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15 FIELD OF THE INVENTION
The invention relates specificaily 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 compositions and methods for the selective blockade of Nogo
receptor-mediated inhibition of axonal growth by blocking the 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



grow h cone. Gowh cones are responsible for sensing the | ocal environnent
and noving toward the neuron's target cell. G owth conespafgsthdindsshaped.
with sev¥P; 1/51528ng filopodia that differentially adhere to surfaces in the
enbryo. G owmh cones can be sensitive to several guidance cues, for

exanpl e, surface adhesiveness, growh 5 factors, neurotransmtters and
electric fields. The guidance of growmh at the cone depends on various

cl asses of adhesion nol ecules, intercellular signals. as well as factors
whi ch stimul ate and inhibit growth cones. The growmh cone | ocated at the

end of a growing neurife advances at .various rates I | y at the
speed of B%ENQV\‘A(?OS% rqwtfilcP?Teétaé?Ees%(g}mbd%&r ST ﬁz()d&l)%%{ilrsottn}sépegg Qllzlad broad and
flat expans)af oWatdhrPUBELAYSarkl: LANGBLER O8REERSAN shigapadhacidat ext end
i ke spikes. ese filopodia are continually active. ile sonme fil opodia
retract baglg filopadih fet diffevdniniatip adherotcherfceantthaersbtyo. Gebeotlgetnss €r ough t he
substratum The el ongations_ between_ di fferentgfi I%i%gdi a form lanellipodia.
The gr owt Re 8eEiVEdR Seer GrElappfecugs 8T EXARPIF-SUHA HVERSSHFOBI ei t her si de
with 15 its |lanell] ' fi 8. i s in

cont act witaes BB R e

el ongat i OQeSAE Sn ivarti QusCRBEACIT adhésforamofeawies,dhleeceliulaf signals.ids vodinds nues to
extend and can mani pul ate the growth cone noving in that direction. Hence,
the growt flactersevhieinstivenlejaiané enhpiit sioath congsi die gFaVthroBslocaicd at PEsperti es of

the substrata. Wen the growt h cone reach an i t..cell a
20 synapt P?a(gb%WBEf‘FWHeianggﬁﬁtgépof%@edeﬁliﬁ%%ﬁ}s)gtglgggrji%%g? Iégléeg@rtg?e inthe
central n%iﬂﬂx?'éer%éa%f &1, (FEl¥Sbne BN NDbloBl Why ABLSphiisidi, atitBnaRetotd sease.
The absence of axon regeneration followng injury can be attributed to the
presemue Mngaxinospikesbh filaphiiitharestendhidks epikenhl st fitapodracarp cemisaHant | y

associated wth nyelin and constitute an inportant barrier 25 t
r egener at @g#ve. AXBHe @f?%?\fi}?ppﬂﬁirﬁtir%%r’%&a‘ﬂ@ 1B SEuh PRS- QUETHEM Wéla??‘ryel in and

e B mIRARUID G A0l e g D e
an el abor adigelBpddinsi on of the oligodendrocyte 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 to regeneration. 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 01/51520 PCT/ US01/ 01041 A single oligodendrocyte nyelinates as nmany as
thirty differe CNS axonal segnents. (digodendrocyte ne ensi ons
wr ap ardWﬁH"?Hggaxons in a concentric fashion to forn1thgéﬁ§§ﬁVﬁ6@heath.
Tightly conpacted mature myelin consists of parallel |ayers of binolecular
| i pids apposed to | ayers of hydrated protein. Active nyelin 5 synthesis
starts in utero and continues for the first two years of human life. Slower
synt hesi s continues through chil dhood and adol escence while turnover of
mature myelin continues at a slower rate throughout adult life. Both

devel opi ng and ture . fornms of elin are _suscepti bl o injury from

diseasg pg\ﬁH9§P &gd?¥%ﬂﬁﬁ?P¥§HF$%ﬁﬁ%waéﬁgggﬁggﬁréﬁ(ﬁﬁéﬁﬁ@"%$%¥?%“&.

sur roundi r&i@é@xﬂﬁocﬁ@ n‘{%réﬂ%’e@(%éﬁﬁﬁ@%ﬂ) ArOR Piht Ak SnsARRERNcERriBEasBioRr | MBI'Y
ot fallure of

contri butor e CNS axon regeneration in vivo after an

i nt er r upt it® forpf thaxoréh sheat.i Mightly compidted ohtiees mynlbmeonsedts of pssltadi at ed axon
gromh inhibitors in the CNS may play a | esser role. These inhibitors bl ock
axonal r edwises dfthimalocslar bds grprsar Hhiélyelis Rf bydragd @reteing (i MYy oke, or

viral infection, .15 Nunerou i n- i [ i Nkl bd have
been chga]tr §1¥I‘tlt5e1 TS EFS ('dee afngrc%gél%egv{/?ﬁ B%él? t\g{)(gg%r.g ??%@5%9%585134547;
Bandman etyyghesis £9s WHrdhgh cRatiksdd &d8a8ledddBie wahvabnotel 29Gatieur ochem
Res. 21, 7%5-761). Several conmponents of CNS white matter, N135, N1250

(Nogo) andnydjiglcontimess ot # alosdr ragt heopshoteddult(NAGR othwvelopHeandi m#bssi t or y
activity for axonal. extension, have been ..20 al sqg been described (Schwab et
oV S oty nitart Sl mame Sy b o et RE R L SR s e "

par ti cul arg..Nagehd &t tBe ARAK B sl i@gsoci ated axon growth inhibitor
whi ch has e%en gﬁoned lfiﬂ?glcharact erglhzed (Nagase et at., (1998) DNA Res. 5,

355- 3645 SchwalMydli028)cifbed intiNeitore hppedD®, be2 frjmarFlveniibgooraOhlk fadsrefafr st
identified through random anal ysis of brain CPNA and had.no a}g%g st ed
function AENY RERIESECHSEAtN in VPPFEigY ADNeTRIRSIon 9T axenal eginuitg w fid

colcagues L 1G5, SORUEDGR, by ROR a8y gl ved [ rom
at., (1998hede inBitdors BIOEMAX0AEBregdi@283n{ORSBhg nfuphebiahlre dhekd trhengt h
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 er al., (1990) WO9005191; Schwab ez 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 er 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 ef 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 ez al., (1998) J. Biol. Chem. 273, 19283-19293). A probable full-length
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3 WO 01/51520 PCTI US01/ 01041 cDNA sequence for this protein was recently
deposite 661”%1 GenBank. This 4.1 kil obase human cDNA clpeR@;solihyaP886, is
derived fromthe Kazusa DNA Research Institute effort to sequence random
hi gh ol 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
human Nogo- A sequence shares hi gh honol ogy over its carboxyl third wth
the Reticulon (Rtn) protein famly. Rtnl has al so been terned

neur o- endocki.ne  specific.protein (NSP), because .it, I e d, excl usi vely
in neuro- eﬁéggrﬁeﬂggi%lf rst%.isd’r?Vghw%gere erfﬂge&gf) Slge(la.l?tﬂtelég%%%i S%% ?? Sci. 107,
2403- 2416) ki1 ake RiMaPFONA H5ns kAR 0R86 A0 QeAEdRoRGheKhAKh MM RRgéHEh Of

sequence simlarity at the carboxyl term nus of the protein (Van de Vel de

et al., (1B8djutdeff@eld seqSeice raiGipm RighIaciddbar \Rbglhirln_@ih-@ti\’ad ¢DNA(1996) _
ot Al (10Ul SR e 01 404 Ao £289u5T0 TERTAY B ophys.
Acta 15 14 = : E j hthe fly and
wor m gehonts B n L e P K Bt S B o b g oni €
appr oxi mat Bbyo.70% identical across the Rin famly. Am no term nal regions
are not related to one another and are derived fromvarious alternative
RNA spl i cing evéhe Bumps dwsarapspyrrceshaiss figdmoaslagpes i gainxy HeiréenBank
protern ar 8 ittt RBEoR ST Ry Aok 2l Do Sh TR AR lorhle 0o
possi bly ceiaRRRb@it ANSWIRcadB e is exRERED ckdIgsiRdly i BAIr6-cheddinedarss of the
N135 and N1250 (Nogo-A) axon outgrowth inhibiting activity. Nogo-C Myc
exhi bi 1& afVai d&cYeldphoalet(l 29418 bCeli.1Sg1.d07 254034 Igy. ASDRnPATEInaskrrhas been

doscr ! bed BLPYLOUSLY, 85, B8, ST YRROLS. The, 2L L L oL g MR Aproteln
daa"a30; PR oY B oy R R0 PR | o3 tfgay e ok 2%
(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 Rtn4 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 er al., (2000) Nature 403,
434-439; Prinjha er 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/ 51520 P éUSOl/01041 injury has been attributed as 16338 1RL t he

pernanentw%gll/ %ious effects associated with trauma, stroke and

denyelinating disorders. Mdul ation of Nl 250 has been described as a neans
for treatnment of regeneration for neurons damaged by trauma, infarction
and degenerative disorders of the CNS (Schwab et al., (1994) 5 W9417831,;
Tatagi ba et al., (1997) Neurosurgery 40, 541-546) as well as nalignant
tunors in the CNS such as glioblastoma (Schwab et al., (1993) U S. Patent

5,250,414; . .S t al., (2000) U. Pat ent 6 5,333 i i whi ch
recogni ze Nﬂ‘?‘%glvéﬁg@% ‘Hg&’ﬁ“erd((aaﬁc?r‘iaéﬁe ?@h‘f)ggr&gagpﬁtl de’?ﬁier{l%é &%th\glasg)?%géd:zd '

treatment QfyneLYe JANRIRITRENLEAID o QM AVBRuIaliBh BF N2 W hAMed O
degener at i \%t Q?dglor ders of th%s (écrlmel Ir & Scﬁva\l/alb, (1990) Nature 343,

269-272; Sedavibkd ed a aleans foi 88Anett & reRatcemtonFpE@ArdiB3lamalgad Ax trasmahi ch
becone nyelinated, there is a correlation with the devﬁ@ﬁment of nyelin
and the app¥aicteandfeaqpeiative diserdersigidler ¢ §SpiSsbrah ehy/-4 odi es, neurons

can agajn r : i gn F ) .
(1605) “br o ORI 137 P AT €21 A P USRI B4 S LR L RSB EY
action whepghyrs NogR N iiit & AxbRslongr©ehhathars:/NO199BRU.S. Feesmt 6250j4dat ed.

| dentification and characterization of this nechanismof action and the
bi ochem caSclpsitthetay/s (28906 atlatenibO0RS BRB)- ef f ect s of Nogo woul d be useful in
treatnment of disease states associ i th axanal  i.nj ur : nal

denyel i nati on. W&V Oﬁqgem%?\%&efﬁéep&nggé%g ei}ﬁﬁe\%gﬁl fhé% i s based
on the di sgpVREYs Ad NOFRAETERNRdaR a0t BdsORindTEbm la@hadinbdion At i ve Nogo
protein (li1gand) fragnments. The invention provides an isolated nucleic
aci d nob ecdbgensettiee desdrderonf the ENgr Gupnabi Schtviahg(1690)a¥atineol 48t 8eP-2hlicl ei ¢
acid nol ecul e that enco

o S SR bl B L BT BSTUTER L SERLE NG 4 O
o ST ey 0 o8 o o DR bl Yo
10, 12, 14 AfkBNok8 ioblodkkd Brantibodias,e@duious ke agae bxtend 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, §,
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
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nmol ecul e which hybridizes to a nucleic acid nolecule conprising the

conpl enent_ of WO 01/51520 PCT/US01/01041 SEQ ID NG 1 11, 13,
15, 17 O»@Tgﬁﬂﬁ% hi gh stringency conditions; and an .ngg?gg”%ﬁﬁ | eic
acid nol ecul e mnth at | east seventy-five, e.g., eighty, eighty-five,

ninety or ninety-five percent amno acid sequence identity to SEQID NO 1,
3, 7, 9, 11, 13, 15, 17 or 19. In a preferred enbodi nent, the invention

i ncludes an isolated 5 nucleic acid nolecule conprising nucleotides 166 to
1584 of SEQID NGO 1 or nucleotides 178 to 1596 of SEQ ID NO 3. The

present inyent r r, Lncludes aci d_nol ecul e rably

|l inked to §ﬁ22ﬁ$R%%H Bgﬁﬁ?lg&ﬁ ﬂgééaf%8| §F6W§ngngem: |nﬁ%§é%§§$s

conpri si ng;idNfeq 111%?&1@5&@ e8! itRGt RafRbeGIH-ESe, oId) %1F1&yeabh@nﬁ\fwr t her

i ncl udes host cells transfornmed 10 to contain the nucleic acid mol ecul es of

t he |nventnﬁmqamdnmﬁyhbdqmﬁmntmnmﬂuwuhgqaﬂmpn&mBBHOéHKbHD§Khd»bhé Step of
culturing a host cell transformed with a nucleic aci @Elecul e of the

i nventi on bhdeh 1éohapt 1Bna 4 melkAee RMPAIMNb RS WVF%UOé‘x‘B? < SR pr esent
| nvention | ngludes ﬁ@@gkg&ﬁﬂsﬂg YDERIAAY 6B ) PEALL SHOTHIG: BEOUP

consi st?ng"6f “an 150 ofypepti de conprising t no aci d sequence of

SEQ I D 15nNeotddes478 80 1495 ofIEQ 1B, NAG. 18 or 20; an isol ated pol ypeptide
conprising a fragment of at |east six, gh ten, fifteen, twent

twenty-five, thil presmtrmyennpnffmyrhersm@%ws ¢ myslanegjd Ww&esaﬂeepﬁbf SEQ I D

the ainb JekH EaRADFie0 DG 9ot ghB fhe L eReRyERingRTPT )51 O

conpri si ng; i,k LARYCiIONEd rfolbeulest IR, int@on finkic@ Bt 1QIes hvRRENs GamIemeat i ve
am no acid 20 substitutions; an isolated pol ypeptide conprising the am no

aci d seguenceomdin Bczic AIGH nlectes®f tHeQinvartionlapd nmh0®8coopr0m)cmeﬁrpr i sing

one, e.g., five, ten, fifteen Pr tment ural §EQEC%% I&g aning aci d

sequence sBF¥ENCOMPETRE haeeRAl FUBNZe Oﬁbcie;l Wi Pedd
seventy-fi Yfoledtidof € hgghefon &a&b%égle{&m wa{ the 9Fot&h'?§5>)brf:§s¥@ per cent

am no aci sequence Identity to 2, 14, 16, 18 or
20. The inventi qme%&sahﬁﬁvenmohm&sdamhm;ued p@lwmmmsdlestedcﬁmmtmgn@m he

am no acid sequence of SEQID NO 2, 4, 8 10, 12, 14, 16, 18 or 20
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, 8, 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, 8, 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 ant n be
monocl onP 918134 01/ 51520 PCTI USOI / 01041  or pol yel onal L PERRISESuAn >

addi tion, the antibody nay be humani zed. The invention also |ncludes

anti body fragnments which display antigen binding activity. The invention

i ncludes a nethod of identifying an agent which nodul ates Nogo protein or
Nogo receptor protein expression conprising the steps of providing a 5
cell expressing a Nogo protein or Nogo receptor protein; contacting the

