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U.S. GOVERNMENT SUPPORT
This invention was partially made with government support under National

Institute of Health Grant 5-R01-NS33020.

15 FIELD OF THE INVENTION
The invention relates specifically to novel human and murine genes which
encode a receptor for the Nogo protein, this receptor being capable of regulating
axonal growth. These Nogo receptor genes are selectively expressed in axons and
dendrites of neurons in the central nervous system during axonal growth. The
20 invention also relates to cgmpositions and methods for the selective blockade of Nogo
receptor-mediated inhibition of axonal growth by blocking thé interaction of Nogo
with the Nogo receptor. The blockade of the interaction of Nogo with its receptor
results in a blockade of the inhibitory effects of Nogo on axonal growth causing a
subsequent increase in axonal growth.
25
BACKGROUND OF THE INVENTION
Axons and dendrites of neurons are long cellular extensions from neurons. At

the distal tip of an extending axon or neurite is a specialized region, known as the



044574-5073 grom h cone. G owh cones are responsible for sensing the |ocal
environnent and noving toward the neuron's target cell. Gowh cones are
hand shapedp1/o§isiy several |ong filopodia that differentiBatTySadhesie to
surfaces in the enbryo. Gowth cones can be sensitive to several guidance
cues, for exanple, surface adhesiveness, gromh 5 factors,
neurotransmtters and electric fields. The gui dance of growh at the cone
depends on V44574487 | asses of adhesi on nol ecul es, intercellular signals, as
well as factors which stinulate and inhibit growh cones. The growth cone
| ocated at the end of a growi ng neurite advances at various rates, but
typi cal |y agrawih copeedrayfth eneestape togponsitile fqrmsgtgthp@cahwlrom@nt@xde

consists of a broad a &‘Hf | at expansi h nuner ].lil m cro%pl kes
or 11 T opodi Fiiig oBrDia oo SN bk s SR SwedoRie Gty
active. llcﬁlglsﬁ’lﬂ'go&h kP ag n'ﬁ% 19 Q&ﬁer@ﬁ)cziﬁlfagéschﬂtﬁbeer%rzw &R one! %r S
continue to ate throu e substratum The gati ons between

di fferent fﬂgb@mdn&tﬁeemallgamahcta @edi far eﬂquﬂgrsovﬁade albhestvar@ss, gupythr e t he
area that is ahead of it and on either side with 15 its IarT@IIipodia and
fil opodi &. W?é@fsawumt@ﬁgamewnécﬁwq Heldy nThgguidincs oh2oyrth 4L8C cofat i s

unf avor abl @ b b ol R S 10 T oA FLOROREL 0 iHOERYLIL 0N AEY A0 L @

favor abl e sur ace, cont I nues and can nani p e the growth

cone novi ng fadtdts khadh Sini@ek a8dinhignE@wth bened! ThE Brosaheomeldchied githdedd by
smal | variations in surface properties of the substrata. Wen the growh

cone r eachesf agrayipg opwitepdvangesastvatien rates, g typerdiytat thecpaefeeltdngrio frgo

created. Danaged Jeur ons not regener centr al vous system
(08 " ol | RLRREIPR R e bereghs PR otbard el e s S SN Rrdbon
regener afg Offndf ﬂi&&g&ﬁ@g of ﬂlowf)bﬁa(fﬁaﬂ eRRnAlikE HlEL ArHeSe Eiaﬁo@m%eem@ma&u}axon
growt h inhibitors hese bitors are predom nantly associated w't
nyelin and ectist |Whﬂes<ane ﬁlqpodraaetracbhaqiq 1eto tB6 gtcxwthegmeﬂ@ts a@ntindxton gr owt h
i nhibitors are present derived nyelin and the rane of

ol i godendr o&ipngate ﬂ(}&‘?i‘l&lht@fﬁ?w e Thy glopgations F\‘@Ve@f\lélffeé‘%ﬁ%é‘l?ogg% 0
(1993) Ann Eﬁ% ip yrosci. 16, 565-595). CNS nyelin is an el aborate
ext ensi on o# € 0 |godendrocyte cell nenbrane. 2

The growth cone can explore the area that is ahead of it and on either side with

15 its lamellipodia and filopodia. When an elongation comes in contact with a surface
that is unfavorable, it withdraws. When an elongation comes into contact with a
favorable surface, it continues to extend and can manipulate the growth cone moving
in that direction. Hence, the growth cone can be guided by small variations in surface
properties of the substrata. When the growth cone reaches an appropriate target cell a

20 synaptic connection is created.

Damaged neurons do not regenerate in the central nervous system (CNS)
following injury due to trauma and disease. The absence of axon regeneration
following injury can be attributed to the presence of axon growth inhibitors. These
inhibitors are predominantly associated with myelin and constitute an important barrier

25 toregeneration. Axon growth inhibitors are present in CNS-derived myelin and the
plasma membrane of oligodendrocytes, which synthesize myelin in the CNS (Schwab
et al., (1993) Ann. Rev. Neurosci. 16, 565-595).

CNS myelin is an elaborate extension of the oligodendrocyte cell membrane.
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WO 01/ 051520 PCT/ US01/01041 044574-5073 A single oligodendrocyte

nyel inates as many as thirty different CNS axonal segnents.

A i godendvooyodaswenbr ane extensi ons wrap around the axonsPCTusoiangentri c
fashion to fonn the nyelin sheath. Tightly conpacted mature nyelin
consists of parallel layers of binolecular |ipids apposed to |ayers of
hydrated protein. Active nyelin 5 synthesis starts in utero and conti nues
for the firgisstagprgears of human life. Slower synthesis continues through
chi | dhood and adol escence while turnover of mature nyelin continues at a
sl ower rate throughout adult life. Both devel oping and mature forns of

myelin are AWspePslidgddendrocytditieUndtean MirserIkirgrdifitrgsi CHE axomlsegniensdl ti ng
in degradation of the nyelin surroundi ng axons. 10 Myelin-associ at ed

i nhi bitors @bg@@ndnogy@énen@qanwtynmtwmmno@nd the axRBs ed ¢ancentye fastRg axon

regeneratio n uption _of axaon cont.i n It whi | e

ot her non- ng?ﬁnea{gg SE‘F%% é[li%iﬁ Bﬁkaﬁtefi HROEF E5F Zin Cﬂnﬁlﬁ% Xlrl%ty play a
I esser rol ey éi@%%emadléuumrq@ﬁ&s «(Q)lp@%ﬂ 13 X3RAl oMOBRRARbicAN Asideamidia neur onal
injury due to trauma, stroke, "or viral infecCtion.” 15 Numerous

nyel i n- dér i syatheais srarty routeho hmhédsitinoessfoh thedirtfdmn yohmrodhtiman Zid Sl@wele for
review, David et al (1999) W)9 394547 andman t al
Pat ent 5, 85&Mipsis cg@%gthr(aggg 6‘@(@‘?&5?@@6 et"}’@gvefé% 8veral

components %&f%n% V\%seat qes?]&%r’ra%"tﬁ%u ML 28 g @ot e% az?hd@ﬁ%ﬁﬁ:' at ed

gl ycoprot ei ave | hhibre ory act|V|ty a ext ensi on,

have been g@mabsmybkeiredaswhiibedo (el vien eiseak or ph}?ﬁw)ramgﬁi@ﬁ]lﬂg in Schwab
et al., (1997) U S. Patent 5,684,133). In particular, Nogo is a 250 kDa
nyel i n- assoéﬂﬁ@@@ohﬁﬁﬁw@WﬁﬁﬂﬁunpﬁWﬁﬁg%ﬁﬁwmhlch has been cloned and

B, NedPol - 100 0BG Sor e iph bR B  efman SR ST Bl o o

anal ysi s of Clsaixbn Q%Aeﬁﬁ&a baﬂvéleﬁ&taggﬁeﬁmd‘nm&b@ﬂ céntiniBgaaie Sﬂheﬁl
(1998) DNA Res. 364 Schwab and col | eagues published the sequence

of six peptn@esnmhmdnnhywddeomgemWhmﬁdeW®KUhe6®@im@Y@k@é@@ﬁeﬂbbresuned
?8\2/|8:r;e 13 |2 Sg esgl?%p%}lﬁcgg Bt}e# @?(pnq? EX %%trllgn %llowmg ne 109119a }njury cﬁe ?o traum Che m 273,
stroke, or viral infection.
15 Numerous myelin-derived axon growth inhibitors have been characterized
(see, for review, David et al., (1999) W0995394547; Bandman et al., (1999) U.S.
Patent 5,858,708; Schwab, (1996) Neurochem. Res. 21, 755-761). Several
components of CNS white matter, NI35, NI250 (Nogo) and Myelin-associated
glycoprotein (MAG), which have inhibitory activity for axonal extension, have been
20  also been described (Schwab et al., (1990) W09005191; Schwab et al., (1997) U.S.
Patent 5,684,133). In particular, Nogo is a 250 kDa myelin-associated axon growth
inhibitor which has been cloned and characterized (Nagase ef al., (1998) DNA Res. 5,
355-364; Schwab, (1990) Exp. Neurol. 109, 2-5). The Nogo cDNA was first
identified through random analysis of brain cDNA and had no suggested function
25 (Nagase et al., (1998) DNA Res. 5, 355-364).
Schwab and colleagues published the sequence of six peptides randomly
derived from a proteolytic digest of presumed bovine NI250 (Nogo) protein
(Spillmann et al., (1998) J. Biol. Chem. 273, 19283-19293). A probable full-length
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3 WO 01/ 051520 PCT/ US01/01041 044574-5073 cDNA sequence for this protein
was recently deposited in the GenBank. This 4.1 kil obase human cDNA cl one,
Kl AA0886,wo s1/afasioved from t he Kazusa DNA Research [InstitRCEUSOHEN4l t O
sequence random hi gh nol ecul ar wei ght brain-derived cDNA (Nagase et al.,
(1998) DNA Res. 31, 355-364). This novel cDNA clone encodes a 5 135 kDa
protein that includes all six of the peptide sequences derived from bovine
Nogo. The hoassT4H0T0- A sequence shares hi gh honol ogy over its carboxyl
third with the Reticulon (Rtn) protein famly. Rtnl has al so been terned
neur o- endocrine specific protein (NSP) because it is expressed exclusively
i N neuro- endﬂhNAmeqmlcé for s @kt&andms\fededéydt:pcmited 111(th@§i¢)lBaHk CElib 4. 1SC| 107,

2403- 2416 Rt t h

sequence ?si i‘%’raf’ecn prnoqﬁxzé&lﬁm%g VS frl%CIt?‘e é@g' Gt VeI de
t al., (19 , 996
gengm cs(329§%t§t%te eg@r{ tl920 re(r)lg p%ltd Oléﬁgg’h %llégegg m&lélsne%elrﬁ}egéﬂ)f(ﬁ)% I\/z)rel ra

et al., (199 ageenani.c6958), DXA-Rds, 3MB55364t This npvE{l LONA cBineehtades Bi ophys.
Acta 15 1450, 68-76). Rel ated seqluences have been recognl zed inthe fly and
wor m gené‘nesBS(WBﬁOﬁ%n gt wcludeg ald sig)of thasiptide seggences dgriyed fromdoyiagi on i s
appr oxi mitellié 70% identical across the Rtn famly. Amno term nal regions
are not relatédto one another and are derived fromvarious alternative

RNA splicing evenige hfrﬁﬁfN@%@A)@hﬁe&E sBaeE Eﬁ§m€ﬁ;@z%vb1€1@ls daibd:y8 tHaRin Bank
and by honol ogy with 20 i shed Rtnl isofornms ree fornms of the Nogo

protein are wﬁhmﬁgwu(dnd@m)&rotetﬂofgom& HﬂmbbasCa)lso bd@g(bermedmegrp ¢dactineg ht
possi bly correspond to (N;i)g and Ial n he antjgenic rel tedne of the
N135 and N 2%;15’/01{(iL el he‘i?&ff‘g’rt HRrespothTSTUSIRY B AERRPr FOT G & ]Sé

exhi bi t s i I been
descri bec?él prgla?lg%e; @Hgéﬁéz glfm% Gv%%g%%lg?r?g@g&w?)t ?QERP t&gggsh%%?r otein

to inhibit ax@nahinoegrinesidid mglohaﬂ se@mncer ﬂnmlgntyzzedlemakboxwhtmmiﬂuy of (H'e‘r andPre
et al., (2000) Nature 403, 439-444; 2000 Nat ur 40
434-439; Pr i Pipkan €Y ande Vel(ieemi) (h%%)ﬂ eCelb:SCl 4% 24@21724 ; Roebroek ef al.

(1996) Genomics 32, 191-199; Roebroek et al., (1998) Genomics 51, 98-106; Moreira
et al., (1999) Genomics 58, 73-81; Morris et al., (1991) Biochim. Biophys. Acta

15 1450, 68-76). Related sequences have been recognized in the fly and worm genomes
(Moreira et al., (1999) Genomics 58, 73-81). This region is approximately 70%
identical across the Rtn family. Amino terminal regions are not related to one another
and are derived from various alternative RNA splicing events.

From analysis of sequences deposited in the GenBank and by homology with

20 published Rtnl isoforms, three forms of the Nogo protein are predicted (Nogo-A,
Nogo-B, Nogo-C). Nogo-B of 37 kDa might possibly correspond to NI35, and
explain the antigenic relatedness of the NI35 and NI250 (Nogo-A) axon outgrowth
inhibiting activity. Nogo-C-Myc exhibits an electrophoretic mobility of 25 kDa by
SDS-PAGE and has been described previously as Rin4 and vp2015. The ability of

25  Nogo-A protein to inhibit axonal regeneration has been recognized only recently
(GrandPré et al., (2000) Nature 403, 439-444; Chen et al., (2000) Nature 403,
434-439; Prinjha et al., (2000) Nature 403, 483-484).

The absence of re-extension of axons across lesions in the CNS following
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The absence of re-extension of axons across lesions in the CNS following 4
WO 01/ 051520 PCT/ US01/ 01041 044574-5073 injury has been attributed as a
cause of waerpasmwanent del eterious effects associated w PaTAS@EUNTB41 St roke
and denyelinating disorders. Mdulation of N1250 has been described as a
nmeans for treatnment of regeneration for neurons damaged by traunms,
infarction and degenerative disorders of the CNS (Schwab et al., (1994) 5
W9417831; dmbagsdra et al ., (1997) Neurosurgery 40, 541-546) as well as

mal i gnant tunors in the CNS such as glioblastoma (Schwab et al., (1993)
U.S. Patent 5,250,414; Schwab et al., (2000) U. S. Patent 6,025, 333).

Ant i bodi es \jugthas deagatiritmtddl 250cduavef the pernreppairdetetericns lffects efsatiaied t he

di i dt t t of d [ £ f. , i nf i

and 10 degenereE B e myF i B SRS MO OB ) 4 B8 Nt Ur o

343, 269-27% i%g@x.\@%ﬁﬁ%nﬁor trehtiienl 3§ I %e?rerétai%h? tnﬁr&‘%ﬁaﬁﬁgéd by ﬁ‘alﬁiiéfns whi ch
ed. ere s a the deve

becone nyel i Rat a corre ron Wt pnment of ‘nmyelin

and t he appe@mafes afd ddRaerativéliiserdeNagaohd GNBI @eledb bya/anit999di es, neurons
can again extend across | esions caused by nerve damag)e (vVarga et al .,

(1995) PBoc.WRE#1783AcBatagibe et aly$PO92 Newpstgemodh 35 1-546) aseclhgseralignami of

action whereby No i Qhibits axonal growth has no 1 .ed.
denti 11 cat MBHORAA AN AAV oAt Crre g ka5 b St B Sk AT The

bi ochemi cal Qathyeysa. 2ER0esas athitbinotRespf fects of Nogo woul d be useful in
treatnment of disease statées associated with axonal injury and axonal

denyel i nation. 2htiBovARY DR cT¢iRizcNNIZNT hoN tiiee regpoeted e be nsedeltingre | s based

on the discoyery .of go receptor proteins_an bi ol ogi.cal |y active Nogo
protei n (I i ¢ghaeapsis pagirediment efpery P EFOSI08 Oﬂ%ga‘é‘i‘;}g’ 1P§6‘ftépé‘85nucl ei c

20 olECy eaRl ARt Aol hie HOUINEANS Shlag @bodNuSR R tho-o1e) € ¢

acid nol eculée enco e am no acl ce o QIDNG 2,74, 8,

25 10, 12, Xthwiber A (1997301.S Arutérs 6l6a4d3 N Ualagbas whicl bemdreemlyelitabegl, encodes
a fragment of at least six, e.g., ten, fifteen, twenty, twenty-five,

thirty, for ttheredsdeqprelajionrwiththesleyelppyent affmslinepdcopperarepiNogo2, 4, s,
10, 12, 14, Ai@ér l\?'osgoqg bl%)gkecfatg]y ng[RJO %e(sa,dneﬂfjo%ls Cht aé,ia% Svtend across lesions caused

by nerve damage (Varga et al., (1995) Proc. Natl. Acad. Sci. USA 92, 10959-10963).

15 The mechanism of action whereby Nogo inhibits axonal growth has not yet
been elucidated. Identification and characterization of this mechanism of action and
the biochemical pathways associated with the effects of Nogo would be useful in

treatment of disease states associated with axonal injury and axonal demyelination.

20 SUMMARY OF THE INVENTION
The present invention is based on the discovery of Nogo receptor proteins and
biologically active Nogo protein (ligand) fragments. The invention provides an
isolated nucleic acid molecule selected from the group consisting of an isolated
nucleic acid molecule that encodes the amino acid sequence of SEQ ID NO: 2, 4, 8,
25 10, 12, 14, 16, 18 or 20; an isolated nucleic acid molecule that encodes a fragment of
at least six, e.g., ten, fifteen, twenty, twenty-five, thirty, forty, fifty, sixty or seventy
amino acids of SEQ ID NO: 2, 4, 8, 10, 12, 14, 16, 18 or 20; an isolated nucleic acid

molecule which hybridizes to a nucleic acid molecule comprising the complement of

5



nmol ecul e which hybridizes to a nucleic acid nolecule conprising the

conpl enent of 5 WO 01/051520 PCT/ USO1/ 01041 044574-5073 SEQ ID NO 1, 3,
7, 9, 11wa8y/0s50 17 or 19 under high stringency conditi oReT/UsoId1641

i solated nucleic acid nolecule with at |east seventy-five, e.g., eighty,
eighty-five, ninety or ninety-five percent am no acid sequence identity to
SEQIDNC 1, 3, 7, 9, 11, 13, 15, 17 or 19. In a preferred enbodi nent,

t he i nventi 6#57460T8des an isolated 5 nucleic acid nol ecul e conprising

nucl eotides 166 to 1584 of SEQID NO 1 or nucleotides 178 to 1596 of SEQ
ID NO 3. The present invention further includes the nucleic acid nol ecul es

operably | isiedDDNO0hS, dr 9:nds £3.dRpt Eetsi bindes highslringdeaeseennditionpoinddinng

vectors conpri.si the isolated nucleic aci | ecul es, , The, j nvention
further i noladesdnagEtcasd o R Y ot oS Vot Ehn e noBhY RERVE @ aci d

ol ecul es Ofniﬁa? ot ﬁ%%%ﬁ@é‘pé’f@&lt HRRORR {eqheRie Q8o SEQPOANEI 1 3¢PMPr i si ng
the step of culturing a host cell transformed wth a nucleic acid  nol ecule
of the inventl, 8, ifnd&rorddndh ¢ pefisredremblodmhent e prvehiominckhidexprisslaed. The

present invention incluydes an isolate | ypept i selected fromthe group
consi sti Rg d?uclf#’ ?%%Fﬁf%fep‘iﬂ%’éﬁ’tgifﬂlégeg rh@itﬂdgg‘h%fe%ﬁért‘@lﬁgi Ho%equence of
SEQID 15 Nf%ple%tidé% 1% 1043 6%§SE64DN‘§’318 or 20; an isol ated pol ypepti de
conprising a fragnment of a? 'east™~'si'x, e.g., ten, fifteen, twenty,
twenty-five, thirThepresant ihveitidn firth&d inélyderths aveeat vicidandlseul@apdmbdf SEQ | D
NGO 2, 4, 8, 10, 12, 14, 16, 18 or 20; an isol ated pol ypeptide  conprising
t he ani no adinked &ytrehelenere esprosyion senirop clements, inghydimwectpys copgprisig the 20

i si t t . £, fi 1 Cfift t t ti
animo acid 2t e Bbe BeisBenyts oFhedniBish hERdheE SRR ELf R o
aci d seqengg cohtapbifk hiklefN@cidmoreuld ofkfle inkéntidffandifethd& @F prdQu&AgRr i Si ng

one, e.g., five, ten, fifteen or twenty naturally occurring amno acid
sequence sulpsticindngprisingihe sten of selhwingd hpst gedkiparistemedintith aucleeaadid

Seventy e ool oS el S IS S, LB P o,
R ot i o o e el
consisting of an isolated polypeptide comprising the amino acid sequence of SEQ ID
15 NO:2,4,8,10, 12, 14, 16, 18 or 20; an isolated polypeptide comprising a fragment of
at least six, e.g., ten, fifteen, twenty, twenty-five, thirty, forty, fifty, sixty or seventy
amino acids of SEQ ID NO: 2, 4, §, 10, 12, 14, 16, 18 or 20, an isolated polypeptide
comprising the amino acid sequence of SEQ ID NO: 2, 4, 8, 10, 12, 14, 16, 18 or 20
comprising at least one, e.g., five, ten, fifteen or twenty conservative amino acid
20  substitutions; an isolated polypeptide comprising the amino acid sequence of SEQ ID
NO: 2,4, 8, 10, 12, 14, 16, 18 or 20 comprising one, e.g., five, ten, fifteen or twenty
naturally occurring amino acid sequence substitutions; and an isolated polypeptide
with at least seventy-five, e.g., eighty, eighty-five, ninety or ninety-five percent amino
acid sequence identity to SEQ ID NO: 2, 4, §, 10, 12, 14, 16, 18 or 20. The invention
25 - also includes chimeric polypeptides comprising the amino acid sequence of SEQ ID
NO: 2,4, 8,10, 12, 14, 16, 18 or 20.
The invention further provides antibodies that bind to a Nogo protein and

antibodies which bind to a Nogo receptor protein. The antibodies can be monoclonal
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The invention further provides antibodies that bind to a Nogo protein and
anti bodi es which bind to a Nogo receptor protein. The anti bodi es can be
nonocl onayo 06032001/ 051520 PCT/ US01/ 01041 044574-5073 orPoDUugal/andl

anti bodies. In addition, the antibody nmay be humani zed. The invention also
i ncl udes anti body fragments which display antigen binding activity. The

i nvention includes a nethod of identifying an agent which nodul ates Nogo
protein or PB#AP@4-H@t3ept or protei n expression conprising the steps of
providing a 5 cell expressing a Nogo protein or Nogo receptor protein,;
contacting the cell with a candidate agent; and detecting an increase or
decrease i n arpelickanel awstboriego Ipadstitedm thsrantibpdyomey be prwenigedt Bieinvsgsioassi on

prot oi n o Nge T B rePORY Begni e AR liteh BBt The o
candi date agent. THQ ifR&HoAEALAR ALEN bm_e&uﬂg@gganﬁgm%i% rfodfeidfel f Y ng an

agent which nodul ates at |east one activity go protein or Nogo
recept or pr d¥egorpro@ipoern Nogmgrettigosprefetn expiespionvonlpriging thedtbpsoipr@sdingg a
Nogo protein Qr NogQ receptor protein; contacting the cell with a

candi dat @ agcéﬁte?‘PréFﬁin%i%NééP PERJCIEPT INQEP EepsRtop profeiiy eoadasting thesllivathed of Nogo

. SaPTREP S SRIoG Prayel of
Boent. 151 ol AErgae pEa i PAgL PR Rk b e AR R d iSRRG o™ ©

activity in Né® rebgengrotedf exphesivantlitdpt&ed@Tithe tdhdanee LhoRdlAReto ©F t he
invention, the activity is growh cone novenent. |n another enbodi nent,

the agent i de¥dpEbpae pfateimor Aggirensptor piotrin sxiragsiaf ingdhiwalpengsr ofithd n
fragnent, anti -.glotgo aqti body and anti-Nogo receptor antibody. 20 The
i nvention fora{lW?' i“f¥'udes a method of identi fying a binding partner for a

Nogo recgpt or pr ofiRl iRy GRIR alsd iRdudde MRBRE o OlleRIDMedinFeft WIS nBGEBRE O
protein; contacting the Nogo receptor with a candidate bi ndi ng partner;

and det ect i rgldabtragieragtivigf of hNogapwitaiabeNbgnchcagoppuotaie comprigihethNetps
receptor protein...ln onﬁ enbodi rregl%), the, binding partner .is selected from
the group coHOFLEHRG 25el SXNGEISH? D8P Arofsin gRREC TesRPioL PEYFIR. aQBHsias thebody

an anti - mg%efl%ﬁlpat %dﬂﬁ{é é%%ﬂ’éf aﬁ& a&gaﬂl%;anqﬂcqea?se %P ﬁ@é}kfs%qn ﬁ{yﬂe\?el of Nogo

protein or Nogo receptor protein activity in the presence of the candidate agent

15 _ relative to the level of Nogo protein or Nogo receptor protein activity in the absence
of the candidate agent. In one embodiment of the invention, the activity is growth
cone movement. In another embodiment, the agent is selected from the group
consisting of a Nogo protein fragment, anti-Nogo antibody and anti-Nogo receptor
antibody.

20 The invention further includes a method of identifying a binding partner for a
Nogo receptor protein comprising the steps of providing a Nogo receptor protein;
contacting the Nogo receptor with a candidate binding partner; and detecting binding
of the candidate binding partner to the Nogo receptor protein. In one embodiment, the
binding partner is selected from the group consisting of a Nogo protein fragment, an

25 anti-Nogo antibody, an anti-Nogo receptor antibody fragment; and a humanized anti-
Nogo receptor antibody.

The invention encompasses a method of treating a central nervous system

disorder in a mammal comprising the step of administering an effective amount of an

7



Nogo receptor antibody. The invention enconpasses a nethod of treating a
central nervous system disorder in a manmal conprising the step of

adm ni st avongoz:moef f ecti ve amount of an 7 WO 01/051520 PEII/AUS@101041041
044574- 5073 agent which nodul ates the expression of a Nogo protein or Nogo
receptor protein. In some enbodinents of the invention the expression is
decreased, while in other enbodinents, it is increased. The invention
further enc0O#534$e%3 a net hod of treating a central nervous 5 system

di sorder in a mammal conprising the step of administering an effective
anount of an agent which nodul ates the activity of a Nogo protein or Nogo
receptor prageel whichmeodatatdsithe gxpresyiob®f@iNdgorprotety @ademd recepthepretapedn | f

the activity is ecreased, .the agent can be e,g,, a polypeptide conprising
the am no. o RHETGENS Pt ey i tae Epreson itecreddds whliS By ongt h
Nogo recept iyt eitd it & iNGgRef eceptor 10 protein fragment; a sol uble Nogo
receptor protein fragment; or an anti-Nogo receptor antibody or active

fragment ther eof . The invbgioadtithdrteyicdmpasssraaastadd bheeaigg atcehisalameryoak ypept i de
selected fromthe group consisting of SEQ ID NO 14 and 16. A sol uble Nogo
recept or Spr ovetem ¢serdeiomarnammal gompyisig the step of pdripgsteging aneffpctive t e

fifteen, twe -fi i . fd f Si L_Seve am no
hoi de ot 1l pERpgen Wifn ok ik B df'a Neo Mt n o Mo KNG °5 "
8, 10, 12, Xdoted, THSachiVity RiaylhBRitAEH inGredet Gr debBBE EIfRhe Rty B NO 2, 4, 8,

10, 12, 14, 16, 18 or 20 conprising at |east one, e.g., five, ten, fifteen
or twenty colesesasest theergantiaan baeigd a polipsptideconoprising fhe ammneridsiqienemience
of SEQ ID 8, 10 , , .18 20 ¢ ri.sin ne, e.g.,
five, ten  TLIRANGTS PottySinsets oMt iegghdoes e Rirtder 6298 tsgpbhce
substi t Ufgl ONotel B @B RAMIERIES redePOr pRIMIA HaghBhty OF'h AUENEES icspbrer s
a result of r1Iinr)zgni al olr’ cer ebr al %t g%uﬁgfﬁspilnalag%orﬂ Injury, g%rgkggoor a
denyel i nat i rgptilbde as&tivEfapmeeshatof. dEtheealctinigy isnncrelissé deegenrieanul ti pl e

scl erosi s, nmonophasic degzglination, encephal onyelitis, nmultifocal

| eukoencephdlysPHIe syefiehberpitg stopR congitingio SE{LD NO: 14 and 16.

A soluble Nogo receptor protein can comprise a fragment of at least six, e.g.,

ten, fifteen, twenty, twenty-five, thirty, forty, fifty, sixty or seventy amino acids of

15 SEQ ID NO: 2 or 4; the amino acid sequence of SEQ ID NO: 2, 4, 8, 10, 12, 14, 16,
18 or 20; the amino acid sequence of SEQ ID NO: 2, 4, 8, 10, 12, 14, 16, 18 or 20
comprising at least one, e.g., five, ten, fifteen or twenty conservative amino acid
substitutions; the amino acid sequence of SEQ ID NO: 2, 4, 8, 10, 12, 14, 16, 18 or 20
comprising one, e.g., five, ten, fifteen or twenty naturally occurring amino acid

20 sequence substifutions.

In some embodiments, the central nervous system disorder is a result of cranial
or cerebral trauma, spinal cord injury, stroke or a demyelinating disease. Examples of
demyelinating diseases are multiple sclerosis, monophasic demyelination,
encephalomyelitis, multifocal leukoencephalopathy, panencephalitis, Marchiafava-~

25 Bignami disease, pontine myelinolysis, adrenoleukodystrophy, Pelizacus-Merzbacher
disease, Spongy degeneration, Alexander’s disease, Canavan’s disease, metachromatic
leukodystrophy and Krabbe’s disease.

