse), dog,
cat, nonkey or ape, or a farm animl such as a cow,
horse, sheep, pig or goat. More preferably, the
BlbLRCLsnl By NERE:, P1GRAGKB Y el NEy SHPieRtvaM | | have
CNS damage, wsually CNS insury, e.g. a head injury.
More preferably, however, the damage is to the spinal:
cord, e.g. SC . _ln experjnental ni_mal s he damage
fray uegeépxﬁ){’ﬁr &rrr‘eﬁjtyafr.g %ﬁeéﬁ%u 3’5%&9% Ryeet tlﬁl so result
froma disease or disorder, e.g. epilepsy, stroke, or
a neur odegenerative condition, |earning nmenory-
f Bttepy scOHAPYT BiY Hitd]Qr aementr 278 fgh "a8 A¥ zhei mer' s
di seasé or Parkinson's di sease. 15 e treatments of
the invention will generally be intended for use in
wn?ufn@tri Bre ot Blyobdpekeut Herdpites Asgidh Tas Tsar gery
and!or rehabilitatt¥n. Fornulatidié 20 It is
preferable to present the peptides, mnetics, and
yeCtlar sisofert e Lawednt Ilenilasasphare e ewth igalval
FOrnmul ati ons (&%3g., conpositildh, preparation,
nmedi canent) conprising at | east one active conpound,
85 slef bnedhi:abovel. EQoet-hal whtdiu2R:1 ore @k wdore ot her
phar maceuti catol y accept abl etsengredi ents wiebl known to
those skilled in the art, including, but not Ilimted
bR aphRLNBLePL eal LY AGCERtARR, CAL W8S, Agi uvants,
excl pi ent sgs buffers, preservatives andistabilisers.
The fornulation may further conprise other active
ents. 30 Thus, the present invention further
B S o ey AR PhoRE Ty R 220 il
conposition as previously defined, the nethod
conpri Si n? adm xi ng at | east one peptide or vector of
PHel Tzl PoR 8ﬁe§ o R A
2004f052922 PCT/ GB2003/ 005323 pharmaceutically
acceptabl e ingredients well known to those skilled in
thiersay §ly Bisghro bayr Fivefxs, Sladjlavaat®e BRdispi®nats, etc..
8%The term "phafifaceutical |y a&¢€eptabl e" as used
herein pertains to conpounds, ingredients, materials,
COMpeSPiel GNSEly TOSBGesdrokerssspetat . Lys\Wyk clyoaire, Wit hin
t he scope of 2¥ound nedi cal?udgnent, suit#dBle for use
in contact wwth the tissues of the subject in
gueesdll O (& Bsn sdUBRNYaWshOWt 113 Giexaess-wa st oxi city,
irritatiopm4s allergic response, or other2s5probl em or
conplication, conmensurate with a reasonabl e
Qeerngiul )t..t!ur bfskG{ﬁBiaoAs.pEééhAs%aigrrol ﬁ‘ro_’ Pr@dﬂeuvﬁut‘lihrexc' P _ent ’
etc. past” al so be "aggeptable” in the sense of being
conpatible wth the other ingredients of the
fornmul ation. 15 Sujitable carriers, adjuvants,
b S S it vl i Bie FEuHA e e o
phar maceutical texts, for exanple Rem ngton's
Phar maceuti cal Sciences, 20th Edition, 2000, pub.
Euppipneat B2 WY Fiafy BFovidRksiseafd HEMIBO0R of 20
armaceuti cal ci pi ents, 2n0308di tion, 1994.
Formul ati ons may suitably be injectable fornul ations,
esugdla €1v Adhreafoolfyn Bfy aguBsoUsh Agothariag, Glpyfeogen-f r ee,
sterile sol 819 ons, in whicH3 he active cofffound is
di ssol ved. Such 25 liquids may additional contain
ot her pharnmaceutically acceptable ingredients, such
as anti-oxidants, buffers, preservatives, =
stabilisers, bacteriostats, suspending agents,
t hi ckeni ng agents, and sol utes which render the



Purification of TNNR, MAG and Nogo from adult nouse
brains was perforned by i munoaffinity chromatography
as previously described (Pesheva, P et al, 1989).
Generation and purification of the reconbi nant
domains of TN-R, MAG Nogo 20 as fusion proteins with
GST were perfornmed as previously described (Xiao ZC
ewoadoso@6). Al these proteins were usedcaspplosgsszs
bi nding targets for rapid screening, using the .
Ph. D- 7TM phage di splay peptide library kit (New
Engl and Biol abs, Ltd) according to the manufacturer's
instructions. 25 Briefly, a l'ibrary of phages,
di splaying different peptide sequences, was exposed
ser #aD @t plvatrea ceatied gk tehe tthe veargetly protel Mal Unbound
phage was*?hashed away arfd®specifically33bound phage
was eluted by |owering pH The eluted pool of 30 phage
Ala WA aMakidiked: @ndtet NG PERCYS SeWas: epeat @ash 3-4 times.
After Be4 rounds of ahbinity sel ectideh, several
specific phage clones were isolated from 7-ner random
[ - di [ ' pdeptified by
o %ﬁ%@%%ﬁ%ggﬁstﬂa;%%% O et %%%%%gggé@r?eszoos/ 005323
encodi ng sequences of the specific phage clones were
determ ned by aut omat ed sequenci ng. .The seguences of
Val Mepbrdes %ﬁi%ﬁ BYuia Lfﬁé%‘llg‘fa‘é%ﬁ 39? ga{]ﬁtér t%gcf get ed
proteins were obtained. 5 The framework sequence of
t he phage coat protein, into which a 7-nmer
Slu AsBptp B efte o n PsGUERE? i&%%i“ﬁ’éé;ﬁ‘l‘ && i §4%h phage,
is as follows: 10 TTA TTC ATT CCT TTA GIG GTA CCT
TTC TAT TCT CAC TCT (SEQ ID NG 26) ... GGI GGA GGT
Arg AIEGHECC2GRA IACTLGTSEr GaA GAGEhT BFa (PSEDLe [FEr Nex 27) . ..
represent®the site of if8ertion of thé*¥-ner pepti de-
15 encodi ng sequence. A Kpnl site is underlined, a
reu dadersStilsecysi Sadoubdly apdep |Thnedl cExenpliar vy - ner
pepti d®%encodi ng sequ@fces are showiibel ow. "n"
refers to the nunber of isolated phages displaying a
val %@ Repid-denhavi ©ig thes-sequencensownet tthough t here was
of ©ourse some vard44ability in the4encodi ng nucleic
acid sequences, owing to the degeneracy of the
arg SENELI £..C046), al A diS A9 ARDAE Wt oot @fiu " SEQ I D
No. " and refersqdso the peéeptideosequence. The SEQ ID
NCS of the nucleic acid 25 sequences are 28-35. Tar get

Exenpl ary, nucl ej.c acid Peptide SI.N - TAT CTG
Az RO A e kilgé“f r\?ﬂfdﬁ@f} ﬁL:“’Hé’)rg 1(’1}%36%2%6 GGT TCT
CTG CCT CAT TCG CTG GSLPHSL (n=8) 2 30 TNR-EGFL ACG