Il with di dat t d Lgct th
evel "of DS B DGR BRI S0P ECBp BRI M S/ BGLCSh | TRGBP osence

of the cangj ?%cﬁlcf’éggmb({dslf?atéﬂe%t e i E@lSR Z\éﬁ lizQf bil@@Q aBfi@kei n or Nogo

receptor protein expressron-in the candidate agent. 10 The
invention al so Th¢ldasorBingRIdBOM nethdddgnddntiyying amagage\ﬂncwdmndlhiatmdul at es

at least one activity of a Nogo protein or Nogo rece tor (%t ei n .conpri sing
the steps N@gopr@vn@irﬁ@gar@c@ploré’%ﬁﬁ@%mgﬂan FTED I PPED |s,1;pp(§ T REY&LiP&Eept or

e CPILBBELIR, el R AR gt s 0

I NCr eas eve go receptor protein

activity i @aﬂdli}ﬁitéjﬁ@%? NG defecti Meart RaFbaskas@leagasy inkhe fe@bladfiNezd grotefieod evel of
Nogo protein or Nogo recept or prot ein activity in the absence of the

candi dat e alggmrecepucpr prigcie ghp@saemin the ptehenqemfélmqa@ﬂldatel”?egeﬁ@teia@'/ll‘/?90 fhe growt h
cone anenent |.n anot her odi nent, the agent cted m t he grou
consi st i ngl®f! %fWoorBWB%%ri OFG LEGPRIAT PTOLEHR £X 5’ dH l?eb% §n%enc%f!tg%t| - Nogo P
recept or ggﬂﬁ{% YoeneO The invention further includes a method of
identifying a ng partner for a Nogo receptor protein conprising the
steps of provi diTagirvehdgoals€aepides aprcohai of idertdynhganiaggntthisciNogdulagsept or
with a candi date binding partner; and detecting binding of. tﬂg candi dat e
bi ndi ng paftlsest 0ﬂ®a<ftWétYIQf@d\79@c@BEe§P O INBERIEREP P PTG AN %Qﬂﬁ%?‘?ﬂe StePRe

P 18, P RBL PEUCELT SRR SRR lm Ry o
fragment; @&@wﬂhﬁ%ﬁﬁ&lﬁ&t@@g@rﬂ? And detecting an increase or decrease in the level 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
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Nogo receptor antibody. The invention enconpasses a nethod of treating a
central nervougﬁﬁystenl di sorder in a mamal conprising t e r3i@pPoin
admi ni st &9 Hg? effective anount of an 7 WD 01/51520 PCT/U801/01041

agent which nDduIates t he expression of a Nogo protein or Nogo receptor
protein. In sonme enbodi ments of the invention the expression is decreased,
while in other enbodinments, it is increased. The invention further
enconpasses a nethod of treating a central nervous 5 systemdisorder in a
manmal conprising the step of administering an effective anDunt of an

agent which nod tes the gctivity of Nogo pr.otein or

protein. THEDH F‘? GAyiRies g'k? eéP’Eeﬁ%? %@85@8?%%1 0&55585%“8 rlpfo %ﬁgthgct ivity
Is decreagpg, er%xggdlﬂﬁ%ﬁtoffiﬁ@mb@mﬁmghe e?pr@s@l%ﬁ@ﬁ%ér@@se&omﬂé & digert he ami no
aci d sequence o0 12 or 20; a full Iength Nogo

receptor pembediniens, hhgnmnﬁ&ﬁbtor 10 proteln fragnent; a sol ubl e Nogo
receptor protein fragnent an anti-Nogo receptor. antib or active

dy
fragnent thereoffh ePP*PH@*QE?FVPﬁynméﬁﬁﬁéPE§§EH3tﬁ@“ﬁ%éﬁ?“f nSWOB%Iypeptlde
SoLect Sy LBt IRoRP NP GORRKA LbRGr he BRALR Mam A A hOrrelivo! LD € Nogo

recept or p?y n can conprise a east sIx, e.g., ten,

fifteen, twaBkM oftaneREM-THiVIEmotiilatek Yhe dcOikity of & INOlgy preteityr Nogosesepndry am no
aci ds of 15 SEQ ID NO 2 or 4; the amino acid sequence of SEQID NO 2, 4,
8, 10, 12, prbginl@he m@nory rz@y be pichea ifcreasebordlosengsrsh dé ﬂl?faCSEQ)’ ID NO 2, 4, 8,
10, 12, 14 16, risin east one, flfteen
or twenty é?ﬁﬁ%aéfa%’é?? 3%“5% %l’apc’g’a%de GrPLIFES tpﬁggléﬂn% ar%a/ge uégsecguence
of SEQ ID §$be¥) Nb: 8810 ]19 lg-gr 2(141 fuﬁ%ng%N@éo %ept%@ﬁﬂftélﬁ* AV o8h Eceof-

five, ten, teen or twenty naturally occurring amno acid 20 sequence
subst|umtlpnﬁmnmmosmneaenhmuimegnsmqanHQEntﬁa@nﬂarmuusméy§bgmﬁﬁﬁmbrder IS

a result of cranial _or_ cerebral i nal d trok
denyel i nat FHEPYY SEAEE’C EBARD) tgg”%# %ﬁggﬁﬁl %prﬁggé?%ﬁgjur%d?g Lﬁl?ig{ea

scl erosi s, H%g%ﬁ@%%fécgﬁ@o%{ %Rélﬂfﬁconsﬁglﬁf%ﬁl %ﬂ%g\r/fgeﬁbt | $andpétifocal

| eukoencepha panencep It
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 substitutions.

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
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25 Bignam di sease, pontine nyelinolysis, adrenol eukodystrophy,

Pel i zaeu&ogﬁ}' g& cher di sease, Spongy degeneration, Al exapgefsgsiogease,
Canavan' S ase, netachromatic | eukodystrophy and Krabbe's di sease. The

invention further enconpasses an isol ated peptide that specifically binds
8 WD 01/51520 PCT/USO /01041 to a Nogo receptor protein. The specific

bi ndi ng of the peptide to the Nogo receptor protein preferably has at

| east one of the following effects: inhibition of binding of a Nogo
protein to the Nogo receptor protein, blockade of Nogo-nedi ated inhibition

Nogo 8o a Lo B resPRBb A OTR ¢ Og%%gfc REGHELBuRARERS e N3Lo FREMoAL T on of

Nogo 5 rec I'nTexpressi n song e at ed

peptide coppkdispetibly AFaNRaAGhE 05 8RUENGEINQTe SR ihBIbNOGn & biddng 22 14, 16,
18 or 20, or one of the foregoing with one or nore, e.g., five, ten,

fifteen orNbgeptateiodngeoNiegoeceptonuogyi, #lockedssefi Negormediatse iphibiioalofy’
occurring am no acid su t|tut 10. DESCRI PTI ON %: THE F RES Figure 1
- Conpari s&P"8 FREGE BHEFIND § gogiosprgte?c%“é’ﬁ%ﬁ“i% Yi"8Y %?ﬂ%? Surmmari zes

features Offefcléggir o %n Q£}9‘E§5&15 In Yhink B diderdidinse 1§$1HQM peptide éo?n;ﬁfls@bﬂie()gr aph

of NI H3T3 asts ‘cultured on surfaces coated wi th Am no- No
GST- Nogo- 68mifo deid ggatedernf Sid) K NiOndd 16,012, i 4) dnéBbols, ot®nact ihe (scal e bar,

40 gm). (c) is a photograph of chick Elé dorsal root getacnﬁlvi ons cu]tured on
surfaces cBaednsWih OARPABIORLGS; - ISTIRYBEBBOTdVeRY GoPRRCHTHe amine aci

(SUbSt rate gtjﬂg)ongﬂr r\f\gftltngll%g? il ﬁﬂqobarc% t1€u§1 bl e) (scale bar, 40 m.

(d) is a f)lh an |m"runo ere purified

Am no- Nogo- Myc- H| S protein vvas subj ect ed to SDS— PAGE and stained with
Conmmassie Brilliant BIan% or 20 immunoblotted with anti-M/c anti bodi es
(Myc) (ol B&ﬂ@lwo HEFEGHRES O, 116, 97, 65 & 45 kDa are at left).

(e) is ag%%]ﬂ ayi.n erlérental dat a Wnere t he percentage of 3T3
fi brobl ast % M@%&&M 1200 m (spread) was neasured from
experiments as fjif Qlclféfhah@gfé ERR LSk ShirRGeRs fhhaskdf BE N¥gh Brsieingbl e 100
nM Nogo preparations (blue) El\/l Am no- Nogo; AMFMyc, Ani no- Nogo
utilized in this study. (b) 1s 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) is a
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 um? (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  preincubated 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 - mousg,! ti body; Myc+Mo, anti-Mc antibody plus angdr/osdiloe! 9G

ant i body)%.so(}?@s?{g a graph displaying experinental data where the percentage
of spread COS-7 cells was determ ned after culture on Nogo-coated surfaces
or with soluble 9 WO 01/51520 PCT/ USO1/ 01041 100 nM Nogo preparations. (Q)
is a graph displaying experinental data where the effects of purified
preparations of GST-Nogo-66 or Am no- Nogo on grow h cone norphol ogy was
assessed in E 12 dorsal root ganglion cultures at the indicated
concentrati.ons r thirty mnutes, [PES n T-Nogo-66 is
fwo 5 or qer Q0P Negh P FaT o 65 Sl M RS b RB SR e A ERE O™ Oy ' s
a graph d'e%ﬂébt@)bfﬁ@riﬁ&ﬂ@e?éfﬁﬁ&r%'of@ﬁl\)&@&% dr RanieWNédoorDElogripwede per cel |
in E 13 dorsal root ganglion cultures was quantitated from experinents as
in (c) on Nogphalogy eds ssscésad askE 1 ddompltrnosginghoeculogesaitioigdiqatedpar at i ons.
(1) is a graph displaying . experinental . data where ffects of Nogo

pr epar at i or?@n?ﬁliltrﬁgg‘?si ‘%/f@r %F@%Wtﬁs'ﬁhlég?@%ﬁqa@ﬁs téﬁtaéé]ﬁ y%gftﬁ%r}éﬁ‘?%ns was
measured. Q4L 6r fagniQndrk 3G MSn ARLAINU 65N HAE 2ss:3Pd (15NSa Wi N acti on
(a) is g pﬁgﬁggapﬁggﬁﬁc%gﬁgﬂz orrlggtlltll rootg%ggngl i%npe§<pl a%gls/a%t hat were
cul tured anrigspiying éxpeanentabtitapderahs assdd oagroesgrer beltlin Bl Fdoualeod:.

Cultures were 15 exposed to the follow ng preparations for thj I’tf/ m nut es
before fi x&ENSHPIGIUESAY45ivgiHRtH fFomo SERFTAEIBTASITN 65)ANNogueeassd Bifages

(Control); 15.nM - 0).. eagh - 3 (Pep);
15 nM GST- %gé&pﬁO@TiW@\a@ﬁg% Bf%%a%nspi‘ﬁf Qtélﬁ‘gﬁ@é%?yf‘%g‘%‘é’%ﬂg’ﬁg%?. fxlot 2)
that growt iafoNKkeré e FRSE JIWJINOGReraSatitng 6k @eurity oueplinde cattdelliraRanufepl |
residues 1-25 of the extracel lular domai n; Pep2, 11-35; and 20 Pep3, 21-45.
(b) is1a gmaptngwastichsired) the results from growh cone coll apse assays as
in (a). Individual peptides were included at 4 M and the peptide 1-3

m xture was 1 gM of each peptide. CNS nyelin was prepared as descri bed and
the indi CatﬁgnéQt.qhogowméatﬂrﬁég%h&em%w@ts AY31iMaERod Ncl uded in the
cultures. AT results are thé neans s.e.m calculated fromfour to seven
det er mi nati ons. (hieaghumigtepd fichivkfH1@alotdayroot ganglion explants that 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 uM 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 uM, 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 elin but without peptide are indicated (asteri gk; 5,
Student'§£¥ J%@iled t test). 10 WO 01/51520 PCT/USC!/Olgg{ﬂB%?G@?g 3 -
Nogo ant agoni st Pep2-41 (a) is a graph displaying the results of chick E12
dorsal root ganglion growmh cone collapse assays. These assays were
performed and quantified as in G andPre et al., (2000) Nature 403,

439-444. Assays 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

means  s. e m cgl lLated fromfoun determnations. (b) is a graph

di spl ayi ng" tHE é@gg%égéggﬁﬁgkng—exper!nents where binding of 10 nM
AP-Nogo to  chi gk ;El2radRiusdlayiR0he 6308¢ bOdhiEBT DS sNASOIRASHEEEroRsh
described in Figure 4 wwth +the addition of the indicated concentrations of

Pep2-41. 16orkioglinpsedssayblo@bedeapyd tvepr warfominsd bod huditigiod &s GNSrand81 qi
inhibition of neurite outgrowh This fiqure_ is aph ich.displays the
resul ts of ZouggPOWr Eﬁ“réélé)éy‘gg Wt eASSABUV B sco{)\%‘fcéedg%iﬁ{‘ HB é‘ég‘\? n? ﬁ%ntb(ﬁi's )e/ nce of
the indica [ Ya: - -%%go
(GST-Ng%o-ggﬁwggggg?%£§%g%@?8§gs@%g§%§é$¥ﬁ%%$%#g%@PQ%%%ﬁﬁN S‘Sgpéal r oot

gangl i on NEHE ORIGeIEE encatd & ylkead. dahaenedfrandandiscondidtionns (b)kor graptit gr owt h
assays, neurons were cultured in the presence_ of the indicated
concent r at flispleying teissulisiof hinging PERPriCSTINGEGE PodmaR/gd. B¥)AR¥eei? and

crude OCNS nyell rotein. This denonstrates that. Pep2- - rse the
i bi t1 onCBEx 5o Bl Pal smelP B ARy e ?“ﬁ%srure@éf-dﬁé%:rg”%gﬁ%ﬁﬁg?h& nyel i n.
Figure 5 -ylei@an@dnRradi iRgicagssdaYndedfra@Rnalpcpin4go receptors (a) is a

phot ograph of a gel and an i nmunobl ot where the Hi s-AP-Nogo (66 am no

acid) porotein was expressed in HEK293T cells, and purified from conditioned
3\25 m:ﬂ|b]u 21 C g%&?e éll\l LR og(l) -Pgt())ﬂgl?ln?é\% ts I:b%t%l IQOQ/C; g éng ml_ge?inth?}%bitll:c))lfllrc;ffnlegr(ljtepr otein
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 'SDEIE)PAGE ang Ztai ned for total protein with CBB or inmunoblotted with
anti - 0 anti bodi es (anti-Nogo). Ml ecul ar wei ght marker 116, 97,
65 and gWQ"WBbszgre shown at left, and the ni grat?i on of AP?ﬁg@ggg@wPi ght .
(b) is a photograph 11 WD 01/51520 PCT/ US01/01041 of dissociated 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 mnutes at 23'C. The cells were
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 neuropal staining by AP-Nogo that.is displ bel ed
| i gand. (C?? &ésoé‘atijf%bﬁk E?%g?ré !rﬂét @5@5‘?%&%‘?% thafaygen Célf%gt%? Wg%p%w%ﬂcy gf
AP- Nogo and pGJs Ny hiti AER BN E60 AarGet-NaRetfogaRg! Pt oM 1T CoRe
col | apse assays was assessed as described in the anpl e section. The

EC500f AP- dNagowvsvasvadiedd fixedeat noutredlatrfr Grin bedes fo infibiey ateeniogemous AR

L eul . , . . ; .
ar aph G SpPayRhgPpet ProNEHCHB SeARBRE VAR BRI 51O 56" NP S Nogo 1o
chick [E12.dorsal root L1, 00 REY - rd he
or esenct of 30 Tk G R e N R L e T L 0 T e

quant i fi edgfpaMi@XReEd Syetimenas dita whdde ty pbleacyref RBNatgsawdi GET-Nagotime
Exanpl e section. The means s.e.m calcul ated fromeight determ nations
are shown. E(2yhick darsgt moh gatisdion £y9 i coBe exlfdps ASAY Al agssessothey desgkadogo

bi ndi ng to.dorsal root gangli opn_.ne . i f
AP Nogs collbORtRaTPG et e heEGHa! o SPhS Spdrrrhes S R Pre
results. (fhebhafls 95200 SWHIREL BbRUIVENS et actbriMali6)s dreplwirhed. {drs

Scatchard analysis. The apparent Kd for - Nogo binding to E12 chick dorsal
root ganghigeaphnismayisg expedimeital 26taFilgue tedindipgbl Mo RgVagy tookick

Chat - ver o Ef &ASTeCReLLHA Ry OB Bre aror 0Ber o RHCIRERGet R THMine Nogo
oo T R g Y 1 b e
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 Ka 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.