The invention further encompasses an isolated peptide that specifically binds

8



25 Bignam di sease, pontine nyelinolysis, adrenol eukodystrophy,

Pel | zaeus- Mer zbacher di sease, Spongy degeneration, Al exander's disease,
Canavan' svabvers®, netachroinatic | eukodystrophy and KrabowUSodiisgase. The
invention further enconpasses an isol ated peptide that specifically binds

8 WO 01/051520 PCT/US01/ 01041 044574-5073 to a Nogo receptor protein. The
specific binding of the peptide to the Nogo receptor protein preferably
has at | easjs46mesqB the followi ng effects: inhibition of binding of a Nogo
protein to the Nogo receptor protein, blockade of Nogo-nedi ated inhibition
of axonal growth, nodul ation of Nogo protein expression, or nodul ation of
Nogo 5 recep alNogd eéceptor propeirs Thospeclfit isndirg efithe gieptidt t6,th¢ Nego swkpibed

pepti de conprises the amno acid sequence of SEQ ID NO 8, 10, 12, 14, 16,
18 or 20, oPreiria psFferahly has gt leawiong ofiherfolleneing eftags dnhibitipn offyinding play

fift t ' j id titut ] .or Batual |
occurting anord PHRER S Bt od P RO bR B N et R o, v 4
- Conpari sopx&fal haas@iRsor( FNdgd o] ipdshion Hrassanatidal ENGgemar i zes

features of the Nogo proteins wutilized inthis study. (b) is a photograph
of NI H 353 frédspwbipagtis expressione dnesams enfbadmsents; thetiselatafl phptide ompxsgbthe

GST- Nogo- 66 or. no.protein \he rofil ous. 15 acti.pn (scal e bar,
40 m). (c) &P %gfwléﬁ?w%g%@ﬁ?w&;&d]& i%fﬁ%?%f’rz%%!opgﬂtﬁlecul tured on
surfaces CO%I%%?}}% LR SReR 1R 2 0. (R, NRIREG AT twBRyRbRIR Ve amino acid
(substrate-bou or wth 100 nM 'Nogo protelin (soldble) (scale bar, 40
[tin). (d) issbstitutjzimebogataplly otcliarige bmamdacahsubstitutiodd. ot where purifi ed

Am no- Nogo- Myc-Hi s protein was subjected to SDS-PAGE and stained with

Commassie Brilliant Blue (CBB) or 20 immunoblotted with anti-M/c anti bodies
(Myc) (nple %FWF%I , 116, 97, 65 & 45 kDa are at left).
(e) is gggrgjpﬂﬁ I'splayi r@g@rﬁ}%n al data where the percentage of 3T3

fi brobl ast s Figirb 1aToRRBsE €N @Fo ddiddind 200 n2 (spread) was neasured from
experinments as in (b) on Nogo-coated surfaces (black) or with soluble 100

nM Nogo pr epar at i(@ns acehemasfic dmgranamibid: Noyearizep/ficsfrecs Kithedlorp gepteins
utilized in this study. (b) is a photograph of NIH-3T3 fibroblasts cultured on surfaces

coated with Amino-Nogo, GST-Nogo-66 or no protein and stained for filamentous

15  actin (scale bar, 40 um). (c) is a photograph of chick E12 dorsal root ganglions
cultured on surfaces coated with Amino-Nogo, GST-Nogo-66 or no protein
(substrate-bound) or with 100 nM Nogo protein (soluble) (scale bar, 40 pm). (d)isa
photograph of a gel and an immunoblot where purified Amino-Nogo-Myc-His protein
was subjected to SDS-PAGE and stained with Commassie Brilliant Blue (CBB) or

20 immunoblotted with anti-Myc antibodies (Myc) (molecular weight markers of 200,
116, 97, 65 & 45 kDa are at left). (e) is a graph displaying experimental data where
the percentage of 3T3 fibroblasts with an area greater than 1200 pm? (spread) was
measured from experiments as in (b) on Nogo-coated surfaces (black) or with soluble
100 nM Nogo preparations (blue) (AM, Amino-Nogo; AM+Myc, Amino-Nogo

25 preincubéted with anti-Myc antibody; AM+Myc+Mo, AM+Myc preincubated with
anti-mouse IgG antibody; Myc+Mo, anti-Myc antibody plus anti-murine IgG
antibody). (f) is a graph displaying experimental data where the percentage of spread

COS-7 cells was determined after culture on Nogo-coated surfaces or with soluble

9



25 preincubated with anti-Mc antibody; AMtMyc+Mb, AMtMyc preincubated with
anti-nouse | gG anti body; Myc+Md, anti-Mc antibody plus anti-nurine |IgG
ant i bodywo 0fA515® a graph di spl ayi ng experi nental data whpe®USHI@1par cent age
of spread COS-7 cells was determ ned after culture on Nogo-coated surfaces
or with soluble 9 WO 01/051520 PCT/ US01/ 01041 044574-5073 100 nM Nogo
preparations. (g) is a graph displaying experinental data where the

ef fects of puBT4-598 preparati ons of GST- Nogo-66 or Am no- Nogo on grow h
cone norphol ogy was assessed in E12 dorsal root ganglion cultures at the

i ndicated concentrations after thirty mnutes. This denonstrates that

GST- Nogo- 66 108 niMwblogo praperasions. m@m greadedlﬁmimngéxmmqrﬁdrdawhﬁﬁe #sgo in

out gr owt h perekeT PR SRR T INGARGP PORRHOr MR AE BT ot cd

from experi ik cﬁgﬁolégy s ksl 11{\@E?d&9ﬁtr@(§{ AHETRC&Rurddrat WeliRgisababl € 100 nM

Nogo preparati I's a graph displayi'ng experinental data where the
ef fects of N@g@nﬂﬁﬂ@&rﬁtet diigty arinuted rThiedendrgtratet that GSIeNepebb artwgr anul e 10
neurons was neasured. Figure 2 - Nogo fragnents antagoni ze Nogo and CNS
nyelin aéti ﬁde(f%l?fmé%t"&ﬁéﬁ%ﬁpaﬁﬁt @F‘n éﬁ}l’é‘P(N‘EgQ Iy HES 2§52Y- oY isadgPt on
explants th scri bed
T F gure 4 i eBbaaT (AT R R RSy RS o BPARIS AT
thirty m nutgsgihef @ilerdsiwatquantiard ﬁ%hﬁe)(lbleﬂﬁlemstab i () @amMope- dbhﬁﬂlsﬁﬂfahe@
buffer only (Control); 15 nM GST- Nogo ); 1 gM each of Pepl, Pep2 and
Pep3 (Pep); otSifivotsdie Naig@MpiﬂQ@ nre@qwtmgh lbfs mpph displeyinggrgermagBal Nogo +

a1 on. e e it ERR o a g TREDte: B Brirle Sy QiR REeeBIB bifuise. an

20 Pep3, 102111%§ron§%sh§ea§1r9&aph quant| fying the results fromgrowh cone
col l apse assays as i1n (a). Individual peptides were included at 4 M and
the peptide 1-3 mxture was 1 M of each peptide. CNS nyelin was prepared
as described and the |nd| cat ed total rryell telln concentrati ons were
i ncl uded i n HigEeduog gois grdagonize : PEWEUN aclion my  ca| cul at ed

fromfour to sevep ﬂ%tp%'éfgg%th' &Qﬁlck-ﬂigﬁgrs\éﬁoﬂgga@'hgﬂ 'eiq')lﬁﬁt@ttﬂaY were

cultured and growth cone collapse assessed as described in Figure 4. Cultures were

15  exposed to the following preparations for thirty minutes before fixation and staining
with rhodamine-phalloidin: buffer only (Control); 15 nM GST-Nogo (Nogo); 1 uM
each of Pepl, Pep2 and Pep3 (Pep); 15 nM GST-Nogo plus 1 pM each of Pepl, Pep2
and Pep3 (Nogo + Pep). Note that growth cone collapse by Nogo is blocked by
peptide addition. Pepl, residues 1-25 of the extracellular domain; Pep2, 11-35; and

20 Pep3, 21-45. (b) is a graph quantifying the results from growth cone collapse assays
as in (a). Individual peptides were included at 4 pM, and the peptide 1-3 mixture was
1 uM of each peptide. CNS myelin was prepared as described and the indicated total
myelin protein concentrations were included in the cultures. All results are the means
+ s.e.m. calculated from four to seven determinations. Those values significantly

25  different from the corresponding values with the same concentration of Nogo or
myelin but without peptide are indicated (asterisk, p < 0.05, Student’s two-tailed t
test).
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25 different fromthe corresponding values with the sanme concentration of
Nogo or nyelin but wthout peptide are indicated (asterisk, p < 0.05,
Student ' svowoetiatol ed t test). 10 WO 01/ 051520 PCT/ USO1l/ OrOWUSO10M4HT74- 5073
Figure 3 - No go antagonist Pep2-41 (a) is a graph displaying the results
of chick E12 dorsal root ganglion growmh cone collapse assays. These
assays were perforned and quantified as in G andPre et al., (2000) Nature
403, 439- 44W45M:808s were conducted with no addition (Control), 5 15 nM
GST- Nogo (Nogo) or 15 nM GST-Nogo plus 1 M Pep2-41 (Nogo + Pep). The
values are neans ::L s.e.m calculated fromfour determnations. (b) is a
graph di splFagurag 'thﬁhdl ng experinments where binding of 10

1\ 4 AP- No hi ck | t l.i
descr i bed in Fi gdPo & ST RA s R Cribh 17 AR et DeREEREPEE  ons of
Pep2-41. 10 5hos81Bpde asshiRg OH’P%S% v&&@ﬂ&fﬁrﬁqeﬁ%ﬂ qhﬁ}gﬁie& aSNSGRAPHE

inhibition of neurite outgrowth figure is a‘graph which di spI ays t he
results of @idt @%%Na@s&é@& 4dhdic As&aw 150 cmdectcithhme@ddﬂonIﬁ@omrcd}gence of

E gng- rl\llglgcaggg Dg\ﬁénfﬁ] °§?1 8593%2 15&&29§iTN %Jré:uﬁyl 5@% T-%Ng)%) HBF¥al r oot
gangl i on neynangNeLE rﬁisﬁnu‘:‘r_rseéjm“&‘?ﬁl atSd ﬁBﬁafoqr %Lﬁét%% gﬂ; 3 gRighgrowt h

assays, neurons were cu red in e presence o eln

concentr at | displayinddpZesilts opbiniing edpddnienioghere GhktilpgOHGEY AP-Dlogb o and
crude r’%el in protein. This denonstrates that Pep2-41 can reverse the
[

i nhi bi tion ehickdE1Redprsal goos gprglionnEuioys Bs mepsuosiasdrgeriesd in Sigwe €Shnyel i n.
Figure 5 - a bi n ay. for . axonal ceptors (a) is a photograph
of a gel cLif“egadgljt Fg}da%ri cgn‘fef%ra %SOKI#\%%‘@ (66 amno acid) protein
was exprmssed i n HEl 7, 293T cells, and purified fromconditioned 25 medium

on a Nickel-containing resin via the Hs tag. Purified protein was
subj ect ed Figure 4 - Nogo Pep2-41 prevents both Nogo & CNS myelin inhibition of neurite

outgrowth
This figure is a graph which displays the results of outgrowth assays where

neurons were cultured in the presence of the indicated concentrations of Pep2-41,
15  purified GST-Nogo (GST-Nogo-66) protein and crude CNS myelin protein. Chick

E13 dorsal root ganglion neurons were cultured under standard conditions. For

outgrowth assays, neurons were cultured in the presence of the indicated

concentrations of Pep2-41, purified GST-Nogo (GST-Nogo-66) protein and crude

CNS myelin protein. This demonstrates that Pep2-41 can reverse the inhibition of
20 neurite outgrowth by either GST-Nogo or total CNS myelin.

Figure 5 - Ligand binding assay for axonal Nogo receptors
(a) is a photograph of a gel and an immunoblot where the His-AP-Nogo (66

amino acid) protein was expressed in HEK293T cells, and purified from conditioned
25 medium on a Nickel-containing resin via the His tag. Purified protein was subjected
to SDS-PAGE and stained for total protein with CBB or immunoblotted with
anti-Nogo antibodies (anti-Nogo). Molecular weight markers of 200, 116, 97, 65 and
45 kDa are shown at left, and the migration of AP-Nogo at right. (b) is a photograph
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to SDS- PACE and stained for total protein with CBB or immunoblotted with
anti-Nogo antibodi es (anti-Nogo). Mol ecular weight markers of 200, 116, 97,
65 and AB0kDesia20e shown at left, and the migration of APPGIDgSoALI041 ght .
(b) is a photograph 11 WO 01/051520 PCT/US01/ 01041 044574-5073 of

di ssoci ated chick E12 dorsal root ganglion neurons that were incubated with
10 nM AP-Nogo or 10 nM AP-Nogo + 160 nM GST-Nogo for sixty m nutes at

23' C. The @dbT45408re washed, fixed and incubated at 60C in order to
inactivate endogenous AP. Bound AP-Nogo was detected by incubation with
nitro blue tetrazolium Note the 5 intense neuronal staining by AP-Nogo

that is di spifdiseeridiod chirlaBé? darshiigaigrnglien ngusons thafrwgn ikfubpiedithd 0 nM

Gorenl T oot ATaNGEp Bh T vt AR BEieE" T g 5T N8R N e THebBE A TR ST e
in the Exanplgs %6&tdRhBed, Ha;%d BEP thcBbatPatN090 iMBEded € Bhfiivieseddeg&dud APM or

| ess. The neans s.e.m calculated fromfive to eight determ nations are
i |l ustrated.Bdud)l ABSNbBo wagdetptted by picapitivg veitipaitiordwe teiragtdivan. v@ﬁeheehet he

bi nding of 10 nM AP-Nogo to ch E12 dor

a!sselssgd Sal dREnsegieurgRa fﬁ%m}i‘rgé?’é/:e‘&ﬁé\]qgf’ thah és R@la@é%-‘/rﬁgﬁ%%iﬁﬁ gsfae\é\g?\ce
f 4 gMP

bt hod toon Epitiflaffi Bl 8ta WIRHD GXBEFhEPO! A-185nd %d@“}%é% 2 ed

from ei ght dﬂQQﬂlmkﬂﬁirsaOft&)t gmeglﬁalncgmwtl(oe)le tSllaps@aspys \damls@yd:d’tg; dbScribed
experinmental data where AP-No gg bi ndi ng to dorsal root | i on _neurons was
measur ed as iatifafrenmnsestionPThp g cdddelpearroictermingd fos f‘o BMdr lagsx

h | h f
(o} Feptot ¢ diitbghnt e B e ibed Fow! Ve & idhs SLAPRBH AL BRGSO i g™
to E12 cfgi cly dowis@bple@ak exﬂs’iﬁﬂéﬂtmaﬁwe@@ﬁmlbmﬁngm1&&\4&%@% ch151@90

binding to -7 expressing the No o receptor This figure is a photograph
of COS-7 celRIQ donsad ran genglioamsirens ads aistssed aloneyqyrie du eseneceioh00e odi ng

(he e NG SSSP! F 110,005 LA L anSlectl on e ML g o, AP Nooe
as in (b) by the method described in the Example section. The means + s.e.m.
calculated from eight determinations are shown. (e) is a graph displaying

15  experimental data where AP-Nogo binding to dorsal root ganglion neurons was
measured as a function of AP-Nogo concentration. This is one of six experiments
with similar results. (f) is a graph summarizing the data from (e) replotted for
Scatchard analysis. The apparent K4 for AP-Nogo binding to E12 chick dorsal root
ganglion neurons 1s 3 nM.

20
Figure 6 - Nogo binding to COS-7 expressing the Nogo receptor

This figure is a photograph of COS-7 cells that were transfected with an
expression vector encoding the murine Nogo receptor. Two days after transfection,
binding of AP-Nogo or AP was assessed as described in the Example section for

25  dorsal root ganglion neurons. Note the selective binding of AP-Nogo to Nogo
receptor expressing cells. Binding is greatly reduced in the presence of excess Nogo

peptide not fused to AP.
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25 dorsal root ganglion neurons. Note the selective binding of AP-Nogo to
Nogo receptor expressing cells. Binding is greatly reduced in the presence
of exceswologasispmepti de not fused to AP. 12 WD 01/ 051520 RCIURB0mN01041
044574-5073 Figure 7 - Structure of the No go receptor This schematic
diagramillustrates the major structural features of the Nogo receptor. 5
Figure 8 - Distribution of Nogo receptor inRNA. This figure is a photograph
of Nort her n048684-5@/3 Nogo receptor nRNA for pol yA+ RNA sanples fromthe
indicated nmurine tissues on the left and for total RNA sanples from
various rat brain regions on the right. The mgration of RNA size nmarkers

is shown at Higire7 ﬁ]@&g@ﬁ@&%@@ﬁ@ﬁ Recept or | mmunohi stol ogyy (a) is a
phot ograph of an . .nmunobl ot where e fractions 0 in) from

t he i ndi cat ed celjthés T l%ﬂlagﬁ%@%at eg’r‘?‘%ﬂrﬁé—ﬂ %E?ﬁ?g ‘Rﬁé?ﬁ\@

receptor [ggrot (rml ecul ar wei ght markers in kDa are at right). (b) is
a 15 phot ograp COSs-7 cells expressing Myc- Nogo-66 receptor or chick E5
spinal cord expl ants (eight days in vitro) stained with anti-Nogo-66
recept or anti - Myc or the oli godendrocyte-specific 04 antibody. The bottom
three pa el F1gHBW -dYisibutionalNoq teeettea BN heni stry of the sane field

(scal e bar, 40 g E]%E omthree
panels). (c) is anim%%ﬁ grap éé}%@? @g %ﬂﬁfﬁg??@é}%&% Vi IQ?(%II
sections of pathd-+ RBIAQkdingeés Beh el mamm@dsﬁ@maeﬁsufustoh tlﬁdﬂl%ﬂaiﬁﬂlfoﬂ‘i@mm
receptor preparation. This denonstrates staining of axona rofiles
(arrows) i n shaplestioen poiss rabepis pighens andhel rigls: éﬁhwwgratl@nmfmg‘tmm ly
reduced in the reseiﬁce {l 0 gg/ M GST-Nogo-66 receptor antigen. 25
Figure 10 - ]ﬂﬁ% 565° eag medi ates grow h cone col | apse by Nogo-66 (a)
is a phgpograph of chick E12 DRG expl ants exposed to Nogo-66 follow ng

Figure 9 - Nogo-66 Receptor Immunohistolo

(a) is a photograph of an immunoblot where membrane fractions (10 pg
protein) from the indicated cells or chick tissues were analyzed by anti-Nogo-66
receptor immunoblot (molecular weight markers in kDa are at right). (b) is a

15  photograph of COS-7 cells expressing Myc-Nogo-66 receptor or chick E5 spinal cord
explants (eight days in vitro) stained with anti-Nogo-66 receptor, anti-Myc or the
oligodendrocyte-specific O4 antibody. The bottom three panels show double label
immunohistochemistry of the same field (scale bar, 40 pm for the top three panels and
80 um for the bottom three panels). (c) is a photograph of paraformaldehyde-fixed

20  vibratome sections of adult brain or spinal cord stained with the anti-Nogo-66 receptor
preparation. This demonstrates staining of axonal profiles (arrows) in both the pons
and spinal cord. Staining is dramatically reduced in the presence of 10 pg/ml

GST-Nogo-66 receptor antigen.

25  Figure 10 - Nogo-66 Receptor mediates growth cone collapse by Nogo-66
(a) is a photograph of chick E12 DRG explants exposed to Nogo-66 following

pre-treatment with PI-PLC or buffer. Staining of F-actin in axons is illustrated (scale

bar, 40 um). (b) is a graph summarizing the experimental results of binding of 3 nM
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pre-treatnment with PI-PLC or buffer. Staining of F-actin in axons is
illustrated (scale bar, 40 m). (b) is a graph sunmarizing the experinental
results ofobi/esdszng of 3 nM 13 WO 01/ 051520 PCT/ USO01/ 0104RCT/086170Ad415073 AP
or AP-Nogo to chick E12 dorsal root ganglion dissociated neurons. Were
indicated the cultures were pre-treated with PI-PLC or 150 nM GST- Nogo- 66
was included in the incubation with AP-Nogo. (c) is a graph sunmari zi ng
growt h coneo4ssohbegese nmeasurenents fromexperinents as in (a). Chick E12
DRG cultures were 5 treated with or without PI-PLC prior to exposure to 30
nM GST- Nogo-66 or 100 pM Sema3A. (d) is a photograph of E7 retinal

gangl i on cel AP expalPaNbégo torchdktEI@ doirdahraot gamgﬁom]issvéiaﬂaé nellnlﬁﬂs PWéetenAl ) or

wi th HSV- Myc- Nogo- 66 receptor and then . incub or w t hout Nogo- 66.
Phal | oi di n §9&0Wﬁ&16&ultas@éme@rﬁdwwdcwﬁbgl P%C Oir|1ﬁ%§M‘§§$cI\T?%,°c%¢ ¥ahar, 25

M. (&) bs ayShaBNHARLlS AL MOk R et 006l S ARl bl 01T kel o

viral infec neurons as i

St ruct ur e- f WitlahRmeRAtetEhE FRfim MEEPmRRty KGE PO fCIﬁ(ﬁ{)EEZSDRGS&iIt@fE%tW@e di agram
of different Nogo-66 receptor deletion nutants. These nutants were

assessed 5f ortrdatedevitlpbr withows PEHPOA myoritensxpasbieso 38md GO -NpgN6gor 1AGpMi ndi ng.
Note that t Ci hre t.he Ieum rich e ar boxy

t er i nal &eﬁ’%‘ﬂ% @gl%@O%%%m@fﬁ?gn%ﬂn@r@%ﬁ iﬁﬂtérln%gtegﬁvét foteinis
not. The 8%9991 ARQL@ISV- Pﬁ§m§Aﬁ?bﬁ%tﬁfﬂ§V -NMH-NbE6-8b | &8 @Pdnd fHERbI | i zat i on.
(b) is a diagramof the predicted three dinensional {)ructure for the
first seven iheuiadevith chwitkepe MNogodd6. thhelloiNogaifihgrod exptad growfhicendsss der i ved
from corrputer nodel i n Eased on the predjcted, 20 structure olf the rel ated

§

| euci ne ri cHllPefied @cdle bame rawk kdps #raeb apwitatiny sifythetong collapse i9os)
Structurg 3, %g, 3 Sw ss- Mobdel at

VWAV, expa?y C ééﬁ& oﬁ%%ls%{? eggé&%%seh%ltﬁh{?%% g‘n@lt and al pha helix
secondary structure are also indicated. 25 Figure 12 - Sol ubl e Nogo
receptor bl ocks Nogo-66 Chick E13 DRG neurons cul tured under standard
condi ti ons. HigugridwSirushse-funsipn apadpsinekMozo-6@ meapter oned medi um fr om HEK

293T cells secr etd ?% a scﬁe1nat§c4(§1agram oc% different Nogo-66 receptor deletion mutants.

These mutants were assessed for level of expression by immunoblot and for AP-Nogo
15  binding. Note that the leucine rich repeats and the leucine rich repeat carboxy
terminal are required for Nogo binding but the remainder of the protein is not. The
second protein was tested after purification and immobilization. (b) is a diagram of
the predicted three dimensional structure for the first seven leucine rich repeats of the
Nogo-66 receptor. This is derived from computer modeling based on the predicted
20  structure of the related leucine rich repeats of the leutropin receptor (Jiang et al.,
(1995) Structure 3, 1341-1353). Modeling is performed by Swiss-Model at
www.expasy.ch/spdbv. Those regions with beta sheet and alpha helix secondary

structure are also indicated.

25  Figure 12 - Soluble Nogo receptor blocks Nogo-66

Chick E13 DRG neurons cultured under standard conditions. In growth cone
collapse assays, conditioned medium from HEK 293T cells secreting the 1-348 amino

acid ectodomain fragment of the murine Nogo receptor or control conditioned

14



acid ectodomain fragnent of the inurine Nogo receptor or control

condi tioned 14 WO 01/051520 PCT/USO01/01041 044574-5073 nedi um was added

t oget her w 0h0s18® nM Nogo-66. In the bottom | eft panel, tphPeT/datizn10iin the
graph denonstrates that Nogo-induced coll apse is blocked by the sol uble
receptor fragment. For outgrowth assays, neurons were cultured in the
presence of control or Nogo receptor ectodomain conditioned nedium

t oget her wi p4a5Npgar366 5 protein (50 nM or central nervous system nyelin
(15 gg total protein/m). The top four panels show phot ographs
denonstrating that central nervous systemmnyelin inhibits outgrowth and

t hat this isndlivgked abyed ogetheresint@0 AN kg6, rlmchpbottom éeft pabelyshendaba ot ei n.

Qutgrowt h is quantitated in the graph in the bottom ri%ht panel . 10
DETAI LED DESCRicrerpriNiaporsigtcs RENPECRpused exliapss s iesedy &ssolbia ned

otherwi se, all technica nd scientific ter e i Nn.h same
nmeani ng as _58 ﬁ! gﬁ’ﬁﬂ%r@?@&%% hoaig%ayg,fnegrrogl? Xgé?@g%lgﬁ%cﬁniq%e ?%gené:% tIa ?t 0

whi ch this iauestdrNbLJdetest ccdbMatddndifivnsEibos RBethomk Rl Naks-66i m | ar or
15 equival ent to those described herein can be used In the practice or

testing &f tpneteing6@sdhHtoricantealieniops systenpmytlen (lSdugristd pugeiaml).ndhetdpal s are
descri bed. used1 herein, the tgrm" xon" re%girs to a Ior}% cel L.ul ar
protrusi on fIPYrRACIS B BROtORHRRS fcmensfrating, hal gAY S S PP BY 8 ent i al s
are conduct qg}ﬁf)fﬁ@&%‘fb‘%ﬁﬁ%h }hapﬁgtyisbo%@ﬁ&fiﬁy HRHE&En&EMb NogdJeftoysed herein,
the term "axonal growh"” refers to an extension of the ['ong ~process or
axon, ori gi reatodogaft proteén. c@higrdvatlys qrdtifateede diedgiayh irhthe hption highopanel. As used
herein, the term"central nervous system di sorder” refers to any

pat hol ogi cal state associated with abnormal function of the central nervous
system CN% i : J iimted to, altered CNS

functi on1(0r esu@?ﬁngﬁéﬁbgﬁgﬁggﬁcg?lﬁqgém 1\(I)rlﬂic(g&ebral tissue, viral

i nfection, gutpdfilfieyes Nechani sm genetic nutation and neurodegenerative

di seases or disorders. As used herein, the term"chineric protein” refers
to any pol ypept i dénledsidelined otherwise, all technical and scientific terms used herein have

the same meaning as commonty understood by one of ordinary skill in the art to
which this invention belongs. Although any methods and materials similar or

15  equivalent to those described herein can be used in the practice or testing of the
present invention, the preferred methods and materials are described.

As used herein, the term “axon” refers to a long cellular protrusion from a
neuron, whereby efferent (outgoing) action potentials are conducted from the cell
body towards target cells.

20 As used herein, the term “axonal growth” refers to an extension of the long
process or axon, originating at the cell body and preceded by the growth cone.

As used herein, the term “central nervous system disorder” refers to any
pathological state associated with abnormal function of the central nervous system
(CNS). The term includes, but is not limited to, altered CNS function resulting from

25 physical trauma to cerebral tissue, viral infection, autoimmune mechanism, genetic
mutation and neurodegenerative diseases or disorders.

As used herein, the term “chimeric protein” refers to any polypeptide which is

not completely homologous at the amino acid level to its wild-type sequence or is

15



not conpl etely honol ogous at the amno acid level to its wld-type sequence
or is 15 WO 01/051520 PCT/US01/ 01041 044574-5073 encoded by a nucleic acid
whi ch i s vw@epi/esaaof rom splicing two distinct sources of necT/@se/@Eeilds. The
termincludes, but is not limted to, fusion proteins and proteins

designed to contain one or nore am no acid substitutions which

di stingui shes their amno acid sequence fromthe wld type sequence. 5 As
used her ei nQ445e54@78r m " denyel i nati ng di sease" refers to a pathol ogi cal

di sorder characterized by the degradation of the nyelin sheath of the

ol i godendrocyte cell nenbrane. As used herein, the term"growh cone"
refers to aespulsiddlyiazedleicearidbwhish is Aerivieid gronp pliging e digfineésoureas ofhat i s
responsi bl e for. sensi he | ocal environment. and nmoving. 10.the .axon
ownra i s AR dhsjtgnrEdes, Pk iERNeo8 el thiBinedRa pha= A m
"growth co n%eﬁ%ﬂ%r&ﬁtafne&ﬁro? e bR LALEAHsFiOhs whith lddRBGuidhestthgr 9T OWt h
cone toward a neuron's target cell. As used herein, the term"neurite"
refers to a aptineedd sguendengomtiic wild dypeesaquence. As it is sonmetines difficult

to distinguish a dendrite froman _axon in culturg, the ter 15 neurite is
used for Sbot h. Asﬂ}éséélhﬁéme?bﬁ,te%e&tn@fqllﬁna@}g ‘BEF&éerloFF%?é%/ftoé"qu;éql%glgat 0 a

neuroglial ¢ f . i i i e As
used herei n,dﬂ %e?tcgl}%]&p%%}@) B’é%??%%g&gr%eé er Eh et%y%&p%%%tbggmﬁnqlgél%@ﬁ% ol ysis
yi el ds nor e cehafenibneam no acids, called tripeptides, tetrapeptides, etc.
according to 20 the nunmber of am no acids contained in the pol ypeptide.

The term " pol ypephd wed hirsin, thederms yearondhews!” yefpis o a speeialigedregiiroatdhhtip and
e R0 Lo i R IR 11
present 1pNVeRL LM BN iePpiopPhRtSHaficA@bivenial | €l ic variants of the
protein, and conservative amno acid substitutions of the protein. As used
herein, the prot élswsed herein, the term “growth cone movement” refers to the extension or
collapse of the growth cone toward a neuron’s target cell.
As used herein, the term “neurite” refers to a process growing out of a neuron.
As it is sometimes difficult to distinguish a dendrite from an axon in culture, the term
15  neurite is used for both.
As used herein, the term “oligodendrocyte” refers to a neuroglial cell of the
CNS whose function is to myelinate CNS axons.
As used herein, the term “polypeptide” refers to a peptide which on hydrolysis
yields more than two amino acids, called tripeptides, tetrapeptides, etc. according to
20  the number of amino acids contained in the polypeptide. The term “polypeptide” is

used synonomously with the term “protein” and “peptide”throughout the

specification.

II. Specific Embodiments
25  A. Nogo receptor Protein and Peptide Agents for the Nogo receptor Protein
The present invention provides isolated protein, allelic variants of the protein,
and conservative amino acid substitutions of the protein. As used herein, the protein

or polypeptide refers to a Nogo receptor protein that has the human amino acid

16



or polypeptide refers to a Nogo receptor protein that has the human am no
acid 16 WO 01/051520 PCT/ US01/01041 044574-5073 sequence depicted in SEQ

| D NO 2 w0 o0t//520uri ne am no acid sequence depicted in SEQ/UBINGN414. The
protein or polypeptide also refers to the peptides identified as Nogo
receptor peptide agents that have the am no acid sequences depicted in SEQ
ID NO 8, 10, 12, 14, 16, 18 and 20. The invention also includes naturally
occurring 50446745078 vari ants and proteins that have a slightly different
amno acid sequence than that specifically recited above. Alelic

vari ants, though possessing a slightly different am no acid sequence than
t hose recit edquebedepiosid in FiQ D Nfdnzor the mawsine aminosiod wawenqyd@p@@qddm

functions a C] d wi.ith the human and rin e| ns

the Nogo re§§& BENEE 1 e el PRB PR s e Seu P e REHB: MpnRBE £, 1,

14, 16, 030&pk? pe @ﬁeta%egts et B tht BRidABd yeqaéndag atlgueg i shatred to
the Nogo rec tor BroPe refers to proteins that have been isolated from
or gani sns i N@dJi10j I 140l )ufand Zénffhe mveettonthim mehidedisatusdlg otaurtidgnt i fy and
i sol ate other nenbers of the fam| roteins related to the Elogo

recept or 5 pr élleliggrigpe aaéggqtsﬂ%glabbaw Shﬂgﬂyl'ﬁkff%’é R ARE 859UERGS B hs and
pepti de age%e& s efctﬁctlﬁy%c?t%g %?%nv&@élfc% rift§ tPcRIggt P rs?elg%lageghlgl\?t\ﬁj fﬁrﬁ%%n{ orm

As used heré sai d I'SO en physi cal ,
mechani cal annfid'lﬁﬁﬂl mhelﬁ@tthaﬂﬁmaé RREPALRY€OvillGtill Ay thetsamei oingilad  f r om
cellular constituents that are nor nal Ig associated with the protein. A
skilled ar M@emcaafmqtleaﬂﬂﬂsyclet@émﬁl the nmamanqomﬂnm dlaee sereniof Bding o obt ai n

an isol ated t 20 nd. Th [ n vention
further i nc|38@1g1 ?g?\%o Q/Eé’??r\})gpgg? PSS CFeBt%te é@ﬁi ]e\@? ghgsll% %zartlgs?@er ein
describqg. Ag.Mged. herein, a conservative variant refers to alterations in
the am no acid sequence that do not adversely affect the biological
functions of the AsrwedhersinAtteubsi liytofipradeins reteset toitheNogo dedleptor protéiss said to
25 adversely affect the protein when t altered se rtce events or

di srupts a e tegrasns thahb%vedwelaésgt%tﬁtea otiﬁatlﬁntsﬁg 16‘10& urf—*%‘?'s Bdanl e,

the overall ,Ghar 8fs methods used to identify and isolate other members of the family of

proteins related to the Nogo receptor proteins are dtascribed below.

15 The Nogo receptor proteins and peptide agents of the present invention are
preferably in isolated form. As used herein, a protein or ligand is said to be isolated
when physical, mechanical or chemical methods are employed to remove the protein
from cellular constituents that are normally associated with the protein. A skilled
artisan can readily employ standard purification methods to obtain an isolated protein

20 or ligand.

The proteins of the present invention further include conservative variants of
the proteins and ligands herein described. As used herein, a conservative variant
refers to alterations in the amino acid sequence that do not adversely affect the
biological functions of the protein. A substitution, insertion or deletion is said to

25 adversely affect the protein when the altered sequence prevents or disrupts a
biological function associated with the protein. For example, the overall charge,
structure or hydrophobic-hydrophilic properties of the protein can be altered without

adversely affecting a biological activity. Accordingly, the amino acid sequence can

17



structure or hydrophobi c- hydrophilic properties of the protein can be
altered without adversely affecting a biological activity. Accordingly,
t he am nov@ei/esismquence can 17 WO 01/ 051520 PCT/ US01/ 0104RCT/08e150dd415073 be
altered, for exanple to render the peptide nore hydrophobic or hydrophilic,
wi t hout adversely affecting the biological activities of the protein.
Odinarily, the allelic variants, the conservative substitution variants,
and the negtasrsses the protein famly, will have an anino acid sequence
having at | east 5 seventy-five percent am no acid sequence identity with
the human and nmurine sequences set forth in SEQID NO 2, 4, 8, 10, 12,
14, 16, 18 anadlta@d, foeeearmslefereatidrithe péptide astre by drophyotpeocigriropheien nor e
preferably at | east ninet ?ercent, and nmost. preferably at |east

GCH!

ni nety- fi ve "pwoubadversely e the rlpsicelpptivitienot W8 PEEN: 0 such sequences

i s defined herei s 1. e Je ! j i Nt ndi dat e
10 sequence thapqgﬁgllgggg?%%ﬁg&ﬁf » ﬁgﬁ%%%%%ﬁggg?%%@gﬂﬂgﬁ¥gﬁmh |dﬁ?ng t he
sequences amgbmiiddé 6ORYPtAEnFRARBy, will HAGE 8 BRING aciDseqadticehavinpat Rast mum
percent honol ogy, and not considering any conservative substitutions as

part of 6he seentiefivepenentantiyo acifisequenderidentitywithrthe hahamand myenagal
extensions, deletion r. insertions i t epti.de uence shal |l not
be construed?%nﬁ?ﬁséﬁfﬁrﬁdnﬁﬁﬁg{ﬁog&' aig%rﬁgsﬁetlﬁ’eloémlgtagﬁizg’qr&ﬂ@ pﬁ%t_%{ai%h"es of
the present 4 ﬁa&r&mgp%eﬁty&%nmregwfaﬁm GRTRH hdig pbldgniasdiRodici d sequence
of SEQID NGO 2, 47 8, 10, 12, 14, 16, lg and 20; Pragrrents t her eof havi ng
a consecut i pesfemblyeatdeastiinety-fiveastceat ddentBy odhorplogy with, redfect toz0¢ch 25, 30,

35 or nore am no acid resjidues of the Nogo [eceptor pr,gt ei.ns and i%g tide

agents; am ReAusBres 18 dgtiraddierem ps higpercsptage ehanpg gerdaeddygidn hearagdidpieast one
Snsy . ; ! GLrene: itk th
ST 0sd8 s SRS HHPRIoRERR I BE RN G Hon@los AcPEIbARL tideqtholidud 1 L1

sequences, @ftrddiRing dapaaMBlessans tdlathidvedhe abovieum beaént Maupldpeemdndst i t ut ed
by anot her residue. Contenplated variants further include those containing

pr edet er ni nedngideritg anysopservaiivg substigiHione gopart of e sedicper idertitysi t e- di r ect ed
or PCR nut agenesi.s nd _t.he correspondin eins_of 25 other, animl
species, in 'Eﬁﬁlinrlfbdl’b 'tter%?ﬁ °f f'ﬂt?rgil ?(genﬁlgg%ﬁe,fgu?%’ or %F‘%ﬁoﬂﬁfﬂt(ﬁg‘f ipr?g{,ﬁ%vi ne,

sequence shall not be construed as affecting homology.

nad
N

)

15 Thus, the proteins and peptides of the present invention include molecules
comprising the amino acid sequence of SEQ ID NO: 2, 4, 8, 10, 12, 14, 16, 18 and 20;
fragments thereof having a consecutive sequence of at least ai)out 3,4,5,6,10, 15,
20, 25, 30, 35 or more amino acid residues of the Nogo receptor proteins and peptide
agents; amino acid sequence variants of such sequences wherein at least one amino

20  acid residue has been inserted N- or C-terminal to, or within, the disclosed sequence;
amino acid sequence variants of the disclosed sequences, or their fragments as defined
above, that have been substituted by another residue. Contemplated variants further
include those containing predetermined mutations by, e.g., homologous
recombination, site-directed or PCR mutagenesis, and the corresponding proteins of

25  other animal species, including but not limited to rabbit, rat, porcine, bovine, ovine,
equine and non-human primate species, the alleles or other naturally occurring
variants of the family of proteins; and derivatives wherein the protein has been

covalently modified by substitution, chemical, enzymatic, or other appropriate means
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equi ne and non-human prinmate species, the alleles or other naturally
occurring variants of the famly of proteins; and derivatives wherein the
protei n ve@obesamo coval ently nodified by substitution, cheaiwaéiolesizymatic,
or other appropriate neans 18 WO 01/051520 PCT/ US01/01041 044574-5073 with
a noiety other than a naturally occurring amno acid (for exanple, a
detectable noiety such as an enzyne or radioi sotope). As described bel ow,
menbers of ddaasr£sorely of proteins can be used: (1) to identify agents

whi ch nodul ate at | east one activity of the protein, (2) in nethods of 5
identifying binding partners for the protein, (3) as an antigen to raise
pol ycl onal eithrmometyosiak: that b bawidly,ocaunting hmaiso acid tier ependle,a degetible B.
Nucl ei ¢ Acid Ml ecul es The present .invention further provides nucleic acid
nol ecul es t Fgiety se@urs anEZYme opFagi®idiePeind pepti des conprising the ami no

aci d sequence of ,SEQ | ) . 2. .4, .8 12 6, 1 nd .2 d the
rel ated proteins %eigé?rh%eg!e(g&oﬁ’ﬁ%d&beﬁsr%ﬂg? 53151?19' (i}tr‘f#jrf)éeb Sszngggugegr (r?nl used
herein, "nugdentify At whibk hédamiOe MRl sncldlvity SNAe prathif, @gqsh mefhbisense
nol ecul es, as well as nucleic acids based on alternative backbones or

i ncl udi ng alidentifiang Yimdbresmstnetsdohtbe prideinyM@ilas momtizan tr wisepolyickas] ar

synt hesi zed. 15 Honol o X or igﬁgti t%ﬁi s determ ned by BLAST (Basic Local
Alignment &9Rpeipn &6]1‘“9 difitapd P4 ag APAEPEHE 48F8or i t hm enpl oyed by t he
prograns blastp, blastn, blastx, tblastn and tblastx (Karlin et al.,
(1990) Proc. Natl. Acad. Sci. USA 87, 2264-2268 and Al tschul, (1993) J.
Mol . Evol . B6,Nz9€le 206d Mdlédulesi ncor porated by reference) which are

tailored for sequence simlarjty searching. The approach used by 20 the
BLAST program i s 16 Presesiingiiondeihes pravides nyelgivaastsmplocwes thagengads the

S ani 11 d8nc B yRod A RARGLE SRS ob AR R YRR IR B RO B 2

only those malrf)es, WhakdnEaid (e Yeldted protsed Reéiadetdibeg hat@rbly siighittd cance.
For a discussion of basic issues in simlarity searching of sequence

dat abases sé&mA Asusad hesinainucleicigdl ingladeg icenaoivddNas cBNA2 ;RN and9 whi ch

is fully incorporated by reference., The. search anet ers .for
y antisense molecules, as well as nucleic acids ase% onp ﬁ{emrg%ve IE)ackfbones or

including alternative bases whether derived from natural sources or synthesized.