CAG CTG TTT CCT_CCT TAG TQLFPPQ (n=18 TNR- EGFL CAT
Gln MiETPATHTOCTE AT /AT AT W@l\ﬁs“(%%ﬂl £YTNR EGFL CAT
CAT ATG CAT GAT AAG HHWHDK (n=1) 5 TNR-EGFL GGT
© TCT CTG CCT CAT TCG CTG GSLPHSL (n=1) 2 TNR-EG-L TAT
6ln HEGACBUCST DRGRRGILCEY MFTPPSPI(HaPlagiladyswo
2004/ 059922 PCT/ GB200%005323 NAG TAT CTG ACG CAG CCT
"CAG TCG YLTQPQS (n=19) 1 MAG CAG CTT CCG CTT ATG CCT
pro &A@ BIAMRR An=6)n Val MAGIACEuGAG IERGTTEEgQC¢ CCT CAG
TQLFPPQ (n=7) 3 5 3® WO 2004/ 0529%2 PCT/ GB2003/ 005323
Aspect 1, Exanple 3 In vitro assay for phages
clu MSPLAYI NS PERE vOESe !t Rat LdueldCryp dilecysnthbiizory ef f ect
sfo Nogo, G andssTN-R on neurosal 5 adhesion Tissue
culture petri dishes (Becton Dickinson) with a
| apet . D e G0 | r
Ry grr%st E’gﬂ’ngjr'“- g%l Siﬁ f‘?azn}é%ﬁghﬁi %91 %ﬁl e\l% %seTyac{:lgriggng to
Lagenaur and. Lenmon (1987) and 10 air-dried under a
sterile hood. Then the petri dishes were incubated
with PBS containing 5 g/m poly-DL-ornithine for 2
hours at 37C. Subsequently, the dishes were washed
three tines with PBS and dried under a sterile hood.
- 15 Protein spots (1.5 1 of 5 pMGST, 5 M GST-Nogo66,
. 100M Nogo66, 100 M.Nogol -50 or 100 pM Nogol -25) were




WD 2004/ 052922 PCT/ GB2003/ 005323 that can abolish the
inhibitory effects of TNNR, MAG and/or Nogo. These
candi date factors are purified as GST-fusion protein,
and the neutralizing effects are tested as descri bed
previously for the peptides. 5 An alternative way to
test the neutralizing effects in vivo is to
t wonsplspiz candi date factor-transfected newcogsdofokis
injured spinal cord in an ggperinental animl and
observe the neutralizing results. 10 New factors that
can abolish the inhibitory effects of TNNR, MAG
uis apdker sNogos areatherLt rg useful for
treating, s&x |)ﬁ t he de(%/l{eglﬁpﬁfelﬂ%e@o% t‘?’gggct%’%elﬁts for, CNS
. damage, especi al | y spl nal injury. 15 Aspect 2, Exanpl e
Cys ;Lsn t iop 20 Nucleic acid encoding the
! Eg?mg% [&p?}%% nb(t:%ls HEdC By PR “RER%8r mi nal  and
66 Aa extracel | ul ar domaln of Nogo-A, third to fifth
Leu h% Li k%ﬁdomal n of MAG and the EGF |ike domain of
medt TR “PER i frdr & wibrler a8y giledve o 1p rigk ude
restriction enzyrre 5 sites and t3°encode Al a linkers
at the ends of the subcloned sequences (see Fig. 1).
Asp E?je?]é‘f BireSeryfigniphispPGR frotluctss Argaye rdoubte di gest ed
y restriction &izynes and t heé® connected
sequentially, DNA encoding the Ala linkers was
Asp fyscleretbrbebvwEenieeanh paixspafiy neh ghbeuf icpg cgomai ns
3 (again, 30 s¥€ Fig. 1). Thes3Ala linkers faeilitate
proper folding of the domains. 40 WO 2004/ 052922
Glu RCTY/CBAR0340093R3 cyfhel, a1l hg, $¢ n%lé?ptytcgl(; Ag:é)nnect ed
DNA was ddabl e digested d3y Ba and g and then
inserted into a pcDNA 3.1 vector (Inwtrogen) to
Cys @&Qﬂyq@s¢lge@gr@gr@gtmye&§%t €., Lecepbinant vector
. was versnfi ed by agaraze gel nd. seqléép anal ysi s.
_ Aspect 2, Exanple 2 Verlflcatlon of the inhibitory
o1 [ f c nan 10 _vector in vitro
T gna%%e&?%lglﬁ\g‘b\?s o %rlrb ¢ah B ThiBLt8UAHhEE test
. anlrrals |n V|trotest|ng must be carried out to make
ser 3YLE N vacci ne can be expressed by nmanmal i an
LUy ity ey £5- Sy et & ?gﬂt Cif GhhelcEl to
stl mul ate the i nmune system o the host. To check
' his, COS-1 cells were transfected with the
e Gt‘e@éhﬁ’F?téﬁft Cg@ét«eﬁla Apl &ie Prafsi aht Aexpressi on, the
cells 20 and’the medi um wét® col | ected r&dpectivel y
and Western-Bl ot was perfornmed using antibodies to the
Glu AFFI’]ﬁ'F‘bIAPR)IG;/“ et dculies val XeGeLberdhsp 4096) .2 verify
that the’ftconbinant prdtein is secrei®dd out the cell
and can act as an antigen to stinulate the host
Arg. PEOTRUN@rSYS: @R WALyt B RCYOr alScRdRiNESE ged in 25
vivo 4% a vaccine. Trensfected cel | mowere detect ed
positive for MAG and TNR antibodies conpared to
clu ¢NOBrt 6ANsf.L ngreact Lv or Nogo was
detected i n%%JLgtgﬂpg}tgaﬁlsuf gicl{Tgy 9]1’:5‘01—,5?‘s n%lu %’ {ransf ected
cells. 48 hours after transient transfection with the
e | nant the medi um was col | ected and
ol ?i‘ér?r%ﬂg%r g%l b7 afse]ar W6 2602082 9Es Ser Ala
PCT/ GB2003/ 005323 wit h anti - goN or anti-TNR- EGFL

Ala B anti body using protein A- agarose. The precipitates
oo ’f/ve?“‘e1 S€pErat Bd By AP0 afid 8% SpS.cupaGRsarkbepr obed f or
Nogo and TNR respectlvely *Each precipi%®te reveal ed
' I mrunor eact i VI ty for the corresponding 5 antibody, s
Gly RynnfircHite; Pivatrot He Prokwi ¢lyi mobeingosaermted. - Aspect
2, Exanpt® 3 10 Dot - bl oti%f GST fusioriproteins with
pre-imune sera and anti-sera Anti-sera were
collected fromLews rats after 2-nonth vaccination
wi th reconbi nant plasmd. A serial 15 concentration of
GST- Nogo66, GST- NogoN, GST- TNR/ EGFL, GST- MAG 1g3-5
and GST were dotted as substrates and subsequently