12



25 dorsal root ganglion neurons. Note the selective binding of AP-Nogo to

Nogo re xpressing cells. Binding is greatly reducegdriyol/bR4Presence
of excesmgsgszq]pepti de not fused to AP. 12 WO 01/51520 PCT/ USOL/ 01041

Figure 7 - Structure of the Nogo receptor This schematic di agram
illustrates the major structural features of the Nogo receptor. 5 Figure 8
- Distribution of Nogo receptor nRNA. This figure is a photograph of

Nort hern bl ot of Nogo receptor nRNA for polyA+ RNA sanples fromthe
indicated nmurine tissues on the left and for total RNA sanples from

various rat. brainregions.on.the right. The mgration of RNA size narkers
is shown a 1gué??.—.§i%g?'g‘@g%§1§e_§ﬁgg&%ﬁt__oé6 Recept or | rmunohi stology (a) is a
phot ogr aph of amhidgHaaRiatiapher Bk Be thafdraehtans fdab@ed bOthe Nagbei n) from
the indicated cells or chick tissues were anal yzed by anti-Nogo-66

receptor i mvapiobl ot (nol ecul ar wei ght 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

recept of, ?QJ{M%}&EE{;&@‘ oﬂhg?&qgg%(gﬂﬁ@t@-_speci fic 04 antibody. The bottom
t hree pane show doupt e T abe i nohi stochem stry of the sane field
(scal e bar, 40 gmidfigurt bea phopodripee Pariedrs bandf N8@o grrepor ntReAldot t om t hr ee

panels). (c) is a photograph of parafon-nal dehyde- fixed 20. vi bratone
sections oPokddl RNy seplesrirapihrandicated myrgierissisgionrihe Isé andtfpr &5 &6

receptor reparation.. This,denmonstr 1 A r.ofiles
(arrows) i garﬁglte% P Hlevaﬁlgrl%% ke abﬁagnngeﬁ%r{lasf&gg? g‘%ﬁ%ﬁa}{%%fl%féat% ran%t‘q'l&%al |y
reduced i npidigerpisapenaat Rt 10 gg/ M GST- Nogo- 66 receptor antigen. 25
Figure 10 - Nogo-66 Receptor nediates grow h cone col | apse by Nogo-66 (a)

is a phdtograph of chick E12 DRG expl ants exposed to Nogo-66 foll ow ng
Figure 9 - Nogo-66 Receptor Immunohistology

(a) is a photograph of an immunoblot where membrane fractions (10 pug
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) 1s a

15  photograph of COS-7 cells expressing Myc-Nogo-66 receptor or chick ES 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 pum 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 ug/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 pm). (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 gm. (b) is a graph summari zing_ the

exper i meMa0/51889ul t s of binding of 3 nM 13 WD 01/51520 PEFF(YSHPHtba1 AP
or AP-Nogo to chick E12 dorsal root ganglion dissociated neurons. Were
indicated the cultures were pre-treated with PI-PLC or 150 nl\4 GST- Nogo- 66
was included in the incubation with AP-Nogo. (c) is a graph sunmari zi ng
grow h cone collapse neasurenents fromexperinments 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 céPlorédpNage & ¢higleEl 2dompimobgangben fisrociAtedReurpisy- WhesE nAl ) or

th HSV- M oL at t Nogo- 66.
\Ignhal | 0i din “@tcg ﬂqhﬁc%g“%w ?fglrpreg YS%\EQ tSr?els%ittbo Fﬁ‘ﬁ%t‘?%fp“ \@Fsca E‘es ba?o 25
m. (e) is;R@eaphhgyibhlich e Arfekh. 9N £ ﬂl@lﬂﬁﬂlahﬂmll%rbmthrﬁcﬂét ed, or

viral infected E7 retinal neurons as in (d). gure 11 -
Structure- écuhipte moasanahgss Somfexhogneds as en(@thhICK(@HlI%R@I cybh@meire: di agr am

of different go- 66 receptor del etion nutant r
assessell fB?at?(EWéh °6W1‘é‘5?btr%lsglr§rﬁ’r18§/tq %PB%BF%?O a%ggiﬁ“ &roldzﬁ%\%bi ndi ng.
Not e t hat Ughn rboxy
torm nal  apaiteaul) o PSORBERSEER NG BHRIbREe) ﬁ?ﬁ%@féﬁ?@%&%ﬁr otein is
not. The sag@Ndirps Q{WJPIMSAUB@I{\@ldh BIiSVeM yp4¥ié dok atet eptomardi themrobi | i zat i on.

(b) is a diagramof the predicted three dinensional structure for the
first sevemcieaied w@hlorwhp@fplﬂag%%f Pbﬁl@lleéﬁﬁu%of@@éﬁlt%fp“’th'ﬁ‘?%es s derived

from conmput ng._b d rel at ed
Leuci ne 1 CHeraRe GeeRlpranai Eulel B RRELEHARHAY AL ot flost B0
Structyy e Znink3fth- d3ARN 1nf§@%l§'7@éhﬂa$n&ﬁ6ﬁ@isﬂ'ﬁ‘(‘d)by Swi ss- Model at

wwy. expasy. ch/ spdbv. Those regions with beta sheet and al pha heli x
secondary structure are also indicated. 25 Figure 12 - Sol ubl e Nogo
receptor bI ocks Noo- 66 Chick E13 DRG n cultured under standard
condi t i onsTIUFF b oalyet 4oa : S6WEt i oned medi um from HEK

293T cel | s secrgj) 1é1zgséhlaﬁlaglc ’t?ldaérzﬂﬁrbf'&’lfferent 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
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acid ectodonmain fragment of the nurine Nogo receptor or control conditioned
14 WO 01/51520 PCT/ US01/01041 nedium was added together with 100 nM

Nogo- 66. W@ OVHS2Zhot t om | eft panel, the data in the graph MBI % es t hat
Nogo-i nduced col | apse is bl ocked by t he sol ubl e receptor fragment. For
outgrowt h assays, neurons were cultured in the presence of control or Nogo
receptor ectodonai n conditioned nmedi umtogether with Nogo-66 5 protein (50
nM or central nervous systemmyelin (15 g total protein/m). The top four
panel s show phot ographs denonstrating that central nervous system nmyelin
inhibits outgrowmh and that this is blocked by the presence the Nogo
receptor ewtodomas addrddoedther vait HRbWIRNGS-Gfu kit the hoemileft pael, gj]f‘%%al n the

bot t ht 10 DETA CRI PTI ON OF T
Dot i it oo R R B GHe p promaugtd e ome A B TS i ¢ ¢ or e
used herei F‘ec@ %?fra%rg&tsmoﬁﬁ%tﬂ%sﬁ?s GRUPRREWerdBdared fode Byesene o7f

ordi nary skil he art which this invention bel ongs. Al though any
met hods andontadl er Nalgs raiepior actodomiib cegditivaddmediio tohetber wWek MNoighed her ei n

can be used in the practice or testing of th re i nventi t he
pref er red ﬁ&tﬁB&%Oﬁﬁdoﬁﬁ?lﬁ?aﬂ a?%o‘ésr%’sﬁgé@ﬁ’?%@ h @aotﬁ@#@r T?IFII%’ term
"axon" ref n b

ef f erent (%&? %I?er%g Ay EkllcgtﬁL%g}!tlsg(?ﬁn?%g{ga%&?geﬁgto%@gg%év éﬁ;&%ﬁ’t{é e cehe ybody

towar ds t airﬂﬁﬁltmﬂtdrr%wth?%d%awﬁﬁds brickédby theerésenes thaxwzalregpast " refers to
an extension of the | ong process or axon, originating at the cell body and
preceded byctpda@ngnmthmcdhé ropsh issernhiatediin the greph &y e bekpmreaht patelous
system di sorder” refers to any pathological state associated wth abnormal
function of the central nervous system (CNS). The termincludes, but is

not |'%te@ﬂ’pAIL%lt)@fmbﬁi@rf@mﬁFmHE@NmﬁNﬁmNrom 25 physical trauma to
cerebral tissue, viral infection, autoinmune nechani sm genetl ¢ nutation

and neur odla.gBteﬁna;tqnve di seases or disorders. As used herein, the term
"chinmeric protein” refers to any pol yﬁnptl de which is

Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly 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 1s

15



not conpl etely honol ogous at the amno acid level to its wld-type sequence
or is 15%9 Ln1520 PCTIUS01/01041 encoded by a nuclei ¢ pagiskongidah i s
derived ?Tll splicing two distinct sources of nucleic acids. The term
includes, but is not limted to, fusion proteins and proteins designed to
contain one or nore am no acid substitutions which distinguishes their

am no acid sequence fromthe wild type sequence. 5 As used herein, the term
"denyel i nati ng di sease" refers to a pathological disorder characterized by
t he degradation of the myelin sheath of the oligodendrocyte cell nenbrane.
As used herein, the term"growh .cone" refers.to a s Laliz gi on at
the tip an‘éOdﬁpgmar{@mI?é%?‘% 3’\%%&? 8?réve|det§0616ﬁ@f%ﬁl%&%&ﬁgrgﬁé%rggst (é’lf: | ocal

envi ronment aag IR NG 1 HBRABX B0t K AWBLSitkd o, FRREDPIokAh LarfitBRidsC t ar get

cell. As used herein, the term"growh cone novenent" refers to the

ext ensi on desigwal toapsirndne drenge @wtito godeutisotwaiods svhidudiemgsishas deir cel | . As
used herein, the term"neurite" rgfers to a process grow ng out of a
neuron. A&MiRo pcd seavepesEamdhg wid (YRe SE@UICSt i ngui sh a dendrite from an

axon ingcul tur e,Astdggdhg{eg% tl?e@eﬂﬁ“&érﬁfelihﬁtiﬁgi?e%g" Te@%}%l&% %@h%%gg\%ﬂer ein, the

term™ oFi godendr ocyte ers to a neurog I ose
function i fidoedcryBirastatieedBYShayesadatids dfsiedmbeliresheatht dfeh¢ eligndepddoyypept i de”
refers to a peptide which on hydrolysis yields nore than two am no aci ds,
cal | ed tri pelpriegdsana et r apepti des, etc. according to 20 the number of

am no acids contained,in.the polypeptide. .The term"pol i.ide’ is used
synononousl y wi tF L[SﬁghFrgf‘%t eptgror{le rr?'%}éﬁ(&le" pests qéP ﬁrl%ﬁ% gg’flogﬁtethe%lp

speci fi catig@h grovihg noRERIthitGs FRPGRIVIE Y SerdiLthe NR@D e @ £RRLAl alll @being and
Pepti de Agents for the Nogo receptor Protein The present invention provides

i sol at @d prlot ®ion,towhidats appyvapriatersysapsfc tetget galot ei n, and conservative amino

acid substitutions of th rotein. As used herei t.he otein .
As used here?n, Qhe term I:lgrowth cone movemen?’” refers t(P {he extenision 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.

I1. 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 (92%1%30520. PCTI USGL/ 01041 sequence depicted in pE@sbi/Nes 2 Or
the nuri 4R aci d sequence depicted in SEQ ID NGO 4. The protein or
pol ypeptide also refers to the peptides identified as Nogo receptor
pepti de 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 5 allelic variants and proteins that have a slightly different
am no acid sequence than that specifically recited above. Allelic

vari ants, - Lhough BOSSESSIt BoNAIL! e ShELEUAR0 AHLIRCAY fhosegpgnce than

. (S
t hose reci t&d ave the same or sim ogi cal

functions ggeoe) Red. Winkhrdbia dwag@e@m 1Y teh@s NOGe pepeRpi@mtife@bei ns  and
the Nogo receptor peptide agents depicted in SEQID NO 2, 4, 8, 10, 12,

1;1, 16, 1Dog8 remepto2Peptils agsrtd thae havanthe amend amd bsguencep depistedsn SEAKR t o
the Nogo receptor protej r rs.to proteins.that have been isolated from
organi sms NY:&ddPt fzo(ri4’t Qaéﬁﬁ‘ﬁégaiael cggon &\lﬁ%"ﬁ&%ﬁﬁagtu{@&fcfwaenti fy and
i sol at e ot : ] j : i go

ocept ot protiss Rt nd b dfs LR SicB SHERR S SAaT L IoHIRTe and
pepti de agent speeifidalle rgvites abdvel Misdhicivariams ethoyghefesabing aishighgpldfeeehtf or m

As used herein, a protein or ligand js said_to_be isolated when physical,
mechani cal awincciredriesarnaeehanidesaica iehiiongetilk $illhays (e R Prevtein  from
cellular consti.tuents that are.n |.at. i eLn. A
ckilied  aporiisdt SictobdBood G aRiiRe bR 0T KA N ed PR BRALEL ) Ot

an i sol at egh PRI re@i@pebii@dittnts Hepi i S BTE ID NG 4pg Ny, i4vent i on
further include conservative variants of the proteins and |igands herein
descri bed. 18sndiged herein, a conservative variant refers to alterations in

(he gmno e d SSquehES.AgL dsunet anu st etk bhe g blalashel |
2 soneroshipald gkl MEnd g es paumss maustin o
t he over al miehdfigemethods used to identify and isolate other members of the family of
proteins related to the Nogo receptor proteins are described 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  orligand.
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
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structure or hydrophobi c- hydrophilic properties of the protein can be

altered without adversely affecting a biological activi t){). Acior]gji gly,

the anm n¥Q@@d5¥equence can 17 WO 01/ 51520 PCTI USOL/ 01041 PSP f‘gd, for

exanple to render the peptide nore hydrophobic or hydrophilic, wthout

adversely affecting the biological activities of the protein. Odinarily,

the allelic variants, the conservative substitution variants, and the

menbers of the protein famly, will have an am no acid sequence having at

| east 5 seventy-five percent am no acid sequence identity with the human

and nmurine sequences set forth in SEQID NOQ 2, 4, 8, 10, 12, 14, 16, 18

and 20, nobealiret &rappypledp rensss thedieghismees blienhobiredt IvSFPINief er abl y at

| east ni net rcent ,,. apd no ef-erahl y..at i nety-five percent.

| dentity ow%h(glﬁﬁfc%edf/é%aﬁﬁawg%eeE{%ﬁ(f%casl %%h‘xu%eﬁﬁ%@t%&#s defined herein as

the percentage ofdigdHIpanasnélicresiafidetheicbndehartivabeisdalidniAriap@ueiog: t hat are

identical with the known peptides, after aligning the sequences and

i nt roduci ngembps of ilfc preeesarnly, Wb hachinsanein heidragiamaerhpeng ehleasionol ogy,

and not_ considering any conservative substitufions as rt of the sequence

i denti tdy. Sel‘(lglﬂte‘é'rfrﬁiet?éf‘ien AROP RFaieapgnce h‘ileélFlWa‘f"ltéﬁlfegﬁg‘?adh%% He% i ons, or

i nsertions_l| i e shal tigb I .ecting

honol ogy. ngﬂ%lﬁﬁgé%tfﬁ@p%rgﬁ%gﬁg@%hggggbgﬁigépﬁfmf Egeglg?g(g’erﬂh?gipﬁ?/%%ﬂ'on

i ncl ude noidteedst eightygengent, s argmoheprafaratdy acleast aggueperecnofanSEGpdtD NO 2, 4,

8, 10, 12, 14, 16, 18 and 20; fragnments thereof having a consecutive

sequence opreferatlpaleasipaigty-fve percent. dentigy orjipmology with respget t95UGl npr e

am no acid_residues, of e _No o] ' gent s;

am no aci dse%?ﬂfgﬁlcs‘ede\%g?ﬁs genr 3 3%18 hésﬁegrg&é%{fuogﬁgg@é \g\ﬂ%?%?dn‘gg?ﬁ Pfe‘i'gcgltl@lg%g am no

20 acifh r eglqdetReNas aREaPntidasRith @Kk Rhoved pdptides, AftBiedlidnéhg BE svduehtds antihe

di scl osed sequence: am no acid sequence variants of the discl osed

sequences, inopdudie gapfsr dgreassay de adekeihthd mahove per¢eat hormoweed BUbst i t ut ed

by anot her resjdue. Contenplated variants further incl.yde.those containing

pr edet er mi FRIGIISTIRGENOHRISHy I ?j‘% UHER ?fgn&ﬁtsoflta%%%ﬁﬁffcr?d??rﬁﬁ,y- si te-directed

or PCR Ml RAeAERLSC BAinki\E iRRHIFSAOAMORIIBEAR! Hoindlridns Mtde RpidE!

species, including but not limted to rabbit, rat, porcine, bovine, ovine.
sequence shall not be construed as affecting homology.