15 Homology or identity is determined by BLAST (Basic Local Alignment
Search Tool) analysis using the algorithm employed by the programs blastp, blastn,
blastx, tblastn and tblastx (Karlin ez al., (1990) Proc. Natl. Acad. Sci. USA 87,
2264-2268 and Altschul, (1993) J. Mol. Evol. 36, 290-300, fully incorporated by
reference) which are tailored for sequence similarity searching. The approach used by

20 the BLAST program is to first consider similar segments between a query sequence
and a database sequence, then to evaluate the statistical significance of all matches
that are identified and finally to summarize only those matches which satisfy a
preselected threshold of significance. For a discussion of basic issues in similarity
searching of sequence databases see Altschul et al., (1994) Nature Genetics 6,

25  119-129 which is fully incorporated by reference. The search parameters for
histogram, descriptions, alignments, expect (i.e., the statistical significance
threshold for reporting matches against database sequences), cutoff, matrix and filter

are at the default settings. The default scoring matrix used by blastp, blastx, tblastn,
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hi stogram descriptions, alignnments, expect (i.e., the statistical
significance threshold for reporting matches agai nst database sequences),
cutoff, meopissiaaed filter are at the default settings. Theraséizmbi1r scori ng
matri x used by blastp, blastx, tblastn, 19 WO 01/051520 PCT/US01/ 01041
044574-5073 and tblastx is the BLOSUMG2 natrix (Henikoff et al., (1992)
Proc. Natl. Acad. Sci. USA 89, 10915-10919, fully incorporated by

ref erence) . 048814-503Bast n paranmeters were adjusted as follows: Q=10 (gap
creation penalty); R=10 (gap extension penalty); w nk=1 (generates word
hits at every wi nks' position along the quer and %3{)\/\/:16 5 (sets the

wi ndow wi dt angihlpsts isythe S-QSBNER maﬁnqr{ﬁém@ﬁé% él-,géﬂ%?r raeNatlrhead. &§ui val ent
Bl ast aranet e ' r 9, R=2:. wi pk=l|: d w=32. A Bestfit
corrpaPi E on M%ﬁ%’iﬁ'ﬁ@i%@%?@%@ l?yrfefeﬁ C@c?f 0&52’;‘ §B PIAPSISEHYES o,
uses DNA pa@éjﬁ@ﬁe@@fq%%%%:ﬁg@p%@ﬁ%%n&@?q&w(g@ﬁ@xﬂeﬁé&a%pémp)-ext ensi on
penal ty) and the equivalent settings in Ero ei n conparisons are GAP=8 and
LEN=2. 10 Asvivlseld(gareraienwotdhighatstvetiyngiek't posttoondilongihs ' quasarendgpbwi=te zat i on

at 42C in the presence of. 5Q%.formam de,. followed by a fifrst. wash at 65C
with 2x 8sc( mmﬁ%wri}%l %H?ﬂhﬁﬁhg&,apm qll&va@anfwreag%]@%?é @Q%h at 65C

ith 0.1x SSC. - i ' g itshte b
\MI sol at e)(;" ; elxﬁﬁﬁ?ﬁﬁgﬁﬁgg%%g%@gﬁ?gg %%%g?-;iﬁ%ﬁ g%agéals_gzp'agat :d from

cont ami nant Bestfitebsipatdol belbectineetinogs, atdilableio thep@QGi rhekaderversidhe0.8our ce of
nucl eic acid. The present invention further provides fragnents of the
encodi ng nuaies BNAqagrmeterns edPa00 (88 gesatiorhranalty), ang FENg egtengiAt encodi ng

nucleic acid cu ref er 0.a portion of the enti P& ot ei prencodi ng
cequence.  Tghapd el piEal el bl dE SnetlPaf He Bp ™ AFLANERGed uge.
For exanple, if tAaistd BGERNthikh sGHRERY dAdifdNnS An&iHE PYBridiRatddh AGRPE e portion
of the protein, the fragnent will need to be | arge enough to encode the
functi onal rtlegpresensy oHF0% Hernpnatieifallowdd hyhefifst wgsteait65°€ with BeSE€ed as a

nucl o1 ¢ 261 BEO0S. B ol B8 BP0l AR STAA D osen 0 s
P obingfprimng. rfﬁztﬁggﬁgfeﬁl, RhubiBR LRCAGATe MGl ElbbeaGiohBP! G B8 Of the
nucleic acid molecule is substantially separated from contaminant nucleic acid
15  encoding other polypeptides from the source of nucleic acid.
The present invention further provides fragments of the encoding nucleic acid
molecule. As used herein, a fragment of an encoding nucleic acid molecule refers to a
portion of the entire protein encoding sequence. The size of the fragment will be
determined by the intended use. For example, if the fragment is chosen so as to encode an
20  active portion of the protein, the fragment will need to be large enough to encode the
functional region(s) of the protein. If the fragment is to be used as a nucleic acid probe or
PCR primer, then the fragment length is chosen so as to obtain a relatively small number
of false positives during probing/priming.
Fragments of the encoding nucleic acid molecules of the present invention (i.e.,
25  synthetic oligonucleotides) that are used as probes or specific primers for the polymerase
chain reaction (PCR) or to synthesize gene sequences encoding proteins of the invention
can easily be synthesized by chemical techniques, for example, the phosphotriester
method of Matteucci et al., (1981) J. Am. Chem. Soc.103, 3185-3191 or using aufomated

20



25 synthetic oligonucleotides) that are used as probes or specific priners
for the polynerase chain reaction (PCR) or to synthesize gene sequences
encodi ng wo ot/eé18® of the invention can easily be synt hesperdstiylesien ca
techni ques, for exanple, the phosphotriester nethod of Matteucci et al.,
(1981) J. Am Chem Soc. 103, 3185-3191 or using automated 20 WD 01/ 051520
PCT/ US01/ 01041 044574-5073 synthesis nethods. In addition, |arger DNA
segnent s cabd45é&8913y be prepared by well known nethods, such as synthesis
of a group of oligonucleotides that define various nodular segnments of the
gene, followed by ligation of oligonucleotides to build the conplete

nodi fi ed ger$§n aﬂwm&é,sgleéﬁcdw%hm@mqr@%smtsmreé@ﬂsobe Hrﬁ@l%]r]@s‘é

i nvention s to.contai bl.e | abel for
i agnostic P ey Eathbict e i AP EGHRORAB T HEFE G5 ¢ he
art and can m&murlsagr@&nsecmhecgéﬁéi Md%dwagamlg&mbﬁ&églt@smmhgl n
described. Suitable |abels incl'ude, buf are not finmted to bi oti n,

r adi ol abel edomptitempdifiedgened t he |i ke. A skllled artisan can enpl oy any of
the 10 art known ] abels.to o?tal a Iab ncodln nucl ei ¢ aci d Iecule

Modi i cafi ons t o THEsPtRRRYIEE AHTRRIESH P o Byt fwenigen may hea
alteration u nce
during trang%%?ﬁ%ﬁM%%%Bggﬂ%%g§d&&££%%§%3@%gg?g%%ﬁg §%§&§%$h5¥§§90 t he

prot ei n. Suchristyhstsiitiulabeln sredknovitie theadrt afdadan@eslily s ehiployed wittothei ns havi ng
an am no acid sequence encoded by a nucleic acid falling within the 15

cont enpl at ed&edps mefeculss herensdaseribady Syyitablg labels inelpie bubwre dpt omied (el at ed
Nucl ei ¢ Aci q.; t ntifi t h
Nl B 00 eSS AROYE, | ARG oD 80 8,

al | ows gosKiakd lewar labdatd diBaih 8 QAR dﬁug&ﬁgﬁuaslb@mdaﬁoleM@cul es that encode
ot her nenbers of the Nogo receptor protein famly in addition to the

sequences her ei n Medifiedtioatito thprirhay strudee ps@ﬂwrdeﬂaywnu additios.aut alteretiei of aci d
nol ecul es | | ow a s illed a |sa o isolate n eic acid nnhgﬁgées t hat
encode ot her"HEHH8 ragl ]fnc?rﬁgra r]}? pS‘Pte]Néﬁ‘B‘eP‘éec‘E‘ﬁ‘P BB RO $epti de

agents. Ess evﬂﬁioﬁjt Jlééﬁroﬂnéﬁl'e iRy B tHeHeif 2RubERBEd t)idS 6r §tH& ABAGFELS

sequence of SEQ
n protems having an amino acid sequence encoded by a nucleic acid falling within the

15  contemplated scope of the present invention.

C. Isolation of Other Related Nucleic Acid Molecules

As described above, the identification of the human nucleic acid molecule having
SEQIDNO: 1,3,7,9,11, 13, 15, 17 and 19 allows a skilled artisan to isolate nucleic acid
20  molecules that encode other members of the Nogo receptor protein family in addition to
the sequences herein described. Further, the presently disclosed nucleic acid molecules
allow a skilled artisan to isolate nucleic acid molecules that encode other members of the
family of Nogo receptor proteins and peptide agents.
Essentially, a skilled artisan can readily use the amino acid sequence of SEQ ID
25 NO:2,4,8,10, 12, 14, 16, 18 and 20 or epitope-containing fragments thereof to
generate antibody probes to screen expression libraries prepared from appropriate
cells. Typically, polyclonal antiserum from mammals such as rabbits immunized with

the purified protein (as described below) or monoclonal antibodies can be used to probe a

21



25 NO 2, 4, 8, 10, 12, 14, 16, 18 and 20 or epitope-containing fragnments
thereof to generate antibody probes to screen expression libraries
prepared Woomappwr opriate cells. Typically, polyclonal ar€CT@sewntdirom
manmal s such as rabbits i munized with the purified protein (as descri bed
bel ow) or nonocl onal antibodies can be used to probe a 21 WO 01/051520

PCT/ US01/ 01041 044574-5073 manmal i an cDNA or genom c expression library,
such as | anfi#dar4gdd7B | i brary, to obtain the appropriate codi ng sequence for
ot her nmenbers of the protein famly. The cloned cDNA sequence .can be
expressed as a fusion protein, expressed directly using its own control
sequences, ormaaghiae sORA @ygen@m:tmm@ssmri@rmﬂ sngh aﬂiﬁmbéﬂ g8 digraen deebtain
appropriate_to rticul ar t us res nzyne.

A Der nat | velly ROBERE PO Fto 6 A daies B R O FEABT o JuSt | HEETE oo

synt hesi zed pRAGSE B B RORRGA10s iltlohipRiéin) %@&ﬁ%& g RindBRR%n of the
protein famly from any nanga I'ian organism O igomers containing e.g.

appr oxi mat ekyntibBsfienvas loe exprelsad fyecasidictignsalsmgicontralisgquences ep@opréatd 100 aci d
stretch) can be prepared and used to screen 10 genom ¢ DNA or cDNA
librarie8 t&easiticrlr Ao psedifonespessiomfdhe @ magent conditions or conditions
of sufficient strl V&ker S ves.
Addi tionally, palr%ggﬁ&%y gﬁﬁ%%qg§?§ é?%ﬁﬂ%ggga%gh EMRmﬁgﬁgggﬁﬁﬁaﬁﬁﬁSe in a
pol ymer ase ehdiised beapiobeo e} DINA &2béisg b wiinbet botie paaemrtamﬂy Aemnugl ei ¢
acid nol ecule. A PCR denature/anneal /extend cycle for using such PCR
primers is mnunalmmamsm Kliggmersioonigmnseagsy apemnnq;elmé 8&"@:{@@1@@1®Sr use in

Mo el og AEARE AL Rrle e Rl b TR ED ﬁzprs%rgfi O Besh f ur t her

provi deggr e%&i&&h@@NA E}\E‘bmhﬁ)?dﬁe@ﬁ) dbk nfdﬁaﬁon % e%t Soaditvhs gequence.
As used heréein, a rDNA nolecule is a | ecul e t hat 20 been

subj ect ed tomnbmnsmfaﬁﬁu&mﬂﬂnﬂg&hwdmdﬂmhmhadsmhmd@génﬁ@hbpm@ntNA nol ecul es

are well known i the rt for xanp see Sanbrook et (1989)
Mol ecul ar O oni né dlts&naLYaBafsa& lgorrbﬁllm%ﬂepﬂ@%cas&ﬁpﬁ@amé%dwe%orat ory

Press. In tgﬁyﬂg gs@&ﬁaﬁgreﬁwﬁ @@%h%%@e&%%é&%%%ﬂc%ﬁ&&&@@&ﬁ nhleQRE" 2Dl y

linked to e st on cont ences vect or uences
A PCR denature/anneal/extend cycle for using such PCR primers is well known in the art

15  and can readily be adapted for use in isolating other encoding nucleic acid molecules.

D. Recombinant DNA Molecules Containing a Nucleic Acid Molecule

The present invention further provides recombinant DNA molecules (tDNA) that

contain a coding sequence. As used herein, a rtDNA molecule is a DNA molecule that has

20  been subjected to molecular manipulation. Methods for generating tDNA molecules are
well known in the art, for example, see Sambrook et al., (1989) Molecular Cloning - A
Laboratory Manual, Cold Spring Harbor Laboratory Press. In the preferred tDNA
molecules, a coding DNA sequence is operably linked to expression control sequences
and vector sequences.

25 The choice of vector and expression control sequences to which one of the protein
family encoding sequences of the present invention is operably linked depends directly, as
is well known in the art, on the functional properties desired (e.g., protein expression, and

the host cell to be transformed). A vector of the present invention may be at least capable
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25 The choice of vector and expression control sequences to which one of
the protein famly encodi ng sequences of the present invention is operably
| i nked dependesigiorectly, as is well known in the art, onPCh@&Séwmesl ona
properties desired (e.g., protein expression, and the host cell to be
transforned). A vector of the present invention may be at |east capable 22
WO 01/ 051520 PCT/ US01/ 01041 044574-5073 of directing the replication or

i nsertion i od4as74-Be73host chronosone, and preferably al so expression, of the
structural gene included in the rDNA nol ecul e. Expression control elenents
that are used for regulating the expression of an operably |inked protein
encodi ng segidireeingtiee kpiwation or indeeticarittodimchdstnadiramdesomispdndgreferably ald | i m t ed
to, inducible pronoters, constitutive £ro ters, secretion signals, and

ot her regul £XBYe§sIYL ehiba stuctsplgens msfude Fﬂggﬁﬁﬁﬁgl CBl®pronoter is readily

controlled, such 5e|s§§11h ¢ohiof SIARES it &ngedff&ré%}ﬁ%ﬁlgg% %%?eﬁgigﬁfeﬁxe' s

medium In one e e vec contai nin elc acid

nol ecul e W |dperablyainketBprdteRt @kadin®bdqberice Bld 160 in the art afd PISAuds e ee@et havi ng
the ability to direct 10 autononous replication and maintenance of the
recombi n@nt libhiredripl indngible prrmpters, ednsbmbsopmaiiolers, seceetion sigaaly.cnd ethiost cel |,
such as a bacterial ,hos eld . transforned therew th. Suc eplicons are
wel | nown e e, PERfeb oRe Ry BE P ool b il BBl Vo s
replicon ”a%mﬁkﬁﬁﬁbﬂﬁ%ﬁﬂﬁnﬁﬁ&ﬁﬁﬁﬂﬂh&%@uﬁ&ﬂh&ﬁéﬁpn confers a detectable

mar ker such as a drug resistance. Typical of bacterial drug resistance
genes are those tlhahe &bbaiimémy the esitetcanemingr @dipgeiutlkicracidmaoletuleawiflc| i ne.
Vectors that, include a prokaryotic r i con can further. incl.ude a

prokar yot i ¢ BFlUderRrplEySisH @O%ﬁﬁﬁﬁgﬁﬁkéﬁﬁg%ﬁ aﬁFgHPF§€F¥ fle expression
(transcrg,pti sl 'M%]E}]- f i aheh LN a

bacteri a1l0 hoaglgb nglg]lgfmt fe@l{fj&%ﬁ@%s a%%l?ﬁcgif%?géﬁgl'?lggl I's Igﬁqﬂcgg%?e}sggaon control
el ement f or repebriysomalDNA aS6lteytie hoktakll Bachnstababietislinog cefl, tRiNéfoRfledool ymer ase
and transcription to occur. Pronoter sequences conpatible wth bacterial
hosts are typérewithySyshaspligens arnwpll kapwrinecarbrls addgHemivastens tesd mgbe ant
restriction sites_ for..insertion of. a DNA segnent of t present, i nvention.
Ecanpl o5 of Rk RyESerleorRa it ofide & egorufRp Bt B B ERE N0 (Bl o ac
Labor at or i eshark&Rhctpdith dHg®didtance. Typical of bacterial drug resistance genes are those that

15  confer resistance to ampicillin or tetracycline.

Vectors that include a prokaryotic replicon can further include a prokaryotic or
bacteriophage promoter capable of directing the expression (transcription and translation)
of the coding gene sequences in a bacterial host cell, such as E. coli. A promoter is an
expression control element formed by a DNA sequence that permits binding of RNA

20  polymerase and transcription to occur. Promoter sequences compatible with bacterial
hosts are typically provided in plasmid vectors containing convenient restriction sites for
insertion of a DNA segment of the present invention. Examples of such vector plasmids
are pUCS, pUC9, pBR322 and pBR329 (Biorad Laboratories), pPL and pKK223
(Pharmacia). Any suitable prokaryotic host can be used to express a recombinant DNA

25 molecule encoding a protein of the invention.

Expression vectors compatible with eukaryotic cells, preferably those
compatible with vertebrate cells, can also be used to form a rDNA molecules that

contains a coding sequence. Eukaryotic cell expression vectors are well known in the
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(Phannaci a). Any suitable prokaryotic host can be used to express a
reconbi nant DNA 25 nol ecul e encoding a protein of the invention.

Expr essi owOoveeils20s conpati ble with eukaryotic cells, prefprenbbyr/tihase
conpatible with vertebrate cells, can also be used to forma rDNA nol ecul es
that contains a coding sequence. Eukaryotic cell expression vectors are
wel | known in the 23 WD 01/051520 PCT/USO01/01041 044574-5073 art and are
avai | abl e fogqsrssymral conmercial sources. Typically, such vectors are
provi ded contai ni ng convenient restriction sites for insertion of the
desired DNA segnment. Exanples of such vectors are pSVL and pKSV-10

(Phar maci a) ,artpidB\irdavailaMedtbng kévieed] nahinerdd] sBinote chypitadlyl ash ve@dfdfdre ( ATCC
31255) and the |like 5 eukaryotic expression vectors. Eukaryotic_ cel

expr essi on \PERYIBpdcURINE GORGHATH Eﬁégl%lﬁ% sitgsniar Hseidien |0é§ledir681rftdﬂé pr esent

| nventi on mae#gﬂtt I%g(r Ip'f'e%'o‘f@&cha\fe%gorseﬁgﬁgkfi ;ﬂﬁr 16‘ﬁ’he{rﬁla8% ?%BPXVF in an

eukaryotic C pre reststance ectiron mar p’referred
drug resi stMIcRl (Iﬁtfehﬁfuohﬂ Blb@cmﬂn@%]mqsmwm'ﬁ@elmssmlulth@lken neomycin
resi stance, i.e., the 10 neonycin osphotransferase (neo) gene. (Southern
et al., (519&zkaryotlmpresanmvect0@net 1, 327-341). Aternatively, the

sel ect abl e mar ker_ can esent .on the t vectors

i ntroduced by co- EL&QWQEI&,C?{I WIS?SI%‘@CWE)SS Seé ?Fonsﬁﬂgt tﬂ%F ?:]F\éﬁ?sso el ected
by cul turing,d ,gregéh@ iRARRLGR fila tf@xﬂ%‘ﬁﬂ:hfd& el R] ARG @r%ff%&fve ifanE. Host
Cell s Containihg an Exo eg nously Suppl |ed Codi ng Nucleic Acid Mol ecul e

The present eukatgotié cell, prefedably droy radestanhe sdleatiohimsarkeran’s prefered dig h a
nucleic acid nolecule that encodes a protein of the present invention. The
host cel | caﬁﬁlﬁénceénelk@rrls&wmﬁ%e@re%wawgtﬁ ﬂl&new Trertaace ért, theysef ul

for eXpr1%SS' %nggmg)hp) aéﬁob aﬂsf&fas%wa %ge[ﬁge du‘?ﬁh alngL9é&2 il Mgfj AP 1 ong as

the cell 1ine ure conpati bl e

with the prapagatl 9217-@&1)1; hfelt@xﬁfveg@tmrsehee@bl@rmaﬁek QX Depssemion Dfeplfate gene
product. Preferred eukaryotic host cells include, but are not limted to,
yeast, i nsedlassnd, thaﬁmquﬂrsa@ﬂr¢®ceqobse¢cetramﬂf«;mm@ro@°émlmsbceéleamds such as

EBEZEyL[ IO? i%gfn}%utéﬁqs §el%cfed %‘})1 cuﬁéfrmg 1n%en%%rgp%ate drurg]%or the qgctgbﬁe ?r}carlyes ef ul

15 E. Host Cells Containing an Exogenously Supplied Coding Nucleic Acid Molecule

The present invention further provides host cells transformed with a nucleic
acid molecule that encodes a protein of the present invention. The host cell can be
either prokaryotic or eukaryotic. Eukaryotic cells useful for expression of a protein of
the invention are not limited, so long as the cell line is compatible with cell culture

20 methods and compatible with the propagation of the expression vector and expression
of the gene product. Preferred eukaryotic host cells include, but are not limited to,
yeast, insect and mammalian cells, preferably vertebrate cells such as those from a
mouse, rat, monkey or human cell line. Examples of useful eukaryotic host cells
include Chinese hamster ovary (CHO) cells available from the ATCC as CCL61, NIH

25  Swiss mouse embryo cells NIH-3T3 available from the ATCC as CRL1658, baby
hamster kidney cells (BHK), and the like eukaryotic tissue culture cell lines.

Transformation of appropriate cell hosts with a rDNA molecule of the present

invention is accomplished by well known methods that typically debend on the type
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i ncl ude Chinese hanster ovary (CHO cells available fromthe ATCC as CCL61,
Nl H 25 Swi ss nouse enbryo cells NIH 3T3 available fromthe ATCC as CRL1658,
baby hameoerodszney cells (BH,'-), and the |ike eukaryopCT/USIZENE cul ture
cell lines. Transformation of appropriate cell hosts with a rDNA nol ecul e
of the present invention is acconplished by well known net hods that
typically depend on the type 24 WO 01/051520 PCT/US01/ 01041 044574-5073
of vector usagraparshost system enpl oyed. Wth regard to transformati on of
prokaryotic host cells, electroporation and salt treatnent methods can be
enpl oyed (see, for exanple, Sanbrook et al., (1989) Ml ecular Coning - A
Labor at ory WWH@(bruse@@hdih@rsj/ﬂ@cnldarpﬂl@’edLm&Tg@lfd)tolﬂraﬂﬂ‘snnﬁiﬂmmf et al.,
(1972) Proc. Natl. Acad. Sci. USA 69, 2110-2114). Wth regard to

t r ansf or mat mmke@syotméwozste@illateée@@po@tl@pﬁm %fcwﬂaent@mﬁlﬁcaismaﬂ@eﬁ pRpyed

oL oot T 0pOr 2 Qe SoLL 9B Skl T8 MATHIB IS0 5L ACEa o, B! o7
al ., (1979) (Pd’l@gpnﬁgl-ﬂarboﬁﬁﬁ%ratgﬁy Prebﬁ@ofl@n eAd ] $t9t3Y Broc. RdgcasEt 8L Y

transforned cell .e., cells that contain a rDNA nol ecul e of the 10
pr esent 5nvdﬁ&A69 21dé)r21l3é) i Wathtredare ¢o bgnsxfﬂmmlmgﬁwartebtﬂﬁmdlﬁe@th vesterdi ng t he

selection for a.sel | e marker. For. exa s.re ng,fromthe
i nt roduct i orfBRIERS T %ﬁ ‘Fthpﬁbatlﬁpe%aélﬁfucplm}gﬁli %aé}ﬁfeé e‘%éﬂ%%‘fﬁ 819 P& produce
singl e col orgnﬁ ks i vest e, and
their DNA cont er?{e e%(%eﬁ]fofrnegﬁ?%ﬂef@ﬁaﬁaﬁ@ég%@ﬁ?’é@?@r{ﬂ@g ?%@%u@nylgﬁﬁg’i hod

such as t hatald€i9T0) Ped. Wytl. Qmatl}“&nnUSAﬂ%75373ll37ﬁ5 Mol . Biol. 98, 503-517 or
the proteins produced fromthe cell assayed via an inmunol %%? f‘ net hod.
&

F. Production of Sieeesskyilysansipraedsahls, lLFSal"ﬁBS that epupinve R B fdhgent
f d f
i nventi 98 :prrésegfr’] 1n%rﬁ%'n &b ge ?ﬂi%d bgr er oWt ges(‘?:‘(}d%%%’g‘?ﬁcﬂng he SQIQEC (‘?r? er s,

i nvention u el C” acCl ecul nera

the pr OdUthbp@séIéctziblé 2eAERI Peixai@ldlcels Rsulfifd £bm the'ﬁmah&tim dhwal ves the
followi ng steps: First, a nucleic acid nolecule is obtained that encodes a

protein of tRNA phithemrésont inemdihn san baelonetlogireduse singhatoadenive CRilsifeaed i n
SEQ I'D No ]’those co?omes can 115é harvested, lysed and their DNA content examined for the

presence of the rDNA using a method such as that described by Southern, (1975) J.

15  Mol. Biol. 98, 503-517 or the proteins produced from the cell assayed via an

immunological method.

F. Production of Recombinant Proteins using a rDNA Molecule

The present invention further provides methods for producing a protein of the
20 invention using nucleic acid molecules herein described. In general terms, the
production of a recombinant form of a protein typically involves the following steps:
First, a nucleic acid molecule is obtained that encodes a protein of the
invention, such as the nucleic acid molecule depicted in SEQ ID NO: 1, 3, 7, 9, 11,
13, 15, 17 and 19 or nucleotides 166-1584 of SEQ ID NO: 1 and nucleotides 178-
25 1596 of SEQ ID NO: 3. If the encoding sequence is uninterrupted by introns, it is
directly suitable for expression in any host.
The nucleic acid molecule is then preferably placed in operable linkage with

suitable control sequences, as described above, to form an expression unit containing
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13, 15, 17 and 19 or nucl eotides 166-1584 of SEQ ID NO 1 and nucl eoti des
178 25 1596 of SEQ ID NO 3. If the encoding sequence is uninterrupted by
i ntrons, wooi/es15mi rectly suitable for expression in any hpet/Usdimaodiucl ei c
acid nolecule is then preferably placed in operable linkage with suitable
control sequences, as described above, to form an expression unit
containing 25 WO 01/051520 PCT/US01/ 01041 044574-5073 the protein open
readi ng frad574150&3expression unit is used to transforma suitable host
and the transformed host is cultured under conditions that allow the
production of the reconbi nant protein. Optionally the reconbi nant protein
i s i sol at edtferpoatetthepenadiding framef Therexitiesston| undt: is pagddo drapsiarm asuitale cat i on

of the protei ot pbe necessary in some 5 inst e re so

Cmpur 1 es. 85 DR g e AR SR U e RS et ane o BINIEAST n a
variety of WavseofithafpAoBhe OptibSilly HRSbEcRchis R hiatis RASHPAGE o B ARlight ai ned
fromgenomc fragnents and used difectly in appropriate hosts. The

const r uct i oor fibmebgeelis;staveryent pusfidatiat ofthepofmpar sy eolibe mecassary mtspmef  host s
IS acconBIished usi_ng appropri.ate replicons and control sequences, as set
forth 103 abésencesdesomcdmpPyBgsaryds olgRlsflessi on vectors, and
transformation 0 t e Ly S to
express the geng% g%d&a%%??ﬁoglgﬁgééggﬁbﬁ lel% al ‘53¥1§§'rﬁifwe 9 %?f%? %H%}flg’stﬁg
restriction dsdife@ Sodia@sequénda®ina bé Sthihyd Boraigki@iphie frap@ems detiused dirdeely @nds  of
the coding sequence so as to provide an excisable gene to insert into

t hese vect orppropiaskhastse dhe gprst@elipncd sxpresign vpctagdpat arpraporbletn axgiBsel on

k in th t. for. i_t. he 15 | ei id I f th
venti on 1 By iateeny sketisianp bt koo bt Gl S bt MR G 61 nai ng

Par t ner 50 Thgp R SRR bortd Sfubftds, Rk A¥istRS ebB NS rah forH&RnInfethcig bt | Ng and
identifying binding partners of proteins of the invention. In some

enbodi nment s degengemdbrithe type tftwsi2ell usadao txmessitle genx et weredisaugset inmeiadl

bi ndi ng partner or.an extract or fraction of a cell .under ondi.ti ons that
al | ow t he o SUbe a%u;ﬂt%e ESTISEPR A 17 HiRHTE 2} P‘f%#éﬁﬂ&»'%ﬂagﬁedﬁﬁghepﬁnéf &S of the
| nvent i on. tﬁg@iﬁ%%{ﬁ\ejé&%go aPBPrbHESan &9%%@%&2@&56@&% BB eQbrsO W& ETed

nol ecul es econe ‘associ at e proteln of the Invention are
separ at ed f raaighd & readxil wdgpt afyBost/expression system known in the art for use with the

15  nucleic acid molecules of the invention to produce recombinant protein.

G. Methods to Identify Binding Partners

The present invention provides methods for use in isolating and identifying

binding partners of proteins of the invention. In some embodiments, a protein of the

20 invention is mixed with a potential binding partner or an extract or fraction of a cell under
conditions that allow the association of potential binding partners with the protein of the
invention. After mixing, peptides, polypeptides, proteins or other' molecules that have
become associated with a protein of the invention are separated from the mixture. The
binding partner bound to the protein of the invention can then be removed and further

25 analyzed. To identify and isolate a binding partner, the entire protein, for instance the
entire Nogo receptor protein of either SEQ ID NO: 2 or 4 or the entire Nogo protein of
SEQ ID NO: 6 can be used. Alternatively, a fragment of the protein can be used. An

example of a useful Nogo receptor protein fragment is a soluble Nogo receptor
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bi ndi ng partner bound to the protein of the invention can then be renoved
and further 25 analyzed. To identify and isolate a binding partner, the
entire pmooei/esisfoor i nstance the entire Nogo receptor prpCERURIGM0E t her
SEQID NO 2 or 4 or the entire Nogo protein of SEQ ID NO 6 can be used.
Alternatively, a fragnent of the protein can be used. An exanple of a
useful Nogo receptor protein fragnent is a soluble Nogo receptor 26 WD

01/ 051520 PEASUSE6A7301041 044574-5073 pol ypeptide that |acks a
transmenbrane domain (Figure 7). As used herein, a cellular extract refers
to a preparation or fraction which is made froma |ysed or disrupted cell.
The pref er r @@lypepiidedhaflackes fransmembrane demein(Figirend. cel | s  derived from human

brain or spinal cprd tjssue or _instance, human cerebral. ti ssue. 5

Al ternatively. ool GrebaEts el rGHBE R o praaTrom Lnyot yBREE pRde
neuronal ti SRiea Bfsed BVASAR Sl e PRAEreBbhirct bI@ulaP@dilabts WilbS Yells

ol gi odendrocyte derived cell lines.: A variety of nethods can be used to
obt ai n an exerwst fraofh hamae btain @epinsl corttidsee, fatiisstanot,duinas cergbrel tisker.  physi cal

or chem cal disruption t hods. Exgrrpl es 8f hysi cal i sruption nethods
ncl ude, SoutALEFRatiNgly: S</ iR Beracts mex GR Preamies ORI Fedhe ineHTona s 9fg. 10
Exanpl es of ! 1§ 1; I him ted to,

det er gent Ifg{ﬁga%gn dé%%?ﬁe ygﬁ&lﬁﬂgﬂéﬂg eénélp %&ﬁeﬁc@eﬁ#&é&gl& h#lggédi |y adapt

met hods for prepak vingety ef thetheds cexbeé asetl $o ditain@h d@ifact 6f adetlaidaliecdhmbact s for
use in the present nmethods. Once an extract of a cell is prepared, the

extract is rdiscaiedsing either physiedion clmied) disryption metheds. ubeamlesebdahysioshs i n
whi ch i at f the.protein with.the bindi t 15 . A
Variety of  chmerGhebdf ek Thl bt B! SRR bR iefons ¢ nat
cl osel y 1pes erxh]cs @R elhdntiOf $ysfsQkkiichds Mddae, st bRRoARMIE todddidtBE 113k dnd

Features such as osnolarity, pH tenperature, and the concentration of
cel I ul ar extenzgne lysied A skdled bdissmaganechdily edapp triethodefor hepaswoelldbi extrack it he
protein with th i.ndin tner. After mxi under appropriate

condi ti ons, q‘ﬁ'?é?%g?}ﬂl&e g??%a%&uﬁeén%ﬁéqs%ﬁtélﬁl?oggm 20 the mixture. A variety
of techniques carpha Ml : t L Qe &R

ant i bodi es speci ;tl)lc to a gglftjﬁeﬁliﬁgﬁgiiiﬁﬁv%ﬁ%%n cg((r?lwtl)tg ues}gd tofﬁ:‘l’le

i nMunopr eci pihteatien tuider cdiditibing o wiach meociativnmilf . préibiherithahé viativg padtan dar d

chem cal separation techniques such as ) .
15 occur. A variety of conditions can be used, the most preferred being conditions that

closely resemble conditions found in the cytoplasm of a human cell. Features such as
osmolarity, pH, temperature, and the concentration of cellular extract used, can be varied
to optimize the association of the protein with the binding partner.
After mixing under appropriate conditions, the bound complex is separated from
20 the mixture. A variety of techniques can be utilized to separate the mixture. For example,
antibodies specific to a protein of the invention can be used to immunoprecipitate the
binding partner complex. Alternatively, standard chemical separation techniques such as
chromatography and density-sediment centrifugation can be used.
After removal of non-associated cellular constituents found in the extract, the
25  binding partner can be dissociated from the complex using conventional methods. For
example, dissociation can be accomplished by altering the salt concentration or pH of the
mixture.