30 The functional recovery of the experinental rat is
also carried out. Contact placing response is tested
by lightly touching the dorsal aspect of the hind
[inmb without causing joint displacenent. The ability
of the animals to Iift the foot and place it onto the
support surface is then assessed 44 WD 2004/ 052922
PE026BRAOR/ 005323 in three to six repetitiSer2003/005323
G eater than a 30% r esponsg will be scored as
positive (Kukel-Bagden et. al., 1993). (5) Safety
testing 5 The safety of this vaccination approach is
assessed by administering the vaccine to test animals
(unl esi oned and | esioned) and | ooking for adverse

Fro gnpeYlshlaeype@inaddeyGlnoss Bk Trgemsorry ser motwan function
and be¥dvioral or cogifPti ve 10 i npai®frents. CNS tissue
is exam ned histologically to | ook for autoinmune

Sexr SHANBEFEValCp:@. A1RYrroNFEI NGBS R NHeh Gh1 W S A G FBACoNal
ant$35CNPase (Si gnmoC5922, | ot 71kd4889). CNPase is a
protein expressed 15 by oligodendrocytes,
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: ﬁllsiot]ir’:you]i:;‘e?g1 %ﬂﬁgelP#%g%%n%gi%Se%?%gghﬁgﬁ enga%gscri bed in
some 20 detail by way of illustration and exanple for

ur poses of ity and understanding, it will be
boo ?rga%iolpgaa%ﬁa%%ﬁ%ert%o ‘%lﬁo"g% ot “8F drhary "8k in the
art in light of the teachings of this invention that
: certain changes and nodifications may be nmade thereto
Fro %at%‘&ﬁlaoggga‘aﬁi%@ P P tIE "6pitEP PloRis Cepdys 25 of the
appended clainms. Al docunents cited hérgin are
i ncorporated by reference in their entirety and for
Arg M| SlpeposesSly 3B 451 \Whe 20041032922 PCT LEBZ003/ 005323
Referefdes Ajenian A°°Ress R David®® Tenascin in the
injured rat optic nerve and in non-neuronal cells in
val Metdig:Alpotieriln dlys rsek @sp Glu meymat Prepaé hrg h1L£ONP
Neut'ol . 1994 Feb 820340(2): 233-425Altschul SF, G sh
W Local alignnment statistics. Methods Enzynol 1996;
Tyr 1266046Qr 8Qu VAL aa W e Ras qualch DireRvaRAOS |L§ihtTl&'r Cancer
BPeatment by tavgeted drug dekivery to tunor
vascul ature in a nouse nodel. Science 1998 Jan 16;

Ser %Z%@5%49)Leuo’%2' %Qs V@fci\léﬁrCy{;C%lg @?é: lf.?J Giru LQ@X‘S% RL’ .
945 Schachner Mssdenascin-R "inbibits the growsh of optic
fibers in vitro but is rapidly elimnated during

r re ration i e sal amander Pl eur odel es
AIgI%Ef%?Fe?%ﬁfgﬁﬂﬁg 2?“%5gg$$aﬁr%%%¥§?z):813-27. Becker
T, Anliker B, Becker CG Taylor J, Schachner M Meyer
<210>RL, Bartsch U. Tenascin-R inhibits regrowmh of optic
<2U}fﬁ§g£s in vitro and persists in the optic nerve of
<212:mMmge after injury. dia 2000 Feb 15;29(4):330-46
<213>BrregtmannddBeqgikumkel - Bagden E, Schnell L, Dai HN, Gao D,

<400}Schwab ME. Recovery from spinal cord injury nedi ated

Jant, | Les 1 ucit rowth inhihitors. Natuge
ceoni R AUULRS L0 PRUELLE, S DM L0 N s L LEe,
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F, Schwab ME. Nogo-A is a el in- associated neurite
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Filbin MI, Kiso M Hasegawa A, Schnaar RL. Sialic

‘acid specificity of nyelin- associated glycoprotein
bi nding. J Biol Chem 1997 Jan 10; 272(2): 1248-55
Owirla SE, Peters EA, Barrett RW Dower W. Peptides
on phage: a vast library of peptides for identifying
ligands. Proc Natl Acad Sci US A 1990 Aug; '



Merkler D, Metz GA, Raineteau O, Dietz V, Schwab ME,
Fouad K. Loconotor recovery in spinal cord-injured
rats treated with an antibody neutralizing the
nmyel i n-associ ated neurite growth inhibitor Nogo-A. J
Neur osci 2001 May 15;21(10):3665-73. Motti C, Nuzzo M
Meola A, Galfre G Felici F, Cortese R N cosia A
Mawepoid/0B292:Recogni tion by human sera and PCT/GB2003/005323
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tgtccw—gtg S.QE&EQL@QCWL%IJ% cﬁgs é%h@t@g tgﬁlzcyg(‘ggp rc@&rf-a't&ct(; MA‘G) 60
found in vivo inhibits axonal regeneration. Cel |
gagagmﬁo@é?gﬂm?gcgéwsag 833adBos FehygtaSea Slamgtm—t 120

Q h L ocker. .PR,
secacliiE 1 B{ghe e, HERERE CIMRR0 aDRAete Tavere AN oo
tcctgﬂ@m/@s&@a&a%u@z@@wt@@&ags atﬁgﬂtcaga@b&t%ﬁgh newyoons

via a sialic'acid binding site at ARGL18 and a
ceactyy et | TR r ISR B‘Eglgf“ifﬁc% PIECAtFECEFToBrBE 1987
tacag&ﬁ;@g%&gﬁé&t@) eglgt_a:%c@;ﬁt cI@J&gagsacthalrbcgc cN?tJ@H&dtga Eseo
bin MI. Sol uble nye 7| n- associ at ed ycoprotein

tgcgtaﬁcwgwtﬁfrgémtﬁmmg@j cefiptretratdeeyacty Wh%%ﬁ@@gaxoﬁeﬁl

[a NeurOSC| :
R A R e SR e S S DS L
gagogbinkl uepeank JrabuSkay euydagtbfﬁnagyatgtceq1cggugggdmacc)nﬁﬂo
behavior in vitro.. J Neurosci Res. 1993 Jul 1; 35( 4
): 347-62 Turnley AM Bartlett PF. MAG and MOG enhance’
neurite outgrowh of enbryonic nouse spinal cord
neurons. : Neuroreport 1998 Jun 22;9(9):1987-90.
Wntergerst ES, Fuss B, Bartsch U Localization of