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 about 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
occurrin variants of the famly of proteins; and deri vaty in the
protein MRY5AEY covalently nodified by substitution, chggrkrjlﬁgzslowg)&fzaynati c,
or other appropriate neans 18 WO 01/51520 PCT/USO /01041 wth a noiety
other than a naturally occurring amno acid (for exanple, a detectable

noi ety such as an enzyne or radioi sotope). As described bel ow, nenbers of
the fam |y of proteins can be used: (1) to identify agents which nodul ate
at |least one activity of the protein, (2) in nmethods of 5 identifying

bi ndi ng partners for the protein, (3) as an .anti. to.rajs |.onal or
monocl onal VeHt 3 BERi%Ethen hyn gnagually ?%‘f&’fr%eaﬁ?l% a&éiﬁ%ﬁ“*“ﬁ? eN%élthlé%&Xci d

Mol ecul es The_pr ' [ Yt provi des nucleic acid nol ecul es

t hat encodem(flﬁt& Sﬁilgg%o?do%}}eiﬁﬁfse Ogﬁ%i({lpegtlﬁ es conprising the amno acid
sequence of SEQ A{iNEibed, bedow SneriBers oflhe fAmjly d6proi@nacamh ROusaad(l)lie rel at ed

proteins herein described, preferably in isolated form 7As usgd hcgr ei n,
"nucl ei ¢ adiattify agdnidehichanestilac pNeast eTNaCtVHRIQA thirroteh 7 sBHRe N Yeul es,
as well _as .nucleic acids based I nad,i ~ ; wvkReLugi ng

al t er nafi véd é&&g\m{@’h%?a ST %’g%efaprr%t?h{nhﬁ)&gg Q@% rgtgg%g?fﬁg%t hesi zed. 15

Homol 0gy Ofdifbe Nt dniibddel fkim) ned tiyaRLUASTedBasi ¢ Local Alignnent Search
Tool ) analysis using the algorithm enpl oyed by the progranms bl astp, blastn,

bl astx, tblastn and tblastx (Karlin et al., (1990) Proc. Natl. Acad. Sci.
USA 87, 2264-2268 an& Altscihul, (1993) J. Mol. Evol. 36, 290-300, fully

i ncorporaté%j cle Wehi ch are tailored for sequence simlarity
searching. The AR agh: s ethidruafet H6vIBLAREINE Q8HMBIbSuIEOhEd dnsbdempsi der
simlar segnents tween a query sequence and a dat abase sequence, then to
eval uatig t hgoimtahg besiles sbmpiibing anceniod aaidlsequenches SEQEY NeX. @, $.denbified

and finally to summari ze only those matches which safi sf pr.esel ected
t hreshol d of2, $f.gifi flfg@a‘il@@.an‘lté}e rglagpdEefs s Sareyt dgssd ’ip§%féré1§1yil ?%? arity

2e20 M09 Qo MSRETPL S, B0 PSE M y Dhun OSB  onet
par anet ers fy@kense molecules, as well as nucleic acids based on alternative backbones 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 et 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 ez 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 st _o?r am descriptions, alignnents, expect (i.e., the statistical
significance_ threshold for reporting matches agai nst dat ences),
cut of f, WROHPY2Und filter are at the default setti ngs. The d%‘lg)gﬁi scoring
matrix used by blastp, blastx, tblastn, 19 WO 01/51520 PCT/ US01/01041 and
tblastx is the BLOSUMG2 matrix (Henikoff et al., (1992) Proc. Natl. Acad.
Sci. USA 89, 10915-10919, fully incorporated by reference). Four blastn
parameters were adjusted as follows: Q=10 (gap creation penalty); R=10
(gap _exten|5| on pﬁnalty); wi nk=1 (generates word hits at every wink'
position al ong the que M apw= : set.s i nd Wi j thin
V\/n![;:h gapred tgggjghﬁ%?ﬁé{ i lg%g?ag?’ég?m%{ée[ @q&#%)\gﬁ?c' ggg'ség&gg\ﬁaneter
Settings WgEk 191376919 fKiTlincApta@aRYTdRrenfe). BRSE bidstif piRALiesONcoet ween
sequences, aval f’a_%l e in the &1:1’&50 pacﬁagew\?ergeinon) 10.0, uses DNX paer: aneters
GAP_:SOI ( gaqljesteipds follower@+ 10y (gapnctaliéiNeShalty s R0t (eas xdensigrepralaity) and t he
equi val ent settings in protein conparisons. are GAP=8 and LEN=2. 10 As used
herein, "hvigh=3{gmsearicyorddnigiot F%Wllﬁ%‘d}%ﬂw&lﬁ% %HP%YH)W%QEV?% t he
presence of 50%f or ] -Ilgmfg]g A hih 2x SSC
cont ai Ai n Sit%%seovﬁﬁlg rgn%g‘ﬂgﬁ1 Ltﬁllnowe g%ﬁgagg%@%m%?hheg%ra%g' %th h 0.1 x SSC.

As used hesgivilen? BlakEh phenedr detibheabled)+% Foali; dvitlo-lhend gsphaizdd when the
nucleic acid nolecule is substantially separated from contam nant nucleic

g::i d 35_ eBefit mm?ﬂrhten;] bp‘@deylpé?ﬁuieal@f, fadable e thsdoff edagfaggerseinclhdi d.  The
esent inven n further provides fragnents, af t [ I i id
mol ecul e. st .pﬁré?]@feﬁ G%Pf' Egg%@n%re%%né)ﬁméw oacr]lfinllgm\ﬁﬂfc@g# %Qtaeg%iglll ﬁ:)fegﬁ: e
refers to na ROY %ddgfe?e Q%uim&n%@&ihg@irpﬁr@{e%& PorepRdhogcsRapengel LEKe2si ze of

the fragm eterm ned by the intended use. _F_or_exan}))l e, if the
fragmemt is chosenssitheasing thigngodgenan c@ditiens weeaps hybradizafontdid2dr 8t ei n, t he

of the pr dbeprEseRd QG FaGHOHS. FAINFABD LEBHAY 4 s ML 2008 pr obe or
O P e DA AR A sscpesog eoctompnsonc relat el
encodi ng nucl ei asagddher@heculasc afidtnhdequleeanid torbeéitoiaded”(Whan. 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 (Z.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 automated
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25 synthetic oligonucleotides) that are used as probes or specific priners
for the pol ynerase chain reaction (PCR) or to synthesize ences
encodi ng‘%?r%’tﬂe?ﬁs of the invention can easily be synt hesrgg/gg%lzﬁgﬁem cal
techni ques, for exanple, the phosphotriester nethod of Mtteucci et al.,
(1981) J. Am Chem Soc.103, 3185-3191 or using automated 20 WO 01/51520
PCT/USO /01041 synthesis nethods. In addition, |arger DNA segnents can
readily be prepared by well known nethods, such as synthesis of a group of
ol i gonucl eoti des that define various nodular segnents of the gene,

foll owed by ligatiagn of_ oligonucleotides to build ft dified
gene. 5 Thé’ng}?gléﬁ?eﬂﬁ’dﬁu@ aéifigloﬂgﬁ&eﬁé‘# TPUE S aqrﬁ%&%?oeeéj g%gp%dﬁ)&gﬁﬁon may
further bey,JMohtih6ss, SRS siPhER1ERlfbu of 8k gsluabbiRich eelefinervadhignosti ¢ and
probe purposes. A variety of such labels are known in the art and can

readi | y bemedyphliosegthemis bfitht lgene, énlovdd hy lipoloaedbbgoneleetides gelwldithed. Sui t abl e
| abel s include, but_are not limted to, biotin, radiol abel ed nucl eotides
and the |j%auplptegiqdificdgensti san can enpl oy any of the 10 art known | abel s
to obtgin a lab [ neL: nUck e ' clh EmvMaeif heakiraRsLEO the
pri rnatrf/g struct u?é@%@gﬁ%@tdy&%ﬁ%@ﬁ%%&g&ﬁﬁﬁ%‘ n, ormgl ternat ?%n of the amno

aci ds i ncopparfaided as i eorthie apieaicebl 158g fendegmhistic agl probaphatosesn £an be nade
W t hout destroying the activity of the protein. Such substitutions or other
al t er at i onvartesy af suchjlgbaby aye Enewn fiathic B aad caRTHEI%EF AMP&YGENEE BRcoded by a

nucleic acid falli ithin the 15.cgn - t
Mvent fon. eteodriggnarlhe Brtndiiteer Srad KBS iR e Nr LA BLEREY
descri bed ghgyendidibeldattichiigatinamofikd. he shuranrtiug tai empliydniof aeul e
having SEQID NO 1, 3, 7, 9, 11, 13, 15, 17 and 19 allows a skilled

arti safo t oart kobwah éabelsab ébta’ira@_iabele_’Q@nmﬁilf@w@@ic atidtmelpeidele ot her menbers of
(e Nogo recept g BLokSky LEme B 20eL LAt BBE SRS o &
of the sl ARl BB Pl R e e e A 2Ty,
skill ed ariBan dearvyirpaié hgivisg ef thh proadin. nSuchcuibstinepue ncahafaltS8a{prsDesult

in proteins 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
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25 NO 2, 4, 8, 10, 12, 14, 16, 18 and 20 or epitope-containing fragnents
t her eof o oERES at e antibody probes to screen expression ddraisyibffi
prepared tromappropriate cells. Typically, polyclonal antiserumfrom
manmal s such as rabbits i munized with the purified protein (as descri bed
bel ow) or nonocl onal anti bodies can be used to probe a 21 WO 01/51520

PCTI USOL1/ 01041 rmanmal i an cDNA or genom c expression library, such as

| anbda gtll library, to obtain the appropriate coding sequence for other
menbers of the protein famly. The cloned cDNA sequence can be expressed
as a fusion protein pressed direct|y. usi i an ences,
or expresseragrwaé%h@]ﬁg@fg%nﬁgllﬁg)fpﬁg%%%lp@’Q]g%lanches gztalgpro_ flkoa?[gﬁl?o 5 the
parti cul ar tH@%pré’p?ﬁQz d‘o@fng%&@feﬁé‘eﬂo?@tb@xfmérﬁ@er@@fzﬂdé@mteﬁi fagfinatiinéeloped @ portion
of a coding sequence herein described can be synthesi zed and used as a
probe to reDNAvegubik cembodinessed asenfbeipn plotaith expressedilinectlsnising 11 09 any
manmmal i an organi sm digoners ntaining e.g., a oxi mately 18-20

nucl eot i descontr&rféﬂ)‘tﬁnﬁﬁ’ %ﬁéﬁ’iessggg’P’fo?sgugtg%é Hgﬁﬁ?@%&q‘]ﬂm&cﬁ %‘%/pé‘?ﬁmgeatﬂ be
prepar ed ang rRoSGsEeR: Lhr8QRA T thelARL CDNA libraries to obtain
hybri di zat i O%H%ﬁ%‘er St rq{sngeﬁt%crondi ti or?s or conditions of sufficient
stringency to elAlmaivelyanpaermoiuef 4 enddlg sefjuched lsecip dsictibadesin beAghathesizsdal |y,
pai rs of olqingonucl eotide priners can be prepared for use in @gol yner ase

chai n r eactangpsqdrsR)Preks @ aqEevE LA FNeadiieer MEMBHSIhHBroRRIR (RNl Zemdgny
lecule. A PCR.d i el . | ' i i
el | known TRIPRLISREAE QROSALL ESLERT, ST afirinalth) PoSHETLJR DL TP

ot her encodiR@digebeite saCboBevel @Gt &5d stRichiRegOriraaRid A sddloactttes
Cont ai ning a Nucleic Acid Ml ecule The present invention further provides

r econbit9antgeDiAicTDNAcu cBYA Fimais te hbirin hybndizitipnandedirigeriaqudifess orAs used

herein, a rDNA nolecule.is a DNA nol.ecule that ha been. subjected to
mol ecul ar ﬁﬁﬂiﬂlﬂﬂﬂlsa‘ffcislﬂﬁle%ﬁtwgcx el Wé??ﬂ‘i"ﬁlb‘e reﬁ%&f%%fee%%ﬂg “are wel |
known in the ar tAdcfiﬁ’Jnaﬁ%?/g% 85 olpBBuchHiAE BRMcRcabe prepak8BRY ubbecul ar
Cloning - A Laboratory nual , Cold Spring Harbor Laboratory Press. In the

preferred rfoNAneramlchait restiora( PERJito geldrely elpue arc endodingpeic keind gcid immtesdlet o

expression control seqguences and vectoQr seguences. . .
P A PCR denature(/qanneal/extend cycle for us?ng sucﬂ P%R 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 (rDNA) that

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

20  been subjected to molecular manipulation. Methods for generating rDNA molecules are
well known in the art, for example, see Sambrook ez al., (1989) Molecular Cloning - A
Laboratory Manual, Cold Spring Harbor Laboratory Press. In the preferred IDNA
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 l'y encoding sequences of the present inveptiedjofespPer ably
| i nked d (%ﬂﬂgsgirectly, as is well known in the art, qﬂ%e functi onal

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 01/51520 PCTI USO1/01041 of directing the replication or insertion into
t he host chronosone, and preferably also expression, of the structural
gene included in the rDNA nol ecul e. Expression control elenents that are

used for re atln t he.expressi o operably |ink o &ljn, encodi ng
sequence ar %ﬂfﬁ‘é}% Prepliget 5? fr ]élﬁ%‘[]?%lg Oatg%ho% Oar eonﬁ%tanggre?er%lfmdo

i nduci bl e pry Pfé@él&{ %ft}fé%ﬁ&dﬁamlgén\é@now&m @E SHNBGA6EIION signals, and ot her
regul atory efenment’s. Preferably, the inducible pronoter is readlly

control | ed, suchEgsessbeicngralekpensithet atcoisad foutagiknng tha expressiragtf agel |

medi um | n one enbodi ment, the vector containi. a C%%!%%A @Ielc Cld
mol ecul e vmQH@beﬁéﬁﬁ@@“%@bF@%ﬁFﬁéﬁP@ngﬁﬁT#%ﬁﬁl Igart a EREY havi ng

the abilgty ‘Bﬁ‘i&d‘ Sﬁcﬂﬁigp?o o%}QrEB 1ﬂt§/9%¥o%?cftér9r§e@}% segl‘ﬁﬁ&fﬁero‘c the

reconblﬁant e‘extra-’ onDs y in a pro aryotlc host cel

such as a hagligbhadleh@fd. Befetably, ﬂanﬁdmmmombteersemdmy coBudledrsaph acons ar e
well known in the art. In addition, vectors that include a prokaryotic
replicon w@wuéhgﬁxmﬁ&¢Udémﬁﬂgéﬁémﬂh@ﬁédbiﬁﬁé§§ion confers a detectable

mar ker such as altndr u%&‘]%eill St §|I [+ Vg% on?amm Og Cg)(?%; I%E(‘,ilelqé ané H% JC?]%IV\ﬁﬁance

genes are those Ance s d“dnpr 11T or racycl i ne.