To aid in separating associated binding partner pairs from the mixed extract, the
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chr omat ogr aphy and density-sedi nent centrifugation can be used. After
renoval of non-associated cellular constituents found in the extract, the
25 bi ndi moOpusiie®r can be di ssociated fromthe conpl ex uspa@yusaraest i onal
met hods. For exanple, dissociation can be acconplished by altering the
salt concentration or pH of the mxture. To aid in separating associ ated
bi ndi ng partner pairs fromthe m xed extract, the 27 WO 01/051520

PCT/ US01/ 0104574-894574- 5073 protein of the invention can be inmobilized on
a solid support. For exanple, the protein can be attached to a

nitrocel lulose matrix or acrylic beads. Attachnment of the protein to a

sol i d suppoirrotein @6the inveaiier eaniba dnpepilizefeons solifl sepnesl Heeexagple Sefrdenot her
constituents fo i,n the extract. The identified, bindin artners can be
i ther a oi gt &Pk gk EE it 5 AR brds Artiiet S BEbRE & e

Al ternativelgyg ﬁbﬁ&{ s Pehar PPNADSEndih SRS pRL foP et doBstfhdh@l | Ne
Phosphat ase fusi Oh assay according to the procedures of Flanagan &

Vander haeghdouynd(id @@&xtrannlhe e fieNbindogqiartn@d canISBitBds ongldpkthast et

al ., (1999) Cel] 99, 59-69; the Far-\Western assay .agcording to . the
procedur 8s  GPMIsk HAdaHP of te or mQre groins Ky igHRE VRl bingipgpartng§ maype_ 184 or

Sauder et al: 4., &?g | : A : : I i L t hr ough
t he use of é%el'nP%%de g%éefém%lrl%% 1;1}%3&%%8%ﬁoﬁfaasﬁ%%co?%@%?&e%g&@% u]';réesfogati vely,
the nucl ei ¢ Rdhghn® MVeaddrBsegbén, (1998) AvenNREaMNeuesRcib2l, 898345 or Baknhahi er

two- hybrid system The yeast two- h‘ébri d system has been used to identify

ot her ~ pr ot eith. (1PEDGed99p2-6% thmbproestere anay eopdingda preagoesdussipf oy t he
| ei i | | N ) St rat i<Z:
role © el sl 5 oo\ SRRSNERS S ALHAPTIR LR VLT,

The presgnt (19968, i900.9p6 BV idegiiABhBRSShé e of eifpk ftaboBd pREGI  AdTefkisipRdul at e
the expression of a nucleic acid encoding the go receptor protein. The
present invemt¢ioh 20 al so provi des nethods for identifying agents that

nodul at e the expressi an _of_ a nucl ei. ci.d encoding. t he o,protein. Such
Mesayo may ut |11 FaeEgvelAs e rdmeleS A BT P High 0 PR BL Rt ho

expressi on ey el sysfaf. MMfelyehs tAGhiRidQb st Bad BRERUEOB idefifify other protein
partner pairs and can readily be adapted to employ the nucleic acid molecules herein

15  described (see Stratagene Hybrizap® two-hybrid system).

H. Methods to Identify Agents that Modulate Expression
The present invention provides methods for identifying agents that modulate the

expression of a nucleic acid encoding the Nogo receptor protein. The present invention
20  also provides methods for identifying agents that modulate the expression of a nucleic
acid encoding the Nogo protein. Such assays may utilize any available means of
monitoring for changes in the expression level of the nucleic acids of the invention. As
used herein, an agent is said to modulate the expression of a nucleic acid of the invention,
for instance a nucleic acid encoding the protein having the sequence of SEQ ID NO: 2, 4
25  or 6, ifit is capable of up- or down-regulating expression of the nucleic acid in a cell.
In one assay format, cell lines that contain reporter gene fusions between the open
reading frame defined by nucleotides 166-1584 of SEQ ID NO: 1, or nucleotides 178-
1596 of SEQ ID NO: 3, or nucleotides 135-3713 of SEQ ID NO: 5, and any assayable
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used herein, an agent is said to nodul ate the expression of a nucleic acid
of the invention, for instance a nucleic acid encoding the protein having
t he sequemael/ofISBEQ ID NO 2, 4 25 or 6, if it is capabl epof/ua@/01041
down-regul ati ng expression of the nucleic acid in a cell. In one assay
format, cell lines that contain reporter gene fusions between the open
readi ng frame defined by nucl eotides 166-1584 of SEQ ID NO 1, or

nucl eot i desp4g-507396 of SEQ I D NO 3, or nucl eotides 135-3713 of SEQ ID
NO 5, and any assayable 28 WO 01/ 051520 PCT/ US01/ 01041 044574-5073 fusion
partner may be prepared. Nunerous assayable fusion partners are known and
readi | y avaifiistdl jgartnemabypioh prepaidiie Nuniceebusyasayahlé frsma @ageneara h:dowm andgene
encodi ng chl oranpheni col acetyltransferase (Al ain et al (1990) Anal .

Bi ochem 18g&adiygvaihle, nclading ﬂlelﬁﬁ@s}’ @@@W@Wﬁ]@ §8p6iEMEgene f usi ons
are then eXpﬁ]?)ed 1%1110(?1 &gﬁraﬁsférgsqu}agr%e %t a?dgé n&r?a'i ]ﬂg&rﬁb%?b% 59 d' t' Ons

and tine. D° ression r'ter gene ween's

exposed to e lmgedintamds GRMJoRkr SRAIRIsRES hféemenl dxb&ed &OBO hgenttd tsehestesmdul ate
the expression of a nucleic acid encoding the protein having the sequence
of SEQ $D N@ier2ppupnate eondAdm andntnm REntiplomessomefthaisperéEdenco moni t or
the ability of the agent to ex n of a nucleic acid
encodi ng a NS%e?é 'FSO‘?XPB?’:SE% a%?n ?J?'ftconirﬂ]s‘q@ﬁ’tpf ‘feghﬁ?? agents Br otein
having the amieAht dyEQiaae Qnﬁglelg‘gc% E&oﬁﬁgﬂ%ﬁ&eﬂl Hin ﬂ@&@udﬂ&@ép In
havi ng the am no aci d 'sequence of SEQ For instance,

expressi on 3EyY) ieNaeaj4ored directly by hybr| d| zation to the nucI ei ¢ acids
of the invention. Cell lutes are ex%d‘fed to the ag %ﬁﬁ\b@f be tested under
appropriate condiAddgimahassayfarmatsanbriises fomoniea tsra the 2ge8hi%at ed by

st andar ¢, pr §%g$ 989)

Mol ecul g? Cl%go%ﬂ%ee&le %kiﬁ@snfoﬁ%? gP@‘h hﬁgg&"@é’{é& |rg<%b © rrogéél% Oﬁ_tg%or atory

Press. Pr obe@vehﬁoﬂaicﬁ@wﬂpf&t@ﬁ ARERSthe amﬁmﬁ&cwqmsda SfSE@YBNO:heirviern cel | s
exposed to the agent and control cells ma (Eared fromthe nucleic

aci ds of th@hgnmeﬂmnéﬁwngﬂwmgmxzwubﬁﬁﬂ@mab %EQ 6t ioe stanes PR desi gn
pr obes whi ch bridize only w i ds unde ndi tions of
hi gh stri nggm%ssx&rpg,y ]Pﬁlﬁ %%F@ﬁ@h ﬁ téﬂﬁ e rcle acids of

invention. Cell lines are exposed to the agent to be tested under appropriate conditions

15  and time and total RNA or mRNA is isolated by standard procedures such those disclosed
in Sambrook ez al., (1989) Molecular Cloning - A Laboratory Manual, Cold Spring
Harbor Laboratory Press.

Probes to detect differences in RNA expression levels between cells exposed to
the agent and control cells may be prepared from the nucleic acids of the invention. It is

20  preferable, but not necessary, to design probes which hybridize only with target nucleic
acids under conditions of high stringency. Only highly complementary nucleic acid
hybrids form under conditions of high stringency. Accordingly, the stringency of the
assay conditions determines the amount of complementarity which should exist between
two nucleic acid strands in order to form a hybrid. Stringency should be chosen to

25 maximize the difference in stability between the probe:target hybrid and potential
probe:non-target hybrids.

Probes may be designed from the nucleic acids of the invention through methods

known in the art. For instance, the G+C content of the probe and the probe length can
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hybrids form under conditions of high stringency. Accordingly, the
stringency of the assay conditions determ nes the anount of

conpl emew@pi/o3diswhi ch shoul d exi st between two nucl ei ¢ apCOUStwvands i n
order to forma hybrid. Stringency should be chosen to 25 naxim ze the
difference in stability between the probe:target hybrid and potenti al
probe: non-target hybrids. Probes may be designed fromthe nucleic acids of
t he i nventi oms7isersgh met hods known in the art. For instance, the G+C
content of the probe and the probe length can 29 WO 01/051520

PCT/ USO01/ 01041 044574-5073 affect probe binding to its target sequence.
Met hods to offfectprdiee Hndietospeapdtisequeyicea Metheznooptingizapabt afdcHicitp aSanbr ook
et al., (1989) Ml ecular Coning - A Laboratory Manual, Cold Spring Harbor
Labor at ory MosgBondy avaijahlp el Sambregk ef of.1@9%3) Melequias Claming o diaoratoRy Mol ecul ar

Bi ol ogy, G e {shin ridization conditign nodi §1 ed._usi ng
enown et hoddaniah i, SPHn g Labor PUBGR i Bleb SR e 1o PO TR Bisfeteli
Ausubel et ah Molbch@RBiolesy, (ReHab PEBlishels. each probe. Hybridi zation of total
cellular RNA or RNA enriched for pol yA+ RNA can be acconplished in any

avai | abl & f or mat . Hftwidizatert eomddions are apodfesd|uging kn@itmetho@lsuddrasitiotsed  f or

ol yYA+ RNA can bhe affixed to | i.d support and solid ort exposed
Do at 1 cast ceecrihed By sufioek s S8 o FRBRE effle 1089 Spantisd 1acth °F he
sequences of,Lhe H}Q)Yiﬁ&%ﬂi&fbf‘{&gﬁfe_ﬂuﬁfl)ﬁﬂw dr@OeA biticabd £ P?%MR%MJ: !

specifically hybridize. Alternatively, nucleic acid ments conpri sing

at | east onesccanplphed inahy avelablt foret. SEoyiestemes taifl celdai RIMArdriRINA e@ithbd
affixed to a_solid ?Bi&fort, such as a. silicon based wafer or a _poroqus gl ass

wafer. The REPAYAE oydieed §o 3 selid yrpest ad thesjolid sapporingapesed fotygrst RNA

froma sagnpl r . Y ' i ffi i

speci fi c@l I y(%ﬁﬁ%g Pzglfl%%ﬁ%%g@%r é%a%fgﬁﬁ/éﬂﬁ%% gﬁ&g%)ﬁnggﬁlg s%gru\((aMi %/{1 dely
avai |l abl e, fondiéisamlwhichithesRbevSIL iR EdalyhyBadLE. | Alterndtit 8RS hucdRId 755. By
examning for the ability of a given probe to specifically hybridize to a

RNA sanpl e ffragments compriging aideastone, popaull afonoof thnseqpensas of thelnversiopehabs on
ucl oo aci CUBB aRACH TP NOS v iReRPerT HAGt TP RAR ST dltence of
SEQ ID NO 28ttr dn@eh be exposed to total cellular RNA or polyA+ RNA. from a sample under
15  conditions in which the affixed sequences will specifically hybridize. Such wafers and
hybridization methods are widely available, for example, those disclosed by Beattie,
(1995) WO9511755. By examining for the ability of a given probe to specifically
hybridize to a RNA sample from an untreated cell population and from a cell population
exposed to the agent, agents which up or down regulate the expression of a nucleic acid
20  encoding the Nogo receptor protein having the sequence of SEQ ID NO: 2 or 4 are
identified.
Hybridization for qualitative and quantitative analysis of mRNA may also be
carried out by using a RNase Protection Assay (i.e., RPA, see Ma et al., Methods (1996)
10, 273-238). Briefly, an expression vehicle comprising cDNA encoding the gene
25  product and a phage specific DNA dependent RNA polymerase promoter (e.g., T7, T3 or
SP6 RNA polymerase) is linearized at the 3” end of the cDNA molecule, downstream
from the phage promoter, wherein such a linearized molecule is subsequently used as a

template for synthesis of a labeled antisense transcript of the cDNA by in vitro
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identified. Hybridization for qualitative and quantitative analysis of nmRNA
may al so be carried out by using a RNase Protection Assay (i.e., RPA see
Ma et al woMeosiems (1996) 10, 273-238). Briefly, an exprpewiusei/oiehi cl e
conprising cDNA encodi ng the gene 25 product and a phage specific DNA
dependent RNA pol ynerase pronoter (e.g., T7, T3 or SP6 RNA polynerase) 'i s
| inearized at the 3' end of the cDNA nol ecul e, downstream fromthe phage
pronot er, wuasei-sp78uch a |inearized nolecule is subsequently used as a
tenplate for synthesis of a | abeled anti sense transcript of the cDNA by in
vitro 30 WO 01/051520 PCT/USO01/01041 044574-5073 transcription. The

| abel ed tr anaadciipiion. The beledriarstilit Zsttlert loybaidivied tour wixdire ofmblateé BNANG e(,i . €.,
total or fractionated nmRNA b)y i hcubation at 45C overnight in a buffer
conpri si ng &uskor figetirmaicd énﬁbi@ vmeybaden at ghP (G overnightgn gbikes cogipgsme g oEDT A,
The resul ti i i i L S /m

ri bonucl eas 2&3{%’2%6’ gégmé\? %?peé%ﬁ%g’n(%gﬁgg‘g%l. a’ﬁ%ﬁ tr@ylf%g{z;‘étc?t\ggéf %‘%dﬁ%gahﬁgﬁdsg

extraction afe (R dipReAUs a@ﬁﬂ*&ﬁoﬂ?ﬂsﬂ@m ?Qﬁﬂh@ﬁn@ioﬁse Aeadegdg@ilt o
al'y

urea- pol yacryl am de gels for an sis. In another assay format, agents
whi ch ef § ectibpimsleass Adissdantivtion il axtractimntof getraseoysmaeieios, she sewiples atsr cel |
lines would first be identified . which express said gene products

physi ol ogi Céqariﬁo@prag—pgﬁ@cgkppdq gebfetgr _ P3iS’(§enti fied woul d be expected to
conprise the 10 RRGEISA, s_ag?ddn%zﬂ, enfBARUNG Y U EkbrbdiRh of IR ifdfiebidey Of
nodul ati on of the transcriptional™ apparatus I1s maintained with regard to
exogenous cenidact, cefls ageetitlined wonld fipst opidesttfed wiich expeest saghgae ptodocts

mechani sms and .t he cytosolic, cascades. Further, such cells or.cell 1|ines

woul d be tr 2R¥ERIeSERlEr Geflanad eclldives spilfontignd weplddssrpasicaddn ranisediy. , a
plasm d (8"  nllcdly Y8ilP fohcfABS bick Ghat ARRACLS dih Rl RPE ARE BalBidobans! at ed

5'-pronoter contal ning en e structur gene encodi ng e | nstant

gene productfpdrate€id nidnt@ined @ith repid t@Bdegedlls Conthdtag agnt with Whpreptiads € pecul i ar
to the instant gene products, wherein said fragnents are wunder the

transcri pt i ewdicedientductionghechanismpansithe eitosahielcaseades dintss serhaslipenophept i des
oltsE ol RN LN M SIET AR M RO
a process i giBlebtolN@WricNedniRisfibtan operable non-translated 5°-promoter containing end
15  of'the structural gene encoding the instant gene products fused to one or more antigenic
fragments, which are peculiar to the instant gene products, wherein said fragments are
under the transcriptional control of said promoter and are expressed as polypeptides whose
molecular weight can be distinguished from the naturally occurring polypeptides or may
further comprise an immunologically distinct tag. Such a process is well known in the art
20 (see, Sambrook et al., (1989) Molecular Cloning - A Laboratory Manual, Cold Spring
Harbor Laboratory Press). _
Cells or cell lines transduced or transfected as outlined above would then be
contacted with agents under appropriate conditions; for example, the agent comprises a
pharmaceutically acceptable excipient and is contacted with cells in an aqueous
25  physiological buffer such as phosphate buffered saline (PBS) at physiological pH, Eagles
balanced salt solution (BSS) at physiological pH, PBS or BSS comprising serum or
conditioned media comprising PBS or BSS and serum incubated at 37°C. Said conditions

may be modulated as deemed necessary by one of skill in the art. Subsequent to
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20 (see, Sanbrook et al., (1989) Mol ecular doning - A Laboratory Manual,
Cold Spring Harbor Laboratory Press). Cells or cell lines transduced or
transf ectved oues1620t | i ned above woul d then be contacted w paT/agantis4iunder
appropriate conditions; for exanple, the agent conprises a
pharmaceutically acceptabl e excipient and is contacted with cells in an
aqueous 25 physi ol ogi cal buffer such as phosphate buffered saline (PBS) at
physi ol ogi cakagruhsoERgl es bal anced salt solution (BSS) at physiol ogical pH,
PBS or BSS conprising serumor conditioned nedia conprising PBS or BSS and
serumincubated at 37C. Said conditions my be nodul ated as deened
necessary bycontetind the kéllslwittnthe hgeng rshid cSlshat da distupted Bd M pePiEdEs 80the

PCT/ US01/ 01041 044574-5073 contacting the cells with the _agent, said cells
wi |l be di sréipusigtearriiaciengied sish Hiat dpelypeptidgactign smegtediand gprdactqdyeith anat ed
such that a eptide fracti i S: pool ed. and nt a with an anti body
to be furt he&l%%%{(%’ctgé’g g‘gﬂbef/sll%ﬁés(rg\gdnﬁ %'glﬁ{?gﬁ’gg’gf;aﬁ?a%g%ggﬁ%’l SA,

i nunopr eci piniraddopfecRitatiSdran estdih Blo}): ThESod1@Pproinsiddited F6mitedtagbed from
the "agent 5 contacted" sanple will be conpared with a control sanple
where onl5 t ¢nmtasted? grngie wilkbe eommazgsivath aontoksamplseviiese ey therextipienidase or
decrease in the j al ogi.cal enerated si |. fromthe "agent

Cont act ed sspelst S RS Bt i B0RGR Sfereals BB R b« he
ef fect | venesgeof shhaneeel cotflotba” dMeiodRpkd 1D birtol AGPBL ol it Modul at e
Activity The present 1nvention provides ngthods ror identifying agents that
nodul at e at dibtagaish dreefiactiveneds pf tik agedogo receptor protein. The invention

al so provides nethods for identifying agents that nodul ate at | east one
activity of a Nogo protein. Such nethods or assays may utilize any neans

O omont LR "0 e ARLETILNE ADGuABaNISRIBCALMGY - 16 1 one formal, fhe

specific acti r Nogo protein, normalized
to a standard uniThe frederiEiavertiot ptdvideopidinadd foridehaingagethetat asposes to the
agent to be tested conpared to an un-exposed control cell popul ati on may

be assayed. leadtpng dofigdy ola Npgpisremtorprgeinr Eheippesied alse pravédes gietiods Hrbe
t ested under. a opriate,condjitio and ti.ne. | ul ar, .l ysat es be
or opar ed {1 G ETE gR S aodats Fhdeady Sng aeifity o B oz abiciny g oo or

assays may utilize any means of monitoring or detecting the desired activity.

15 In one format, the specific activity of a Nogo receptor protein or Nogo protein,
normalized to a standard unit, between a cell population that has been exposed to the agent
to be tested compared to an un-exposed control cell population may be assayed. Cell lines
or populations are exposed to the agent to be tested under appropriate conditions and time.
Cellular lysates may be prepared from the exposed cell line or population and a control,

20  unexposed cell line or population. The cellular lysates are then analyzed with the probe.

Antibody probes can be prepared by immunizing suitable mammalian hosts
utilizing appropriate immunization protocols using the Nogo receptor protein, Nogo
protein, Nogo receptor peptide agents or antigen-containing fragments of any of the
foregoing. To enhance immunogenicity, these proteins or fragments can be conjugated to

25  suitable carriers. Methods for preparing immunogenic conjugates with carriers such as
BSA, KLH or other carrier proteins are well known in the art. In some circumstances,
direct conjugation using, for example, carbodiimide reagents may be effective; in other

instances linking reagents such as those supplied by Pierce Chemical Co. may be desirable
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20 unexposed cell line or population. The cellular |ysates are then

anal yzed with the probe. Antibody probes can be prepared by i nmuni zing

sui t abl e wammediszn hosts utilizing appropriate inmuni zat POVUReIGLIOOO! S

usi ng the Nogo receptor protein, Nogo protein, Nogo receptor peptide
agents or antigen-containing fragnments of any of the foregoing. To enhance
i nununogeni city, these proteins or fragnents can be conjugated to 25

sui t abl e capsdsyzaso7dvet hods for preparing i mmunogeni ¢ conjugates with
carriers such as BSA, KLH or other carrier proteins are well known in the
art. In sonme circunstances, direct conjugation using, for exanple,

car bodi i m detopeagdrdcsessibilith® th hapodni Tae hipternidptides danbdé axtereisd bii aitherntbe
reagents such as those supplied by Pierce Chem cal Co. nmay be desirable 32
WO 01/ 05152 RIRET PUSSAGHY teminusouiszeysisiys sesidye gF BrGrenstsse Wik Sy#ems 1e§dpes, t he
hapt en. The hapt.e i >af xt.ended I: / 1 or carboxy
termnus wt rgxaggo%{?gé)%agﬁfaz%@gﬁn bcg f %i‘u-tlnqt(g5 12 r‘gaéem?ﬁssggﬁé}apﬁth%:@g?%ﬂ%g%eﬂg%esi dues,

for exanple, Qcﬁlﬂudctéggénbﬁa%f By krljéKbNEver @ st RS tihSperioAAnd With ludfisgiteab® the

i mtnunogens is conducted generally by injection over a suitable time period
and wi t h 5useadpfvastyj dsapgenctllydpdersiondsn thesirt. Dugieg dhainngunigation schedide, ititers he
art. During the_. nmruni zation schedule, titers. qf .antj.bodies are taken to
det erm ne aa‘é‘%ﬂgﬁé}ﬂ%far% ?‘b@(ﬁlﬁte’?{’&lpﬁﬁ‘f@%ﬁ?y Og\ﬁi‘tfbé’gi'ﬁc@mﬁ ?%cl onal antisera
produced in this it i i

phar maceut i cal covr;\%gg iEI?Ai@c? ﬁg}&%sdgﬁaﬁnrgﬁ%g{i g%%%%e%% éiag%gdt?}g Sfc,r|oséglfléer red.

| mor t al i zedappiitdtiohs, fephamahutielmoeatpesititie, viesif nedoctomd pteparationamt | bodi es may

10 be prepared_using standard_mnethods, see e.d., Kohler & M |stein, (1992)
Bi ot echnol ogirefeprad. ontaligedsgellimgs wiigh sopisthamrded rongelonal ARbediss MA%t i on of

| ynphocytes or spl . Ce ' r . Thgg ) i.zed cell
I i nes sei:draetlig)erpgl&?aﬁidq%g% Jf[gél aréirl{l?eﬁ%dgg’i Sgegg 'a%%@ér &srlg}rﬁ%%%’e@g%? %@8 say in
whi ch the ant4, g2qns26 ot MedideiohshidR pifeNimmokiiReiid cfyaphdeyes & pleeVbER, t he
appropriate imortalized cell culture secreting the desired antjibody is 15
i dentified, ategastdlyksawnbEheimmaertaicedeicll hiaes seereting the desireg gntipodigsieanitsn i n
ascites fluid. The desired rmnocllﬁgli]@lle a,[nti botgi es Uﬁ}q Qe re ov? ed fromthe
cul ture supefHEPEhtY MY REH the £REen i P Reptishartah ROPRPHLY ®4nt i - Nogo
or anti - Nogo,hREEPIALY ABbhRESH ASinRhortalif AL @ﬁl%uéé bersiak mMtsidaambiyls t he

as

i mmunol ogi cally significant portion can be use
15  identified, the cells can be cultured either in vitro or by production in ascites fluid.

The desired monoclonal antibodies may be recovered from the culture supernatant
or from the ascites supernatant. The intact anti-Nogo or anti-Nogo receptor antibodies or
fragments thereof which contain the immunologically significant portion can be used as
e.g., antagonists of binding between Nogo (ligand) and a Nogo receptor. Use of

20 immunologically reactive fragments, such as the Fab, Fab’ of F(ab’). fragments is often
preferable, especially in a therapeutic context, as these fragments are generally less
immunogenic than the whole immunoglobulin.

The antibodies or fragments may also be produced, using current technology, by
recombinant means. Antibody regions that bind specifically to the desired regions of the

25  protein can also be produced in the context of chimeras with multiple species origin.

Antibody regions that bind specifically to the desired regions of the protein can

also be produced in the context of chimeras with multiple species origin, for instance,

humanized antibodies. The antibody can therefore be a humanized antibody or human a
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e.g., antagonists of binding between Nogo (ligand) and a Nogo receptor. Use
of 20 i munol ogically reactive fragnents, such as the Fab, Fab' of F(ab')2
fragnent svosr/efis®mn preferable, especially in a therapeut PCT/USOIIEAL, as
these fragnents are generally | ess imrunogenic than the whole

i mmunogl obulin. The anti bodies or fragnents may al so be produced, using
current technol ogy, by reconbi nant neans. Antibody regions that bind

speci fi cal | y4450450m3 desired regions of the 25 protein can also be produced
in the context of chinmeras with nmultiple species origin. Antibody regions
that bind specifically to the desired regions of the protein can also be
produced i n dntiBod0ad dexdribed icHiSnBatas SyiSEJ089ut Riephreartyze ol ,&$988) Ngtung 3¥20r

i nstance, humani zed anti bodi es. The anti body can therefore be a humani zed
anti body or 3dr¥d- a 33 WD 01/ 051520 PCT/ US01/ 01041 044574-5073 anti body,

d i bed i . , ( I 8
332, 523-327.  aghhete ThER R RO r R M ottt dBBL T2 o

sel ected or rafigta #?B@édtéd &@éﬁgﬁ@dmmmﬁt@mﬁagmis@ﬂdo ber@isnlyaaleagent is
said to be randomy selected 5 when the agent is chosen randomy w thout

consi der Bng wires thpegsht is chasepandanely Withpol epasidérmg théwpecifie sesjuandepmvolved ine a
protein of the inventi a@al oqe. or., W.th |.ts associ.gﬁfd subst.r at St bi ndi ng
partners, et ‘?aSAﬂ“%E?&r?S AGFOFI G B GV TP PPRR LT A B asyostofed SUDRIACY, cheni cal

library or g,;pepl HdfeRoaD1 RRELH A of ﬂaf?do%l% 8?1%&%@3ggﬁt9i’¥ttﬂe Bt ReicaPn

organi sm As used herein, an agent 1s sal e rationally selected or
desi gned whdibrirher 4 fetige ndmbisatoiiad $ibrary or a groonih batioaimbbeginsmahi ch takes into
account the sequence of the target .site or its confor tiog in ¢onnection
with the agent's ‘atisedACRgERZEIIdRFIG K hegptionally $E§ecte§@r5§$%@ gfhep s onal |y

desi g I’Hadl 0b Y 4 teﬁt'i& élh@% (Elgcf% C%g%&o%bfs%%a‘fﬁﬁ?stiﬂt%tac 0 ah% %&ﬂp@g%f -ettﬁﬁet . For

exanpl e, a ration S peptide agent can ose“am no

aci d sequeng® ot Bs édh@itnati@] intcendddgorbiviill the @gelattion( Ihis BaiNe2 raBfhallef Nogo
which interacts 15 with the Nogo receptor. Aternatively, it can be a
fragment of selsetepntionpliydangned by uflizing theepipiemeguenses figt mpke up hesesgesand 18.

;2? i gggin 22 , cgorte)r(]a%n 5,%Sr§tri‘otnaf1§‘ é’e?e%%eid%re]ptcf(ﬁenaggrﬁ ‘caiBe & ﬁ(e%%el: Whose> a%%ci) gcelg '
sequence is identical to the binding domain (SEQ ID NO: 20) of Nogo which interacts
15  with the Nogo receptor. Alternatively, it can be a fragment of the binding domain, e.g.,
SEQ ID NO: 8, 10, 12, 14, 16 and 18.

The agents of the present invention can be, as examples, peptides, antibodies,
antibody fragments, small molecules, vitamin derivatives, as well as carbohydrates.
Peptide agents of the invention can be prepared using standard solid phase (or solution

20  phase) peptide synthesis methods, as is known in the art. In addition, the DNA encoding
these peptides may be synthesized using commercially available oligonucleotide synthesis
msmnentation and produced recombinantly using standard recombinant production
systems. The production using solid phase peptide synthesis is necessitated if non-gene-
encoded amino acids are to be included.

25 Another class of agents of the present invention are antibodies or fragments
thereof that bind to a Nogo protein or Nogo receptor protein. Antibody agents can be
obtained by immunization of suitable mammalian subjects with peptides, containing as

antigenic regions, those portions of the protein intended to be targeted by the antibodies.
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anti body fragnments, small nolecules, vitamn derivatives, as well as
carbohydrates. Peptide agents of the invention can be prepared using

st andar d wobi/es1plvase (or sol ution 20 phase) peptide synt heeTaSomtihads, as
is known in the art. In addition, the DNA encoding these peptides may be
synt hesi zed using commerci ally avail abl e ol i gonucl eoti de synthesis

i nstrunment ati on and produced reconbinantly using standard reconbi nant
producti on o48ymitsprs. The production using solid phase peptide synthesis is
necessitated if non-gene- encoded anmino acids are to be included. 25

Anot her cl ass of agents of the present invention are antibodies or
fragments [.hEighdfhrodphbutAssayst 0 a Nogo protein or Nogo receptor protein.
Ant i body agents can be obtai ned |nnun|zat|on of SUItﬁ?|e manmal i an

subj ects with peEh@H@§@“$BH$éWﬁWﬁ§“§§m@@ﬁgﬁ@%ﬁ? ?'H6¥%e portions of

T/ bsow, oxeu S BiE bR apSsb SIOF kel 0 BENoRE 2%%3 OGRS,

t hr oughput ﬁfﬁlslﬁfaﬂb@gnhﬁghuhﬁohgmﬁdsc&&nﬁ@@egemﬂm {1903)1gioh Theswghinds Whi ch are
capable of interacting with the Nogo receptor protein. For general

i nf or mat § on Sowertihg Marbel Slelskput-Ss Batew §i 768, 2(3@ dligh thequghput assego@ilizejoghor
Thr oughput 5 Sc gfen na[cbl Var.cel Dekker; U.S. Patent 5,763,263). High
t hr oughput ﬁk%f‘a@) ShSp§ FFYSCIREYS:  nore different assay techni ques.

| munodi agnost i Cﬁn&ﬁﬁo&%m@%@munﬂaﬁg AR sPard b SERp OF tdeRGHRS AR ed
nmen Specitic

for the neasure i ochem cal substances comonly at | ow
concentrati dmsneamnememtpif specifiottienhermicsliisnbstasesd) cahogilyat Tofet cindsntratidrsstin depend

el oct 6d ancPBBER BUAGP SYHeR okl BHEh i JepeR PR PRIl BIREE o' e
acr oo Scurmif AOREGE Shity oneRE RN AICORE Mol TTINGRL

linmted anouigend. &pESHdbEoBUMDOMYs hstadeectsanibd heigbmiacdkthanmof the
antigen conbining with it, often expressed as the bound:free ratio, is

estimated, UsmAgOSEsicimaieaelevulsoradepiere small medeculst Tgerch wmpleadaginn
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with it, often expressed as the bound:free ratio, is estimated, using as indicator a form of

15  the antigen labeled with radioisotope (radioimmunoassay), fluorescent molecule
(fluoroimmunoassay), stable free radical (spin immunoassay), enzyme (enzyme
immunoassay), or other readily distinguishable label.

Antibodies can be labeled in various ways, including: enzyme-linked
immunosorbent assay (ELISA); radioimmuno-assay (RIA); fluorescent immunoassay

20 (FIA); chemiluminescent immunoassay (CLIA); and labeling the antibody with colloidal
gold particles (immunogold).

Common assay formats include the sandwhich assay, competitive or competition
assay, latex agglutination assay, homogeneous assay, microtitre plate format and the
microparticle-based assay.