HSI PDNI (SEQ ID NO. 4); 52 HHWHDK (SEQ I D NO. 5);
YTTPPSP (SEQ ID NO. 6); and Q.PLMPR (SEQ ID NO. 7);
(b) a peptide up to 60 amno acids in length
conprising an am no acid sequence selected fromthe
group consisting of: YLTQPQS (SEQ ID NO. 1); GSLPHSL
(SEQID NO. 2); TQFPPQ (SEQ ID NO. 3); HSIPDNl (SEQ
| Wobideosdd, HHVPHDK (SEQ I'D NO. 5);  YTTPPYRr/GBEMR23
NO 6); and QLPLMPR ( SEQ ED NO 7); wherein the
peptide is capable of bi ndi ng to Nogo, MAC and/or
TN-R;, (c) a peptide up to 60 amno acids in |length
conprising an am no acid sequence having at | east 6
gacga%agdab%gdgg@mugaa{ctgwgs%P%&r gécr;%gaﬂcwgc 5&?&5&168 kgp the
no acid sequence Y wher ei n
gcagtifgeccpegtr de i s capable of binding to Nogo or MA&S and
(d) a peptide up to 60 amno acids in length
«210800Prising an ‘amno aci d sequence having at |east 5
<211¥ esdisdues identical with corresponding residues in an
<21l2anPi¥o aci d. sequence selected from the group
<213% ofREP sTPPIfG of : GSLPHSL (SEQ ID NO 2); TQLFPPQ ( SEQ
<tpod DINO. 3); HSIPDNI (SEQ ID NO. 4); HHWHDK (SEQ ID
atggeN@accSi)g,gaccﬂﬂ_cPP&Rc{gsmtl:c_E)c(N@Jg 6)’3qcaﬁdc @ﬂcbﬁ@ (SE@ 1D
); wherein the peptide is capable of bindin
Cccg%lj"ﬁ‘ a%@agﬁnﬁﬁﬁf‘gg‘f’ﬁﬁ Rccgﬁ%?éé? REFSHIER GRESF*nor gz
gaag%%g”%%b&aké%c%gf BERRSRoq kRAGEDLENaSgcctRc12. 1bhe
conposition of claim11l, wherein the nunber of
geeggudbatt tsadecres pehgescaibh qmetﬁeqncpﬁegfcspc paEELEEr | s24
i) [ ere t he
ttcg%a%gtg a gt%gft%§c J'&g?&gmgg% gécgsg gctcggic%!: ?f%t’gcc%m I\bl.’éfgob_ 66.
gcccdgfiragcTcimeamaposﬁgmm«:@fag@lcwtm tdscowdret aichcdcheapeptéode

of lPar %d% IS ca abl e of tb| ndi ng to TNR- 1I:EGFL. 15.
CecCHE D 9 8?1“6? Shy “BAE BT “E1°IPIE> G IH, wher ein
geec§ R PORbLLCObc@BY200 grRhcqRad biyckfyct Qgtsbygie UPado 40

amno acids in length. 16. The conposition of claim
CegeaAgCCoPRSFRACAIT REFIBRASET décarcgccasp CPEFICTH2 APFRIIEES ds>th
tectdSRAt gt d 7. The conposition of claim 16, whereinsihe

peptlde Is up to 10 amino acids in length. 18. A

pepti de as defined in any one of clainms 11 to 16 for
2%uselin a nethod of treatment. 19. The use of a peptide
<2123 Npizhe preparation of a nedicanent for the treatnent
<2130f oNSagdasmmge, wherein the peptide is selected from
%4ootha: group ;:onsn SLI ng of: (a) a peptide, the amno acid

[ uenc
oSSR Rl RO GPOSLALS.AD o AILAR, L2800,

gcatatlatmat@gaa@tmt(;%@ghmmtt@)gaagﬂ@@gaa@m(tSEle

' HS| PDN Q I D NO. 4) HVPHDK ( SEQ | D, NO.
gctC'st)ggtc ')ﬁfﬁ*fﬁﬁ §T§©gﬁaf>g RET - 8)99° aﬁ%tCtEEﬁLﬁ\?ﬁE?a%?éQ 1 DNO. -
ttagtyattDbectdaga peptide up to 60 am no acids in |ength
conprising an amno acid sequence selected fromthe
roup consisting of: YLTQPQS (SEQ ID NO 1); GSLPHSL
jﬁi?sﬁ@ ID NO 2); TQFPPQ (SEQ ID NO 3); HSIPDN (SEQ
<2123 Dpi¥O, 4); HHWPHDK (SEQ ID NO. 5); YTTPPSP (SEQ ID
<213NOprtB¥{ciandequght MPR (SEQ I D NO. 7); wherein the
220geptl de is capable of binding to Nogo, MAG and/or
<2234 B & pﬂﬁgr (£d, @ peptide up to 60 amno acids in Iength
_ conprising an amino acid sequence having at least 5
<400Fr esT dues identical with corresponding residues in an -
cggeglitritoset troteqeeated sel ected from the group
consisting of: YLTQPQS (SEQ ID NO. 1); -GSLPHSL (SEQ
<210 DINO. 2); TQLFPPQ (SEQ ID NO 3); HSIPDNI (SEQ ID.
<211N028 4); HHWHDK (SEQ ID NO 5); YTTPPSP (SEQ I D NO.
6); and QPLMPR (SEQ ID NO. 7); wherein the peptide
is capable of binding to Nogo, MAG and/or TN-R 20.
The use of claim 19, wherein the nunber of identical _
residues in the peptide of part (c) is at |east 6. 21. .
The use of claim 19 or claim 20, wherein the peptide



R, or the peptides they display, are then be screened
for the ability to block the inhibitory effects of
Nogo, MAG and/or TN R on neuronal cell adhesion in an
invitro assay. 34. A nethod conprising all the steps
of claim33 and an additional step, follow ng the
identification of a peptide, or 57 phage that

dive plodys3o23 peptide, that is capable of bl ogkiggdeifsss
inhibitory effects of hbgﬁ, MAG and/or TN-R on
neuronal cell adhesion iA%an in vitro assay, of

formul ating the peptide with one or nore

<212>phar maceuti cal ly acceptable ingredients for

<2l3>acﬁff@iglarlagéqgg‘cien vivo. 35. A nethod of searching for
factors that are likely to reduce the inhibitory

<22ef fect of TNNR, MAG and/ or Nogo, the nethod

<223 ofFPrETataEg*ACAt er r ogati ng a sequence dat abase to

<agos dgntify polypeptides, or nucleic acids that encode

tocoddlo¥ PR i8S, cdddgdaaconpri se an anmi no acid sequence
having at least 5 residues identical wth

cgirespondi ng residues an amino acid sequence

<210> 9
S

w115€ected fromthe group consisting of: YLTQPQS (SEQ
<2123l DO, 1) ; GSLPHSL (SEQ ID NO 2); TQ.FPPQ (SEQ ID
<213:NQrt8jirialH8lRBNE (SEQ ID NO. 4); HHWPHDK (SEQ I D NO
<2205); YTTPPSP (SEQ ID NO. 6); and QLPLMPR (SEQ ID NO
<223Z7_)chsp§imé pgbhod of searching for factors that are
likely to reduce the inhibitory effect of TNR MAG
<400:an¥ or Nogo, the nethod conprising screening a c
toccqUE e AT IR EH BFF29GI°F gonucl eot i de probe which is
capabl e of hybridising under stringent conditions
<210 2th a nucl ei ¢ acid sequence that encodes an am no
:gﬂ%c?f% sequence having at OII east 5 residues i plgnti cal
.correspondi.ng residues in an am no aci d sequence
.<213>se$retl%%1dal ?‘?qgr%gétehe group consisting of; YLTQPQS (SEQ
<2204 D NO. 1); GSLPHSL (SEQ ID NO. 2); TQLFPPQ (SEQ ID
<223NCCRYrimeBIPON] (SEQ ID NO. 4); 'HHVPHDK (SEQ | D NO.
<agoP) 30 0@ YTTPPSP (SEQ ID NO. 6); and Q.PLMPR (SEQ ID
ttoed¥egcYggadibacal Bergg®fahod of claim 35 or claim36, which
includes the step, following the identification of a
(210>ca£11di date pol ypeptide or nucleic acid encoding the
<1< abdi date pol ypeptide, of testing the polypeptide for
<2128 hewaabi lity to reduce the inhibitory effect of TNNR,
<213VABtafidior spiygese 38, A nmethod conprising all the steps