Vectors thaf.[,Ach peRarGoRy REREMOL., Galmenl seRAcERRidUnt glityitoalrede a
prokaryotic or bactefi ophage pronoter capable of directing the expression

(tranSCﬂlptmmnmamdskmaashamn@npnn@ﬁmmhéﬂcndum@ngﬁm@Pgéqm%ﬁéb§xﬁh a
bacterial host cell such col i

ter. ex eSS|on control
el enent f orfhsemespmallpipa B gﬂ@ﬂ@%thﬁﬂ‘%@Eﬁf? AR hﬁﬁgcﬂk polynerase
and transcryptl g Eﬁ’ch%ﬁ/lﬁggns Erre%gﬂtlﬁ[:)wﬁ gﬂﬂ&ggﬁeﬁl SRIRAL | Rk@s Waf Rclp@cs eri al

hosts are typically provided in plasm ectors containing conveni ent
restrictionpgk icfreplicoh Aggraldodnclafe ssgebhhsegpressiaf canlies pdesadile i | nventi on.
Exanpl es of such vector plasmds are pUC8, pUC9, pBR322 and %} (Bi orad
Labor at ori e@;urkerpqngh gﬁ@jd@g@g{g@me 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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(Pharmaci a). Any suitable prokaryotic host can be used to express a

reconbi nant DNA 25 nol ecul e encoding a protein of the in
Expre55|8ﬁ)vé%f%ﬁs conpati ble with eukaryotic cells, prefggggFgﬂ?wége
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 01/51520 PCT/USOL/ 01041 art and are avail able from
several commercial sources. Typically, such vectors are provided

contai ning convenient restriction sites for insertion of the desired DNA

segnent . | es of vectors are V= pBPV- |
pIVL2d (1 nt é?‘ngfha%%ﬁaﬂé?ﬂ{% OChFSF'S F%rg?le%ba\lfﬁﬂrcfA% %%‘%5%@ gt%%n%)ﬂ i ke 5
eukaryotic E@‘Rﬁe%s&'n%lﬁgggﬂreﬁlenﬁéléﬁfcﬁgﬁ k€esCet Inseiph @3 gicalksir&CDBIAS used to
construct t rDNA nol ecul es of the present invention may further include

a selectakagmaﬂkémmth$ofsumﬁkewhamepBHIanmIéﬁféﬂQéPh%H@éMDPEﬁﬁéﬂerably a

the gene i%@ifée%éﬁkéé%b@ HRgete g T riidny T Go2t SrEd P 1SS "The 10
neonyC| ?%RQ&&%%3§§§%?§%%FHFO) gene. (Southern et al., (1982) J. Ml

Anal . ternatively, the selectable nmarker can be
present On a seFkatydtic ptlastpreksionheciondusedcod ossstiuot the ddiédmbiecules of
co-transfection of the host cell, and transfectants seIeE%ed by cul turing
in the appnmmm inyienigorf way furthes iicktegiselecinbiqaprken Bags efigeliveaians

Cont ai ni ng enous up di.n cIe| Ci The
present in¥e rV%th‘Lg‘f‘i}llr Pﬁé%aﬁy&find%ges}%ganf © gel lsontrrrl%lﬁéf o@ﬁe%géﬁe%l(}]rﬁﬁ nucl ei c
aci d nol ecyt&fhatn £R&EAJER RnPHALE ékp@éssfoh@eﬁlﬂt@SﬁﬂéommﬁfﬁsIMCe The thost
cell can be either prokaryotic or eukaryotic. Eukaryotic cells useful for
expr essd on nebmacipphbsilouohsterase(ieavgmei tvoudnan woel (1D ddMosa\dng as t he
cell line is conpatible with cel] uIt t ho d and cor atible with

t he propagéﬁ?ﬁhlofz%ﬁ%ﬁeiﬂFﬁ%§W8W ot ngﬁdngggwgg RSB Ot e PiERe
product . £1slid gge Rb‘(‘f@ XGs Hlﬁrc{algééd %%A ﬁahs'?@étfé‘ﬂ%f tRUosE@LRAY limted to,
yeast, |ns é% |an ce referably vertebrate cells such as

those fromuansfepuste ,selzeated bironlkeihgon thaumnomedtt dhigrfer thExelepiabls nodrkers ef ul
eukaryotic host cells

15 E. Host Cells Containine 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 NTH-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 depend 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 haM &/51830dney cells (BHK), and the |ike eukaryotic PGIESHYU 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 01/51520 PCTIUSO /01041 of vector used
and host system enployed. Wth regard to transfornmati on of prokaryotic
host cells, electroporation and salt treatnent nethods can be enpl oyed
(see, for exanple, Sanbrook et al., (1989) Ml ecular Coning - A Laboratory
Manual ,  Colf de@prised apdhpgsystaenatlared. Py ek segahirdrangioription ¢1972) Proc.
Natl. Acad. Sci. 5 USA 69, 2110-2114). W.th regard to.transfor i.on of
vert ebr at e PE aF%OtW}ioﬁfA‘?Fglé’t%? ropeigipa iaAd ﬁﬂ% Vﬁ{m?%erflg%?éso(:ﬁS%aeﬁmdﬁ,g ati oni ¢
lipidor s t a MR ohizee A f Morede a@ual@ aham
et al., (1 )fo\'}f?’r%‘%ﬂglgf@‘g%%{%?}%m er Lf(1,’%[#@1& Ly (1979) P%g? Nat | .
Acad. Sci. QdSASPfing Hamdr L3FGhtorslosedSfheh leyal, (9EY) droedNatle Wcgd. Scie., cell's
that contain a rDNA nol ecul e of tge 10 present .i nventi on cag be

i denti f Ped USA G131 1RrA) -+ Bathirgie L0 rARSiRrmatign of ¥erierde £rishwvith ypeigrs

sel ectabl e . ce I i tion of an
DA of 1 heo P T, e b B e o .

Cel I's fromenihoga (6| ricesmpRNGhmahad vestlod3) Vitsledy 48043467, iDAereont ent
exam ned for the resence of the rDNA using a nethod such as that

descri bed oy, G8GPhRiog, Natl.o'peil. Sci. WEAMSI, .13§'gﬁ7.6)98, 503-517 or the proteins

produced fromt cel | -assayed vja.an. i ol ogi.cal . uction
of Reconbi nant E%Sfeéﬁﬁgyz@?%féngedrﬁ{ﬁ’ ll\f_mcg:@g:ﬁ’eat etalﬁlraer;ﬁ\tféh‘?%?dr%séeirll ?%tﬁgfurther
provi dgg methagsiniioR! QAU iBehtFieRMIed Nkitfwil R€hnideesiiRdedihk @Rk 4Sdclign nucl ei ¢

acid nol ecul es herein described. In"general terns, the production of a
r econbi nantfoff osalectdblampriet.eFor exppiptalctlys iealthy et the irftriduciwmef &t eps:

First, a nucleic_ acid nolecule is obtained that encodes a pratein of the
i nventi on, f@%"ho%@‘eﬂ’ﬁf‘éelﬂdeYﬁt‘@nﬁé’? ge ﬁgpﬁ‘gﬁﬂ@(’@‘écﬁisgf %IC‘?Slﬂn@EQeF% 1,3,

7,09, 11, those colonies can be 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 rtDNA 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 EQID NG 3. If the encoding sequence is } ed by
i ntrons, V\Izqm?g;}sz%di rectly suitable for expression in any hol#s&trms:??{gwﬁtcl eic
acid nolecule is then preferably placed in operable linkage with suitable
control sequences, as described above, to forman expression unit

containing 25 WO 01/51520 PCT/US01/01041 the protein open reading frane.
The expression unit is used to transforma suitable host and the

transforned host is cultured under conditions that allow the production of

t he reconbinant protein. .. i ona t he reconpi nan rotein |s.isql ated
fromthe nﬁ%ﬁmmeﬁb‘?pepr%?ﬁ‘%éa?& :Tilg FREBVEr Yaid' S%(%Jtroﬁf %%égotrﬁlo%n&cl)%ag_@hg
protein may, 0ok qb& PEEEFRRH Aot s SPMRe®uhdls tanE8snIREr Blo%Oie préduidtion bEs may
be tolerated. Each of the foregoing steps can be done in a variety of ways.
For exanpl eje feb@mbidestipreteinc @pitingel yebienoelsinan prdsein ghiselrtaeé dohr thermgeroni ¢
fragments and used directly in pr.oprifglte hast s. Tp}ga construction of

expr essi on o Benghacallidecoyry 3@6@%‘3@?%‘0}18 S PEIFIR PAY PPt OHFEES YN 5¥BBnpl i shed
usi ng agpr ORI ALEHEPLLEORS AR GAMd Blerdgauences, as set forth 10 above.
r ex

The control "sequences, pression vectors, and transformation nmethods are
dependent on t hgatlyprhOfordosis &k karisedbricdn expicessf whe. Genexaampdt, wer e
di scussed in detail earlier. Suitable restriction sites can, if_ not

normal |y avesitedish@ng brguerigenhay be phigingh femarenemis fraggynisgnd serdehicesd as to

provi de an excisabl e e to insert.into.th vect i rtisan
can readi | YPHGRHC g?ﬁtfg tcf)lé%?té%qs?fc?ﬁprg f/sé%ne\%%ﬁ)ﬁsot\%% #%gqeﬁ@le?éta \ltﬂgrgrylj)ge with
the 15 nuc %Sé&is%&dﬂnﬁ’ﬂéhmhﬁg%p?fopﬁb@ réphé6Rtan@Rokted] BERENES, 586dBidh nant
protein. G Methods to Identify Binding Partners The present invention
provi des nebdad The oontud eequandes.aixpitehsiy eaathrs, dechtrarfs{ormgtiorinadipdiprpar t ners  of
proteins of the invention. Ians)?frre enbodi megts, a grote'.n of th&- Zg

i nventi on i9gPsRAss @R HPROiResstliused BieNRIeTigpaTE AR oS HiFusser irhdqaity
fraction of - o jt,on I k@l he
pot ont | al _EFR ng e PRt N Rk Wl PR SRR Lk SRR
m Xi ng, pepbdidessqupkypapio medde a1 oicahbis gate totizer imothesutesors. hatkileal e

becone associated with a protein of the invention are s?par at eg fromthe
m xt ur e. Thgisan can readily adapt any host/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 bindin t he
entire pVew®SH20for instance the entire Nogo receptor prggg/?%&lggbgither
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/ 51520 PCT/ US01/ 01041 polypeptide 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 .diFsrugged cell. The preferred
source of eEyReRligs haklaslga Engnenbgee s (MgUF 7y ed from human brain or

spinal cord tis ls"%Sedfh%Eeilg,@Sctemgle tract T8 ¢4 Elggﬁfbticgrj SSHRtiorwhich & hadel vely,

cel lular extracts nmay be 'prepare rom any rce of neuronal tissue or
avai | abl e peurapal ot elstupiddnen, Thapikieaud antge dlcgldaendnas yilkbaellsved cel |
lines. A variety of nmethods can be used to obtain an extract. of a cell.
Cel |'s can teivedifromupiesh wainngsenal ke Uswigsior mstagee. RREAR eAFOTdi P Y5pt i on

met hods. Ex | es. of physical disrupti i aje not
limtedt o‘,“ﬁg‘g‘ﬁtiwc?&f’ Fgﬁlléﬁégﬁ%lﬁ%?%%r%ag%;%%tﬁgfg%éegﬁa{llré}p gglqg%uecrllem cal
lysis met hg«?&?l BIPGLHES BVEn@T SuR@larkiodié®ediooyte detwidgentintysi s and enzyne
| ysis. A ski Fed artisan can readily adapt nethods for preparing cellular
extracts in or devaritty finteshiads ext reastdtofabtaiugeeytiact Hfe e Seht cadEhods. Once
an extract of a cell is prepared, the extract is mxed with.the.protein of
the inventisBRidnges CHBEPY ST §hsmyF Wa%%‘@@ﬁ%ﬁ?’%ﬁ“‘%%’ for;}f)Sfcg{ n wth
the bindi ngisr%g{i DEEEANincthRe, BRFHE ot Nn¥if¥di 16 I¥niehi R inkdc ARl Sc L Sk .used, the
nost preferre el ng condi trons tﬁat closely resenble conditions found in
the cyy@pl agmmplts & dnumbal 5ek metfodainaluds, bauah naslimoshtol datdrpgnt Lysid,and
tenperature, and the concentration of cellular extract. useg can be.varied

to optim zenys luss ob iskillpdartisn qap ecadipadephmginpds IORRCBRHE STHUASPEALE I Af t er
m xi ng under, appropriate condition d conplex is separated from
20 the m XPWE{% OR%EIé?ﬁI&C?%%H‘USFéncﬁﬁﬁlaeﬁéélg%cegﬁa )e utilized to separate the

m xture. For exaypl s extAbldMQdil espreped fheexirt & iked eiith lef profee dfnikent i on
can be used to imunoprecipitate the binding partner conplex.
Al t er nat i véalvntistmdearodditheninodlichsaspeciagioh o Athe etdigin oidisthe ighing partner can

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
removal of non-associated cellular constituents found in ghgysaloiagt, the
25 bi ndi¥ig °Yal*¥her can be dissociated fromthe conpl ex using conventi 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 01/51520

PCT/ USOL/ 01041 protein of the invention can be immbilized on a solid
support. For exanple, the protein can be attached to a nitrocell ul ose

matrix or acrylic beads. Attachnent the oteln ort aids
in separ atﬁfﬁﬁlrﬁgﬁ}f“? BECTBIOR GRhRF AP rLr\lézredﬁ))ﬁlarsg PO o Egr &an %t {Ihtg go#t}lg foulnd

in the eXtJaﬁ% attggi'x%ii 'todffﬁErbgéllﬁgspfn%kQﬂ aB3id B&KS Aﬁﬁbhﬁﬁnﬁéﬂtﬁ@;ﬁro@nﬁtbmm e
protein or conpl ex nmade up of two or "‘nore proteins. Alternatively,
bi ndi ng pasrothﬂ@ﬁ@omeaydsbﬁ sepacheing péptee-busiimygpartner paik fommehdPlsorgyhgniise f usi on

assay according to the procedures of Flanagan & Vanderh hen 1998)
Annu. Rev.foNediinghe pxtragy T}@o@ﬂlﬁﬁsd B‘Pdméﬂemﬁh‘?aﬂ&e e“ﬂ?r a 51”("%9‘8’956“‘6’5% 99,