25 Enzyme-linked immunosorbent assay (ELISA). ELISA is an immunochemical
technique that avoids the hazards of radiochemicals and the expense of fluorescence
detection systems. Instead, the assay uses enzymes as indicators. ELISA is a form of .

quantitative immunoassay based on the use of antibodies (or antigens) that are linked to an
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i nmunoassay), or other readily distinguishable |abel. Antibodies can be

| abel ed i n various ways, including: enzyne-linked i mmunosorbent assay

(ELI SA) ; wadi/eilmouno- assay (Rl A); fluorescent i mmunoassayPCOUSHIAP41

chem | um nescent i mmunoassay (CLIA); and | abeling the anti body with
colloidal gold particles (immnogold). Commobn assay formats include the
sandwhi ch assay, conpetitive or conpetition assay, |atex agglutination
assay, honfdhebily3assay, microtitre plate format and the

m croparticl e-based assay. 25 Enzyme-linked inmunosorbent assay (ELISA).
ELI SA is an_ i nmunochem cal techni que that avoi ds the hazards of

radi ocheni céselvblecrarries sufage duchas then yendde Cedniise” theredavententissidpenms. | nst ead,

th ; i ndi cators. ELL.SA | f f titati
| munoassay BAEN BTt selkiot e RgrmuEot iy Bt e o i niced to
an 35 WO 0lirfladpaf tﬁ%%&i%%ﬁéﬂa%gﬁrt%ﬁﬂﬁééﬁﬂm&@i%ad P RbHN Beéﬁ%f){/a:ll&{tlgsur face,

which is then used to "capture” e relevant antigen (or antibody) in the
t est sol uti eftachiht thetitgem(mantitoddy conplex is then detected by neasuring

the activity of an appropriat z .that had previaously b ently
bt tachedbto the SAEFRUTARDR ou AR TIcse fes Lt RgRHER B lsh (CLPSALIA

t echni ques, _ f éﬁmfﬁ : ] el Practice
(Methods in ﬁ%ﬁoerg&ﬁ %?1% I ol og%o,@br ﬁ\gﬁng%gul r%g@?})cﬁgqﬁg:%re Séhgmaléoel?rlgﬁff, (1998)
ELI SA and OKkaienzqll D98) PaSE ahdOtheoSs RitBimise Imhaeashyc-dlheareticdPaad Practidal
Aspects, John WI ey; KerrenLIj%/ Practical Cuide to ELISA Perganon

, (1991) A ( |
Press; | shiAeae@s Jehowisy; eme(ax,éﬂa%glt) iARragical Guide tp IS dnBerEmmehbBEss ay
Lab t : i in.Bi i str . : . -
Cot or (ot s AP B98P CHpl B QRIRTL A AR M ERULAL 1 BbRONERILERYL BT -

cheni caho anal BsjcherhBtrMidMolcbgaOBiBe) Flsdvi@n or amount of a compound is
determ ned by conparing the color produced by the reaction of a reagent

Wi th bot h st andaGblerimettieAssaysifonEngymesf Colosimstppioany dnetleodypef quarditaityea
colorineter por a spect.rophatopeter. 15 Standar olorinetric. assa of
ot o oo act GoipRdeRENSS PRI IR bt ioner gy of £ chpotna id ittt By

comparing the color produced by the reaction of a reagent with both standard and test

1

amounts of the compound, e.g., using a colorimeter or a spectrophotometer.

15 Standard colorimetric assays of beta-galactosidase enzymatic activity are well
known to those skilled in the art (see, for example, Norton et al., (1985) Mol. Cell. Biol. 5,
281-290). A colorimetric assay can be performed on whole cell lysates using
O-nitrophenyl-beta-D-galactopyranoside (ONPG, Sigma) as the substrate in a standard
colorimetric beta-galactosidase assay (Sambrook et al., (1989) Molecular Cloning - A

20  Laboratory Manual, Cold Spring Harbor Laboratory Press. Automated colorimetric
assays are also available for the detection of beta-galactosidase activity (see e.g., U.S.
Patent 5,733,720).

Immunofluorescence Assays. Immunofluorescence or immunofluorescence
microscopy is a technique in which an antigen or antibody is made fluorescent by

25  conjugation to a fluorescent dye and then allowed to react with the complementary
antibody or antigen in a tissue section or smear. The location of the antigen or antibody

can then be determined by observing the fluorescence by microscopy under ultraviolet

light.
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known to those skilled in the art (see, for exanple, Norton et al., (1985)
Mol. Cell. Biol. 5, 281-290). A colorinetric assay can be perfornmed on
whol e celWobyeasms using O nitrophenyl -bet a- D gal act opyr pRODESEN10ONPG,
Sigma) as the substrate in a standard colorinetric beta-gal actosi dase
assay (Sanmbrook et al., (1989) Mol ecular Coning - A 20 Laboratory Mnual,
Col d Spring Harbor Laboratory Press. Automated colorinetric assays are

al so avai | a04674-%73t he det ecti on of bet a-gal actosi dase activity (see e.qg.,
U S Patent 5,733,720). | nmunofluorescence Assays. | munofl uorescence or
i nmmunof | uorescence mcroscopy is a technique in which an antigen or

anti body i s nadeFpr ganerabiménmabgn o Brrowigilugrgsdenticebmicues, sem @ gsanple.dye and
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tissue sect g%ﬁp%?t @r@g%)% 088%{:?”%%8 C 5?ﬁ‘é‘fe§ﬁ{‘i’%%*8&%ﬁ: §Y**>can then
be determ n@@laﬁ,m@@z@w&ﬁ@o&maﬁd ERGERES L@Mrd&&c%&rQ%Pﬁ}étidéPﬂ?ﬁr_owht ravi ol et
light. 36 WO 01/051520 PCT/US01/ 01041 044574-5073 For general information
on i nmmunof | (BliecRreaictl Agrbuch Geass) Oxéard Unorersity Bngss;€aul, KH3p et al ., (1978)
hnnmunof | uorescence and Rel ated Stai ning Technj cig]gs, El i/ﬁVi g;) Al l an,
(1999) PPot dPFURGRURressence Swtiggn Peigeiondeetmiauss ayldiegunsic Migopology cal
Approach ( i . £ | L LN i r ; ul ,
(1993 5 | b B PR PR S R ol S R B e i qu

M cr obi ol ogyippliceldefy the grsédint@hisdr, YeeRI.8 SEatenE 001 U EIRIU. 8 Patxpl5BBaE64HNS Of

i mrunof | uorescent techni ques applicable to the present invention, see U S
Pat ent 5, 912].3.Agtent 5,806, @mUé?ga@pt%&ﬁ,l,ZSQJ. S. Patent 5,866,319; and U.S.
Pat ent 5, 861,259. 10 K. Uses for Agents that Mdul ate Activity As provided
in the Exanples, the Nogo and Nogo receptor proteins and nucleic acids,
such as qphe Prodg ks oan g MdRlIAA&R@CI d sequence of SEQ ID NO. 2, 4 or
6, are expressed in nmyelin derived fromaxon and dendrites. Agents that
modul at e or up- d¥s profoded-in dypisatrpldashtbe Biope asiiiogo refeptd@rdtgoandmuleigo
receptor protein ents. sych as 15 .agonjsts or

r c I Sts of at |east
one acti vi t {Cidf SPHEs 0(9}415;]2{6}38:%} PG ggﬁpﬁoﬁgéa%q\'ﬁ: 2,40r6,are

expressed in myelin derived from axon and dendrites. Agents that modulate or up- or

down-regulate the expression of the Nogo or Nogo receptor protemn or agents such as
15  agonists or antagonists of at least one activity of the Nogo or Nogo receptor protein may
be used to modulate biological and pathologic processes associated with the protein’s
function and activity. The invention is particularly useful in the treatment of human
subjects.
Pathological processes refer to a category of biological processes which produce a
20  deleterious effect. For example, expression of a profein of the invention may be
associated with inhibition of axonal regeneration following cranial, cerebral or spinal
trauma, stroke or a demyelinating disease. Such demyelinating diseases include, but are
not limited to, multiple sclerosis, monophasic demyelination, encephalomyelitis,
multifocal leukoencephalopathy, panencephalitis, Marchiafava-Bignami disease, pontine
25  myelinolysis, adrenoleukodystrophy, Pelizacus-Merzbacher disease, Spongy degeneration,
Alexander’s disease, Canavan’s disease, metachromatic leukodystrophy and Krabbe’s
disease. As used herein, an agent is said to modulate a pathological process when the

agent reduces the degree or severity of the process. For instance, a demyelinating disease
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be used to nodul ate biol ogi cal and pat hol ogi ¢ processes associated with the
protein's function and activity. The invention is particularly useful in

t he treatwent/omf2ohuman subjects. Pat hol ogi cal processes pef/@sotw@oa
category of biological processes which produce a 20 deleterious effect.

For exanpl e, expression of a protein of the invention may be associ ated
with inhibition of axonal regeneration follow ng cranial, cerebral or

spi nal trauasz4-50780ke or a denyelinating di sease. Such denyelinating

di seases include, but are not limted to, nultiple sclerosis, nonophasic
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Krabbe's di,gRaseraASéaesh herein, an agent is said to nodulate a

pat hol ogi cal process when the agent reduces the degree or severity of the
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PCT/ US01/ 01041 044574-5073 may be prevented or di sease (E),r ogr essi on
modul at e8 by\NQ:fe 1@ddi Hd6r B andr0san hgjessd & st @ Hemydimaing dipgasiassaciagid

dul at e@ 6P B N .
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depi ct ed i npghtielaBentSofMEE ifdentibmayde tthspldkfed t3 8 sROEHIRD c6@NnbE W Eeditite t r eat
a denyelinating disease associated wth Nogo or the Nogo receptor protein.

| n anot her exenspgiowilc biroughouitechinaxgssite sSudhdrangdgitedieslla gonldpreyide Fyacans

i nvention be transplanted fo site.spinal cord injury to facilitate
axonal gr oﬁ%r?ﬁ?%@gsﬁgﬁlc ﬁ&Cﬁ?@BaW@%PB&V%WTPansm anted cells woul d
provide 48 means g ok JhSHEAKLMAGIS Rk AOh S LAt NoBo FRbboMiBEin! thit Birs OF
trauma. 10 In yet another exahple, adm nistration 6f sol ubl e Nogo receptor

pr ot ei n t hatto Nbgslsan Heaisbibpdreatanddmeyeliseitg zeise esbciated anthaNagoat thedNabosease

associated wth Nogo or_the Nogo,K receptor protein. This agent can be used
to prevent tPEPIST PAicHy DS Agsgbcande dgad to prsyay theigdng @E‘@B%%‘P CQLBO t as an

T

cytokines or other ligands to regulate their function (Thomson, (1998) Cytokine

15  Handbook, Academic Press). A soluble receptor occurs in solution, or outside of the
membrane. Soluble receptors may occur because the segment of the molecule which
spans or associates with the membrane is absent. This segment is commonly referred to in
the art as the transmembrane domain of the gene, or membrane binding segment of the
protein. Thus, in some embodiments of the invention, a soluble receptor includes a

20 fragment or an analog of a membrane bound receptor. Preferably, the fragment contains
at least six, e.g., ten, fifteen, twenty, twenty-five, thirty, forty, fifty, sixty or seventy amino
acids, provided it retains its desired activity.

In other embodiments of the invention, the structure of the segment that associates

with the membrane is modified (e.g., DNA sequence polymorphism or mutation in the

25  gene) so the receptor is not inserted into the membrane, or the receptor is inserted, but is
not retained within the membrane. Thus, a soluble receptor, in contrast to the
corresponding membrane bound form, differs in one or more segments of the gene or

receptor protein that are important to its association with the membrane.
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15 Handbook, Academ c Press). A soluble receptor occurs in solution, or
outside of the nenbrane. Sol uble receptors may occur because the segnent
of the mweeoubsswhi ch spans or associates with the nenbr pORUSE/EDSENT .
This segnent is commonly referred to in the art as the transnenbrane
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may be by the oral dmnistered w
15  if any, frequency of treatment, and the nature of the effect desired.

The present invention further provides compositions containing one or more
agents which modulate expression or at least one activity of a protein of the invention.
While individual needs vary, determination of optimal ranges of effective amounts of each
component is within the skill of the art. Typical dosages comprise 1 pg/kg to 100 mg/kg

20 body weight. The preferred dosages for systemic administration comprise 100 ng/kg to
100 mg/kg body weight. The preferred dosages for direct administration to a site via
microinfusion comprise 1 ng/kg to 1 pg/kg body weight.

In addition to the pharmacologically active agent, the compositions of the present
invention may contain suitable pharmaceutically acceptable carriers comprising excipients

25  and auxiliaries which facilitate processing of the active compounds into preparations
which can be used pharmaceutically for delivery to the site of action. Suitable
formulations for parenteral administration include aqueous solutions of the active

compounds in water-soluble form, for example, water-soluble salts. In addition,
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dependent upon the age, health, and weight of the recipient, kind of
concurrent treatnent, 15 if any, frequency of treatnent, and the nature of
the ef feovodseitsmwd. The present invention further provi deBCTORpOED41 ONS
contai ning one or nore agents which nodul ate expression or at |east one
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20 body weight. The preferred dosages for system c adm nistration conprise
100 ng/kg to 100 ng/ kg body weight. The preferred dosages for direct
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aqueous $ol suspensiominclubie fackample, sodmpocatetscyimethybtedinloss lserbitel dnd dextranor
exanpl e, water-soluhle salts. In addition, ..39 01/ 051520 PCT/ US01/ 01041
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i njection s%ﬁﬁggabg@&”@gﬁﬁg?kﬁgg§@&§h§ﬁ3g; Sui table |ipophilic solvents or

vehicles in atty ol or“exanple, sesane oil, or synthetic fatty

aci d esters, for ExpmhecerichlybmollshdorasystemicgkdydEstiaies accofdinetutBe i nj ecti on
suspensi ons may contai n_substances which increase the viscosity of the 5

: ; ( y
suspensi on iimdntigremay be fossulats dor ewbral naretard ox iprcehadmigistatigme dadeed gHpj t o
and dextran. tio I t he suspensi on al so nt al tabilizers.
Li posomgg caFPire% g %Joqﬁué@op%magﬁg%@ﬁpﬁl{éﬁ%{%&lya%%ﬁﬁeﬁe gysr%ee “i ver y into the
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to the invention may be fornulated for enteral, parenteral or topical
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capsul es, pills, ffablgliSe the ARl BOmMGARTSHod, 3R Bbfs oPhisthiéhtion may be

15  used alone or in combination, or in combination with other therapeutic or diagnostic
agents. In certain preferred embodiments, the compounds of this invention may be co-
administered along with other compounds typically prescribed for these conditions
according to generally accepted medical practice, such as anti-inflammatory agents,
anticoagulants, antithrombotics, including platelet aggregation inhibitors, tissue

20 plasminogen activators, urokinase, prourokinase, streptokinase, aspirin and heparin. The
compounds of this invention can be utilized in vivo, ordinarily in mammals, such as

humans, sheep, horses, cattle, pigs, dogs, cats, rats and mice, or ix vitro.

L. Peptide Mimetics.

25 This invention also includes peptide mimetics which mimic the three-dimensional
structure of Nogo and block Nogo binding at the Nogo receptor. Such peptide mimetics
may have significant advantages over naturally-occurring peptides, including, for

example: more economical production, greater chemical stability, enhanced
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t hose of anti bodylnandharfbingeeptide pelpgd ate cornmenly aseédsinige mapaamm:tat o permt
nol ecul ar interactions sinlar to t he naturg nol ecul e. ot her. form

pept i de anal BEHETHAENUBARGAP Jrugs wah PPeTYES e Al e e Poptide
non- pepti de H{ygs ¥ dloR AR bAD oM bRIRYTebRed (393 Sphiat H&n&tﬁcmlat e

pepti de.
“peptidomimetics” (Fauchere, (1986) Adv. Drug Res.15, 29-69; Veber & Freidinger,
15  (1985) Trends Neurosci. 8, 392-396; Evans et al., (1987) J. Med. Chem. 30, 1229-1239,

which are incorporated herein by reference) and are usually developed with the aid of
computerized molecular modeling.

Peptide mimetics that are structurally similar to therapeutically useful peptides
may be used to produce an equivalent therapeutic or prophylactic effect. Generally,

20  peptide mimetics are structurally similar to a paradigm polypeptide (i.e., a polypeptide that
has a biochemical property or pharmacological activity), such as the extracellular domain
of Nogo, but have one or more peptide linkages optionally replaced by a linkage selected
from the group consisting of: -CH2NH-, -CHzS-, -CHa-CHe-, -CH=CH- (cis and trans),
-COCHz-, -CH(OH)CHz- and -CH2SO-, by methods known in the art and further

25  described in the following references; Weinstein, (1983) Chemistry and Biochemistry of
Amino Acids, Peptides and Proteins, Marcel Dekker; Morley, (1980) Trends Pharmacol.
Sci. 1, 463-468 (general review); Hudson ez al., (1979) Int. J. Pept. Protein Res.14,
177-185 (-CH2NH-, CH2CHz-); Spatola ef al., (1986) Life Sci. 38, 1243-1249 (-CHz-S);
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These types of non-peptide conpounds are also referred to as "peptide

m metics" or "peptidomnetics" (Fauchere, (1986) Adv. Drug Res. 15, 29-69;
Veber & Meodosigewr, 15 (1985) Trends Neurosci. 8, 392-396pCEHvan1et1 al .,
(1987) J. Med. Chem 30, 1229-1239, which are incorporated herein by
reference) and are usually developed with the aid of conputerized

nol ecul ar nodeling. Peptide mnetics that are structurally simlar to

t her apeut i ced45y4-88%f ul pepti des may be used to produce an equi val ent

t herapeutic or prophylactic effect. Generally, 20 peptide mnetics are
structurally simlar to a paradi gm pol ypeptide (i. e., a polypeptide that
has a bi ochdtinoA|l9%dpeheny. Soc. Rerlan Feepsl 1o gvtal4 -Gt pis and frans ;a‘thQNét

extracel |l ul ar j f 0, o) nore ide i es

opt 1 onal 1y, FEG-ALBD byet (Pren o DR 0 HomerenBr i Bttt g of

- CH2NH-, - CHRSanedrdy] 2erCh2533 COORL-)( BbBacae: 41l 1V8Y) TetraRIRbRE et 26H( OH) CH2-
and -CH2SO-, by nethods Known in thé art and further 25 described in the
fol | owi ng r efiet-daee6eC(0E)Cikt eaml Hipb A& BYS2ThakiSsit 81, 185d IB(-0Ehe1)j eath 9f of

Am no Aci ds, Peptides and Prqteins, Marcel Dekker; Morley, (1980) Trends
Phar macoP. Véu¢h is fncompmatodfierquy Brisfetfnceeyi ew) : Hudson et al., (1979) Int. J.

LiTe soi o 38 1oddbtinast ol tuie bRy AR R Bl g ormértC°)
044574- 5073 1hi)dirdcll 82)hrehgh GRgater (?@C, an Befdd group) a0 sion-InterBifg Pddtidn(dnCH- |

cis and trans); Alnguist et al., (1980) J. Med. Chem 23, 1392-1398
(- COCH2-): Jeswrpfigemisppticihateregredicted bpalantitpive smeiFoactiviy fata @l mokadar

(- COCH2-); Hol] aday.et al .. 1983) .Tetrahedron Left. 24, . 44Q1-4404
(G0 d - h e BhE sifhsinanabasd Bhripheaneiliffe iEutons iy o iRty o1 o
whi ch i si0i NCBREAE 3B IBh&bMoRMIIEOf (B LS ReDot bHRRL pAlfks f NBE&PNbESreBipit | CS
usual Iy invol ves coval ent attachnment of one or nore |abels, diréctly or

through a spawplex¢s tgwhichthegepiite mynwtip pinds & producethehérapautigefiessi ti on(s) on
e e 0o Lol B L S e D A S SVEIER 0 1,
(o 0. are o E e e i R Fo) Lo whi th
t he peptide m metNezopeptide thimgitoshube coiseruttbé bapeichirebakd dailg.design through
15  replacement of amino acids by organic moieties (see, for example, Hughes, (1980) Philos.
Trans. R. Soc. Lond. 290, 387-394; Hodgson, (1991) Biotechnol. 9, 19-21; Suckling,

(1991) Sci. Prog. 75, 323-359).

The use of peptide mimetics can be enhanced through the use of combinatorial

chemistry to create drug libraries. The design of peptide mimetics can be aided by

20  identifying amino acid mutations that increase or decrease binding of Nogo at the Nogo
receptor. Approaches that can be used include the yeast two hybrid method (see Chien ez
al., (1991) Proc. Natl. Acad. Sci. USA 88, 9578-9582) and using the phage display
method. The two hybrid method detects protein-protein interactions in yeast (Fields ez al.,
(1989) Nature 340, 245-246). The phage display method detects the interaction between

25  an immobilized protein and a protein that is expressed on the surface of phages such as
lambda and M13 (Amberg et al., (1993) Strategies 6, 2-4; Hogrefe ef al., (1993) Gene
128, 119-126). These methods allow positive and negative selection for protein-protein

interactions and the identification of the sequences that determine these interactions.
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Derivitization (e.g., |abeling) of peptide mnetics should not
substantially interfere wwth the desired biol ogical or pharnacol ogi cal
activityvodot/bmsmepti de mnetic. Nogo peptide mnetics capCh®Sawnssrr uct ed
by structure-based drug design through 15 replacenent of am no acids by
organic noieties (see, for exanple, Hughes, (1980) Philos. Trans. R Soc.
Lond. 290, 387-394; Hodgson, (1991) Biotechnol. 9, 19-21; Suckling, (1991)
Sci. Prog. 0445743%033359). The use of peptide mnetics can be enhanced

t hrough the use of conbinatorial chem stry to create drug libraries. The
design of peptide mnetics can be aided by 20 identifying am no acid

mut ati ons that i forgasal aforthatseasgepbinginthgsiotndmptdemimhétesNogdor r ecept or .
Approaches that can be used include the yeast two hybrjd nmethod (see Chien

et al., (1ovmplpdeees, {897) Apmadicidsd Pepe mthegs AdiorBIniversity stshg t he

it or act s onane (g AR ool PPt nd NGpheiBls ERLFRD A BB RERNED:
phage di spl ®pdamiRos of §l1993) Pepiid CHthAHACIA PRchel TeeBockd SpitndefedMgl | zed

protein and aprotein that i's expressed on the surface of phages such as
| anbda ahd ML3 (Anberg et al., (1993) Strategies 6, 2-4; Hogrefe et al.,

(1993) Gene, 128, 119-126). These nethods all ow positive and negative

sel ection fof : in interactions and the identification of the

sequences that deheldihPenhRess st IRFAE RS A AR bhOBAS 20 FGHMS91/ 01041

044574-5073 For general i1 nformation on peptide synthesis and peptide

m netics, sémlsofinciudes e implivdédual emam] in@all 8829s oAutevebophoing indialifephbsienic

Synthesis, Oxford University Press; _ Jung,. (%997), .Conbi nat or i aﬂ Pepti de and
ranimgd s be

Nonpept i de ERGfei Flages A Tantasaisianimabhis apapigial confiiping eugor raere gells 3)

Pepti de 1% 2 ré%:r?ettllé %J,anﬁAétigfl ?e%%fv&? ! dn%&ﬁéég glférf]mclztﬁrgf)% ggg)reral\/ﬁeée!n@@c m%}l latirJnaarf' 39 f ni c

Ani mal s erm T ani ma as use a verte te ani mal s,

except hunargbeellulbr 18¥es Gutigl Bydairoedtid ok intidtibn &ith Bebmbiaad Jirus! Bgies of
devel oprment, includin enbrYoni c and fetal stages. A "transgenic animal"”
i s an ani malintedhtediDNAgndereleomayby iategwtadgvithans Plrgmosprae A MaY ibaf or mat i on

received, difeChl¥mdlont Y ptching DRX. 48E leh 8Lt GHNEE EnlRAL LAY on at a

refers to a transgenic animal in which the genetic information was introduced into a germ

15  line cell, thereby conferring the ability to transfer the information to offspring. If such
offspring in fact possess some or all of that information, then they, too, are transgenic
animals. Transgenic animals containing mutant, knock-out, modified genes or gene
constructs to over-express or conditionally express a gene corresponding to the cDNA
sequences of SEQ ID NO: 1 or 3 or related sequences are encompassed in the invention.

20 The information may be foreign to the species of animal to which the recipient
belongs, foreign only to the particular individual recipient, or genetic information already
possessed by the recipient. In the last case, the introduced gene may be differently
expressed compared to the native endogenous gene. The genes may be obtained by
isolating them from genomic sources, by preparation of cDNA from isolated RNA

25  templates, by directed synthesis, or by some combination thereof.

To be expressed, a gene should be operably linked to a regulatory region.

Regulatory regions, such as promoters, may be used to increase, decrease, regulate or

designate to certain tissues or to certain stages of development the expression of a gene.
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subcel lul ar | evel, such as by mcroinjection or infection wth reconbi nant
virus. This introduced DNA nol ecule may be integrated within a chronosone,

or it maw®del/0ax1r a- chronosomal |y replicating DNA. The tepar/ugaworngel | -1 i ne
transgenic animal” refers to a transgenic animal in which the genetic
information was introduced into a germ15 line cell, thereby conferring the

ability to transfer the information to offspring. If such offspring in
fact possessqqasmsorar all of that information, then they, too, are
transgenic animals. Transgeni c animal s containing nmutant, | aiock-out,

nodi fied genes or gene constructs to over-express or conditionally express
a gene corr Ehppruhdg reead idtde a bhirallyequericesonbteSEChd Mraldenit non-h8men r el at ed
sequences are enconpassed in the invention. 20 The information may be
foreign to tanﬂérwéqa’evémrok@sn‘@m@hﬁirﬁ@rodﬂleem ipfodugiBg rgwispensht Int,Be 83EYIE Phy ej gn

only to the parti,cul ar i ndiwi d I i . Feni AN Or 1on al ready
possessed b;}R THE I?‘ ain&mé%a?'. ﬁlenl!ﬂ?é?g&ﬁe%% %g{sl%lfla{)%%ﬁ?ﬁﬁ%g&n%g) Crg(:ggénélergrmybe

di fferently geperilosaRblcaRRAICEhd ih iR MatDifeeROBRRE Mt@abeEng The genes
may be obtained by isolating themfrom genom ¢ sources, by preparation of

cDNA frof i $whsgenes cRNA b2 Bsade rigsinatally, thygyedieriete best taygat firrgiistoigectioy. Kone

conbi nati on éhereofh To, be ex ressel%, a %gnﬁ shoul dwg,e oper abl Y. linked to a
regul atory rBymewset ﬁ@@l‘flpé?rﬁ’ﬁ%u??&? i 4he stzg OF 2BPLOXIMA IRl TRERlY ORI | 1sed t o

i ncrease, el RAGSwhibe A EoBaucils S QRaH 6 iR (GRI] ALk STORA, Qludof. certai n
stages of devel opnent the expression of a gene. 43 WO 01/ 051520

PCT/ US01/ 010kt usOdidygeteS A3arghefopgantiaasferine o nmapt abentgnalumedt tysentteur ri ng

pronoter. The "transgeni.c .non-human aninmals" of the jnvention_are produced
by i nt r oducif§cted P@As@@rm@cmrﬁggw@ be hest gpisdebye H\er%%stﬁﬁﬁmﬁﬁ HOSSE el .

The met hads enalk4 [ oducit 0 hyN |
avai 21 ok e R R B A s R ey Bt s
transgenes GRdtirghsERict®achunfagReingd] Wil cdrieh hgeperated tiahgyehe sGerepdligpthisf or
m croi nj ection. IS%@lthe mouse, the r.rgll e pronﬂ%l gus re?ghes ?he lgﬁnes of
appr o;q mat e:c"y/llltaiﬁefts}ﬂtm@ﬁ _efﬁf,lejn?trarzﬁmmnf Dﬁli the\mlwatgan%uowéﬁmmm &‘kfrthﬁj@f aRdsy et
injection of .one.f o0 two picoliters.o sol ution.. . The use .zygotes as
a target fo rsuﬁgﬁgﬁ’torf ﬁﬁsgﬁg? C‘%Lfsmﬁ }W_&ioﬁﬂle HAURRS JAicrqmy e%&ol%g%‘%ogess 5 %/he
injected DNArdd rﬁ&?&d"ﬁ?ﬁﬁ%@faﬁﬁg eis@erdel & BastcigaRembaitene the first

cl eavage (Brinster e _
15 Retroviral infection can also be used to introduce a transgene into a non-human

animal. The developing non-human embryo can be cultured in vifro to the blastocyst
stage. During this time, blastomeres may be targets for retroviral infection. Efficient
.infection of the blastomeres is obtained by enzymatic treatment to remove the zona
pellucida. The viral vector system used to introduce the transgene is typically a

20 replication-defective retrovirus carrying the transgene (Jahner ef al., (1985) Proc. Natl.
Acad. Sci. USA 82, 6927-6931; Van der Putten ef al., (1985) Proc. Natl. Acad. Sci. USA
82, 6148-6152). Transfection is easily and efficiently obtained by culturing the
blastomeres on a monolayer of virus-producing cells (Van der Putten et al., (1985) Proc.
Natl. Acad. Sci. USA 82, 6148-6152; Stewart et al., (1987) EMBO J. 6, 383-388).

25  Alternatively, infection can be performed at a later stage. Virus or virus-producing cells
can be injected into the blastocoele (Jahner et al., (1982) Nature 298, 623-628). Most of
the founder animals will be mosaic for the transgene since incorporation occurs only in a

subset of the cells which formed the transgenic non-human animal. Furthermore, the
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10 al., (1985) Proc. Natl. Acad. Sci. USA 82, 4438-4442). Consequently,
nearly all cells of the transgenic non-human animal wll carry the

i ncor por av@edi/osiazesgene. Cenerally, this wll also resul t PCVUBHIE1e41f | Ci ent
transm ssion of the transgene to offspring of the founder since 50% of the
germcells wll harbor the transgene. Mcroinjection of zygotes is a
preferred nethod for incorporating transgenes in practicing the invention.
15 Retrovirad4s7aberst i on can al so be used to introduce a transgene into a
non- human ani mal. The devel opi hg non-human enbryo can be cultured in vitro
to the blastocyst stage. During this tinme, blastoneres nmay be targets for
retroviral ifofrelet aromal BhY caritamtetroviral irsetipamofdlic trdvsgdicast varmtyedf positiofxt ai ned

by enzymatic treatnent to remgve the zona pellucjda.. The viral vector
syst em used P& genepetbecererilynggeien;te ‘i‘fgﬁsp%l W%ém% it s als0 possible fo

(1585 " pr oo e b RebRS W En e WhREy T ERRRIER By B ™ 21
(1985) Proc.refNtital infi2d6h oSBE midgaéatidemtBild@atotba)al., 98D faici208, i s easily

and efficiently obtained by culturing the blastoneres on a nonol ayer of
vi rus- pr 8duciZdP28kl | s (Van der Putten et al., (1985) Proc. Natl. Acad.

Sci. USA 82, 6148;:6152: St t | . 1.987 -\VBO ,,J. 383-.388 25
Ntornatvalyo i b BRsns YR oo o Banseale B ducfiT R e e SiaR By
Vi US- r 0dUGERY BELUE sk ik BRSALAANG: iy bl ASLATRThrdFoReI ot ol

(1982) Nature 623-628). Most of the foundér animals w be nosaic
for the trandgdndNagirnd?,ilné-dsmdradleyoer abo@ D84 Notiry 309 285-28Gisw@slend? ai.he cel | s

whi ch forned tr epi ¢ non- [ . Furthennore, the 44 WD
01/ 051520 P(ﬁ’f&%&@i‘?‘%@%& ca@&g%@@%&%ﬁﬁ-ﬁﬁ@@r Teansgraes GARPe ééfﬂeé’flﬁ retroviral
| nsertions Qhuddieed HANGYEAR 1HIDIRA VaREl¥n Of pIPRROiHANFedi4iBY i BRAR MR t Nese
generally segregate I1n the offspring. I'n addition, it 1s also possible to
i ntroduce t resfdiggressionhal E$ eclgenmhkicatsr bakhabinedvvith blastocyts fiaen ency, by
intrauterine retroviral infection of the mdgestation_enbryo (Jahner_ et
al ., (1982) neathymanaggnal. EhebS cgbgploniae thgjcpbpriogad coptribyte de the ggin linenf
transgene i %H)e%ﬁrtlém&ﬁﬂesc H]ﬁafznbryonal stemcell (ES). ES cells are

antati o

obt ai ned from pre-i n"enbryos cultured in vitro (Evans et al.,

(Gé 98 Il) Nat ur Ie 292phekdhddaor Barafithepresthes of tAOBAbINIE DNeA 39Dell Z58&- 256;
ssler et al.,
15  expression are readily available and well-known in the art. Such methods include, but are

not limited to DNA (Southern) hybridization to detect the exogenous DNA, polymerase
chain reaction (PCR), polyacrylamide gel electrophoresis (PAGE) and Western blots to

detect DNA, RNA and protein. The methods include immunological and histochemical
techniques to detect expression of a Nogo receptor gene.

20 As used herein, a “transgene” is a DNA sequence introduced into the germline of
a non-human animal by way of human intervention such as by way of the Examples
described below. The nucleic acid sequence of the transgene, in this case a form of SEQ
ID NO: 1 or 3, may be integrated either at a locus of a genome where that particular
nucleic acid sequence is not otherwise normally found or at the normal locus for the

25  transgene. The transgene may consist of nucleic acid sequences derived from the genome
of the same species or of a different species than the species of the target animal. For
example, axonal regeneration in mice lacking Nogo can be compared with that in mice

lacking MAG or both MAG and Nogo. To determine if the effect of the anti-Nogo
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(1986) Proc. Natl. Acad. Sci. USA 83, 9065-9069). Transgenes can be
efficiently 10 introduced into ES cells by DNA transfection or by

retrovir weenseilateed transduction. The resulting transforpretduEB/aedll s can
thereafter be conmbined with blastocysts froma non-hunman animal. The ES
cells colonize the enbryo and contribute to the gene line of the resulting
chinmeric animal. The nethods for evaluating the presence of the introduced
DNA as wel | 044§74-6@7315 expression are readily avail able and well-known in
the art. Such nethods include, but are not limted to DNA (Sout hern)
hybridi zation to detect the exogenous DNA, polynerase chain reaction
(PCR), pol yasoiigddars dies tg@oge blockadepnbibedyi effecioaaEe swdied/ia aniamals Ja¢ksrg t o
detect DNA, .RNA and protein. The nethods include i mmunol ogi cal and

hi st ocheni c cgofégﬁﬁgﬁhes to detect expression of a Nogo receptor gene. 20

As used herein, as'diiABREGHe, élﬁgﬁi% SR RDERIoh Rhd RAMEScted o & RSst

germine of a non-human ani nal by way of human intervention such as by way
of the Exanpkkkssinglesestorb@teftreddorctorflaee plasmhids adadiatlvestogs) swnhes odtrovireses.
transgene, in this case a formof SEQ ID NO .1 or 3, nay be integrated
either aP a VBEUECIYs Mey b HERFeC RIPRES & ?g%@%ﬂlaﬁwrdlﬂ&at@?@vﬁré}o&sequence

I's not ot he%ﬁ‘é}%‘?%ﬁﬁl@%irglyve&gﬁ% I%Fléc?l{i%r% @eﬁa&?ﬁé,r{ﬁ;{t id Iﬁ%yﬁreflﬂlﬁblg l&?reﬁﬁcate

t ransgene. sgene may cons €ic aci d’sequences derived from

the genone agfonbineusSpiEths et €9l G g&ferall thkd Fdneme RF the paticationtdedotitdra peci es
of the target animal. For exanple, axonal rer%ener ation in mce |acking
Nogo can be vedpisaylieh sif vsedeitin fhe seepe ef the pedeem gvopitondackins degstivneregien Nogo.