<2209f claim 37 and an additional step, follow ng the

<2233 dedt L fiheakbgm, of a polypeptide that is capable of
bl ocking the inhibitory effects of Nogo, MAG and/or

<400 NRR on neuronal cell adhesion in an in vitro assay,

LIS R HIPRER G T IHRE°Y9DI Y pept i de with one or nore
pharmaceutically acceptable ingredients for

<zioadm ni stration in vivo. 39. The conposition of any

zgi;gnélﬁgf claims 11 to 17, which is fornulated for

- *<2cad Lstration i njection. 40. The peptide of claim

<213:i8,ﬁi 8?“3@5@ uﬁan? e treatnent of CNS damage. 41. The

<2z20peptide of claim18, for use in the treatnent of

<223zpifrabriger do¢a¥zury or stroke. 42. The use of any one

<4009f 25' aine 19 to 24, wherein the treatment is of

aaacbfih L,a&ggqucL NabdaYce Stroke. 59 WO 2004/ 052922 31
PCT/ GB2003/ 005323 a 1 SEQUENCE LI STING <110>

' Si ngapore Ceneral Hospital Pte Ltd Xiao, Zhi-Cheng

ﬁ%é% Central nervous system damage <130>

<212 FP6186654 <150> US 60/431, 620 <151> 2002-12-06

<213x16O0A e BHaxkEE@=nRPat ent I n version 3.1 <210> 1 <211> 7
<212> PRT <213> Artificial sequence <220> <223> From
a phage library that displays random7-nmers <400> 1
Tyr Lau Thr Gn Prodn Ser 15 <210> 2 <211> 7
<212> PRT <213> Artificial sequence <220> <223> From
a phage library that displays random 7-nmers <400> 2



Ser Ag Ay Ay Hs TrP Ay Ala TrP Met Pro Ser Ser
Ile Ser Ala 20 25 30 Phe Au dy Thr Cys Val Ser Ile
Pro Cys Arg Phe Asp Phe Pro Asp 35 40 45 du Leu Arg
Pro Ala Val val Hs Gy Val Trp Tyr Phe Asn Ser Pro
50 55 60 Tyr Pro Lys Asn Tyr Pro Pro Val Val Phe Lys
Her Arg Thr A n Val 65 70 75 80 Val H's Qu Ser She
Gt JabsAsg Ser Arg Leu Leu Ay Asp Lau G Ypc§Rig3R38R323
Lou Arg Asn Cys Thr Leu Léu Leu Ser Thr Leu Ser Pro
Gu Leu dy 100 105 110 5&/ Lys Tyr Tyr She Arg Gy
Asp Leu Gy Ay Tyr Asn A n Tyr Thr 115 120 125 Phe
Ser Qu His Ser Val Leu Asp Ile Ile Asn Thr Pro Asn
<20kl e Val 130 135 140 Val Pro Pro du Val Val Ala Ay
<223TheciChtinvalvefdea-Val Ser Cys Met 145 150 155 160 Val
‘ <400Pr° Asp Asn Cys Pro GIHu L(e]u Argg PrLo Glgu Logu Sgr Tl_rl_ﬁ
i s udy Leu Gy u Pro r
a""“\i‘ﬁ gie%ggépaia%\r’“agﬁfz??‘ Arg Gu Asp 180 185 190 .G ' dy
Thr Trp VaI G n Val Ser Leu Leu H's Phe Val Pro Thr
<21°Arg 195 200 205 du Ala Asn Gy His Arg Leu Ay Cys

SUE A a Ala Phe Pro Asn Thr 210 215 220 Thr Leu G n

<213§h§rt@fkla VYeditheAl @ Ser Leu Asp Val Lys Tyr Pro Pro
225 230 235 240 Val Ile Val Ju Met Asn Ser Ser Val

220y Ala Ille Au Ay Ser His 245 250 255 Val Ser Lou
<2237 o BCRCPEEY yOHI®S %Asp Ser Asn Pro Pro Pro Leu Leu Thr WO
<4002004/ 052922 PCT/ GBZOOB/ 005323 4 260 265 270 Trp Met
goetcfyogt AsgtGhgrgdteddata Leu Arg Gu Ala Val Ala Gu Sax
Leu 275 280 285 Tyr Leu Asp Leu Qu du Val Thr Pro
i g du Asp Ay Ile Tyr Ala 290 295 300 Cys Leu Al a
<211 wesAsn Ala Tyr Ay An Asp Asn Arg Thr Val GQu Leu
<21230888310 315 320 Ser Val Met Tyr Ala Pro Trp Lys Pro
<2L3ThAcbgai il e ®e)eThr Val Val 325 330 335 Ala Val Qu
<08y GQu Thr Val Ser Ile Leu Cys Ser Thr @ n Ser Asn
<22334 00134518502 s P OnAS PorPeQudnk 111 p WorblBéreki| rer Rireadcys G u
ys. A@n IIe Leu Ala Thr 355 360 365 Val Ile Tyr GQu

| <400y dn Leu u Pr.o val Pro 3
ggat%cﬁ\ggagé‘b a(bcc clggé%?/tl't g&a aa g_?%tca?gtt\?aj:g %7% u
ggggd&‘sﬁchfmgTyffctGgytﬁ:dftcg 385136849 3:95toé£)_:@rg AEgLghba: Thnzw a
Phe Asn Leu Ser Val Qu Phe Ala Pro Ile |Ile Leu 405
LeeaiPrEe 95 I ESE® GFIPOSER T IRy AEC AVEC AN AR B Y CAs p thr
tggté&lt caGacﬂach%té- Qe GY§hac 436428 4:%9tcvalaa \éal:cdg)é&ase r24sn