59-69; the Far-We
2 Foorornaenat oy TRk RRGRE e A BRI Rl BT T o

10 (1996) ihéntifRA1sR8 @h@AH(hlﬂ%rFHoﬁp}ﬁdtsé Risoughsat hecouding tmfthcemotmmstozﬁgged
proteins or GST fusion proteins. Alternatively, the nucl ei¢c ac nol ecul es

of the i nvBlatigen & Nandsehagghsd, (1A9% ArassRev. Nagtosgibt §- d02y 4R %Hak?haé ast

t wo- hybri d t em.h dent i f t i
and cénrleqéﬁf%ﬁgﬂ"geﬁégp@e@ R Tl AR e g By bR L NP BRI TS
descri bed fﬁ&? E la@@ﬂM%@lw@l@{B(@iolt@@1hyi1)846r§a(ﬁéﬂﬂzl 7. BenMeitdiods t o

| dentify Agents ate Expression The present inventi on_Jpr ovi des
met hodf f0(r19961)e‘m D yborgoradenifisd thhatghrinduse at epitdpe taggrppretiisen G fsipuic] ei c
acid encodi ng the Nogo receptor protein. The present invention 20 also
provi des nePHdss for identifying agents that nodul ate the expression of a

nucleic acid epgodi blcsHGHE ROSRYE AP Wbl Il Zgagny
avai l abl e mansﬁgt?mﬁ%‘%h% %%gﬁoa?{dg‘hglngeessw tlhe exprcessel on | evgela of the
nucl ei ¢ aci@dsh@fridiyGemn TRB iéRNtwoASybrid system has been used to identify 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  or6, if it 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 inventign, for instance a nucleic acid encoding t L@lody havi ng
t he sequ@ﬂ@é’s 5%SEQ IDNO 2, 4 25 0or 6, if it is capabl epﬁﬂﬁgl-/ﬁg?
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 eotides 178- 1596 of SEQ ID NO 3, or nucleotides 135-3713 of SEQ ID
NO 5, and any assayable 28 WD 01/51520 PCT/USOL/ 01041 fusion partner may

aval | abi e, (AR PRAFRGY REPRPRar Yorigit abacbCaunal b PRl s BRth aleCodi ny

avai |l abl e, n he” gene encodi ng

chl Ora”ph%%gf}:av?i@a%ﬁw&ﬁﬁﬂ%ftﬁé ﬁl%ﬁ%/(hﬁlii@}age 8dneahd the @229 kodinal . Bi ochem 188,

245- 254) . ines containing the reporter gene fusions are then exposed

to the agesilorhmphmicobstcadirdmsizrade(Alappr ahr(il 2208 Aneh Biachens! &naddT-2 .
Differential expression of the reporter gene between sa e xposed to
the agent GelblinessoRiyNNG Myt el HfP %%ﬂ?@ﬁ@ﬁhe %%Btﬁoi}eges%%e
expressi on_ of 1 gi ] 0 - ' ' spquence of
S b Ro 2 s B e e e

abi lity ofpdehenag@ples bposdDonmoigent edichara xpnplssidentifizh agemuehiehc aci d
encodi ng a Nogo receptor protein of the _invention such as the protein
havi ng t hemadilalo thecixpresseuefifoniclsic asE@neesinghe projein hagpe PENSHEIPT O ei n

havi ng the ' cj d sequence of SEQ ID NO 6. For instance, nmRNA
expressionsﬁﬁnggﬁﬁ%%Pfgred directly by hybridization to the nucleic acids

of the inventi 8RRl hssl%‘} RRSB Ry 8%RASEE ridhibh@ec aBiERt oftthe hent @St ed under
appropriate conditions 15 and tine and total RNA or nRNA i s isol ated by

st andarad pmodeatatiesxpusthort dloseicHicribardding A Negatrcopkr ROLCHT of thg 1989)
Procs.  Pr ol Sk RprRstedes Frmprespraeat ord B0 BRL 26RAREE el 1 <
cxpesed  onghlG, RPN SAROAEY £ALls, Feom RormeresCaam evnucl el o
Erobes mhi@@nambﬁhﬁ%b@n@ﬂh&f@ﬁkhﬁbﬂﬁ@@mﬁm@akmhcﬂ@GMdkmumdbmfdmnditions of
Lgh stringeney o Y oy C%ﬂplt}?en;rgltltatg e ?egt%li?lilc(l:er%mrg riate conditions
mvention. Cell lines are exposed to g pprop
15  and time and total RNA or mRNA is isolated by standard procedures such those disclosed
in Sambrook et 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. Itis
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 anbunt
conplenéﬁﬁ&??Fygmhich shoul d exi st between two nucleic ag?gvg?#gﬁgs in
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
the invention through methods known in the art. For instance, the G+C
content of the probe and the probe length can 29 WO 01/51520

PCT/ USO01/ 01041 affect pr.obe bindin hﬁ iht target seguence. .Neai_;rhods to
optimi ze pHEEThsIPdIng jo N5 targgl seg §haCAP CRBFECPRSahtT 63K €t at . |
(1989) Mol ' r.at , d. |Ardnaghtddar bor

Labor at or yC%&;ﬁlé%gy %aﬂ ulgg%se &;@1&9&?%9351\51@%{%%@%? ot ocol s dﬂ?n Mol ecul ar
Bi ol ogy, Guegnre (RubEpsty Mgbord diytardrd Prad erokuscbeidt 44, 6H95aCeramdirgtbeds usi ng
known net hods, such as those described by Sanbrook et at., (1989) and
Ausubel etinafolecular PolpgaSreagiiupbdifor each probe. Hybridization of total

cellular RNA or .enriched. for : FP@ ighed in any
avail abl e for nalfl%%&aninﬁ%?ngﬁhoél?aliegl?(g{&ge I@?Qﬂ%%t%®g’§%§pg§nr Pc hed for
pol yA+ RNAiL&HbABy BhinbiRd of &., 21 B0) il Susbelret alantbdshes =qbirddl forigpbrt exposed
to at | east 10 one probe conprising at | east one, or part_of one of the

sequences @bbd. Héytiridwzahion offoaheréinlar ROMdortRISAsniighediorael e RpF ot i | |
specifically hybridize. Al tivelLy,. nucl eic, aci a S G rising
at | east oeh’é‘?mBll‘ShE)‘gP’tanéffavi‘)‘E?E{eggwa;ﬁ'eﬁé'éaﬁgﬁg’ggt%?eﬁp %R&%%@%nenggrn%be

af fixed to i aslidsudbbit SR ASROSUPBER ExpkedoROl@lS gl ass
waf er . Thefogg\g?%rq{c}z&ne?rﬂseénafggé@ESosédw?g total cell l}ll ar ng%r 0poIeyA+ RNA
f r om 2105 ang@lerobrct@mptiSing anidast box sr pant affvine bf thia seqibhides edths enjennerewnda | |

specifically hybridize. Such wafers. and l[»BDy,bri di %ati on net hods %re w del y
avai | abl e, congitiogsdaridtieh the pesbe vall spaciically yprigies: fltematyelyguslen@gs 1755 By

exam ning for the abi.l.i [ LI l; indjeze to a
RNA sanpl egr?%er%psé:r? THAeT éé% %%St gré ’ong%tpﬁlrogltg :Bg{%lggﬁcﬁl%ffi&refg r%??ecl%\fﬁnﬂ%lg%dgl §t ion
exposed t 0,ffik&1 BARDLd siFPeALsticy £4ilidop baseddmfier or agotaat glashealex pilessi on of a

nucl eic acid 20 encodi ng the Nogo receptor protein having the sequence of
SEQ | D NO wafeneangherte 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) W09511755. By examining for the ability of a given probe to specifically
hybridize to 2a 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., 17, 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 Assaygé}.e. RPA, see
Ma et at WORMEWRYs (1996) 10, 273-238). Briefly, an expr d&si/EH10Micl e
conprising cDNA encodi ng the gene 25 product and a phage specific DNA
dependent RNA pol ynerase pronmoter (e.g., T7, T3 or SP6 RNA polynerase) is

| inearized at the 3' end of the cDNA nol ecul e, downstream fromthe phage
pronoter, wherein such a linearized nolecule is subsequently used as a
tenplate for synthesis of a | abeled antisense transcript of the cDNA by in
vitro 30 WO 01/51520 PCT/ USQOL/ 01041 transcription. The |abel ed transcript

i s then hybranhsiipgeh. {loe dabuied transsripfis fhsp habredizedNaa mpix@re of isahated RYA (e,

oo o s T S, L s B .
resul ting hybridse 48navtPeR, sirgest 8o NACRaRHT f8f ESAMO s kddglithe hgbrits

ri bonucl ease A and 2 g/m 5 ribonucl ease. After deactivation and extraction
of extraneacusthpt digeitatsin attiffesampiremgaddelg/ hbatadclerst ¢\ andelapgoll yacr yl ami de
gels for analysis. In another assay format, agents which effect the

expr essPon rhpIEdks. ffien Aeackuation 2pd BHIRCEYY Ol frireoys PRI, IE SUEPIGHUFd fi r st

be identifie i XDF Y cts physiologically. Cells and
cel | Iines1%%b¥§%%3¥§%%%ﬁ§§ﬁ%%dgégg§%§§¥g%yto conprise the 10 necessary

cel l ul ar machi ngp yn@kGsdah@dmidnegéitdehich yffedt tenotpteadiooor thé iristast gene
transcriptional apparatus is maintained with regard to exogenous contact
of agent wiprédvaispredper eelldines wotlddisstbe sdestilied Whish gErpRsrd esnapiadidhe

cytosolic ¢ g%g@g]?:ﬂlyzhge g%{z%gei Chsgogllﬁllkeitffgerd V\(/:o%llci 1136 %!pgei%%%épc lrrgrnggg]%: glnsduced

or transfe (e.g Fasm

vect or )1oCongtdet cARMP MR hibrylcIORE AP 8elPBr thb @S| Al F thearamBirpBhL
containing end 15 of the struactural gene encoding the instant gene products

fused to onppantusismeaimninegerthcegafd @gregimsys ashiachofagentpetudppeapriele t he
e A LS GO O T
e or oSS G0 IS0 S LI\ o e 15
a process iwraaictorkdd@vuck Borhffigsir@ 4n 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 er 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 line seleged or

t r ansf ecEH1445%9ut | i ned above woul d then be contacted wi ?ﬁtrgggn/ts under
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 cal pH, Eagles balanced salt solution (BSS) at physiol ogical pH,
PBS or BSS conprising serumor conditioned nedia conprising PBS or BSS and
serumincubated at 37C. Said conditjons . be dul at ed, as_.dee

necessary B9niEeshe silp pithiths agry. S&idt C.eﬂ ﬁﬂﬁ%@éﬁ?%&né%emy@@tﬁggﬁge

PCTI US01/ 0304 d LS e R PR Pholed BhdleRlelea Wit dn be

di srupt ed élr?ﬂljpttaﬁég%o %‘%%%95@%”@%%"%3%@@5 uptlate%a?g fra%ti onat ed such
that a pol ypepdydebd faded Poccksd podhednaingcaantagce edEWMSAH an  anti body to be

further processed by inmunol ogical assay (e.g.,.ELISA | ngpr eci pi tation
or \\ést er nimenyprecipicatipn oF Westeprdete hae I?%’i)P%I?r@ETmIS ﬁ%?ﬂﬁt?%% AE 5
contacted" s le, will be.conpar i I gt y the
exci pi ent F%I%g%%(ﬁtsﬁglp edm\ﬁvibteﬁgﬁﬂaergc\év\mqéagﬁaoqgﬁkﬁﬁg%ge@l}gtrh g{:l eethLé in the
i mrunol ogi ¢ghchMte ORAR ERIRHS aridl 8 BRredké ONAdchase agenimmantoaidatd terkengl e
conpared to the control will be used to distinguish the effectiveness of
t he agent . sibfallfronMBteliagt tantdotidiisarigle pgropared torthe covr@livat ee wsed fvi ty The
present inventian proyides rrettggds for identifying agents that nodul ate at
| east one &stpgyishthe FIECUNGRSSS PIdBeHBY protein. The invention al so provides
met hods for identifying agents that nodul ate at | east one activity of a
Nogo protein. Such methods or assays may utilize any nmeans of nonitoring
or det qgt i ngMdiedd esidesiky actehty ittay MoliblaterAoivityf or mat, the specific activity
of a Nogo receptor protein or Nogo protein, . nori{}al ized to a (ﬁ{landard unit,
bet ween a cel | PSRt dRyoptieR PAREcBEROEBOYERITY RS AER S GAHROMAE Be t est ed
conpared tqQ an un-expo con - 1 at | Cel |
Tnes Cor gepurire B S AN bRl o PR e B o Y RS R R o
appr opr i at g4GARAS ARAR (R hddUAR-at 1kt lohethaivityysatNego pryeibeSphapaheds ot r om t he
exposed cell li'ne or population and a control, _ o

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
analyzed W t %ﬁe probe. Antibody probes can be preparedpp¥jshikiei NY
sui t abl ed an hosts utilizing appropriate immunization protocols
usi ng the Nogo receptor protein, Nogo protein, Nogo receptor peptide
agents or antigen-containing fragnments of any of the foregoing. To enhance
i nmunogeni city, these proteins or fragnments can be conjugated to 25
suitable carriers. Methods for preparing i munogeni c conjugates with
carriers such as BSA, KLH or other carrier proteins are well known in the

art. In sone circunst i rect nj ugation using. .fqr
carbodllnlﬂbmpggﬁéﬁF§ﬂﬂg §%gwg??%%tF6§h#ﬂ%Impﬁgsg Xgﬁ@gggﬁﬁﬂgbﬁ%
reagents such A% LiRgsEcaHRRY Wi aRyst8 h@fe@ﬂu@bﬂmefs?krs@wnmst&ﬁe @eidgidgsabl e 32
WO 01/ 51520 PCTI USOL/01041 to provide accessibility to the hapten. The

hapt en pepﬁndﬁanmanomﬁﬂﬁmban@eguaacam@hewhmheﬂm@nwﬁdwonmuama@wystern1nus
with a cysteine residue or jnterspersed MAt ﬂé e. reskﬁu ?é

exanpl e, 't éomdazéieﬁ lgtﬂﬁ“élyl ByrRieRP QY Ch? gRple dime pﬁé YRR S8 bLlehe

| MMUNogens I%]% gﬁerggnﬁlg%ls O\Sdlﬁyth'e %e‘f}uhﬁgth@\fﬁfnuﬁlzﬁﬁ'&ﬁ abktand i ltifegs Per i od

and with u$ uvants, as is generally understood in the

art. Duri n@fﬁﬂiﬂ)oﬂlﬁﬁ%hﬂ(@htcﬁdbtéiﬁhﬁﬁdle@acybfﬁmﬁod}Oforraaﬂdnbodl es are taken to
det ermi ne adequacy of antibody formation. Wile the polyclonal antisera

produced in thi Whmm@%a@tw@fa&é@ww mdhlsg‘@bf@“ayé’ﬁéiﬁil%%?ﬁ(?%rf%r SOfGy
Prmor tal 1 2o tsant) prakirt Sobe TR G R Rl BEp BT T Lo oF es

Imortaliz eS|re anti bodi es may

10 be prep g?&g‘réds 'h%o?tﬁﬁ%@%él‘lj hﬂ&tvhﬁéfﬁsec&&eth@d@ned Kohbd@énakatdbodiceay (1992)
Bi ot echnol ogy 24, 524-526 or nodifications which effect immortalization of

| ynphoayt ede prepsit aemg stehdas] methods, seeg@elﬁ@mm& Ribsvam, (1398) Birteshnaloeyed cel |
| ines secreting the des ed anti es. can Scr noassay in
whi ch the éﬂt?%eﬁ%loén’t Cﬁté?ﬂsl"%hégh%l E\W‘m% igaioBOf E@“Pg’lp g%?resip eenﬁ\‘% h t he
appr opr i at %s 5r£11i%% kS, © k’tﬁh’feg SR Rh&LERGidoNBe 8QREd ivRalk B 15

identified, S can ture efther in vitro or by productlon in

ascites f|@uéawIM§uﬂﬁ@h@ﬂd@ﬂﬁﬂﬂﬁﬂﬂhﬁhﬁ@@nuhhdp@mdmhgﬁaepo@pqndned fromthe
culture supernatant or fromthe ascites supernatant. The .intact anti-Nogo

or anti- I\Io@@)t@éc@‘ﬁte@rth@eﬁﬂﬁ%éiél‘ie agmeytalized gglhaiiuse ﬁeﬁ’@P%fbe\ﬂﬁ?l BERYiH t he
| n0|1gg| Clg nltlylef t}% ceflé ga% cBRurteEl Qlther %19 5 oyg}?f}roa@ctlon in ascites fluid.