To d i i.f. th ff f the. i.- Nogo. 4 1/ 051520 PCT/US01/ 01041
06 a0s S Sl b B Bt % BB s R R R B L0 FETLATERA
studi ed pn RGhdBeSlihAekdd\th whg&: iﬁ?%)e%eﬁ@ndefeﬂ dhSeMESes b9aRYy Rchdqmicl ei ¢

acid of the invention can be transfecfed into a host cell using a vector.
Preferred vémbenso apesql skilvldsthand. Vhesaktechmiquesiscludsibhtotsd ranstvelpvi r uses. 5

Viral vectors nay. be used to produce a transgenic ani nal cord to the
i nvention. BF BI(QY otpFseqiencas, 1 paxtighlar By F@ﬁﬁde%ew@ifpé@@i detioph at

ot o7 o AR ok P8 1 SLBAERNS, ol a i
may be performed in vitro (on the isolated DNA) or in situ, using the techniques of
15  genetic manipulation or by treatment with mutagenic agents.

Preferably, the replication defective virus retains the sequences of its genome
which are necessary for encapsidating the viral particles. The retroviruses are integrating
viruses which infect dividing cells. The retrovirus genome includes two LTRs, an
encapsidation sequence and three coding regions (gag, pol and env). The construction of

20 recombinant retroviral vectors has been described (see, for example, Bernstein ez al.,
(1985) Genet. Eng. 7, 235; McCormick, (1985) Biotechnol. 3, 689-691). In recombinant
retroviral vectors, the gag, pol and env genes are generally deleted, in whole or in part,
and replaced with a heterologous nucleic acid sequence of interest. These vectors can be
constructed from different types of retrovirus, such as, HIV, MoMuLV (murine Moloney

25  leukemia virus), MSV (murine Moloney sarcoma virus), HaSV (Harvey sarcoma virus);
SNV (spleen necrosis virus); RSV (Rous sarcoma virus) and Friend virus.

In general, in order to construct recombinant retroviruses containing a nucleic acid

sequence, a plasmid is constructed which contains the LTRs, the encapsidation sequence
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vectors which are used within the scope of the present invention |ack at

| east one region which is necessary for the replication of the virus in

t he i nf eov@dr/esabio. These regions can 10 either be eli m napedufowniodiol e or
in part), or be rendered non-functional by any technique known to a person
skilled in the art. These techni ques include the total renoval,
substitution (by other sequences, in, particular by the inserted nucleic
acid), part@eb74¥78tion or addition of one or nore bases to an essenti al
(for replication) region. Such techniques my be perforned in vitro (on
the isolated DNA) or in situ, using the techniques of 15 genetic .

mani pul at i onndthelsgding ssqpensar Thischnsiyetdgegsil éo tsiersa papkedieg bl lipe, witeh

licati .ecti [ retai h of it whi ch
necessary T 6P Biroh BEF SRR 8 AP mroRe) feras hifbep SEIEOT FLBes ar e
integrating pla\éf%fgslﬁ%%ﬂ%lﬁﬂe batk8&hg ShiMirdl B9 1681abR 1o dHResks @ld LYl fdlandERONE

i ncludes two L , encapsi dation sequence and three coding regions
(gag, pol amgednesnBich pehkagopstidnes haynbedh R ribetimrthe pamtarty mtpadicilantheeeltt or s

1o oo S Bh PO RS e Blsnd T, =

retroviral QN@@ . d, in
whol e or iang%?%éngﬁggyg%? ce b%ﬁ?ﬁ)2Hég?@§§?gg%%§gﬁ@%#g%%%ggsgﬁégquence
of interest cad e®sn medifeitione &thiethe LTRS ot y@ipessihg aihsdiiphichabrtivity geselbf

retrovirus, such as, HV, MMLV (nurine Ml oney 25 | eukem a virus), MV
(nuri ne Mol @fexfensiiccaeARsidptianspqueRass\wWhithanyeinclyde ¢ parholthe geg gene Gepdersas| een

necrosi s Virus). 0 Lru and Friend virus. .kn.general, in
order to coff t&%ﬁ%‘é‘%@h@f r@%ﬁ&{e@‘r ioée_oﬂs?ir@?{jrggﬁ‘f%??ﬁcﬁ%ts %reﬁﬁgﬁ%‘} acid
sequencap a sRhd@edicdhigues RASKA HLthes Ha/aihgbrd%w &g thdertLTRs, the

encapsi dati on sequencé 46 WO 01/051520 PCT/'US01/01041 044574-5073 and the

codi ng sequence. IiToiesaspeshiemucleiciasidienendes atiseraa 8Ndcmotecplas Kladhing cel | | ne,
which cell line is able to supply i rans the retroviral .functions which
are defi i ettopfmene hepralshieai s pogbehned fo sthis Ereafon et (il ar o
thus able t S i ell lines
have been i paRfing SErdath 0Bl el Sl selBRE g o RRGH AR ARILC! L 01 7

(U. S. Pat entutiizifig prefdr@hly, redventRsdnCRbddreehstirutbts, vehi (WO BDEPEEEThe antikehdee

GP+envAm 12 cel ] line (W8907150). In _additiaon, the_ reconbipnant retroviral
vect ors 15  nucleic acid once the vector is introduced nto the cell. Examples of suitable vectors

includes plasmids, adenoviruses, adeno-associated viruses (see, for example, U.S. Patent
4,797,368, U.S. Patent 5,139,941), retroviruses (see above), and herpes viruses. For
delivery of a therapeutic gene the vector is preferably an adeno-associated virus.
Adenoviruses are eukaryotic DNA viruses that can be modified to efficiently
20  deliver anucleic acid of the invention to a variety of cell types. Various serotypes of
adenovirus exist. Of these serotypes, preference is given, within the scope of the present
invention, to using type two or type five human adenoviruses (Ad 2 or Ad 5) or
adenoviruses of animal origin (see W09426914). Those adenoviruses of animal origin
which can be used within the scope of the present invention include adenoviruses of
25  canine, bovine, murine, ovine, porcine, avian, and simian origin.
The replication defective recombinant adenoviruses according to the invention can
be prepared by any technique known to the person skilled in the art. In particular, they

can be prepared by homologous recombination between an adenovirus and a plasmid
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can contain nodifications wthin the LTRs for suppressing transcriptional
activity as well as extensive encapsidation sequences which may include a
part of tWeogesjsene (Bender et al., (1987) J. Virol. 61pPCT/ES@/@6HA6) .
Reconbi nant retroviral vectors are purified by 10 standard techni ques known
to those having ordinary skill in the art. In one aspect the nucleic acid
encodes antisense RNA nolecules. In this enbodinent, the nucleic acid is
operably | i0M46t-6@r3sui t abl e regul atory regi ons (di scussed above) enabling
expression of the nucleic acid sequence, and is introduced into a cel
utilizing, preferably, reconbi nant vector constructs, which will express

t he anti senséidtcamies) istec aliag the LW eequimecevod artteresti $he hamaldgays decombunativreiscel | .
Exanpl es of it e vectors,_ j.nclydes.pl asm.ds, enovi.r uses, .

rron. associlrut iPrEEsoraREb Rt i b AT RR an BRIR e 35 Bhrmisee | s
Patent 5,13 : ' 46y AR profh MFohMSS by FERY

del i very of %gl?t érg%:éﬁ??}ééggﬁg%t Séée?tor %igr préejoflgﬁg yanan adeno}-/associ at ed
vi rus. Adengidrelepentsadrg (&8)doatayothe cequblicey ivhithese dbiitato complehennthelpirt efthe o
efficiently 20 deliver _a nucleic acid of the invention to a variety of

cel | typds. evarmeeithe wpbeajipe defegtive gdenonins: prsfesbly in nfegrated dara Werdir ydes,
preference is .giver i n . S : | I . usi ng
Pr el erenCe ooy W b 5005 Bk Wl RS0 o BYGRL ity U511
ani mal  ori giuking SRAJIMDRHBELAEMi0lo gl EhARBY Whidhseswell kiWn®lon®bf Gtiharywhi ch
can be used within the scope of the present invention include adenoviruses
of 25 cani nekilldodieret. nurine, ovine, porcine, avian, and siman origin. The
replication defective reconbi nant adenovi.ruses accordi tp.the.invention
Can ' bo. prepar ed by Of GERHPHS oF HORADI oo  SERSRPTS BENCRE G ar

| n partigul %&mcﬁa%yess ERRD8PORRBLR LIRS CURKPA TREQEH ABLLOGE! veen an
adenovirus and a plasm d 47 WD 01/ 051520 /'US01/ 01041 "044574-5073 whi ch
carries, i ntS3f4@Tiaatigdn(®. DRAteste 2893 6); ddckitind expeestion dinatelforwn repgydaisy
reconbination is effected followi ng cotransfection of the said adenovirus
and pl asni d fagierd @%deﬁﬁ-épl?qt% & 5L A70); pitifat dopprgei gxsi%‘t%@éﬁ- Ratengnp| oyed
shoul d pr ef arahl N nab| I i1 )
contain the%é?gt]égég)épl\!i\%iaﬁz e%gﬁé%%%gpﬁyﬁgﬁﬁﬁfgfﬁeﬁpar résgyx%{lﬁ%&@ genomne
of the repli(Us. PeRndTHHUSOY, disple Besier bisnilafifyerd Bfoaldhditibny axidtiegmaiaagalfyor m i n

order to
15  occurring Alzheimer’s disease (U.S. Patent 5,720,936); have a reduced capacity to

mediate cellular adhesion (U.S. Patent 5,602,307); possess a bovine growth hormone gene
(Clutter et al., (1996) Genetics 143, 1753-1760) or are capable of generating a fully
human antibody response (Zou et al., (1993) Science 262, 1271-1274).
While mice and rats remain the animals of choice for most transgenic

20  experimentation, in some instances it is preferable or even necessary to use alternative
animal species. Transgenic procedures have been successfully utilized in a variety of non-
murine animals, including sheep, goats, chickens, hamsters, rabbits, cows and guinea pigs
(see Aigner ef al., (1999) Biochem. Biophys. Res. Commun. 257, 843-850; Castro ef al.,
(1999) Genet. Anal. 15, 179-187; Brink et al., (2000) Theriogenology 53, 139-148;

25  Colman, (1999) Genet. Anal. 15, 167-173; Eyestone, (1999) Theriogenology 51, 509-517;
Baguisi et al., (1999) Nat. Biotechnol. 17, 456-461; Prather et al., (1999) Theriogenology
51, 487-498; Pain et al., (1999) Cells Tissues Organs 165, 212-219; Fernandez et al.,
(1999) Indian J. Exp. Biol. 37, 1085-1092; U.S. Patent 5,908,969; U.S. Patent 5,792,902;
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avoi d the risks of reconbination. Reconbi nant adenoviruses are recovered
and purified wusing standard nol ecul ar bi ol ogi cal techniques, which are
wel | knownovoosas® of ordinary skill in the art. A nunberPOf/US@gpdli nant or
transgeni c m ce have been produced, including those 10 which express an
activated oncogene sequence (U.S. Patent 4,736,866); express Siman SV 40
T-antigen (U S. Patent 5,728,915); |ack the expression of interferon
regul at ory o44srd-so73l (I RF-1) (U. S. Patent 5,731,490); exhibit dopam nergic
dysfunction (U. S. Patent 5,723,719); express at |east one human gene which
participates in blood pressure control (U S. Patent 5,731, 489); display
great er si mU.8wRatant 5892,0%0; €D dHatendh825%5403t i ng in naturally 15 occurring

Al zhei ner's di sease (U S. Patent 5,720,936); have a reduced capacity to
medi ate cel | ul ar adhesion (U. S. Patent 5,602,307); possess a bovine growh

hor none gen ‘LéCI ut F'ef\/le?lt ?I ., (1996) Genetics 143, 1753-1760) or are

capabl e of 3‘% |y human anti body response (Zou et al., (1993)
Sci ence 262, 127pbdiéhhs of/ﬂlhéﬂésﬂ’[% & Berdlinh@ioSdiscasPhshet thenMidmlie of choice
for nost transgenic 20 experinmentation, in sone instances it is preferable

or even ﬁecm‘muicsDmemisadfﬁlmmmrﬁlmemvelMcsndﬁalmpgamewe samplnﬁgarimng)r ocedur es
have been su essf utili zed ariety of. no r . ani ma

i ncl udi ng sﬁ g@g?émgéﬁ?‘@@é]ﬁ‘g esﬁ qug%lﬁip{ ler?r%'\ﬁbf ﬂleﬁﬁlfchéé pi gs
(see Al gner gl @JE the cér?tx%?l%w&ls% ﬂ&ﬁ‘ Inl?ﬂaﬁaﬁy §uff68ﬁ§ frof Pl AV cliratifg difade 850;
Castro et al., 1999) Gene nal 5, 179-1877 Brink et al., (2000)

Ther i ogenol digynesanples Sr Bikgnoskib n@diodamay bé@&&)lecﬂaylms mﬁasaie.prdcﬁdur&sﬁ Hot73;
Eyest one, (1999) Theri ogenaol ogé 51, 509-517; d%?l si et al., (1999) Nat.

Bi ot echnol . eXamplasgupkes Magbso e‘éﬁ"@iv"h‘)l%lﬂg@@ﬁn Bff-ogenol ogy 51,
487-498;, . Pain et -al andez
et al., 9(1999) T P%en‘%‘g&%xula%@%‘ﬁ @’?Hq’?ﬁ%g%gﬂ&g’u%ﬁ% %%&Pn@g@gs 969:
U S. Patent For &8npi) Auicléid a&i@pﬂﬂa’e@ﬁlﬁﬁ&ud@@ﬂ Q88 R4 &xprOdibh Gfla BRIEc U. S.
Patent 5,892,070; U. S. Patent 6,025,540). N. D agnostic Methods One neans

of di agnosi ragldan@@qw@@mnmsmﬁgﬂ@r sidepseparisif itlep seecnpesctfSES BENQ: b invsrassigl es or
proteins of tthlologgf] \sllaeerg:grhgng !Ful\‘{}?elr Vn%glef():%& Iagsia?fgmgy Eole ated o %@lagy ;nléo 1 l I ving
conducting a transcriptional profiling analysis. In addition to nucleic acid analysis,
15  forensic methods of the invention may target the protein encoded by SEQ ID NO: 1 to
determine up- or down-regulation of the genes (Shiverick et al., (1975) Biochim. Biophys.
Acta 393, 124-133).

Methods of the invention may involve treatment of tissues with collagenases or
other proteases to make the tissue amenable to cell lysis (Semenov ef al., (1987) Biull.

20  Eksp. Biol. Med. 104, 113-116). Further, it is possible to obtain biopsy samples from
different regions of the brain for analysis.

Assays to detect nucleic acid or protein molecules of the invention may be in any
available format. Typical assays for nucleic acid molecules include hybridization or PCR
based formats. Typicai assays for the detection of proteins, polypeptides or peptides of the

25  invention include the use of antibody probes in any available format such as in situ
binding assays, etc. See Harlow & Lane, (1988) Antibodies - A Laboratory Manual, Cold
Spring Harbor Laboratory Press. In preferred embodiments, assays are carried out with

appropriate controls.
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subj ects. Obtaining tissue sanples fromliving sources is problematic for

ti ssues such as those of the central nervous system |In patients suffering
froma deveysbiinmt i ng di sease, tissue sanples for di agnoBeT@wsSomtihaods nmay
be obtained by | ess invasive procedures. For exanple, sanples may be
obt ai ned from whol e bl ood and serum 10 The use of nol ecul ar bi ol ogi cal
tool s has becone routine in forensic technol ogy. For exanple, nucleic acid
probes may daasussorst o determ ne the expression of a nucleic acid nolecule
conprising all or at |east part of the sequences of SEQID NO 1 in
forensic pathol ogy speci mens. Further, nucleic acid assays may be carried
out by any means Without bimitiercdesoription, titiabdzvedthaioralof pradfary skilfjinsthahysas. | n
addition to nucleic acid analysis, 15 forensic nethods of the i ventlon may

target the PFiBg &erpr@:ﬁélaaéas%pmseeﬂm iRty wing dlipstrafisesxapples, giske gpd utilize
down-regul a O g%fultl &f %gfféselﬁt eﬂ%ﬂ ﬁ{ﬁ r;??éctlgé the cfa}frgg %eiﬁb Clilhtglfolﬁl\)\gﬂo‘?ys

Acta 393, 1 on may 1 nvo rea

tissues wt Pwdﬂ@h ageiA&aEerofore, Eiﬁéal L @6 efeﬁedTﬁKEb(ﬁl’ﬁalté bBBeIpregdenabl e
to cell lysis (é%nenov et al. qi(61987§m%|ulltqﬁ 20 Eksp. Biol. Nb%j 104,
113-116) 5 Finvehtéon, and aie sogo ds eoristuedpsdimiangingng pay theaapriaderfof e di f f er ent
regions of the brain for analysis. Assays to detect nucleic acid or protein
nol ecul es O#BPWE Pnvention may be in any available format. Typical assays
for nucleic acid nolecules include hybridization or PCR based formats.
Typi cal assays for the detection of proteins, polypeptides or peptides of
the 25 i nvEXAMPLEXI| ude t he use of antibody probes in any avail able
format such_as in situ hinding assays, . (.1988)
Ant i bodi es Examplgyoyldentification of Nogo aga § : EFS1Press. In

preferr enbodl | rols.
49 WO o?ﬁl 05152 }tﬁ}%@%%}f&{%ﬁ%%b@%% WNF]%%?GS uir)]tr“ﬁlg{ﬁeg%s ?8%. on,
is believed dtsh@nypa@f B ftheald$ Tiowevelk hlahy tlassehef @NS agd@R can ¢iserddot logg pr ecedi ng
description and the following illustrative exanples, make and utilize the

conpounds ofdistanees3n peraphteral noan giabnBely drimered 98 RN#waAed SAdfBbds. The
L%ngn{;gt s 8&%&%@%&1 ﬁeh e%]:l ReRousd st%}rfc ('PRI%B n}glefl)r?ha%trev%ulted %a?&ﬁfsr ed
white matter is selectively inhibitory for axonal outgrowth (Schwab & Thoenen (1985) J.
15  Neurosci. 5, 2415-2423). Several components of CNS white matter, NI35, NI250 (Nogo)

and MAG, with inhibitory activity for axon extension have been described (Wang et al.,
(1999) Transduction of inhibitory signals by the axonal growth cone, in Neurobiology of
Spinal Cord Injury, Kalb & Strittmatter (editors) Humana Press; Caroni & Schwab,
(1988) J. Cell Biol. 106, 1281-1288; Spillmann ef al., (1998) J. Biol. Chem. 73,

20  19283-19293; McKerracher et al., (1994) Neuron 13, 805-811; Mukhopadhyay ef al.,
(1994) Neuron 13, 757-767.) The IN-1 antibody raised against NI35 and NI250 (Nogo)
has been reported to allow moderate degrees of axonal regeneration and functional
recovery after spinal cord injury (Bregman et al., (1995) Nature 378, 498-501; Thallmair
et al., (1998) Nature Neurosci. 1, 24-31). The present invention identifies Nogo as a

25 member of the Reticulon protein family.

Nogo is expressed by oligodendrocytes but not by Schwann cells, and associates
primarily with the endoplasmic reticulum. The 66 amino acid lumenal-extracellular

domain of Nogo (SEQ ID NO: 20) inhibits axonal extension and collapses dorsal root
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5 invention, and are not to be construed as limting in any way the

remai nder of the disclosure. EXAMPLES Exanple 1 - ldentification of No go
as a Meniveo oo651500e Reti cul on Family of Proteins 10 Adult PeEMyadi/Emi1axon
regeneration is generally successful in the periphery but dismally poor in
the CNS. However, many cl asses of CNS axons can extend for |long distances
in peripheral nerve grafts (Benfy & Aguayo (1982) Nature 296, 150-152).
Conpari son @4450MS0%8nd peri pheral nervous system (PNS) inyelin has reveal ed
that CNS white matter is selectively inhibitory for axonal outgrowh
(Schwab & Thoenen (1985) J. 15 Neurosci. 5, 2415-2423). Several conponents
of CNS whi t exanglionerowikicases. KI5 R etiowepoyrotemsdramGexmpssédl byneligerensrgeyess i vi t y

for axon exte have scrib Tr.an ductl on
of i nhi bi torz\?gz‘?eg% ‘bé‘ﬁl‘f ﬁ@eailﬁgﬁce%%m%&%om Pﬁ‘e’i\%%} g”é’F"&%‘i}s Spi nal
Cord_ 1 nj ury nofSfpic %%%ég@ B! Tﬁ@s@'dta%rp'?%wﬁ'@z{'ﬁeﬁcﬁﬁle&l&s 1£RAEQ8he& Schwab,
(1988) J. Ce 1281-1288; Spillmann et al (1998) J. Biol.

Chem 73, 2&0131@1‘158&11]&2%’@ tdth daihacdfexordl redencrat{dchd8 Ae abielt ONS. 13, 805- 811;
Mikhopadhyay et al (1994) Neuron 13, 757-767.) The IN-1 antj rai sed
agai nst K135 and EQIEWGS(SNBQB‘} PTOF?éFSPLBkﬁéﬁﬁ?Ib‘deF‘tOQH’l‘%aBt Nrgast e dult E’P@Kdegr ees

f I

R e e e s
Nat ure Neur ogfifull kngB4odihy seq’dblﬁ:ewaeamphﬁwmeﬂhé polpmicthesdHalr resctibo CRE a 25
menber of the Reticulon protein famly. 0 i s expressed by

ol i godendr o@pﬂélsatb@mtm@@p@Ph@e%hMmH@e\rep@r Yitroges ecgoaelats alﬁ?snﬂ@lrl ly with
th dopl 66 | t Il d

of Nogo.( SEaPPBiENost e Ahte SRndh RS o SRR TRaRe R s r sar oo
50 WO 0145051520, FGdHy UR0 %c@l%é)é&uengélevﬁg é}nﬁﬂ’?ea SRB PHERFY (Bt QW JAe GR R FaméX her

Reti cul on protelins are not expressed by oligodendrocytes, and the 66 am no
acid | unenaIMya(epl‘a)pehhmbchatelgtcanmﬂefnmnamtothweﬁrstmdlmuh@m stpp@b@nrm thdoes not

[l L axonal, soeneral hn \Thess FEL9.pr ey R TLErl gL besl s Lo assess

CNS. vectors were derived in the same fashion except that an adult rat brain cDNA library was
used as template for a PCR reaction with primers was based on the Nogo-C or Rtn1C

15  sequences (Van de Velde ez al., (1994) J. Cell. Sci. 107, 2403-2416). These plasmids
were transfected into COS-7 or HEK293T by the Lipofectamine (Gibco-BRL) or the
FuGENE 6 (Boerhinger Mannheim) method.

A portion of Nogo-A encoding the 66 amino acid lumenal-extracellular fragment

of Nogo-A was amplified by PCR and ligated into the pGEX-2T plasmid to yield a

20 prokaryotic expression vector for the GST-Nogo fusion protein. Similar regions of Rtnl,
Rin2 and Rtn3 were ampliﬁed by nested PCR using an adult rat brain cDNA library as
template and ligated to pGEX-2T. E. coli transformed with these plasmids were induced
with IPTG. Soluble, native GST fusion proteins were purified using auglutaﬂlione-resin
and contained approximately 75% GST and 25% full length GST-Nogo or GST-Rin

25 protein. The majority of the GST-Nogo protein was not extractable from under
non-denaturing conditions, but an 8 M urea extract dialyzed against PBS contained over
98% pure GST-Nogo.

Myc immunoreactivity is detectable with an apparent size in the 225 kDa range

[N
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5 For expression and protein purification of reconbi nant Nogo-A, the full
| ength sequence (KIAA0886) was generously provided by the Kazusa DNA
Resear ch wast/diistoe. The full | ength coding sequence was papUSéivEMiby t he
pol ymerase chain reaction (PCR) and ligated into the pCDNA3. 1- MycH s
vector (Invitrogen) to generate a plasm d encodi ng Nogo-A fused at the
carboxyl termnus to the Myc epitope (Nogo-A-Myc). 10 Alternatively, the
codi ng sequeBE-5E8 anplified using prinmers that encode an in-frane Myc
epitope imedi ately amino termnal to the first residue and a stop codon at
the carboxyl term nus (Myc-Nogo-A). The Nogo-C-MycH s and Rtnl C McH s
expressi on updsrrausingeewlitmsi(datandtishavwre. Thwse tieabiN A diresictbp exnrergiongha adul t
rat brain cDNA.library was wused as.tenpl.ate . for a PCR,reactiqn, w.th
i et vas PRI ADVRB R GECEoPbp ol TRl BETOU R ARiER o oAt 0T et a1
(1994) J. Gehhich whitermtd umdfA {BeoAl@NogdA§se pl asmds were transfected into
COS-7 or BEK293T by the Lipofectanvne (G bco-BRL) or the FuGENE 6 -
( Boer hi nger Manniiae odnsamtd catboxdil fadrof theR o fanitygoetéing kaeing tyvd fyelrdpbolaim no
acid lumenal -extracel | ul.ar fragnent, Nlogo-A was anplified_ by PCR and

0

f
|i gat ed Pnt §omABS progsted Py R Ghsariige ped Wg@ll‘%i irophiks ssmeyo tYwe gkifEessi on

vector for - fus] ot-el.n. 1Sk M pelg I n2 and
Rt n3 were a}Sr% |%§gaé¥§%8 %5@%@%}5@?' Elglfﬁbedglﬁé@atéﬁl? ra% ﬁ’%%a@ nte%()ﬁ tlhg{ﬁ ary as
tenpl at e andpfincdateerbby] Résmtni4d resfde i€k bytbdoR Sl GsrtRslconkérhied fegise tpl asm ds

were induced wth IPTG Soluble, native GST fusion proteins were purified

usi ng a gl utssopirlerdthrtbelipid bilackr.donRal Inddherp i Gxrermetleviisn6eESNOBRIIDG 0 f ul |
| engt h GST- or. GST- 25 prot.ein.. The majorjty of .t I - tei
was ot ext PR PeBP L PrT S Pae & RunedaHm TP okt Rt hiRe FTEoRRSE M Ut ea
extract 4gi alsyzedagMd\RhsdPRa &%&h@éﬁ@%@p&l‘éﬁﬂe foP B RUARYEn lde YRIde My &7.,

i munoreactivity is detectable with an apparent size in the 225 kDa range
51 WO 01/ 0518523@) PCEILSA.1V0T 1 D40B-2406) M ve-603d Nopdas alseeksodiatgd wohdaticwats ( dat a
not shown). Thus, the cDNA dtiﬁ{;%t

appr opr i at e TFlawe papissxEgid thrgqni,&g ﬁggﬁélgfogiﬁoﬁgﬁék f@t"gé‘g %@r\’g’évﬁ E) " be Nogo
whi ch was termed mef&ﬁgéséﬂ ﬁh&l&%?c@ﬁs, the Rtn1 protein is localized primarily to
endoplasmic reticulum (ER) in a finely granulated pattern, hence the Reticulon name (Van
15  de Velde et al., (1994) J. Cell. Sci. 107, 2403-2416). There is a di-lysine ER retention
motif at the carboxyl terminus of Nogo and most Rtn proteins (Van de Velde et al., (1994)
J. Cell. Sci. 107, 2403-2416; Jackson et al., (1991) EMBO J. 9, 3153-3162). In neurons,
Rtnl is expressed throughout processes and is concentrated in growth cones (Senden et
al., (1996) Eur. J. Cell. Biol. 69, 197-213). Tts localization in transfected kidney cells has
20  led to the suggestion that Rtnl might regulate protein sorting or other aspects of ER
function (Van de Velde et al., (1994) J. Cell. Sci. 107, 2403-2416). Both the A and C
splice forms of Nogo exhibit a reticular distribution when expressed in COS-7 cells,
similar to that of Rtn1-C.

25  Example 2 - Polyclonal Antibodies against Nogo
The predicted intra-membrane topology of the two hydrophobic domains of Nogo

mdicates that the 66 amino acid residues between these segments is localized to the

lumenal/extracellular face of the membrane. To explore this further, an antiserum directed
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The conserved carboxyl tail of the Rin famly proteins contains two

hydr ophobi ¢ 5 domains separated by a 66 am no acid residue hydrophilic
segnent . Wwone0xaf20t he sequences contain a signal peptide. PhesS@reEdiict ed
topol ogy for these proteins is for the am no and carboxyl termni to
reside in the cytosol, and for the conserved region to associate with the
lipid bilayer. For Rtnl-A there is experinental evidence denonstrating
that the poloy4@pH0Tee behaves as an integral nmenbrane protein, and that the
hydr ophobi ¢ 10 segnents of the conserved domain are responsible for this

behavi or (Van de Velde et al., (1994) J. Cell. Sci. 107, 2403-2416).
Myc-t agged Mggmsiitlseéﬂaninaasiddomaémmgeherptedti culate fractions and is
extracted by det ent ionic strength data not. shown). When
over expressed i n 1 GHE&P X@FT d“@ﬁ% Epnehigielag apt: Hoﬁﬁmﬁarlly to

Ret | euton nanmhgGHiey i hER10 LfiBldy EDRHARE: &’%erﬁﬁ%é%z@%ﬂﬁ%%
2403- 2416) . (THe8) Naivse Newtosdiy $ 48¢-4R & Ehl@hishDar oL DH9)atell D% S0aobaKy |

term nus of Nojgo and nost Rtn proteins (Van de Velde et al., (1994) J.
Cel|. Sci® 1@% Dloga fusippgrotgakas sHplayed ps anl(lmgmgerﬂws@@ategn amwggmsz) In

neur ons, e hr S nd,i s, c centrated in

growth cones ﬁlte%l%elt&ﬁt%%dg, 3@%},}%@{.}1&%&%@6@%%% , 197-213). Its
| ocal i zat i OnNninimbhistaRlg®Ghed u@rﬂl@ﬁ’u‘rﬁﬁtﬁoﬁloﬁasfo?a@sekﬁﬁie%ﬁbcﬁﬂlﬁy%?@lges'[ ion that
Rtnl mght regulate protein sorting or other aspects of ER function (Van

de Vel de et aafiserum,lstduing vas Gglductedp) the n@%ncezmmgg) proBon ht @ hmgAnland C

splice for exhi bi aretl dlstrl tion when expressed in

Cos- 7 cell WBFOILVWQW%&WQ% WE g *rte %%P%Y éﬂutmm% é?raﬂne

Ant i bodi s mam&@gaanm& s s%mtﬁh%h'dﬁs%lsgﬁfmgga ge two
t am no a reS|

hydr ophobi ¢ domai ns of Nogo 1 ndicates that ues

bet ween t heskfis digatmt boling ahtiloalyiwadeteced hﬁmclhhaﬂemaxhthé}ubfea@bﬁﬂjf labéled f ace of
the nenbrane. Tq explore this further, an antiserumdirected 52 WO

01/ 051520 P@W%@Mﬁ@tﬁ?&]{“ 044574 5073 agai nst the 66 ami no aC| d domai n was

generated. For a i st ol o
i mmunobl ot s and “{?hﬁ%ﬁﬁ% ? gé&%le?gldﬁf %&%@IGSS Olntg)gﬁ%)s %’é 086 g%i‘;lglﬂﬁed as
descri bed i I‘l\ﬁf@é@ﬁtbpéﬁtlth@éaﬂ@dxyl terminus of expressed Nogo is not detected unless cells are

15  permeablized. This surface staining was attributed to a minority of Nogo protein
associated with the plasma membrane rather than the ER membrane. This data supports a
topographic model wherein the amino and carboxyl termini of the protein reside in the
cytoplasm and 66 amino acid of the protein protrude on the lumenal-extracellular side of
the ER or plasma membrane.