Pro Qu Pro Ser Val Ala Phe Qu Leu Pro Ser 435 440
caaggbce APIRIAESHT PARIITHATE \FAFCIRRISE AIEFaTHict AIECALY A u3Phe
CCT C ca cdo a a Lau u
aact4¥%c ¥n_.r; t§ % Y 519agéﬁ§gt %@&ga’%r Qg(g?%ft qail;Xtitg% 4703%5
_ ggtgdl@:@gg @;qwctbdcaa Epmt%a@cmtgtcmgcIalcegc@S@twaacaSeactcAr g4#sn
Lau EGX . Thr 485 499 495 dn Lau 4g>or
R HETE R Ef;ﬁ‘g%lgﬁ“iflf%ga?&r g%é%fa%cféa%afﬁo%f% 2@922
tgcaPﬁé&%@&Q;’da@Q%%ag&g @d8deglc 5kl Opgcsidad™> PRIo
<213> Hono sapiens <400> 9 Cys Pro Cys Ala Ser Ser
999° I IgICP I OTRIEIE G EPTFIG HIT9E%R 9P AFITEFCAr GFI9E 9% 910 Y
(=) a [ C (ot cC c C g
T AR A T
gctgsﬂdtaccThcaa@hc;caGcmticeﬂtAQgggﬁYtacbI@agt?:ﬁggdtocgdt&a@t@ H 32Cys

orcegGtan ARG R ik D SIS IS AsiDys
ctge SRt f bbb ad Yhad¥goca GRgcAQctdR C&Ogganc@ de@thghy CysadSer
~ Ser Arg Ay Vval Cys Val Asp dy nQIsIIe859095
gtgtt%f’gg%éiﬁc%frtgﬂtaagFWCtsélac@gﬁtAstﬁg%ﬁﬁgQ@cgé’Fg‘@ u P&

o c a y
gaggﬁ!‘gg ac’¥§t \/5 %ng&lgg%éiaégg I{ytgl’%l%g &aS%E a]?g% g{:ﬁrz 59@(} y
gagCGaucsPlt@atEysrthT mcct@ggea@l @ca@sﬁgmgmgﬂ@ WwtEouIthr g 185

Pro Ay 130 135 140 Asp Cys Ser Gly.Lys @y Arg Cys
Ala Asn Gy Thr Cys Leu Cys G u 145 150 155 160 Glu
Ay Tyr Val Ay Qu Asp Cys Ay A n Arg An Cys Leu

Asn Ala 165 170 175 Cys Ser Ay Arq Ay Gn Cs Qu
GQu dy Leu Cys Val Cys Gu Gu 100 185 190 Ay Tyr



<211> 973 <212> PRT <213> Artificial sequence <220>
<223> Fusion protein <220> <221> VARI ANT <222>
(509)..(511) <223> Polyal anine linker. <220> <221>
VARl ANT <222> (717)..(719) <223> Polyal anine |inker.
<220> <221> VARI ANT <222> (905)..(907) <223>
Pol yal anine |inker. <400> 12 Net |le Phe Leu Thr Thr
Lvea 2d0n/a52022u Phe Trp [le Net Ile Ser Ala 1 fmrk®2db3005323
Ser Arg Ay Gy His Trp GléAla Trp Met Pro Her Her
Ile Ser Ala 20 25 30 Phe u @y Thr Cys Val Ser lle
Pro Cys Arg Phe Asp Phe Pro Asp 35 40 45 Qu Leu Arg
Pro Ala Val Val H's Ay Val Trp Tyr Phe Asn Ser Pro
Scefd et E) 20 2922. BGl-6820 é&@%@é’m&Jy&oﬁro
gaggg@gagé cag' Tyr Pr%?% Val Vg;g Phe %)%s Ser Arg Thr Gn
atctWaahgg 8B aFRIFS c8Fycofay gHiasc@ty Segtepivd c@lawt@a;ﬂ Arlnger

Arg Leu 90 95

ctecdpiho leTtbn afe-Bpo o TalpoR it T S , o0
gqcca];@&glé&c@c)ttﬂ.)éfnaﬂ;yd'tc‘ﬂ_)él’:ggeb’&te\r@cﬁayaaﬁs&ttﬁldgﬁ y 16y

r Asn Gn Tyr Thr 115 120 125 Phe Ser Qu Hi s Ser
seqenp E9 BFOTEH2T PEEPPEEASAICPRATEIPIGImERReR| FoRAEreof30 1155
aacc:Lé'vg’: l::clRﬁ: L cgtUcv aay a&t aT ka VallB@ u
i A QISQaI\/EtQJ e YR 1R TR oﬁ}ii% Ash Cys
-gagtﬂbgtgt@q#cmacwggcmczytecquevcsacafﬁcpcaleocu:t@gyg'%5 1190

72 IOt c A Vaé.lcc d 9
caggcifcaag cccc?ﬁcccg c% ca%tgzgt fﬁ%tci?)% é t -Jéraggg_l_rhr cl;lar%%gcva?ﬁsw
_ ctcgaM&i:chﬂfttd:c@tUgd_@Ucaldht&gphyecg\ladxcaE’rglcaﬁhﬁtgér@gtﬁlcg&:CZOO5@05
GQu Ala Aso Ay Hs Arg Leu GnAIaAIalF;]z?Be
CaggtPFEFCA%‘-‘r‘FEWPC"Zf@gc‘z"iq\%*t‘?fégat?‘i’]‘?’g Laéﬁg Wtﬂggg@gﬁtg(} y o Tyr
cgaga%l:QgtS%rane&QaaA%pgc\.[@lcaé—)éSaaEY&ctEr&acPargQacaza%égg%agatz35.6@040
Val Ile Val Gu Met Asn Her Ser Val Qu Ala lle Gu
atceqgpyetSeqaabIscD 43R BEF tD BEct tiafot LiekagagrI eciapaacd A a

gaagﬁ%’gtsgggéé?ﬁrg}afrt{?gnfgx% gcgcéagygcl:ec%c;r Ett 2&@ %@59@27(188-([ p
u Val Ala Qu
ggggiﬁeﬁtgLEWatq’Zﬂ& 28@-&2@& g¥gAzchat q&sqmglzm @agtg@wep VaiesThr

Pro Ala Gu Asp dy Ile Tyr Ala 290 295 300
st P R A T B R R, Bl o
tgtoda@ibc 3Q8caxlBy 23Hyg320c \AGhg2004h 029522t HCI/-EB206:3/ 005823
9 Ser Val Met Tyr Ala Pro Trp Lys Pro Thr Val Asn Qvy
gogaapRyIa/agtataacaa S9%283 gt 345 9°H9g ATETCteF @YIERRf Trﬁ°4‘{/a|
d Sat98&tqd Nt a96fac&3t34a <&o0 21b¥ 0
e T L T ) L8 Phe Tye o Ty d i Te Leu
tgcgwtathhafgw%Sa 369865t Wartgpt@gmtt@cws@%ca@gﬁcq_e L n