The desired monoclonal antibodies may be recovered from the culture supernatant
or from the ascites supemnatant. 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
fragment WQ8I/SSen preferable, especially in a therapeutiTHENH! 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
specifically to the 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__al so be
produced i andhedycassiesskibedm & fi Raerd S, P ORI puRicrlsnamsg e (828D agh 3% or

i nstance, b%_ i zed anti bodi es. The antibody can therefore be a humani zed
ant i body OP‘ urrein a 33 WO 01/51520 PCT/US01/01041 anti body, as descri bed

in U S Patent 5086 18RcksalkEmi@ibdyveinetod cal BEBBdorNgtsulceedd?,  323- 327.
Agents that are assayed in the above nethod can be randomy sel ected or

rational | y raihalyt sstectsd od designedd As Asedisesih, e pgdnhis sad ta e randpmilyssiegicd o be

random y sel ected 5 when the nt ...s chosen. random.y W t hout . consi.deri ng
the speti f MR B F8HYEAYC Oﬁwa(}%gﬁi‘/ﬁ“{hf’wecoaﬁ%’&gi?‘? T S‘f%gn%f‘sﬂ}vtgﬁgfiﬁi of the
| nvent i on_ lORGfoltbE el bfo A1 S0t RfiGHASII G its RlddhatBariaer s, etc.
An exanpl e of ranJon1y selected agents is the use a chemcal Ilibrary or a
pepti de cobhidiatparthak, did. X@esampde ofaagiomiy beldtaat dgenth issthe osegaehiesimal As used
herein, an agent is said to be rationally selected or designed when the 10
agent is cHESBROGHPRIGRFRRIRAISHA] HAYS ol BN th Biedsof 39 %2a¢Edunt t he sequence

of the target %stug%&)ﬁeréi%,sanca%?ﬁgtgg o9y 1{093% rgtg)ngl(r?}pr ?&{déd%@ ol ;}érgedt\ﬂ%n ent’s

action. Agents can be rationa selecte at1 onal esi gned by

utilizipg tpet RepbidensaduansRem bintwhittkkekdsinto Aesrnsint eSquende®f texaapl e, a
rationally selected peptide agent can be a peptide whose am no acid

sequence i sit¢ efaistcogf@imationtih eomsicadimuitberagmt’ s 86N B\g9qss capbe wtiong@lyo whi ch
HICEEERER R S A e T R T TN
of the presgpixahPYERtdRBRaIRARIRRd pBStidR%2IR ESbe PERKHE/BoscAMhindadi es,
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.,
SEQID 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
instrumentation 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 fragnents, small nol ecules, vitam n derivatives, as well| as
carbohydhgéﬁﬁ 5(Eeptlde agents of the invention can be prqgﬁﬁggnuﬁaﬁg
standard APhase (or solution 20 phase) peptide synthesis nethods, as
is known in the art. In addition, the DNA encoding these peptides may be
synt hesi zed using commercially available ol i gonucl eoti de synthesi s

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

Anot her cl ﬁé Egﬁgengsngf the present invention are antibodies or
fragnents *to a Nogo protein or Nogo receptor protein.
Anti body agents gahR&r oPRERURSELHBY: seFPBMAE Zakilioa ©fthSithichBbrancmanmal i an

subjects with peptides, containing as antlgenlc regions, those portions of
t he protei momﬁoaﬂ@hadtutlmaxbea}ta@tegéumdattyﬂ\h& thniNoge cepior BALWD BT £51530

PCT/ USO01/ 01041 J. gh Thro t Ass h oughput
screeni ng |@‘H¥@W@k@HmE%ﬂFWé= % ?ﬁnp% é&fﬁﬁbﬁggghﬁﬁhak?éhkgﬁe capabl e of
i nteractd n Bt UBLeR5968083). FALL GEARNBAt asif OFITRINEBr ON
high-throug put é?@g%?%gd%gqg@, tev ' n, f9987 H gh %hﬁgfghput 5 '
Screeni ng, dvbreckiferbitlikear tecbhi§uesPat ent 5, 763 263). High throughput assays

utilize one or mor e dlfferent assay technlques Innuno nostics
| mrunoassays. 6 i : J%sﬁug%agtupo e ST nt of

speci fic bipochem cal conpl ex
m Xt ures su@hnggm%?8?§8F%%?@§Iﬁ%%égﬁggﬂﬁgdg%% %%%gﬁQER%Jg%%gﬁém%§?§ and

hi gh 10 af figididk SHewss Kih ssbibriIcH fRiepanedepandussal e trdifieny ibidies f or
their conplenmentary antigens. substance to be neasures nust, of

necessi oy, ﬁﬁnﬁhﬂmgaﬁW6uHéﬂYh@pmamami%ﬁnhdg@ﬁx@ﬁﬁé@ﬂbﬂﬁﬁéﬁﬂﬁéQB@Ya hapt eni ¢
smal | nol ecule. To each sa known eC|f|c

ng dl?1 unt. hS

ant i body i sAH8ERSd PSR 1P 88’[6?%656?“5? h’én?}t‘t?ﬁl%' H%%‘i“%reh&‘ Wthit, often
expressed ag, g Qxﬁygﬂ FecliRldr @ hapteni€ ShhlMBloRLulcUTb REcARnpRd lGRfwal a form
of 15 the antlge§ el mnth radi oi sot ope (radi oi munoassay), f1 Uor escent
mol ecul e (fihitet @hsowodaesidy pntitetiak aedéd el thattacmh of ﬁplantmmmmb@msay)

enzynme (enzyne
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 mmunoassay), or other readily distinguishable |abel. Antibodies can be

| abel ed wajgﬁgggys ways, including: enzyme-linked i nmMmunosbedloamsay
(ELI SA) ; 'radioimmuno-assay (Rl A); fluorescent immunoassay 20 (FIA);

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, honobgeneous assay, mcrotitre plate format and the

m croparticl e-based assay. 25 Enzyme-linked inmunosorbent assay (ELISA).

ELISA I an, | nachen cal whief AhaUEd DALaaer 43 LDeNaRaLeROf

. . 11
radi ocheni ¢ars an e expense of uor esc etection~systens. |nstead,

the assay ua@SodeNEYHE fesedlitiddi ThE Atigen-EhtlbSy tomplek Brienodetecdant i t ati ve
i munoassay based on the use of antibodies (or antigens) that are linked to

an 35 WO 01iBIshE thORtvgDef gnawlopripissabimd Gaidwd previouslybeaeovalghileh i s t hen

used to "captyre’ the relevant. antigen (or antibody) in the test solution.
The anti geﬁﬁﬁg%%aﬁt&?ﬂﬁgﬂilgﬁ}hen detected by neasuring the activity of

an apprgpriate eRzIBmidieh oNBHIPA R¥hAKSsYscPaBe-aMpa, ERder, AbbacIggAt 0 the

antigen (or antibody). 5 For information on ELI SA techni ques, see, for
exanpl e, Crahtdrerand PLLROS) (MeEthdsa in MoKuelar Biocdomy), Piwcdna Ceesé; NEtah agbsntiek
Mol ecul ar Bi ol og

H Press; .Chal| aconbe & K . (1998) ELI SA and
O her - Sol | APHASE | PHAaAsHy DU SULPEEF BAMOATSS AP ROFEEE Jonn

Wl ey, Ke A i C l - TR, -
| shi kawa, n?%@ﬂ% }%ﬁlr é@%’;ﬁ{sﬁ%@ﬁg?\%ggﬁ&é% %/dgéb Flr?’r%ru%oasc’s a@hﬁisg’or atory
Techni ques Idkdwa, BiooChERiasdnsiyivand MylidEndyaie [Binokrogsshy Blabetaicey TedBolques met ri c

Assays for Enzynmes, Colorinmetry is anﬁ met hod of quantitative chem cal
anal ysi18 i in Ritchemishe aedMotasulaaBiogybElsariunt of a conmpound is determ ned

by conparing t col ar. produced by the.reaction of reagent .w.t h both
standard and te olo gy (;%l?rl%’fmeetr.ygl.s?nyurglgtr}llaggg%%afq%t\ré\%%eeter or a

spect r ophol.RiRicEranallSis 7 RRLRLHE ©ACArATBRIdr afodfiSThToRbo R iddadndaédsy dase
enzymatic activity are well
comparing the color produced by the reaction of a reagent with both standard and test
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 er 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  comjugation 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)
Ml. Cell. Biol. 5  281-290). A colorinetric assay can bg-pg&fiRrnggd on
whol e ceVP P es using O nitrophenyl - bet a- D-gal act opyranos?de ( ONPG,
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 avail able for the detection of beta-gal actosidase activity (see e.qg.,
U S Patent 5,733,720). | nmunofluorescence Assays. | munofl uorescence or

i mrunof | uorescence mcroscopy is a technique in which a ntigen or

anti body is madeoresidafeEpitiogyen “?‘}?“L@Bﬁ‘i‘%@%??té‘??ﬁf" U ¥5Cuor e)éaéﬁﬁg’ dye and
then allowed fo r %5:5} e R R ALY 8DkiROtnAIquaN Elsgeier;i N a
tissue se\gg?%?ﬁef)?l'e’g%@ : Hlté ggéag?gl}l(gn of the antigen or qanti body can then
be det er mi nagh, PP Detatifgioh bydlheseent dibyswpy F dstrepicalihpepadll t r avi ol et
light. 36 WO O /51520 PCT/ US01/01041 For general i nf 8@)[”3“ on on

i munof | uofTis Pesstical dphroagueaiess@uford Ppivessinprees (Rlaps"8k al ., (1978)

| munof | uor escence and Rel at ed, St ai ni-ng Techni s EVSEYhi8lowy, Al l an,
(1999) 3pr oﬁ“@f“llpq_ BE?F‘ieE%ﬁuﬁ%th‘%eB?P e%cﬁ%rrl ggcglgln% (:I§1 g Copy - A Pract i cal

Appr oach &lﬁ&idgeétmé;ﬁﬂy TARR! 081 SRA e ina@shios fdmbiny BuctdeyntRechaBpeCaul |,
(1993) 5 I mmunofluorescénce Antigen Detection Techni ques in Di agnosti c

M cr obi ol ogyplicabGatohing ptgeentnivengios, sey Uss. datent FBF2, bt bi Y- &ateak 5188Rabtons of

i mmunof | uor escent techni que | i o the present invention, see US.
Patent 5, 9@-28,-E?@;ﬂiﬁ@ﬁlﬂaﬁr@ﬁﬁ-sggig%%%%i,%é-u. 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 ag t hg. pred Rk Reehahanklottiecatitinay aci d sequence of SEQ ID NO 2, 4 or
6, are expressed in myelin derived from axqn and dendri tes. d@&g%s t hat

modul ate or up- Aeproviisin the Fapaples. ﬂhf‘eNégfpfr‘”_élég?gé’ﬁe‘i‘?owﬂ@t%Sg%l go
recept or PEOLEL T O A9S0LS: UG 05 15 AR Sia:Ohr 90 A0 1 3 s b | cast

one activi {9 go réceptor protein nay
expressed in myelin derived from axon and dendrites. Agents that modulate or up- or

down-regulate the expression of the Nogo or Nogo receptor protein 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 protein 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, Pelizaeus-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 particyghlegpgeful in
the treatBHCIA hunan subj ects. Pat hol ogi cal processes refer to a
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

spinal trauma, stroke or a denyelinating disease. Such denyelinating
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pat hol ogi cal process when the agent reduces the degreg or%%gv%'dlt[y of the
process. For i nshaneexaraplaadpanistrgen agthaNegagertsy aggyipdgrecigbiy S

PCTI USOL/ 0 1 en or, di i - I y the
i ni st atvane ot Kadi B TATE 0 st AR AR FRACAER o the

expressi on Qfn Rbed SABE NOBS r@eptbMprbdindn anothrek@hple afells hiichrexpretd thar. | n one
exanpl e, adm ni s%rati on of the go peptide agents dePi cted in SEQID 5
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di sease associ at ed ith _No or. the. o, receptor, protei.n. 1F r
exanpl e, ce4ﬂ°§al\ﬂﬁ?‘¥tﬁ%ﬁb$@§g&€ﬁr@megélﬂ)et%8h g@?ﬁ?@%gfcgltl%‘g&iﬂﬁ\%oﬁn qegarr}g%@gg be
transpl ante It j Qresdvithsf orfraghd i tate axonal growth

t hr oughout @ﬁ}eegﬁoﬁ?%Fl;elgalgB{dggh%%ch tran‘ééjp antred cells would provide a neans
for resipring spinnat amiicd efannslé,iadmirfiatatiombighibig Nogo wreptorguetain tha) binds y et

anot her exanple, adm nistration of sol uble Nogo r,ec(g&tgi\@prot g{ﬁq\lthat bi nds
to Nogo cantopeogeserbe Bsediiegeat s dgewpinaipheissiee HHFEYeEWVHE IWEP At B Mi%h Nogo

or the Nogo receptor otein.. Thi e : he
bi ndi ng of TOTHPEEE Thi sk < Qég%“?%c@ﬁ%@‘ﬁ%ﬁ“d%e&a}g&éﬁ& e g%uélﬁi st of
Nogo. Sol UbNg%d REGMANS aktaM an BeeELiS 6EINb&. [Bdible Ry épdts hes: teren atddao bindgands

to regulate their function (Thonmson, (1998) t oki ne _
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 1s 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 1s
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 Hagdbo?k,hAcadech Press). A soluble receptor occurs in solution, or
outside of the . nmenbrane. Soluble receptors may occur bec ment
of the mYI%EAE%hich spans or associ gt es w t% t he nenbrgﬁzﬁjisgnglggggt.
This segnent is commonly referred to in the art as the transnenbrane
domai n of the gene, or nmenbrane binding segnent of the protein. Thus, in
sone enbodi nents of the invention, a soluble receptor includes a 20
fragnent or an anal og of a nmenbrane bound receptor. Preferably, the
fragment contains at |east six, e.g., ten, fifteen, twenty, twenty-five,
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si mul t ameotist axanipleameageadmianbs tdmiedtaraidepdiyde asityof injugy fiaghiromfusiesh t hat
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9 (radrsuting
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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 ture of
the ef f WO WL Ped. The present invention further provrdegag%%gggp?ﬁons
contai ning one or nore agents which nodul ate expression or at |east one
activity of a protein of the invention. \Wile individual needs vary,
determ nation of optimal ranges of effective anobunts of each conponent is
within the skill of the art. Typical dosages conprise 1 pg/kg to 100 ng/ kg
20 body wei ght. The preferred dosages for systenic adm ni stration conprise
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Suitable | emnapmlatc thesigbny dontdslivary wedibelceld i ncl ude fatty oils, for exanple,

sesane oil, or eti id esters a eate or
triglyceri des. g‘%ﬂi‘é"?“ﬂf%é %lfrtlgﬂg?{éh%F‘Bﬁs%%?})&éagﬁ gccrro%slﬂ%sottg%rces whi ch
| ncrease t ﬂ%eﬂﬁoﬁfrﬁ%? by fo%ultcu}%g for cRteEA, n%?al'o?%pﬂﬁadnﬁlﬁfstr@tmnﬂh&ed sidi um
car boxymet ose, sorbitol and dextran. Optionally, the suspension

may al §¢ C@ﬂ&@ﬂypeﬁdf&@nﬂulazehsmayb@m@drmsultaamw]yw aﬁee\{@%!demm encapsul at e

the agent for delivery into the cell. The pharnmaceutic fornul.ation for
syst eni ¢ adginpistapen P%he é@%’é#‘tﬁ“f%ﬁnﬁ oS"PWEIe fpﬁ’%l'i‘ﬂqné it £ @“?‘%?aﬂﬁr ated for

enteral, par glﬁltg%r & or%([)ﬂ% &psrﬁ?sm ss{arb td ﬂl'aludlr%%%%d ta®les, e Qrst hree types

of formul attS sr AU C)us y to achi eve systeém ¢

adm ni stratj, ens@cﬁnsts!}al )3 1rrhe1aumraﬁdrcemtoneewléaa@foemﬁ dreraolf.at i ons for oral
admnrstratlon i ncl'ude hard or soft gelatin capsules, pills, t%Iets
i ncl udi ng coat edn pabticngthe gieihods of this invention, the agents of this 1nvent10n may