20

Example 3 - Nogo Expression in the Central Nervous System

If Nogo is a major contributor to the axon outgrowth inhibitory characteristics of
CNS myelin as compared to PNS myelin (Caroni & Schwab, (1988) J. Cell Biol. 106,
1281-1288; Spillmann et al., (1998) J. Biol. Chem. 73, 19283-19293; Bregman et al.,

25 (1995) Nature 378, 498-501), then Nogo should be expressed in adult CNS myelin but not
PNS myelin. Northern blot analysis of Nogo expression was performed using probes
derived from the 5 Nogo-A/B-specific region and from the 3° Nogo common region of
the cDNA. A single band of about 4.1 kilobase was detected with the 5° probe in adult rat
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(1998) Nature Neurosci., 1, 487-493 & Takahashi et at., (1999) Cell, 99,
59-69. The 5 GST-Nogo fusion protein was enployed as an i nmunogen to

gener at e ve@ 0801520Nogo rabbit anti serum Anti body was af f parwgepun4if i ed and
utilized at 3 g/nl for immunohistology and 1 g/m for iunnunoblots. To
assess the specificity of the antiserum staining was conducted in the
presence of GST-Nogo protein at 0.1 ng/m. For live cell staining, cells
wer e i ncubadsagz4-so7pri mary anti body dilutions at 4C for one 10 hour in Hanks
bal anced salt solution with 0.05% BSA and 20 nM Na- Hepes (pH 7.3). After
fixation, bound anti body was detected by incubation with fluorescently

| abel ed seopticladgrye @il RDZdsaamples,The naticiatio dsrvel etngriess The kesultd indieste diat ther f ace
expressi on of thlselt%) while the Mc epitope at the_carboxyl term nus
of expr essedlogeybClose it labpgb@@a%ﬁn%r@ce@ﬂlﬂt@ta@féarqls fordNegoBRi zed. This

surface stai S r a or i i at ed
with the pla Cﬁ@gg}% peﬁllﬁ ra%&Qgr%ﬁmmﬁhgorEy&ﬁhg rbiﬁ%ﬁal%?éﬁagg 1Zﬁ%ports a
t opogr aphi ¢ r&RaRkhatbsiichcldRresad RHigh &61s GRIHBMOEL-A BIRNA ndiuéHewRf ot ei n
reside in the cytoplasmand 66 amno acid of the protein protrude on the

| unenal - &xt ﬂ@if@bldfmoao-%ardé\fagb -C.t WhokRran emraﬁesdoqwbgcaﬁandwgeﬁh‘pﬂfe 3 -

Nogo Ex tral t

Contr i but or THEOEHE PEROIT Dt YRLRT LAY By HEFRCAGS PRI NEb ONS myel i n
as conpar ed Nc%o RYRuve 'ekﬁi‘es@i@ﬁ 'Ilﬁ’é‘éeeé‘d%gﬂﬁgbed WS8Rl dhusehld a@ﬁﬁ&:}zﬂeé Q6.
1281-1288; Spillmann et at. 98) J. Biol. Chem 73, 19283-19293; Bregman

et at., 25 m%)nmumms'ﬂaz (49931)5ndc)1;mIB|19p11}rsbgcta3hiﬁ;Bﬂ-7b)eV@ﬁpnémsed in
adult ONS nyelin but not PNS nyelin. Northern, bl ot _anal ysis

expr essi on WaB ks BP%EWH@SW&”S tpeheiseleefiverfeihiagee wigh no delectilE°
Nogo- A/EfoSp%%éJeésg C?%PQT gﬁ&%rﬁﬂbtﬂ?m%bem pon region of the cDNA A

si ngl e band ase was detec vmth the 5 probe in adult

rat 53 WO 01/ 0513%0inP&bhidSednG Ak NE4BRKASRA ¢disemth the AREptRIdz0al  RNA
sanpl es, but not sciatic nerve sanples. The results indicate that the

Nogo- A cl oneligedendiogytes inadujt tat emiumerversaid ayamidsh shet Sithinghe hrain, Nsige f or Nogo

as a expression is also detected in certain neuronal populations. In contrast to Nogo, Rtnl and

Rtn3 are not expressed in optic nerve but mRNA is detected in certain neuronal
15  populations. Nogo protein localization was analyzed in spinal cord cultures treated with
PDGF and low serum to induce oligodendrocyte differentiation, using the anti-Nogo
antibody and the oligodendrocyte-specific O4 monoclonal antibody. In living cells, both
the lumenal-extracellular 66 amino acid loop of Nogo and the O4 antigen are detected on
the surface of oligodendrocytes. Approximately half of O4-positive cells in these cultures
20  exhibit Nogo surface staining.

Example 4 - Nogo-Mediated Growth Cone Collapse

For all experiments involving cell culture, the following methods were employed.
The culture of embryonic chick E10 and E12 dorsal root ganglion explants and
25  dissociated neurons utilized methods described for E7 dorsal root ganglion cultures
(Takahashi et al., (1998) Nature Neurosci. 1, 487-493; Takahashi et al., (1999) Cell 99,
59-69; Goshima et al., (1995) Nature 376, 509-514; Jin & Strittmatter, (1997) J. Neurosci.
7, 6256-6263). NGF-differentiated PC12 cells were cultured as described (Strittmatter ez
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CNS- nmyel i n-specific axon outgrowth inhibitor. Northern blot analysis with a
3" probe reveals that optic nerve expresses high | evels of the Nogo-A nRNA
and nmuch wowees15200 evel s of Nogo-B and Nogo-C. Whol e brai nPerps@sses both
Nogo- A and Nogo-C, but a nunber of peripheral tissues (including sciatic
nerve) express little or no Nogo. Nogo-C Rtn4-C expression has been
denonstrated in skeletal nmuscle and adi pocytes, as well as in brain
(Morris et @d4s74-60#391) Bi ochim Bi ophys. Acta 1450, 68-76). Wthin the Rtn
famly, optic nerve expression appears to be selective for Nogo, with no
detectabl e 10 expression of Rtn 1 or Rtn 3. Rin 2 has not been exam ned. In
situ hybri diszatbo4) It Hegascs. MO 7+28B8). iBmbepddisspimal bortl leeplans (rixdl 16gy chick

ol i godendrocytes in adult rat optic nerve and ram dal tract. W.thin the
brain, Nogo ES¢wgrecasdiinse fors/- k4 days thetbe preacace pf 1%1%&[3% tonadicssaferedigtiones ons.

In contrast to o,. Rtnl a n re. _not._expre I i e but
A 1S dot b ioh e Aeds iR R Sl A P 125 R N et

| ocal i zat i onygse anal7ss 9.dThépr§wdﬂ@lfm§§5@mh§ BEIRBsd dseuyt ddmdtitdl to Plor and
| ow serumto induce oligodendrocyte differentiation, using the anti-Nogo

ant i body5andnalipss of Squdénideed gewdip eariefcodadd (Telsalwshicnal., (2973 Pedye 1 n |iving
cells, both__the | al -extracel | ul ar ino.acid, | cop of and t he
04 antigen AYEQIEh gt%@(#én%é?ﬁaéﬁfﬁﬁkg&%g%g\cgﬂb?g%)d&g%‘)ﬁ@{}@ééalEg%gzm mat el y
hal f of 04- iLi |ch $. 1net I X b Bt <

e oo i Y6 SSLAS AR s N .Sty i htes

experi ment s forrunalywis 0gtot hburtteibitgroeth hdialsh bedroddseribed ¢Gouhilga wed.c(189H| oyed.

The culture_of enmbryonic chick E10 and E12 dorsal, root ganglion explants
and 25 di 53 QMR AdO1I0Mhod e AT FERcA S NeRaseh 25 P e SHEREAPT foot

ganglion,cul tu i 3 e : bpnts - 493;
Takahas ﬁlo etg?,éﬁ??él)dﬁ@%é’?@% 2%8 2%5@9 hé é.?@@gﬂggﬁg Sé@%%%? ?5053@)65 ﬁlaélt%ur e
376, 509- 514ddeki dhedobi dftet plaRig ©minfdidOahly offectNRURO®E] numfer of AdiferHP ek,
NGF-di fferentiated PCl2 cells were cultured as described (Strittmatter et

54 WD 01/ 05 sotest BERlasouf/sahstate-bowahGYE 05633 -Nego, the poein sglutiqus wessdied 14,

cul turod 1 orn Pty e Rs <o e BBl e et ik bl d g T ot on

of neuronal identity of cells was verified by staining with anti-neurofilament antibodies

15  (2H3, Develomental Studies Hybridoma Bank) and neurites were traced by observation of
rhodamine-phalloidin staining of F-actin in processes.

The expression of recombinant Nogo in HEK293T cells allows a rigorous test of
whether this protein has axon outgrowth inhibiting effects. Washed membrane fractions
from vector- or hNogo-A-Myc-transfected HEK293T cells were added to chick E12

20  dorsal root ganglion explant cultures. Growth cone morphology was assessed after a
thirty minute incubation at 37°C by fixation and rhodamine-phalloidin staining.

The control HEK membranes have no detectable effect on growth cone
morphology. The Nogo-A-containing membrane fractions induced collapse of a majority
of dorsal root ganglion growth cones. This growth cone collapse indicates an axon

25  outgrowth inhibiting activity, and Nogo inhibition of axon extension is also demonstrable
(see below). The Nogo-C form also exhibits collapse activity, indicating that the shared
carboxyl terminus of the protein including the hydrophobic segments and the 66 amino

acid lumenal-extracellular domain contains functionally important residues. Additional
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sone cells into mature ol i godendrocytes (Vartanian et al., (1999) Proc.
Nat|l. Acad. Sci. USA 96, 731-735 ). The procedure for growth cone coll apse
assays i wodeetismal to that for 5 analysis of Sema3A-i ndupedugeiomb4l cone
col | apse (Takahashi et al., (1998) Nature Neurosci. 1, 487-493; Takahashi
et al., (1999) Cell 99, 59-69; CGoshima et al., (1995) Nature 376, 509-514;
Jin & Strittmatter, (1997) J. Neurosci. 17, 6256-6263). The nethod for
anal ysi s of 044574P07Beurite outgrow h has al so been descri bed (Goshima et
al ., (1995) Nature 376, 509-514; Jin & Strittmatter, (1997) J. Neurosci.
17, 6256-6263; Strittinatter et 10 al., (1994) J. Neurosci. 14, 2327-2338).
I n out gr owt hnlakiday ectivify di Biensninmigmyag eegiesoioge-A dus exdided by tiesaf t er

lating to njnimi _effect on the total. nymber. of t cells. T
Peat' the of PoitieSofRe STy ShoR el St RS o RS R & i i one
vere dried R, B4 Mt bmbdoh RiCRALRI Y sAEBsarntBRPRE. AN dehasps@atied Wi th

| am nin. For E12 culturés, the neuronal identity of cells was verified by
st ai ni ng wi trégudation of sansitif/ity sroendistem tith egpasnehts ysihigpartbly plmfiade¥agal St udi es

hodam na. pRARKSPE AL APyt dr NPt P Bkesces  The expressi on of

reconbi nant Nogo '[ﬁﬂﬁlﬁlf@w% C : Nl - e r this
protei n has axon V(\)fut gro ﬁw}hn‘%%%?%lﬁhggﬁ%ﬁ?gocpﬁ &\%ﬁg‘ﬁgﬁﬁ?}%ﬁ}ﬁ%ﬁ%ﬂ rg%ti ons
f rom vect or exticeliNagdonfriieenismasns filety @dnidKRRRH theslulfsce W dersa dete dahgbionhi ck
E12 20 dorsal root ganglion explant cultures. G owth cone norphol ogy was

assessed af meprogs themde i memphrare-grpkedérst hygrpphebig dompins flodat thinhypathesis,

r hodam ne- phal L oi di n _st.ai nin he control HEI R menbranes have ho

ot ect bl e ait SOEOBR GGt E IS n Bhroe T B Lo e A g
nmenbr aneof r agib@Ror tHéQ}STﬁFUog@his@E?ﬁ)t&ﬁ aGculRil 85I ih YnchRfon®BaR& buf @Atbegangl i on
growt h cones. This growth cone coll apse indicates an axon 25 out growt h

i nhi biting aetoivetied by uspadgxiksgion.i Hiis testrictsd regioraxddvogaxtossssieppoters (BCsG= 50
denonstrabl e

(see_bel ow).. The Nogo-C fo l.so .exhi bits colla eaciviiy,
T cat | g AISORE CRar USRS RBER P b hEAR o AR B SRHORE L6 d0hg  t ho
hydr ophobi c C ] j 5 I : in
cont s f unBE Bl ke CoR e h s M BBl ch ALt B oo
PCT/ USO01/ 01 Q@4 Nogiskhidhcb Qvah dctie dvinfoamytiac tTherdfyre) 10% bEGEHANogo thex ivi nal

regi on of Nogo-A.s not excluded by these i . L
15  soluble in £. coli was purified using a glutathione-Sepharose resin. This preparation is

==

even more potent than the urea-extracted protein as a collapsing factor, acutely altering
growth cone morphology at concentrations as low as 1 nM.
The nanomolar potency is on a par with most known physiologic regulators of
axon guidance. Axon outgrowth from dorsal root ganglion neurons and
20 NGF-differentiated PC12 cells is also blocked by this soluble GST-Nogo protein in nM
concentrations (data not shown). When GST-Nogo is bound to substrate surfaces, axonal
outgrowth from dorsal root ganglion neurons or PC12 cells is reduced to undetectable
levels. These are selective effects on axon outgrowth rather than cell survival since
GST-Nogo does not reduce the number of neurofilament-positive adherent cells (137 &
25  24% of GST-treated cultures) nor significantly alter the number of apoptotic nuclei
identified by DAPI staining (4.0 + 1.7% in control cultures and 5.2 + 1.1% in
GST-Nogo-treated specimens).
Oligodendrocytes appear to express Nogo selectively amongst the Rin proteins.
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studies. The sensitivity of nore inmature explant cultures from E10 chick
enbryos or fromEl 5 rat enbryos (data not shown) is substantially |ess.
The develvopowotiato regul ati on of sensitivity i s consistenPCWUBHL/E8{er i nent s
using partially purified Nogo 5 (Bandtlow et al., (1997) Eur. J. Neurosci.
9, 2743-2752). Wthin the growh cone collapsing Nogo-C protein, the
hydrophilic 66 |unenal - extracellular domain seens nore likely to interact
wi th the sup448¢€5®B dorsal root ganglion neurons than do the

menbr ane- enbedded hydrophobi ¢ domains. To test this hypothesis, the 66

am no acid region of hNogo was expressed in and purified fromE «coli. A 10
maj ority of TtorfetplgglthN@@@tlf”@s pidNogersopksi in thegolubitipa péaxonal regrobatens thewsdi es,

but can be r ur.e This res d i,on of Nogo
posseases. poRtVaEaaytle K5 e hET AR B apEHh et FORE Tor on ck
E12 dorsal naptn.ganskiifmy B8 drRiSact PRt AR of REMOWRD: and8nIHveR- e%fSIteES%&ta@d
protein preparation is likely to present only 4 smal | fraction of the Nogo

sequence i n GST fsibh peoteiorend poEfiedin. nafivefosh orAt cold@tratfontHilwhioly thetNgp i s 15

soluble in E. coli was purified using a gl utathione-Sephargse resin. This
pr epar at Pon fagmenhseHansey ampigtiemt Etlﬁélﬁm?}rféolﬂa@%]l%‘ﬁ?‘ﬁ@tcéﬂespﬂ’étog}eﬁ #s a

col 1 apsi ng {AGLAL do AGUNS! SfodhlcBhd AlrprBlodvdh RS, TR PRRLOBE b

concentrations as OW as ano y Is"on a par wi th nost

known physi etggéatidreighibaing astivaty is @e@lﬁcg@rm@methemrhnﬁm growt h from dorsal
root ganglion neurons and 20 NG~-differentiated PCl2 cells is also bl ocked
by this sol ubl e GST Nogo protein in nM concentrations (data not shown).

When GST- No d to sub tr te surfaces axonal outgrowth from dorsal
root gangli #§4§94§@£§§g%§?#§39§ reduced to undetectable |evels.
These ang Se|eCtH%ﬁh@&%ﬁ@&ﬁt&?m%&@ﬂmﬂ%h%TﬁM@@ZB%hﬂ&fm%ﬁéﬁdﬁ@ﬁéu@&JV'Va

since GST-Nogo does not reduce the nunb of neurofil anent - p05|t|ve
adher ent celcbsespdBiing RSe@iantodt tSH6 ammataeld sequenwma: synliuesme@ nTlid pephdd y

e el SBRELL,HSh e SE b RED RLBR )
I g S R
concentrations of 4 pM. While this sequence may provide the core of the inhibitory
15  domain, the 66 amino acid fragment is clearly required for full potency. Interestingly, this
is the region within the 66 amino acid domain sharing the least similarity to other Rtn
proteins, consistent with the other family members being inactive as axon regeneration
inhibitors. Indeed, the Rtnl 31-55 amino acid lumenal-extracellular peptide exerts no
growth cone collapse activity (data not shown). ‘
20 The aforementioned experimental data identifies Nogo as an
oligodendrocyte-specific member of the Rin family and demonstrates that a discrete
- domain of Nogo can inhibit axon outgrowth. Other Rin proteins do not possess this
activity. The expression of Nogo in oligodendrocytes but not Schwann cells therefore
contributes to the failure of axonal regeneration in the adult mammalian CNS as compared
25  to the adult PNS. The relative contribution of Nogo as compared to other CNS myelin
components to the non-permissive nature of CNS white matter can now be characterized
at a molecular level.

While the current experimental data is consistent with a role for Nogo in blocking
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To explore the selectivity of Nogo s role in the inhibition of axonal
regeneration, the axon outgrowh inhibiting activity of other Rtn proteins
was consivdenses1she predicted |unenal -extracellul ar 66 aPCHOS@AI1041
fragnents of Rtnl, Rtn2 and Rtn3 were expressed as GST fusion proteins and
purified in native form At concentrations in which the Nogo 5 fragnent

col l apses a majority of E12 dorsal root ganglion growh cones, the other
Rtn protei (5865078t alter growt h cone norphol ogy (data not shown). Thus,
the axon regeneration inhibiting activity is specific for Nogo in the Rtn
famly. Exanple 5 - No ooceeptor Peptide Agents 10 To further define the
active domaiagulbENNegenal REeraritivn afiet phthodegicinpiry dys inde glso be reldedlionlti ng t o
segnments of the 66 ami no . acid sequ e were nt hesi zed.. The pept.i de

Sorr espondi R TR Bl ENCE Rasn papREic Spies » B P A EigRSREEs Pl go
exnibits g U Proichidnfe OhARRSHIAP: HTL AUTEAAYI GV RUL Ucfidial 1IYd) Tichg, (data
not shown) actfvities at ~concentrations of 4 Wil e this 'sequence nmay
provi de t he Scoi&7,303-B4€16).n Al thajodtyyof Noga sriistiihutddie aGéicaidar patteacindC®3-dgnent i s
clearly required for full potency. Interestingly, this is the region
within tfAe 68llssmRBlYAdnEoH rﬁ&?rﬁsérb&rapcffgSIblﬁétﬂl%a@IS%fa?ﬁ-| arity to other Rtn
proteins, consistent with the other famly nenbers being inactive as axon
regeneration inhibitors. Indeed, the Rinl 31-55 am no acid

| ut nenal - extExaeglclou IAkibIERLF Nec&ALidisy N0 growt h cone col | apse activity
(data not shown). 20 The aforenentioned experinental data identifies Nogo
as an ol i godendrlbe prewioyp exsinfiiles happrihwvndhat 1166 amRinp dcathiagipnae teathoxyt at es

t hat di t degmai n. of, . No i phi Qi.t h, O Rt
broteins do 5 SRetiiiS W Fgp v idite FiRa s hieg e
ol i godengdr ogytfy P8 AmBetacaCRWRa s 68his %ofngilﬁra?é &fher 1|11§1‘? ¢ St aSInhBits 8 er

failure of axonal regeneration in the adult mammali an as conpared 25 to
t he adult PNSmudlhkweepattioyd GrandPré ds uk.,i(2000p Natogé03a43 &d4halbel31-65 oiglver CNS

nyelin conmponents to.the non-pernm ssive nature of CNS white matter can now
be char act erfioREs OQrmingy i ssgruent hasywepk sigith eoneellapse prukAxoB RBFI RNt al  dat a

s consiste %ﬁaﬂﬂu&%&}@yﬁf |5”807 BBEI( NBEOQadt#dn P 26K L EmpafiviRnRid i bPRBeo which

PCT/ US01/ 01
binds to the same receptor site but does not exert a biological effect in its own right would

15  be highly desirable. Various fragments of the 66 amino acid region were tested as
blockers of Nogo-mediated axon growth inhibition. Two assays have been used for this
purpose. The first is the growth cone collapse assay and the second is a binding assay.

In the growth cone collapse assay, the response to Nogo was measured in the
presence of various potential antagonistic peptides. Three of the twenty-five amino acid

20  peptides (1-25, 11-35 and 21-45) from the 66 amino acid region possess blocking activity
at uM concentrations (Figure 2). The combination of all three peptides does not alter
growth cone morphology under basal conditions but totally prevents collapse by 15 nM
GST-Nogo. The same mixture of peptides is also capable of blocking low dose CNS
myelin induced growth cone collapse. This blockade supports the hypothesis that Nogo is

25  aprimary inhibitory component of CNS myelin. Furthermore, the blockade has properties
expected for competitive antagonism, being ineffective at high doses of CNS myelin.

To develop an antagonist with higher specificity and potency, a longer fragment of
Nogo has been tested. Preferentially, such a peptide itself has no axon outgrowth
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adult CNS axonal regeneration after pathologic injury, this may al so be
related to the physiologic role of Nogo in non-pathol ogic states. Based on
| ocal i zatwonv/eiiemi es, other Rtn proteins are thought to ptaysa/moedle in ER
function (Van de Velde et al., (1994) J. Cell. Sci. 107, 2403-2416). A
majority of Nogo is distributed in a reticular patternin COS-7 5 cells and
only a mnority seens to be accessible at the cell surface. Exanple 6 -

| nhi bition of4as@gor3Activity The previ ous exanpl es have shown that a 66

am no acid region near the carboxyl term nus of Nogo inhibits axon
outgrowmh and is expressed at the cell surface. Shorter 10 twenty-five

am no aci d siegibkingactdfitylohiits odariile campetitivielyeilodkingMNogasactiat. grievit-4il i nhi bi t or s
or of much | ower potency (GrandPre et al., (2000) Nature 403, K 439-444).
The 31-55 r difigaent ¢fNngotihicstybdeckatithiroraghory tesmpie And Hpidaigd aidthg ABIOh cone

col | apse and_axon. outqr N, 1nhibiting activit l.oc 0 ion in
Vivor e cometn et e Pl BT ko tinsd S e B2 BE e o
site but doagsTMog8ARlubePorBivi @db 66llapsd dn@Gosdetted drSappidnt KTt sovaM id tHH be

hi ghly desirable. Various fragnents of the 66 am no acid region were tested
as bl ocleer sbindinglasyay @regiirad)e ThaRetl frpementrlsotiodks theabilitrotbail geyitedhave been
used for thi p ose. The fi is.the growth cone collapse assay and the
second is a 1@?%?@%&8‘0%@&&?@% %ﬁ?@b&?ﬁ“@@ﬁ%m&m Q%Qﬁﬂg§§%efﬂ%“¥’és ponse
to Nogo was ugped in the presence of various potential antagonistic
pepti des. Three of' the twenty-five amno acid 20 peptides (1-25, 11-35 and
21-45) fromthe 66 am no acid regi on possess bl ocking activity at M
concentrations (Figure 2). ,Thef conbi nation of all three peptides does not

alter growaguie’ nddenHicatio g

PEHREWOIcondi ti ons but totally prevents

col | apsagby 15 M NRTLNAN TGS A A H UL B BERLAESL Alaucapabl e

of bl ocking | ow n i nduc growmn cone co

bl ockade supg@mifind fenaPh@Bt e Shid Hthal teSfuRion (PlahdBah )% VaktiekHabgHel,
conmponent of CNS nyelin. Furthernore, the bl ockade has r&ggertl es expected
for conpeti t(19e8)amagRev Neyrogai2ig30he4s; dekahashi aﬁtal.h(lQﬁ%&sl ,89-6EBNSt myel i n.

To d | i i t.h hi J jfigi d .
(ragnent _of IMKDGs Tae fushitduredar wrape il (PLaBRb 0 el & Pee
has no axon QLWL VRE a'Bi106k6 D9 hedf BEeptdrBRME 14k widfah be A6téded

15  with an extremely sensitive colorimetric assay. For Nogo, an expression vector was

1Al

created encoding a signal peptide, a His6 tag for purification, AP and the 66 amino acid
active domain of Nogo. The fusion protein can be purified from the conditioned medium
of transfected cells in milligram amounts (Figure 5). This protein is biologically active as
a growth cone collapsing agent, with an ECso of 1 nM. AP-Nogo is actually slightly more
20  potent than GST-Nogo perhaps because the protein is synthesized in eukaryotic rather
than a prokaryotic cell. Initial studies have revealed saturable, high affinity sites on axons.
Binding is blocked by GST-Nogo and by the antagonistic 25 amino acid peptides,
consistent with competitive binding to a neuronal receptor site. Since the apparent Ka (3
nM) for these sites in close to the ECso of AP-Nogo in the collapse assay, the sites are
25  likely to be physiologically relevant Nogo receptors.
This assay was utilized for expression cloning of a Nogo receptor. Pools of a
mouse adult brain cDNA expression library representing 250,000 independent clones were

transfected into non-neuronal COS-7 cells. Non-transfected COS-7 cells do not bind
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inhibiting activity on its own while conpetitively blocking Nogo action.
The 2-41 fragnent of Nogo is acetylated at the carboxy term nus and

anv. dat eav@pnir/ofie2oani no teminous and is the highest potencyusdionkar of
Nogo defined to date. Pep2-41 abolishes GST-Nogo-induced growth cone

col | apse and possesses an apparent Ki of 150 nMin the 5 binding assay
(Figure 3). The 2-41 fragnent al so blocks the ability of both purified
Nogo- 66 pr otsbsm-507d crude CNS nyelin to inhibit neurite outgrowth in
cultured neurons (Figure 4). Exanple 7 - ldentification of the Nogo
receptor 10 A Nogo binding assay was devel oped which utilizes a nethod

w del y used ARNogx dui thansfc@nmithard poosd S©00 tlohesweshibited g fiwleslie evithunct i on
(Fl anagan & Vander haeghen, (1998) Annu. Rev. Neurosci. 21, 309-345;
Takahashi ettreng AP-{Npgo dyndmg. [Singe cIANAgipnes grcoding g dioge Yidingssitegrere selatedt ed

pl acental alkalin hosphat as P I.et o~ the |igand . : ion to
provi de a bilbg IS%(ljjg_fie eﬁﬁ?rﬁﬁéhéte%%le&rﬂieﬁtg)&pgg hﬁ? %oé)lﬁshé[t h§ SR W ?ngﬁrr&l algoli%%& det ect ed
15 With an ephneLiBlidenSEeN T dric\iBothér REdpt R hI100 ba SR@NsioT SHthdNT AR tradihteX pr essi on
vector was created encoding a signal peptide, a Hs6 tag for purification,
AP and t be 6&ieminmoeaond Trosfedien dbtmaserclaks MogOOSTheells wsldsa bpdotgsiin can be

purified fromthe _caonditi d di.u f transfe dcells in mlligram
amount s (Fi gt ﬁfiﬂﬁfﬁﬁ%f\g&ﬁqg@ﬁmﬁgﬁm tgf‘t %T‘{’?%talgtqofﬁ@l Qet gaggiowt h cone
col | apsi ng ] 3 AP-N9g Q@ pi R=1NE y nore
20 potent tﬁg‘ﬁg}&#%%@g‘gﬁﬁﬁg%ﬁ%g? aﬁt}\?g I?Eree I}62? %?e#or?% F%@%%ﬁggl g{;&g in

eukaryoti c datttelle affimétn t@thpseakamsfpatd ells ehdicating ithat &le affiniyiiedudtade Goeveal ed
saturabl e, high affinj tc){ sites on axons. Binding.is blocked by GST-Nogo

and by the aingpsil derived fismNegoe Farthamaepsddogo disacps ABANoggjliom these

conpeti tijve hinding to a neuronal receptor site. Since the apparent Ka (3
nM for these sites in close to the EC50of AP-Nogo in the coll apse assay,

the sites are 25 Thisk®NAkacddes Phoiel PI3e@iiehdid plotdi VBitre 100 egoft6@EIDRAS. Thi s
assay was utilized for expression cloning of a Nogo receptor. Pools of a

mouse adul t vhihesignifBnhanglessisiGenBilh (e pradigdayetsin aegtas @ s@nal tepddspendent
LTSS e S e Ao Deus G0l OO ol Rled gt ot o
anchorage site (Figure 7). A human homologue of the murine cDNA was identified that
15  shares 89% amino acid identity. The existence of this cDNA was predicted from the
murine cDNA structure and analysis of human genomic sequence deposited in GenBank
as part of the Human Sequencing Project. The exons of the human cDNA are distributed
over 35 kilobases and the cDNA was not previously recognized in the genomic sequence.
The protein structure is consistent with a cell surface protein capable of binding Nogo.
20  The GPI-linked nature of the protein suggests that there may be a second receptor subunit

that spans the plasma membrane and mediates Nogo signal transduction.

Example 8 - Tissue distribution of Nogo receptor

The distribution of the mRNA for this Nogo receptor is consistent with a role for
25  the protein in regulating axonal regeneration and plasticity in the adult CNS. Northern
analysis shows a single band of 2.3 kilobases in the adult brain, indicating that the isolated
Nogo receptor clone is full length (Figure 8). Low levels of this mRNA are observed in

heart and kidney but not in other peripheral tissues. In the brain, expression is widespread
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AP- Nogo, but transfection with two pools of 5,000 clones exhibited a few
cells with strong AP-Nogo binding. Single cDNA clones encodi ng a Nogo

bi di ng siw@owey1620i sol ated by sib-selection fromeach of POBRUSMIIpASi tive
pool s. The two i ndependently isolated clones are identical to one another
except for a 100 bp extension of the 5 wuntranslated 5 region in one clone.
Transfection of these clones into COS-7 cells yields a binding site wth
an af finityo44574-80#3Nogo i dentical to that observed in E13 dorsal root
ganglion neurons; the Ida for binding is about 3 nM (Figure 6). AP al one
does not bind mnth any detectable affinity to these transfected cells,

i ndi cati ng tahdthoshaeasfrichest ingraysmeiter expresstibe Bigheshleveloofibe ki ved from
Nogo. Furthernore, GST-Nogo di spl aces AP-Nogo fromthese 10 sites. This
cDNA encodes a novel 473 amino acid protein. There is no reported cDNA

wth signifi bé@@hﬁ%aﬂéffeg@a%@&m{rﬁ&ﬂoﬂ%&t ed protein contains a
si gnal peptide y el g eucine-rich repeat regions, a uniqgue
domai n and a pr edisdysdf Nbgo-Adnndtion dges incltided(grogihroend dollapsehueraite honol ogue  of
the murine cDNA was identified that 15 shares 89% am no acid identity. The

exi st enc@ ofoutgrpwthcaydAibypdashsnserdmeavth sushagmoundgpg ﬁ&u@?ﬂwteéli PEBAEHBS and

I f h
asﬁaxsg:qaergm ng ‘%r o] e&%ﬁ%@gf"?}%@%ﬁgﬂ%‘f #ﬁﬂlujr%ghwgtr%ﬂ N%ﬂ% : eover

35 ki | obasesjoanmotdaa; ChiN: WA 2000) Nafuey403y534/43% PEEIRR 2L4]., (zoot)matgwmm C
sequence. The pr ot ein structure is consistent with a cell surface protein
capabl e of BBAdhy INessays OZGTﬁrﬁém@iastmpmhelagmubﬂtrétetbpunmgog@ -66 dpas notiggest s

that there e a sec nd r |t .hat nma menbr ane
and nedi at egl%ﬁﬁ’)‘gﬂ’r@ 189© Sgp% 5??672‘ O an %ﬁgﬁf’ﬁ%tﬁgwéf’%ﬁﬁtl on of
No og reqgeptof- Eﬂﬁss@&éfof 3"FBJ§p‘r&ﬁm f1t Wﬁ?n&%yﬁ@&oﬂsf&eﬁwh@cﬁ& diﬁ’@r@rﬂtd‘éfnahﬁ

consi st ent vmth arole for e protein in regul ating axonal
regenerati ormmego phgﬁtsuhsenvythmmtmfeo aufivity. 'ONBeilide 4 trenparisamaf differsntshows  a

soge band o Seeubetiete ol st Balo Ui Calipp N (e
RS obe iy e R B GOt g 11550
044574- 5073 protein is present in cytosolic fractlons. Surfaces coated with purified Amino-Nogo
15  protein fail to support 3T3 fibroblast spreading (Figure 1b,e). Similar results were
observed for a kidney-derived cell line, COS-7 (Figure 1f). Therefore, the amino terminal
domain appears to account for the effects of full-length Nogo-A on fibroblasts. The
Nogo-66 domain is specific for neurons; it does not affect non-neuronal cells.
Dorsal root ganglion cultures were also exposed to Amino-Nogo protein (Figure
20  lc,g-i). As for 3T3 fibroblasts, the fibroblast-like cells in the dorsal root ganglion culture
do not spread on this substrate. Furthermore, axonal outgrowth is reduced to low levels
on Amino-Nogo coated surfaces. Thus, while the Nogo-66 effects are neural-specific, the
inhibitory action of the Amino-Nogo domain is more generalized. When presented in
soluble form at 100 nM, the Nogo-66 polypeptide collapses chick E12 dorsal root
25  ganglion growth cones and nearly abolishes axonal extension, as described previously
(GrandPré et al., (2000) Nature 403, 439-444). In marked contrast, the soluble
Amino-Nogo protein appears inactive, and does not significantly modulate dorsal root

ganglion growth cone morphology or dorsal root ganglion axonal extension or
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and those areas richest in gray matter express the highest |levels of the
MRNA.  Exanple 9 - Biological effects of different Nogo domai ns Assays of
Nogo- A f wmavi/emistvave i ncl uded growt h cone col | apse, neuri PeT/HSautigsiowt h,
and fibroblast spreading with substrate-bound and sol ubl e protein
preparations (Caroni & Schwab, (1988) J. Cell Biol. 106, 1281-1288;
GrandPre et al., (2000) Nature 403, 439-444; Chen et al., (2000) Nature
403, 434-439445P450i3ha et al ., (2000) Nature 403, 483-484). |In assays of
3T3 fibroblast norphol ogy, substrate-bound Nogo-66 does not inhibit
spreading (Figure |Db, e%. Since NI 250 preparations and full [|ength Nogo-A
are 10 non- penmeswiglecl eprea@iine Gpgueadi.og); it was necessary to consider

whet her diff t [ f o, m gh bser this i it tivity.
To facilitate o dBARRPEBRCD oL ARLARbL RS IER Gt QORI Al 2o Vo

term nal 104{p3amifQea6d1dr Téx’aﬁﬂ%ﬂﬁoﬁﬁ@r@&ﬁ&ﬂ@@ﬁ)dso%%%ﬁﬁ@ﬁﬁw@é a Myc-his
tagged protein 1 n”"HEK293T cells (Figure Id). The Nogo protein is present

i n cytosol i cpréseated boamsEc SBeioh potsn,qoatmdblwin dineric fdrive dThardfore;iNeg0 15 prot ei n
fail to support 3T3 fibroblast spreading (Fi.gure Ib,e). Simlar results
were obder isgessaY tocqesidaieyhelies: ikrsgdigiarences prght expinihg npgiyits of sqiyble

Therefore, the.am t 1 gl ' : f.fects of
ful 11 angt h NOBIOR Vi Be BResicb QP AP RERR hBaR EONo frlordBfs €5,
neurons; it s pektiauihsile fomroheitFIBabrselabbtSzangkvnsbrond Higgany! i on
cultures were al so exposed to Am no-Nogo protel n%ﬁ:i gure 20 lc,g-i). As

for 3T3 fi bropingsteso qikerizadpyiinasylys uibodeinhibits w@@@ﬁgaﬂprqaéi@g gangl i on

I d d hi b . Furth : I h i
educed 1o | Gl 8 Gt ReRelidatotapratiifus i M Ak 00" 10
Nogo- 66 ff f eé:gtg&gﬁl’%&bﬁ%raﬁbiﬁ&@Qpélfltii-lqousteh% ahtiidp] ARI6-R6dd Shifdantie

Am no- Nogo domain 1s nore generalized. en presented in Solubl'e form at

100 nM t he mihges t6h Jalssipeqtgadgionahl apstedachxon kutgiivtt GFigade 1hpotWRite thangl i on
growt h cones, and nearly aholishes _axonal extensiqn, as describe Pr evi ously
(GrandPre et ARIMO-NQEOBRIPIING fitifcerculies clealiagtailo ghareq floneaes BOIASTAIPESF IS ¢ he

soluble Am: .0 ) i i Ve, C e onifa (ly

nodul ate dorsal r %{f%g%ﬁ%%og}ﬁgg g\?&s ?Bfé%%fe&%p%ﬁ@fg 85&00?91 ﬁgg\whr(g%?ﬁ

gangl i on axoreih).eXhentitogor66aIbmAR i 3 HOEAEA0 nBEHH sl GiNbitor, O4d5Td- 5073
15  intracellular Amino-Nogo domain inhibits multiple cell types and appears to function only

in an aggregated state.