L P I 3 €]
:gcaaiﬂgaageagctagea%ca'{?rc c\‘_actéa/gtcvla cc r%g%ﬁ%z;gcc Zégg%gglgy ééZ&Sp

cageddgbgt 88598002 306cedYy sAgeaa sHangsdba Edaeqa&sm LeHES‘Ser
: Val Qu Phe Ala Pro Ile Ile Leu 405 410 415
9299BERIGP WAEFPIIAI S AP XA RIRPG BT ITHY IVaf & Cffys uﬁ_
'gccgtgéﬁgc éé’&c ‘lzagag\.@'lcc@LgdeM&gSﬁfgcﬁ%Bg@ﬁ&c@gth:r ;2 aBer
GI u Leu Pro Ser 435 440 445 Arg Asn Val
gactfrqqgaa\/atgaAswm ageIFa 9o GCRIeIG %FCH‘FQ‘J%F?C’FWCS”er XV

. gtcgel%gg{ggcg%?ao c:céI gtgtégﬁga&lCcha#g% li-%é %‘T:%ga g%’gﬁcj !AIeZa?Eg;JO

ccatarcego%gcc\{@itgb |c@ce@§t8tc§fh1‘ccﬁ©l&a9ﬁr g:céds;agiaeuga'fyargca y 2Rl

- 485 490 495 dn Ser Leu Qu Leu Pro Phe y6ALa

ccoTpgeg AL HPRFH Al BECREIC)AE I s ﬁ&%69$?°°°W§g%

. acccc%%ﬁaﬂ@ccgg&cyalgcég%blccg RcfdcHcdeabgbidgRe basbbghakd € 2'?5‘15
0 525 G u Met Lou Gu Arg Au Val Ser Val Leu Arg

ggctmpg@ﬂtC@y@gwcﬂcaa%%a%sa®4ﬁgt9%ﬂcac§/%ctE§F§3‘G n'& u

ssae B allfst i e, e e b s ™ ey 20

gagt SRkt Cayaddl Scatd g&aﬂ&ﬂgdgh@tﬁﬂba@hﬁsa@ﬂﬂcse pat@yzooed y P8
Ile 565 570 575 Cys Asn Qu Ay Trp Phe Ay Lys Asn
Cys Ser Au Pro Tyr Cys Pro 580 585 590 Leu @y Cys
Ser. Ser Arg Ay Val Cys Val Asp Ay Gn Cys Ile Cys
595 600 605 Asp Ser Au Tyr Ser Ay Asp Asp Cys Ser
Gu.Leu Arg Cys Pro Thr 610 615 620 Asp Cys Ser Ser



945 950 955 960 Arg Leu the Leu Val Asp Asp Leu Val
Asp Set Lou Lys 965 970 <210> 13 <211> 1524 <212>
DNA <213> Rattus norvegi cus <400> 13 atgatattoc
ttaccaccct gcctctgttt tggataatga tttcagcttc tcgagggggg
60 cactggggtg cctggatgcc ctcgtccatc tcagccttcg
agggcacgtg tgtctccatc 120 ccctgeccgtt tcgacttccc
ggebgagebn agaccggctg tggtacat gg cgt ct ggt atechBB2003/005323
ttcaacagtc cctaccccaa gaacbacccg ccagtggtct tcaagtcccg
cacacaagtg 240 gtccacgaga ‘gcttccaggg ccgtagccgc
ctgttgggag acctgggcct acgaaactgc 300 accctgcttc
t cagcacgct gagccctgag ctgggaggga aatactattt ccgaggtgac

ctcagfQec G&@&Q%Q&a@gﬁag%@g&aﬁt&@%ug‘% £4 gcacagCthosy
tcctggacat catcaacacc 420 WO 2004/ 05292

<2100 C1L GB2003/ 005323 12 cccaacat cg tggtgccccc agaagtggtg

<211gc§§gaacgg aagt agaggt cagctgcatg 480 gtgccggaca

<2128CHh@cccaga gctgcgceccct gagctgagct ggctgggcca cgaggggcta

<21354013 ggggagecca ctgttctggg tcggctgcgg gaggat gaag

«wgpdcacctgggt gcaggtgtca 600 ctgctacact tcgtgectac

ceat L 0R0RALEE . 0ACPACEAGE 9Ll AdNCLO toagget goc 660
ttccccaaca ccaccttgca gttcgagggt tacgccagtc tggacgtcaa
gtaccccccg 720 gtgattgtgg agatgaattc ctctgtggag

:ﬁggcégattgagg gct cccacgt cagcctgctc 780 tgtggggctg

<212§c§[&caaccc gccaccgctg ctgacttgga tgcgggatgg gatggtgttg

- <2138413 agggaggcag ttgctgagag cctgtacctg gatctggagg

- aggt gacccc agcagaggac 900 ggcatctatg cttgcctggce

<4g°>a aat gcc tatt cca acaaccgcac ggtggagctg 960

99 g%%‘g%gt %go?fg@%aaaact g%fg‘efc‘f’ta?g *§hagcccaca gt gaat ggga cggt gt ggc
ggt agagggg 1020 gagacagtct ccatcctgtg ttccacacag

<21i03gehacccgg accctattct caccatcttc 1080 aaggagaagc

jgigzag cctggc cacggtcatc tatgagagtc agctgcagct ggaactccct

<2131 140 ; ;10 R0LORCHL cCcgaggacga tggggagtac tggtgtgtag
_ ct gagaacca gtatggccag 1200 agagccaccg ccttcaacct
<220t ct gt ggag tttgctccca taatccttct ggaatcgcac 1260
<223 g‘?"j%%]g‘gbg"F&a‘iﬁ@%é@cﬁcﬁf'@éﬁ@"@ﬁe ctgt gt gt gg t aaaat ccaa
<g00:CCHPgaaccc 1320 tccgtggect ttgagcectgec ttcccgcaac
tatetghgacigtigagacgagacaga gagggagttt 1380 gt gtact caget
agcgcagcgg cctcctgetc accagcatcc tcacgectccg gggt caggec
<21051440 caagccccac cccgecgtcat ttgtacttcc aggaacctct
<2115acggcaccca gagcctcgag 1500 ctgecctttcc agggagcaca ccga
<212>160Ma  <210> 14 <211> 615 <212> DNA <213> Honp sapi ens
<213 RrStiTaal BRCBEQL g ccagtt cagec ccaggt gct g caggagcet ge
<2205t gagccggat cgagatgctg 60 gagagggagg tgtcggtgct
<223>0CHRAAACEAT-HGCRBEYC A hYGLYRta agaaagt gct 120
<ioo gccacaggac aggtggacta tatocctcac tgcagtggcc acggcaactt
' cttt tcctgtggct gcatctgcaa cgaaggctgg
ggttz%?gﬁg%tﬁg%ggc;ft?gctcgga gccctactge 240 ccgetgggtt 2
gctccagccg gggggt gt gt gt ggat ggcc agt gcatct g t gacagcgaa
<210>3(0% tacagcgggg atgactgttc cgaactccgg tgcccaacag
Ssactgeaget ¢ ccgggggetc 360 tgegtggacg gggagt gt gt
<213:C1 04983080 LG6lacact g gcgaggact g cagggaactg 420
aggtgccctg gggactgttc ggggaagggg agat gt gcca acggtacctg
<220>t t t at gcgag 480 gagggctacg ttggtgagga ctgcggccag
<2230 JHEBRIE B ¢ rgRRPHCRTE U §EY6EE 540 WO 2004/ 052922
<a90-PGH GB2003/ 005323 13 ggacaat gt g aggaggggct ctgcgtct gt
acgcagaaf agggettt@dcgagggccc tgactgctca 600 gcagttgccc mtcca
615 <210> 15 <211> 555 <212> DNA <213> Honp sapi ens
<2205<400> 15 at ggaagacc tggaccagtc tcctctggtc tcgtcctcgg
<211>8C4gcccacc ccggeccgcag 60 cccgegttca agtaccagtt
<212>Cgivgagggag cccgaggacg aggaggaaga agaggaggag 120
<213>gdegeiigidgsasygaggacga agacctggag gagctggagg tgctggagag
gaagcccgcc 180 gccgggetgt ccgcggeccc agtgcccacc '
gcccctgeecg ccggegegec cctgatggac 240 ttcggaaatg
acttcgtgcc gccggcgecc cggggacccc tgeccggecge tccccecegtc
300 gccccggagce ggcagecgtc ttgggacccg agcccggt gt '
cgt cgaccgt gcccgcgecca 360 tccccgetgt ctgetgecge




<210> 25 <211> 2934 <212> DNA <213> Artifici al
sequence <220> <223> Construct resulting from
sequentially connected PCR products <400> 25
ggatccatga tattccttac caccctgcct ctgttttgga taatgatttc
agcttctcga 60 ggggggcact ggggtgcctg gatgccctcg
tccatctcag ccttcgaggg cacgtgtgtc 120 tccatcccct
geogttoeera cttcccggat gagctcagac cggct gt ggrcucaliguBgie
100 tggtatttca acagtccct agccccaagaac tacccgecag
tggtcttcaa gtcccgcaca 240 caagtggtcc acgagagctt
ccagggccgt agccgactgt tgggagacct gggcctacga 300
aactgcaccc tgcttctcag cacgctgagc cctgagctgg gagggaaat a
<zzoctatttccga 360 ggtgacctgg gcggctacaa ccagtacacc
<223% t BteogjgayCwCcageticedncgyag atgate 420 aacaccccca
<00 2CRt cotggt gcccccagaa gtggtggcag gaacggaagt agaggtcage
catt &80 1196aLAAL gC cggacaact g cccagagctg cgccctgage ,,
t gagct ggct gggccacgag 540 gggctagggg agcccact gt
tct gggt cgg ctgcgggagg at gaaggcac ctgggtgcag 600
2yt cactge tacacttcgt gectactaga gaggccaacg gecaccgtct
<212:008Gt gt cag 660 gctgccttcc ccaacaccac cttgcagttc
<213:gagagtitacgsepagkct gga cgt caagtac 720 cccccggtga
sz;%gtggagat gaattcctct gtggaggcca ttgagggctc ccacgtcagc
tgct ct gt ggct gagag caacccgcca ccgctgctga
«&SEt%ﬁmgf%%gIﬁbd%ﬁ%%%?ﬁgﬁﬂﬁgsﬁ?ﬁ??baggg aggcagtt gc
<400t g&ggagcct g tacct ggat c tggaggaggt gaccccagca 900
catcafatpgagfgefatdact at gctt g cct ggcagag aat gcctatg gccagitacaa
ccgcacggtg 960 gagctgagcg tcatgtatgc accttggaag
<10LCgHacagt ga at gggacggt ggt ggecggta 1020 WO 2004/ 052922
<211PCIH/ GB2003/ 005323 16 gagggggaga cagtctccat cctgtgttcc
%1”30@@a agca acccggaccc tattctcacc 1080 atcttcaagg
AP LT 5@315%%?§gccacg gt cat ct at g agagt cagct gcagct ggaa
<220:21140 ctccctgcag tgacgcccga ggacgat ggg gagtact ggt
<2233t ieagetgA-gaageetigb-ancd 0 segga@agagag ccaccgcctt

«a00-CAACCtgtct gtggagtttg ctcccataat ccttctggaa 1260

tatadyCdCaGt g £AQCYgccag agacaccgt g cagtgect gt gtgtggtaaa
at ccaacccg 1320 gaaccctccg tggcecctttga gectgecttcc
cgcaacgtga ctgtgaacga gacagagagg 1380 gagtttgtgt
1%ac}icagagcg cagcggectc ctgcetcacca geatcctcac getccggggt
<21251 caggcccaag ccccaccccg cgtcatttgt acctccagga
<213xacetotiatggssgaaeeagagc 1500 ctcgagctgce ctttccaggg

aps2gcacaccga gccgcggcecat gtccatgtgcec cagttcagcc 1560

cagat gct.gc_aggagct.gct ccggat ¢ gagat gct gg agagggaggt
<2£”g?%gmta%?3“Tg%ﬁg“€géﬁg%§a fggﬁﬁgcgccaa ctgct gccaa

<400>gamagt gct g ccacaggaca actggactat 1680 atccctcact
cagetyeggtidgessataggycaact tt agctttgagt cctgtggcetg cat cticaac
1740 gaaggctggt ttggcaagaa ttgctcggag ccctactgcc
<210>COBt gggtt g ctccagccgg 1800 ggggtgtgtg tggat ggcca
"ii?gg%catctgt gacagcgaat acagcgggga tgactgttcc 1860
<zlz>gdli@t ccggt gcccaacaga ctgcagctcc cgggggctct gcgtggacgg
<m3>gd§§iﬁf§30“¥§?ﬁe t gt gaagagc cctacact gg cgaggact gc
<220>agggaact ga ggtgccctgg ggactgttcg 1980 ‘'gggaagggga
<223>gaxghgecaa-regHeacet-gheddiag gegagy agggct acgt t ggt gaggac
<400>2040 t gcggccagc ggcagtgtct gaatgcctgc agt gggcgag
acmmggggqﬁg&ggugggggggctc 2100 tgcgtctgtg aagagggct a,,
ccagggccct gactgctcag cagttgcccc tccagcggcc 2160
gcaat ggaag acctggacca gtctcctctg gtctcgtcct cggacagccc
accccggeccg 2220 cagcccgcgt tcaagtacca gttcgtgagg
gagcccgagg acgaggagga agaagaggag 2280 gaggaagagg
aggacgagga cgaagacctg gaggagct gg aggtgct gga gaggaagccc
2340 gccgeccggge tgtccgegge cccagtgecc accgeccctg -
ccgccgggge gecccctgatg 2400 gacttcggaa atgacttcgt
gccgecggeg ccccggggac ccctgecgge cgetccccec 2460 -
‘gtcgccccgg agcggcagcec gt cttgggac ccgagcccgg tgtcgtcgac
cgtgcccgecg 2520 ccatccccge tgtctgetge cgcagtctcg
ccctccaagc tccctgagga cgacgagcct 2580 ~ccggcccggc
ctccecectcc tcecececcggec agegt gagecc cccaggcaga gceccgtgt gg