Example 10 - Localization of Nogo receptor

To further characterize the expression of the Nogo-66 receptor protein an

20  antiserum to a GST-Nogo receptor fusion protein was developed. This antiserum detects
an 85 kDa protein selectively in Nogo-66 receptor-expressing HEK293T cells (Figure 9a),
and specifically stains COS-7 cells expressing Nogo-66 receptor (Figure 9b).
Immunohistologic staining of chick embryonic spinal cord cultures localizes the protein to
axons, consistent with mediation of Nogo-66-induced axon outgrowth inhibition. Nogo-

25 66 receptor expression is not found in the O4-positive oligodendrocytes that express
Nogo-66. Immunoreactive 85 kDa protein is expressed in Nogo-66-responsive neuronal
preparations from chick E13 dorsal root ganglion, but to a much lesser degree in weakly

responsive tissue from chick E7 dorsal root ganglion and chick E7 retina (Figure 9a).

62



non- neuronal cell spreading (Figure lc,g-i). In the experinents of Wl sh
and coll eague (Prinjha et al., (2000) Nature 403, 483-484), cerebellar
granul e meapoeaswer e studi ed and sol ubl e Ami no- Nogo was PperEsoyEdilas an Fc
fusion protein, presumably in dinmeric form Therefore, it was 5 necessary
to consider whether these differences mght explain the inactivity of

sol ubl e Am no- Nogo. Mouse P4 cerebel |l ar granul e neurons respond to Nogo

pr epar at i on844534-807X ashi on i ndi sti ngui shabl e from chick EIl 3 dorsal root
ganglion neurons (Figure li). Am no-Nogo dinerized with anti-Mc anti body
inhibits 3T3 and COS-7 spreading (Figure le,f) and tends to reduce

cerebel | ar &emall thegratiomniof Nogerab expréspion iwheomsistgnt widr the Orofepy mediatiegl by t he
addition of _anti -4\/buse l'l%G ant i body, Am no-Nogo significantly reduces both
dorsal root 18%%?@? 1 B@-ebel | ar axon outgrowth (Figure lh,i). Wile the
Am no- Nogo pr ot eify;d j o6 G: tat WGl ot
account for its %i?ﬁg’? %’t?‘;?ag? fe%%gegﬁgﬂfzgglt%%ﬁ%&gﬁ%&éﬁﬁ ﬂ:'&%lgxﬁ’ﬁisg I
spreadi ng orseetions @figaetogy. Witite if fsicipar Bomlie sify InjbridiFhticen stidies (o ge-iGeidagai n i s
a potent and neurqgn-specific inhibitor, while the 15 intracellul ar

Ammo- Nog&  d girRTesse i Pitinde chesesigb nenrers, fmmypobistology ihendsihe piokF Mg on only
in an aggre . - I i f . To
further chaggiet?%%li%z@ &%@%g@%@g %Ogﬁr%esocbﬁﬁﬁéﬂt@g{o&ggg rPer[(;{(egB]tq(S)aé%%r%%@ée)%tn an 20

anti ser um t doReiGelelNRGRUASIQPA and kit Pil. [MHEROVIdMEEEER ¥R thd hi S
antiserumdetects an 85 kDa protein selectively in Nogo-66

r ecept or - ex prepnsth B3N prtdisinnmdiaing igerpctiona mdthobigedehioaytesy st ai ns
COs-7 cells expressing Nogo-66 receptor (Figure 9b). | munohi stol ogic
stai ning of chick enbryonic spinal cord cultures |ocalizes the proteinto
axons, c@nsisaie 1 1o gBdbptdr Ak dfifes !@g%@%gpeﬁéé@ed axon outgrow h o

i nhi bition. Nogo 25 receptor expression 1S not found in the 04-positive
ol i godendr ocyt es Thed¥ogexfir essptor Noxma GGecdssary fimMNemotGoeeti@barkiDat pmplye n i s

expressed in .Nqgo-.66-responsi ve neuronal_ . preparations fromchick E13
dorsal root Fitsrvitngy ?@Pl’dmﬁfirj%ﬁ{‘ioégg Ry ghxemal; tareuiby ﬁgrﬁgﬁ%?@%e

e o S SR RSB PRSI A0 el B I 07 99)

glycophosphatidylinositol (GPI) -linked proteins from the neuronal surface will render

15  neurons insensitive to Nogo-66. This prediction holds true for chick E13 dorsal root
ganglion neurons; PT-PLC treatment abolishes both AP-Nogo binding and
GST-Nogo-66-induced growth cone collapse (Figure 10a-c). As a control, Sema3A
responses 1n the parallel cultures are not altered by PI-PLC treatment. Of course, PI-PLC
treatment is expected to remove a number of proteins from the axonal surface so this

20  result leaves open the possibility that other GPI-linked proteins are mediating the
Nogo-66 response in untreated cultures.

To demonstrate that the Nogo-66 receptor is capable of mediating Nogo-66
inhibition of axon outgrowth, the protein was expressed in neurons lacking a Nogo-66
response. Both dorsal root ganglion and retinal neurons from E7 chick embryos were

25 examined. The Nogo responses in the dorsal root ganglion neurons from this
developmental stage are weak but slight responses can be detected in some cultures (data
not shown). E7 retinal ganglion cell growth cones are uniformly insensitive to

Nogo-66-induced growth cone collapse (Figure 10e), do not bind AP-Nogo (data not
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Overall, the pattern of Nogo-66 expression is consistent wwth the protein
medi ati ng Nogo-66 axon inhibition. This antibody is also effective in

| ocal i zi mgODheS1BIIgo- 66 receptor protein in tissue sectioP€T/Figuna 9c).
VWiile it is clear fromin situ hybridization studies that the proteinis 5
expressed in nultiple classes of neurons, immnohistology reveals the
protein at high levels in CNS white matter in profiles consistent with
axons. Prot eiqs74-807%ct ectable at |ower levels in neuronal soma and
neuropil. This provides further support for the proposed function of this
protein in mediating interactions with oligodendrocytes. 10 Exanple 11 - No
0g receptor dsheeh)indsloNogeditt 85e1apamﬁiasog’6k@ e Ginuacepdtive pptet @igure s
necessary for Nogo-66 action and not sinp a binding site with a fiuction
unrel ated t 3. nEPiPé‘PSﬁiO@ of ngRasz s neyLRNg PY mfgphomfﬂihrrgqorrg?w HEVaneparagions, at
phosphoi nosi t o

osph nove
gl ycophospha{F]ilAc? %E?gm?lcﬁan% @glc)eﬁapfnnﬁ%rax%&co %S:Ds’r?ggl et% q%‘érgr?e]%@%%‘gl surface
wi |l render elaﬁ%ga@urlﬁébﬁoh REBRSTohirye1dxe ANog r&@n% '&511@1 P]!S%r@ﬁdrﬁi@nﬂ@és@ﬁatt rue
for chick E13 rsal root ganglion neurons PLC treatnent abolishes
bot h AP- I‘ﬂogcaltbr Ncgcmgsmebs M@nMo@jh@GhetSﬂdut@ mﬁhagta:tmthh@NQgO wodptapdeatifi® gur e
| Ca-c) g}control ]gons%ts in the araIIeI cultures are not
al tered by aélcﬂl?aéeét o6y aX?’Treﬁ?}@r PPeat ment is expected to
remove a nunber of protelns fromthe axonal surface so this 20 result
| eaves open the possibility that other GPlI-linked proteins are mediating

the Nogo- 6GExagpiEorPseStiuctunditandgdied Medotibrreseptofo denonstrate that the
Nogo- 66 receptor is _capable of nediating Nogo-66 inhjbition of axon

outgrowt h, the prieeVagovibsreespiy sEuye wes ?P@HFW ﬂé@muﬁewé‘l%%@% ,
response,, BOt Qc%%g fe\i gl 66 %gltdu%g %POQGH? {éds 0@% 'dm&edri?’cﬁ rtﬁ)éd"l%uc]fu]i eﬁpén(ak

enbryos mne go resp gangl i

neur ons frorthé RorSled@MSH St Pdgicnt TWtiBh BnaRakclRUl sBbw ikt th@&ﬁ@ﬂ@ﬁdl can be
detected in sone cultures (data not shown). E7 retinal ganglion cell

growt h conestepgats amiefloirad fpr Nngen& binfling buighe Nag@d@sofa theiprotein i m@meheswne

(I;(lel'l'} %ggi / (()E ul eeoialg 52/\2’(1%8%1% tumtl)lle r111LEI:h ﬁ\a%eal}l% al(n?%&foador}l%ms av\e/@ee%]é/eg())a?a cly

deleted. This is predicted to maintain the overall leucine rich repeat domain structure, and

15  asimilar approach has been utilized for the leutropin receptor. It is apparent that the
| Nogo-66 binding requires all eight leucine rich repeats, and suggests that a significant
segment of the planar surface created by the linear beta sheets of the leucine rich repeats.
The leucine rich repeat-amino terminous and leucine rich repeat-carboxy terminous
conserved cysteine rich regions at each end of the leucine rich repeats are also required for
20  Nogo-66 binding, presumably these are necessary to generate appropriate leucine rich

repeat conformation.

Example 13 - Blockade of Nogo by soluble Nogo receptor ectodomain protein
One method for blocking a signal transduction cascade initiated by Nogo-66

25 binding to the Nogo receptor is to provide excess soluble ectodomain of the receptor. A
secreted fragment of the Nogo receptor protein has been produced in HEK293T cells.
The cDNA encoding amino acid residues 1-348 of the murine Nogo receptor were ligated

into a eukaryotic expression vector and that DNA was transfected into HEK293T cells.
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shown) and do not exhibit 85 kDa anti-Nogo-66 receptor inmunoreactive
protein (Figure 9a). Expression of NgR in these neurons by infection with
reconbi navo oHBYSr epar ati ons renders the retinal gangli orCT@sé1/EBaNal
growt h cones sensitive to Nogo-66-induced coll apse. Infection with a
control Pl exinAl-expressing control HSV preparation does not 5 alter Nogo
responses. Taken together, these data indicate that the Nogo receptor
identified O0#S7T&50x ti ci pates in Nogo-66 inhibition of axon regeneration.
Exanple 12 - Structural analysis of Nogo-66 receptor The Nogo-66 receptor
structure was exam ned to determ ne which regions 10 nedi ate Nogo- 66

bi ndi ng. TheCqndstospdmiediugi fisph yhes¢ ¢alld eontiing high lewelp efidisMogoi ré%pm ginerdnd

t he non-| euc] rich re gl an. Del etlo ana S shovvs t hat
the | eucine (:I\]n e°t°§ E‘Qng?aée%r W JHEgoLP 5 v %%\fgl& ‘?Pc%llb ° the

remai nder OfCOhHlﬁOHJ&E&hI&H'C%ﬂtQBE Iﬂﬁ&ﬁﬁﬁ@f Wi mf 6F HgReec%lﬁroteWﬁeph@r tihgnd euci ne
rich repeat domain, two domai ns have beén separately deleted. This is
predi ct ed toAWolgbbuﬂnigmssay\zeC@SJ beﬁ]sexpressmgcﬁhilIeegtha{ogdmmpmrertmldotsailre and
15 a simlar approach has been utilized for the Ieutrd?pln eceptor.. It is

appar ent % haPot§BeiNds8ss the #litng of Mgt tascongifiopedjRediyma fequges the BRdNg peat s,

d t 0 ted b
The 1incar BACS DHRELERY o6 RE 8D, SERIR ikl Bople R RV NERGR G 1

repeat - am I’lON@gj‘GHIﬁ'BﬁenBsﬂﬁn ol 028 stinifAeB rdcefemt - car boxy term nus conserved
cysteine rich regions at each end of the |leucine rich repeats are also

required for 20 @Of%rﬁlﬁﬁIﬁ@i sygtemgyr wielusrdubilerepepiar digandecaoneiess aanbleck gener ate

Nogo by ool U BLNG St gFa0e P RLBEE BB b of ertiChapal I F bRk ng o

si gnal  t{@ansHyGEeto bRtk 3eErotrBpHih FedinB ¥ndNRAPe&bexddhsReRAisBdfok thid lhﬁpdy@go

receptor is to provide excess sol uble ectodomain of thé receptor.
secreted frafhen el (hNbgeewrece ps.cl77@o bl eﬁltwntaaselb,etbﬁNpg@d@’b@B ¢ct0 HEK293T
cells. The cDNA en i ues 1- 348 of the Nogo

in mno acid resi
receptor wer@lb Té’gex 1%@{31311%%@@8?;%? %RI&F% SS‘FPI\‘}@C"PHPGIE anet 2 DNA was

Condi 11 oned S .uﬁﬁﬁ%?’“fh e et S b i

receptor frageidrs (Cacalano et al., (1998) Neuron 21, 53-62). The Nogo-66/NgR-ecto complex
15  does not cause growth cone collapse in those neurons (chick E7 retinal ganglion cells)
which lack the Nogo-66 receptor but containing other components of the Nogo signaling
pathway. This indicates that NgR-ecto functions as a blocker of Nogo-66 signaling.
In direct tests, the NgR-ecto protein protects axons from the inhibitory effects of
Nogo-66. NgR-ecto prevents Nogo-66-induced growth cone collapse and blocks
20  Nogo-66-induced inhibition of neurite outgrowth from chick E13 DRG neurons (Figure
12). Furthermore, the presence of NgR-ecto protein blocks the ability of CNS myeln to
inhibit axonal outgrowth in vitro (Figure 12). These data demonstrate that a NgR-ecto
protein can promote axonal regeneration in vivo.
Although the present invention has been described in detail with reference to
25  examples above, it is understood that various modifications can be made without
departing from the spirit of the invention. Accordingly, the invention is limited only by
the following claims. All cited patents and publications referred to in this application are

herein incorporated by reference in their entirety. The results of part of the experiments
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(NgR-ecto), as denonstrated by immunoblots with an anti-NgR anti body. The
condi ti oned nedi um contains approximately 1 ng of NgR-ecto protein per
liter. | wohe05188- Nogo bi nding assay to COS-7 cells expreBet/mgofaibdl | engt h
Nogo receptor or to dorsal 5 root ganglion neurons, the addition of
NgR-ect o conditioned medi umreduces the binding of 0.5 nM AP-Nogo-66 by
80% Conplex formation between sol uble NgR-ecto and Nogo-66 prevents

bi ndi ng to 0e4474%07% ace receptors. For some receptor systens, such sol uble
receptor ligand conpl exes can block signaling by creating an ineffective
interaction. For exanple, the soluble ectodomain of 10 Trk serves to bl ock
neur ot r ophi ndisilgmdhérmig havebdea publisbed €xemiPet ¢fel.y(206@dNahae 40hi489gdf pdse
(Shelton et al .., (1995 . -Neuroscj. .15, 477- Al t ernativel.y,. the
Nogo 66/ NoR- BE e & OB S: ROTHI BT M CRlong0Ngo kTR WHPARE PREiPheumed
second trans r y Yo : i .S 5 &ﬁ#%nce for this
type of efféggm?Pgﬁﬁg?ﬁgﬁ%%ﬁgﬁsﬁgﬁémfanﬁ?%ﬁaiggggﬁ%Fgu?%gca ano et al.
(1998) Neuron 21, 53-62). The Nogo- 66/ NgR-ecto conpl ex 15 does not cause
growm h cone coll apse in those neurons (chick E7 retinal ganglion cells)

whi ch [ ack the Nogo-66 receptor but containing other conponents of the Nogo
signaling pathway. This indicates that NgR-ecto functions as a bl ocker of
Nogo-66 signaling. In direct tests, the NgR-ecto protein protects axons
fromthe inhibitory effects of Nogo-66. NgR-ecto prevents Nogo-66-i nduced
growt h cone col |l apse and bl ocks 20 Nogo-66-i nduced inhibition of neurite
outgrom h fromchick E13 DRG neurons (Figure 12). Furthernore, the
presence of NgR-ecto protein blocks the ability of CNS nyelin to inhibit
axonal outgrowh in vitro (Figure 12). These data denonstrate that a
NgR-ecto protein can pronote axonal regeneration in vivo. Although the
present invention has been described in detail with reference to 25
exanpl es above, it is understood that various nodifications can be nade

wi thout departing fromthe spirit of the invention. Accordingly, the
invention is limted only by the following clains. All cited patents and
publications referred to in this application are herein incorporated by

reference in their entirety. The results of part of the experinents 65 WO
01/ 051520 PCT/ US01/01041 044574-5073

66



di scl osed herein have been published (G andPre et al., (2000) Nature 403,
439-444) after the filing date of U S. Provisional Application 60/175, 707
from whi shovhox5mppl i cation clainms priority, this publiceCT/@sotmang n
incorporated by reference in its entirety. 66 WO 01/051520 PCT/ US01/ 01041
044574-5073 What is clainmed: 1. An isolated nucleic acid nol ecul e selected
fromthe group consisting of: (a) an isolated nucleic acid nol ecul e that
encodes t heo#sd7as0zxci d sequence of SEQID NGO 2, 4, 8, 10, 12, 14, 16, 18
or 20; (b) an isolated nucleic acid nolecule that encodes a fragment 5 of
at least six (6) amno acids of SEQID NO 2, 4, 8, 10, 12, 14, 16, 18 or
20; (c) an Wsaliatlewheducl ei ¢ acid nol ecul e which hybridizes to a nucleic

i d nol ecul th | NO: 11, 13,
15, 17 or 10" undel AR B RHGERCY "EHAE AL PRI PayP SPPsG0H 8t I Ruch of

aci d mol ecul g,k Huc%w L&@ﬁfm&@m% ¥ndolidiné dimtihg 2B 56RRAC thmi ogy to
SEQID NO 1, 3, 7, 13, 15, 17 or 19. 10 2 i sol at ed nucl éic
acid nol ecul& 16f1% ﬂallm ]]8or\Mti)e(tQan1stoln®dnmclle&|a01dmolebulermttemud>®s e flpmerges

nucl eoti des 166 to 1584 of SE 1 or nucleotides 178 to 1596 of SEQ
ID N0 3.5 1513t legi 6ixj (Qhrmaipe act ﬁ%%&%%ﬁ@e&%l@ % 1641 185 90 29; (Chifer ei n sai d

nucl ei ¢ aci dsc&g%& ﬁlt?clfmg aélé m%Pe%ﬁl%QJﬁ_{ch ﬂﬁhﬁlq?s t§ a(ﬁﬂa i 501H%oq%f;qffeo{ %@ﬁs&@ ontr .Ol

el enent s. nuc el ¢ acl claim

1, 2 or 3. %n@meenh@ﬁswﬂbh\l@ r1aasi or MEA3113, CP& @ uhdbigghttehgdney aci d
mol ecul e of claim1, 2 or 3. 6. A'host cell conprising a vector of claim

4. 7. A met hesaditions; padd e isglated porlgisepidintdecslapith ailengt &eﬁ@txﬁé?)(%ﬁﬁ cul turing

3 under condtrearsres hrentt ket B BE 1Ehdoded” b loa BT eic i d

mol ecul ;g s expressed. 8. An isol ated pol ypepti de produced by the nethod of
claim7. 67 WO 01/051520 PCT/ US01/ 01041

2. The isolated nucleic acid molecule of claim 1, wherein the nucleic acid
molecule comprises nucleotides 166 to 1584 of SEQ ID NO: 1 or nucleotides 178 to 1596
of SEQ ID NO: 3.

15 3. The isolated nuclejc acid molecule of claim 1, wherein said nucleic acid

molecule is operably linked to one or more expression control elements.
4. A vector comprising an isolated nucleic acid molecule of claim 1, 2 or 3.
20 5. A host cell transformed to contain the nucleic acid molecule of claim 1, 2 or 3.
6. A host cell comprising a vector of claim 4.
7. A method for producing a polypeptide compﬁsmg the step of culturing a host
25  cell transformed with the nucleic acid molecule of claim 1, 2 or 3 under conditions in

which the protein encoded by said nucleic acid molecule is expressed.

8. Anisolated polypeptide produced by the method of claim 7.
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044574-5073 9. An isol ated pol ypeptide selected fromthe group consisting
of (a) an isolated pol ypeptide conprising the am no acid sequence of SEQ ID
NO 2, 4yo8posuS0 12, 14, 16, 18 or 20; 5 (b) an isol at edr@DUS@eEPdiIde
conprising a fragnment of at least six (6) amno acids of SEQ ID NO 2, 4,
8, 10, 12, 14, 16, 18 or 20; (c) an isolated pol ypeptide conprising the

am no acid sequence of SEQID NO 2, 4, 8, 10, 12, 14, 16, 18 or 20
conpri si ng o674680M0r e conservative amno acid substitutions; 10 (d) an

i sol at ed pol ypepti de conprising the am no acid sequence of SEQ ID NO 2,

4, 8, 10, 12, 14, 16, 18 or 20 conprising one or nore naturally occurring
am no acid sequence substitutions; and (e) an isol ated pol ypeptide with at

| east seventy-five (75 rcent .am id _h I .t0 S ID NGO 2, 4, 8,
10, 12, 14, 16, _1984(511@@2&@%‘@@@%@%@%&%ﬂ’ﬁ%r%gggﬁlﬁ@gé’ _(r?p_risi ng the
pol ypeptide of eic risol%@d tl?pgg%&eo%dﬁlﬂggﬁé%ﬁﬂhé 5 s&RIRADFEEONDAQOPLT Si ng

at | east one of the polyp arm 8. 20 12. ‘An anti body that’ bi nds
to a pol ypept 8di®, 0f, 14| 56,18 8r 24,3. The anti body of claim 12 wherein said
anti body is a nonocl gnal antibody. 25 14. The antjbody of claim 12 wherein
sai d ant Pbody is @@dﬁ%@%mlypeaﬁ%@ epeprising pofragment of gt lepd @i (B anging peifly of

wher ei n sai i ' Ny .10 01/ 051520 PCT/ US01/ 01041
044574- 5073 .ﬁkﬂgg%iéﬁhawﬁq??%%ﬁzg’elr%ogzgﬁ mal whi ch conprises the nucleic

acid nol ecul es  qt) fligilddpolPpeptidsdcondpfising theiniiad a@fl séqiemdeidf BEQIDANOagent
whi ch nodul at es go protein expression 5 or Nogo receptor protein
expressi on cofpll, $2.0d, tha8 ot %gormrismg one or more conservative amino acid
substitutions;
10 (d) an isolated polypeptide comprising the amino acid sequence of SEQ ID NO: 2,
4, 8,10, 12, 14, 16, 18 or 20 comprising one or more naturally occurring amino acid
sequence substitutions; and

() an isolated polypeptide with at least seventy-five (75) percent amino acid

homology to SEQ ID NO: 2, 4, 8, 10, 12, 14, 16, 18 or 20.

15

10. A chimeric polypeptide comprising the polypeptide of either claim 8.

11. A pharmaceutical composition comprising at least one of the polypeptides of

claim 8.

20

12. An antibody that binds to a polypeptide of claim 8.

13. The antibody of claim 12 wherein said antibody is a monoclonal antibody.
25 14. The antibody of claim 12 wherein said antibody is a polyclonal antibody.

15. The antibody of claim 12 wherein said antibody is humanized.
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(a) providing a cell expressing a Nogo protein or Nogo receptor protein;

(b) contacting the cell with a candidate agent; and (c) detecting an

i ncrease w0 odeusmase in the | evel of Nogo protein expressPOVUSHL/0INIGO
receptor protein expression in the presence of the candi date agent relative
to the 10 | evel of Nogo protein or Nogo receptor protein expression in the
absence of the candidate agent. 18. A nethod of identifying an agent which
nodul at es ap44seasd7one activity of a Nogo protein or Nogo receptor protein
conprising the steps of 15 (a) providing a cell expressing a Nogo protein
or Nogo receptor protein; (b) contacting the cell with a candi date agent;
and (c) detecti ngeam hécheamarapsgetRn@ns evhich doh®ribe\ied meleidNajfompleoiled n
activity or Nogo receptor protein activity in the presence of the

candi dat e agésieiadlApi%e to the | evel of Nogo protein or Nogo receptor
protein activity in the absence of the candidate agent. 20 19. The net hod
of claim 18 wherein the activity is growmh cone novenent. 20. The net hod
of claim18 wherejm Aﬁ@th@gemdgmﬁ%ﬁgIaﬁa%&@whfcﬁmddh@te@ NP prat@lA Sksibdsiva of a
Nogo protein fragnment, an anti-Nogo anfi body and an anti-Nogo receptor 25
anti body5 2lor Nagneedepidr pbteindemptassign oguiarisbigtbé stepspdr t ner for a Nogo recept or
protein conprisi th .steg of . 69 01/ 051520 PCT/ US01/01041
bad574-5073 () HADRPHING caeREgueREe o G 21 Mo B RGASER ng the Nogo
receptor protein i&%@ i [(WaTo' tper; and (c) detecting

bi ndi ng of the céﬁ%% g?% |ﬂggﬁgﬁ%g??%%%&?%éﬁhéﬁkbgo receptor protein. 5
22. The net hod of(crdedctingdn inbresseion dédreasbinnte RgelpdNope protsin sgiressioadr f r om t he
group consisting of a Nogo protein fragnment, an anti-Nogo receptor

ant i body, arlﬁ%g@trpoepm@@t@ﬁew%wnmhﬁwww phtsemdidatgngent rﬁhﬁ@ﬁoﬁa@d
i - i : A . i
g;ts't . mogﬁs gﬁgsgeﬁ)gflﬁogoné%ég% (?f N8 redptOF hld0sh Qlprdsbi6Rt N9aRe @Y iR calBhHOUS
agent.

18. A method of identifying an agent which modulates at least one activity of a
Nogo protein or Nogo receptor protein comprising the steps of:
15 (a) providing a cell expressing a Nogo protein or Nogo receptor protein;
(b) contacting the cell with a candidate agent; and
(c) detecting an increase or decrease in the level of Nogo protein activity or Nogo
receptor protein activity in the presence of the candidate agent relative to the level of Nogo

protein or Nogo receptor protein activity in the absence of the candidate agent.

20
19. The method of claim 18 wherein the activity is growth cone movement.
20. The method of claim 18 wherein the agent is selected from the group
consisting of a Nogo protein fragment, an anti-Nogo antibody and an anti-Nogo receptor
25  antibody.

21. A method of identifying a binding partner for a Nogo receptor protein

comprising the steps of:
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10 conprising the step of adm nistering an effective anount of an agent

whi ch nodul ates the expression of a Nogo protein or Nogo receptor protein.
24. The meohoasisfo cl ai m 23 wherein the expression i s decrerab®do1/o10d8 25. The
met hod of claim 23 wherein the expression is increased. 26. A nethod of
treating a central nervous system di sorder conprising the step of

adm ni stering an effective anount of an agent which nodul ates at | east one
activity of045748@f8 protein or Nogo receptor protein. 20 27. The net hod of
claim 26 wherein the activity is inhibition of axonal growth. 28. The

met hod of claim 27 wherein the axonal growh is at the growh cone. 25 29.
The met hod of cl da)rprQ\SdeeE\bgﬂretcnmla}u’Diem,ty is decreased. 30. The rret hod of

Consi S11ng of - SEE) B ReEe T8 e eRush Sy Vo7 0 148 PRty URBL) 01041

044574-5073 31. THeseMmRl pmmﬂﬁ g 6f e %@a%&ﬁéb&tﬂ@rt@@%og&e%{&ﬁ%from

the group consisting o Nogo protein fragnent, an anti-Nogo receptor
anti body, an anti-Nogo receptor anti body fragnment; and a hunani zed

anti-Nogo receptor antibod 32, The nethaod_of claim 26 Chﬁr ein the agent

is a sol 8bl e Nogd? rgééﬁieg‘rogﬁfﬁ 1 whepgin theyainding pEmers selegtediram hher ei n t he
sol ubl e Nog C [ ng of a
ol ubl o rocdnt o SheR ENEREpl iR B bR Db ARBEEMALEAN 03T D 1
2 or 4; a schégblr@ce HRE BR1bedy REGh®@I; AN @Mafasizatint-Nogge®pior afitibatly 10 | east si X
(6) amno acids of SEQ ID NO 2 or 4; a soluble receptor proteln conpri sing
the amno acid sequence of SEQ | D NO 2 or 4 conprising one or nore

conservative am aci utions e4Le ept rotein

comri sing the anond ket ddfbe b GRalad s e bR ARSI ng one o
nor e nayyr alcbl\hpﬁﬁﬁg'ﬁfe sFé? o@%&s%&aﬁ@ﬂé&ﬁ@@@mﬁ%ﬁ arf dplehiONSich AREulReSBleubl e
receptor protein with at least seventy-five (75) percent amno 15 acid
honol ogy t o eSEEsdidd M@ NERo@rotdin oBMogd teeeptetraidinof cl ai m 26 wherein t he
activity is increased.

24. The method of claim 23 wherein the expression is decreased.
15 25. The method of claim 23 wherein the expression is increased.
26. A method of treating a central nervous system disorder comprising the step of

administering an effective amount of an agent which modulates at least one activity of a

Nogo protein or Nogo receptor protein.

20
27. The method of claim 26 wherein the activity is inhibition of axonal growth.
28. The method of claim 27 wherein the axonal growth is at the growth cone.
25 29. The method of claim 28 wherein the activity is decreased.

30. The method of claim 26 wherein the agent is a polypeptide selected from the
group consisting of SEQ ID NO: §, 10, 12 and 18.
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35. The nethod of claim 34 wherein the agent is a pol ypeptide selected from
the 20 group consisting of SEQ ID NGO 14, 16 and 20. 36. The net hod of

cl ai m 23 w0 0R@&134ver ei n t he central nervous system di sordePCTwSO1@10Aasul t of
cranial or cerebral trauma, spinal cord injury, stroke or a denyelinating

di sease. 25 37. The nethod of claim 36 wherein the denyelinating disease
is selected fromthe group consisting of nultiple sclerosis, nonophasic
denyel i nat | oM57€A0%phal onyelitis, nultifocal |eukoencephal opathy,
panencephalitis, Marchiafava-Bi gnam disease, pontine nyelinolysis,

adr enol eukodystrophy, Pel i zaeus- Mer zbacher di sease, Spongy degeneration, 71
WD 01/ 051520 PCT/AUSChe ethnd of olains 26 wheorzd: the @@a‘hléé?le@eddi@@ﬂ@@mmnavan s

di sease, netachromat.i ¢ | euk tro hy an rabbe' s as
i sol at ed pefPPEETER ??\E’%Bfo%]%ﬁ ‘tl\g’gé{r‘?\cﬁ@%r ?’%@8@( 8?3?)1? &og?n wher ei n
5 specific qé p o &thnq% ahﬁ@dh‘ﬁgﬁ EeERIRniMAlei N has at | east
one of the ?Oog\?né) %;ﬂ?%rgt S~ Hu?lnhl biti ono%f %Pn |anng of a Nogo protein
to the Nogo receptor protein, (b) bI ockade of Nogo-nedi ated inhibition of
axonal growth, (c) nodul ation of protein expression; or 10 dém

i de of

modul ati 8n of Noge- riée&sihed %P@%%W&rﬁ%&%%ﬁﬁt lsegoluhiﬁ&hg%ffcspfeaprﬁ

claim 38 wherein the am no acid sequence of the isolated peptide is
selected fromthe group consisting SEQID NGO 8, 10,12, 14, 16,18 and 20.

15 72 33. The method of claim 32 wherein the soluble Nogo receptor protein is selected
from the group consisting of a soluble receptor protein comprising the amino acid
sequence of SEQ ID NO: 2 or 4; a soluble receptor protein comprising a fragment of at

10  least six (6) amino acids of SEQ ID NO: 2 or 4; a soluble receptor protein comprising the
amino acid sequence of SEQ ID NO: 2 or 4 comprising one or more conservative amino
acid substitutions; a soluble receptor protein comprising the amino acid sequence of SEQ
ID NO: 2 or 4 comprising one or more naturally occurring amino acid sequence
substitutions; and a soluble receptor protein with at least seventy-five (75) percent amino

15  acid homology to SEQ ID NO: 2 or 4.
34. The method of claim 26 wherein the activity is increased.

35. The method of claim 34 wherein the agent is a polypeptide selected from the
20  group consisting of SEQ ID NO: 14, 16 and 20.

36. The method of claim 23 or 26 wherein the central nervous system disorder is

a result of cranial or cerebral trauma, spinal cord injury, stroke or a demyelinating disease.

25 37. The method of claim 36 wherein the demyelinating disease 1s selected from
the group consisting of multiple sclerosis, monophasic demyelination, encephalomyelitis,
multifocal leukoencephalopathy, panencephalitis, Marchiafava-Bignami disease, pontine
myelinolysis, adrenoleukodystrophy, Pelizacus-Merzbacher disease, Spongy degeneration,
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Alexander’s disease, Canavan’s disease, metachromatic leukodystrophy and Krabbe’s

disease.

38. An isolated peptide that specifically binds to a Nogo receptor protein wherein
5  specific binding of the peptide to the Nogo receptor protein has at least one of the
following effects:
(a) inhibition of binding of a Nogo protein to the Nogo receptor protein,
(b) blockade of Nogo-mediated inhibition of axonal growth,
(c) modulation of Nogo protein expression; or

10 (d) modulation of Nogo receptor protein expression.

39. The isolated peptide of claim 38 wherein the amino acid sequence of the
1solated peptide is selected from the group consisting SEQ ID NO: 8, 10, 12, 14, 16, 18
and 20.
15
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