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 in 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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suspensi ons, syrups or inhalations and controlled release forns thereof In
practici dﬁgﬁsﬁﬁthOds of this invention, the agents of tBr$sov@dli on nmay
be 15 u 'One or in conbination, or in conbination wi th other

t herapeutic or diagnostic agents. In certain preferred enbodi nents, the
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ant i geni ci tie uadrilyingraeengle heRing e ysg PAPCHRFBEYINELCS &% atﬁB‘f)P‘?FH’é-e@?ﬂ‘ga’i’% ng

nol ecules that mmec ele : - | ?ﬁﬁp r see, for
exanple, J SEH%OE)%nSe XIS C.h,l er}?%élﬁgt ﬁ%“%%“.og[ g& S?%é:cr? 2 rrsglt% |fl )éééd Tyiag ?%#g@éaé nol ogy
and Phar magyolcdif# ZdérctRhs, 8lich as(UBshe boisiboGh apragan dA pedtide mimBtieisunder | yi ng
rational e behind the use of peptide minetics is that the peptide backbone

of protiei nsxpsciesitts petiiehplpcule ineiashans sl (GBF dagialiBolssdiens i n such a way

AP ATEEN TdE

e SRS sl bt o st oot e mpat g

properti es Tapa 9gB WS ndopépids eormpoutnide atcaisp reftreedte@s [‘phptide mimetics™ or
“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-, -CH2-CHaz-, -CH=CH- (cis and trans),
-COCHz2-, -CH(OH)CH:- 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 et al., (1979) Int. J. Pept. Protein Res. 14,

177-185 (-CH:NH-, CH:CHz-); Spatola e al., (1986) Life Sci. 38, 1243-1249 (-CH:-S);
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These types of non-peptide conpounds are also referred to as "peptide

m metics’ "peptidom netics" (Fauchere, (1986) Adv. Dr 29- 69;
Veber & E?@F’Hf‘ﬁg‘ﬁr, 15 (1985) Trends Neurosci. 8? 392-396?&5/192%5%341al.,
(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 herapeutically useful peptides my be used to produce an equi val ent

t herapeutic or prophylactic effect. Generally, 20 peptide mnetics are

structural Ly sl Abkar Fon 881 BOLAMAR YORRUOR i Br. o2 ROKBEOLAGS hat

has a bi och operty or arnacol’ogi cal "activity as the

extracel | ul @i deog)n. Mell. d¥eg0 2301892 N39&(-0NETY); NphRgpeiiede al i(Me2ges
optionally replaced by a |inkage selected fromt heTgr oup consi sting of.
- CH2NH-, - CRai8hedrorCHgt. @Bp2533( -); (Filledayred at (39%D) Tetratpdropm-ctt. 246H( OH) CH2-

and - CH2SO Y, own in the furt ibed dn the
fol I owi ng r%@gr‘%ﬁ%é??g%é %@Pﬁﬁr?wggg§£)clﬁg6$%hly ﬁﬁéf@%%iﬁ%‘?}%f of

Am no Agl dsypiBleRtiAGeSorABENRERRIBRrend@r cel  Dekker; Mrley, (1980) Trends
Pharmacol . Sci. 1, 463-468 (geéneral review); Hudson et al., (1979) Int. J.
Pept. Protein Relsabthng oflpEptideBininfetiCHaNEY inEhiREHDVatenSp@tiohent ef oz or mqrd 986)
Life Sci. 38, 1243-1249 (-CH2-S); 41 WO 01/51520 PCT/US01/.01041. Hgnn,
(1982) J. Crlesk. dizerdly opdpRugh arspape (e.g, anyyide gipup). I QRHNIerieriag BaRiqnisiAr ) -

S i e

Hol | aday etm@(ﬂeli_n%.( $&3IonTigtcrfaadstiohetdnerald are pddilibnhBAdA ndCfdhl) dikd2: ) ; and
Hruby, (1982) Life Sci. 31, 189-199 (-CH2S-); each of 5 which is

i ncor pottat expnireisavith thy meerpaotasBls(s) (cabelrs 1Y coRtag Pettde VAREY PLOTCLrBIval | v

i nvol ves coval ent attachnent of one or,.more |.abels jrect r through a
spacer (e. g™ (ﬁ‘e%ﬁ?&’ Or ?J?ﬁp?ld? Bmﬁgthc-kfnﬁset? e fl%egtlhﬁtt)hselggﬁegt%:( ésf}lecgn t he

peptide m nBLiGitahad (e?g‘.,%ﬂi@li‘ﬁ%j StiRpdDMBIEABS dHoaldi neesublstaGAlly igredeieivdint y dat a
and nol ecul ar nodel I ng. Such non-interfering positions generally are
posi ti ons tthatlesited hotogical on harreablogBakativigcofshepeptide memeagr onol ecul e( s)

(0t e SRBLCL ROl 5,11 Nog Nl ceeb ot Comples), . o

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  animmobilized protein and a protein that is expressed on the surface of phages such as
lambda and M 13 (Amberg et al., (1993) Strategies 6, 2-4; Hogrefe et 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
acti vi t yWsT 0¥i820pept i de minmetic. Nogo peptide mnetics carPdIéEU0M8%¢4 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. 75, 323-359). 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 t hat Ehcgeaséhéwndécmeasﬂﬁﬁtﬁﬂﬁh@ﬁcmqugbkamnﬁﬁe&Bbgﬁﬂ recept or.

Approaches that, can e lnc u st two 8 nmet hqd (see Chien
ot ot sy epte: (R AR S ] PRl St SR SR A i Titng t he
phage di splay. P ohEk
|nteract|o%s gﬂﬁz22gn?%Q$P§WQEh&g%hq“ﬂ?%gggfgﬁgﬁg%Zy%%g%gggg 246) . ?

phage di splBayarsekhed:!/ d@vert FeptifieChantisttach iPoactibat eeiooR Bpangtrrvmlag | i zed

protein and a protein that is expressed on the surface of phages such as
| anbda &nd M3 (Anberg et al., (1993) Strategies 6, 2-4; Hogrefe et al.

(1993) Gbnsd %§s€%% 1%%8 . These net hods a||OM/pOSItlve and negative
sel ection for —prﬁ%ern—prui interactions and the identification of the
sequences that detesm- @ﬁmﬁdl"e&ﬂlsk@lﬁ&élﬁ@ﬁdlm§all 42t BROUBIR 2 BT hikISRs/ 01041

For general information on peptide synthesis and peptide mnetics, see, for
exanpl e; Jdiradsy in¢lude2n indriideal Aging! aredl Slatgpﬁ pladev @pnmﬁ@slngludmfe@mqnm versity

Press; Jun 9 nblnatorlal Peptl t|de Li br.ari es
andbook, - JERFNPIER: X BBSHEITRE G Syt 69y PR TaS e PYTiEs
Practi ggl ;&%Q%mﬁgﬁr%ﬁfed \éﬁfeétﬂgor indifetly RNREEHLE ¢ Oéirfﬁtl@%é?u liioh &F 4N
"animal " a sed herel n I ncludes vertebrate aninal s, except humans. It
al so incIuddxmnmanmdﬂwmdmaﬂnamwnnmenmmahhﬁ&ﬁﬁ@@@&ﬂbuﬂﬂmehmpnentﬂnsncIudlng

enbryonic _and fetal stages. trans%enlc animal" is an ani mal containing
one or nor dtEdpeed %Hérmw@a&em@éh%tnfe@rq o BitHB R CBIPIRSEBEAE AL MY Plect |y or

i ndirectl y’exttx)z}{cﬂg}n po%[lzﬁfyereﬁ%gﬁﬁg ]SNKBF![th ltlérﬁ’;[‘lggﬁn Al11-Bne transgenic animal”

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

VI rus g; ) /§1 roduced DNA mol ecul e may be integrated w tpalrﬁjsgl,gﬂ]gprmsorre
¥ xtra chronmosomal |y replicating DNA. The term"germcell-Iline

transgenl c 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 possess sone or all of that information, then they, too, are
transgenic animls. Transgeni c animals containing mutant, knock-out,

nodi fi ed genes or nstruchs 1o over-express .or ondltl Ly express
a gene corfg %@Wd’f%&e? O?ﬁ%agﬁﬂf& Iy geddy erng% eEB (?rlﬁn Cfog(r%g%’ah rel at ed
sequences &figaRN6PMP aSSAkbd e pldBuded v itk RMcing OtrdRerledf 1ﬁforﬂ3r§ &mlimeyf be
foreign to the species of aninmal to which the recipient belongs, foreign

only to ththepantinah aminiahdlhe rdethddsrenahljpigaing introducgemet PYA| infomehnaeon al r eady
possessed by the recipient. In the |ast case, the introdu ed ene nmay be
differentl Qene@kﬁra&lg’% ac‘?gl"?ﬁgrl%‘ﬂwpén Ehﬁé‘nng}&?féméﬂ%(&é%ug‘ é BH®E The genes
may be obt g ' [ St SR G SnicRYnitBRaAt i on of
DR 1 rom Pe oAU, R B G P R e B B e
combi nat i ofhetnhRiz€alic mdle phauelxpy xes@lednheaizgeﬁ@psdsmuhtdlymempemaﬂohylrﬂ inked to a

regul atory region. Regulatory regions, such as pronmoters, nay be used to
i ncrease,  dieeesageich digus zensodiciblgiaicaomelone B’\é)rl%lﬁ?lﬁerﬁ PERNESSWHIoNG cert ai n

S oaony ol B TR e SERTEORh OB 0ERBIor AR MO HEL Bucce, e

PCT/ USOL/ 0 prom)te e an ccurring pronoter.

The "tr ansﬁlﬁé&te@ IMQA-WIH %Eﬁhco@)@tdﬂ@i iito tB¢ hddnerleéand ihe fﬁrﬂ-b%awoe@ﬁﬁiﬂerby
i ntroduci ng’ "transgenes" into the germine of the non-human ani mal. The

met hod$0 enabl(i ) Phrs. Nail. rsddcid. dﬁﬁfbﬁ A 4AED. Eensequently, nagelbial aFllsof

| abl d well-k t.h Di f f t t 1oy 5
?YZhSSenZS%Eaaﬁ%e% b aBRL R e SgBra bR bcar gt 1o,

m cr oi nj eC{gpPQso }egun Mﬁe ) trahk}ﬁlsgf&k 6 ME ADUGERUS oFSRERET thdBusdge of

approxi mately twenty mcrons in dianeter, which allows Teproducible
i njection shce§8s bﬁthégmrmdﬂ@bmlﬁ aarborahe Moeml WMicminjectibhef mggotasfis zygot es as

a target for gene transfer has .a nmj or advant age.. In npst cases, the
i nj ect ed DNATaRICH M FAICBFPBITATRIATANEFCE MPTHOSTE e BVHEPBr e the fir st

cl eav age (Bri NS R&frovtal infection can also be used to introduce a transgene into a non-human

animal. The developing non-human embryo can be cultured in vitro 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 et al., (1985) Proc. Natl.
Acad. Sci. USA 82, 6927-6931; Van der Putten ez 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  Altematively, infection can be performed at a later stage. Virus or virus-producing cells
can be injected into the blastocoele (Jahner ez 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

44



10 al., (1985) Proc. Natl. Acad. Sci. USA 82, 4438-4442). Consequently,

nearly ag‘%o @%tl%ﬁ) of the transgenic non-human ani mal W || peaibs61hi81
i ncor porate ansgene. Generally, this wll also result in the efficient

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 trangenes in practicing the invention.
15 Retroviral infection can also 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 bl astocyst . stage. ri this tine t r rgets for
retroviral Sﬂ?”ﬁ‘% rcﬁ%%.m%‘?opgﬁ%ﬁggwf% né%%ﬂo%snofél?é t?%‘é’g‘%’l%gg? S%Qﬁotssﬁlggsfai ned
by enzymat ii¢ i lBRidB Mest SR \L€orbdiee iAo fPahs. UBI dddition Neis\ilsodlossie tor
systemused to introduce the fransgene is typically a 20 _

replicati omataebectinggeneeintothe gearsn bz, apeingith hev effigesge by ifioakmae et al .,
(1985) Proc. Natl|. _ Acad. Sci, USA 82, 6927-693 1; er Putten et al.,
(1985) Pr odetrage) infegiionof tegmidseriationgaibryo, ({ghngsy & '.’(1¥gg)n§?t8@t2ilégn is easily
and efficientlygobtained by culturing the blastomeres on a nonol ayer of
virus-producing cells (Van der Putten et al., (1985) Proc. Natl. Acad.
Sci . USA 82, 6148t&ii5@ie oBtevartll &t trahsgend ih88dctiEMBEhaddemiryo383te888). 25

Al ternati vel %/h i nfection can be perforned at a later stage. Virus o/r

Vi r us- pr odyBPhFEetlp gre apaineg dromprecginiaien ey oh FURY Sl a1 EYamféfl et al . |
1982) Nat 623 f .t i . A i
( ) gigfidiﬁlgmﬁ %%e?%ﬁi%; M%as(het'ypet al. '@%{)%ﬂﬂ?éof}ﬁ_‘sgbﬂ%%, Jsier pt(:"al.rr[)S al ¢

for the tr orporat’ion o s on subset of fthe cells

whi ch for ”g:_??%zﬁrdcrlﬁﬁtﬁ%@H.CSCHQFB‘NBBT,@I%@B%H;J Trdnbgdnbesieafidibiely44 WO
01/ 51520 PCTI USOL/ 01041 founder animal may contain retroviral insertions

of the 10r anstgeinecdattodES/ealls by PNk tpesdictipo by terotifs-raediwektransiediongéher al | y
segregate in the offspri n addition, it js als 0ssible to introduce
transgenes rfﬁt@gtt%s%’g?%r% ‘f‘?i'ls 4 Eﬁe?i?%bF ﬁorflb)]\ﬂf‘gmtﬁg %EWEV, S % int raut eri ne
retroviral jnfachh Qﬁlnfag. gt d9esivatk 0 HRYMd(daRDete 18 thedderm 1iad 882)

Nature 298, 5 623-628). Athird type of target cell for transgene
i ntroduct i aie fesultiipechemdaicoyoimabl. stem cell (ES). ES cells are obtained from

pre-inplantation enbryos cultured jn vitro (Evans et al 1981) Nature
292, 154-156: Brigmesiads fofevaluptngdhy pIREaNes thpgirogensd 5 a€3§Y§ BlS ot 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 amimal. 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 b
retrovir Y0 S ed transduction. The resulting transforﬁgaw§§L%HVFs can
thereafter be conmbined with blastocysts froma non-hunman animal. The ES
cells colonize the enbryo and contribute to the germline of the resulting
chinmeric animal. The nethods for evaluating the presence of the introduced
DNA as well as its 15 expression are readily available and well-known in
the art. Such nethods include, but are not limted to DNA (Sout hern)
hybridi zation to detect the exogenous DNA, polynmerase chain reaction
(PCR), pol yatbydyasiddetogedgodiledkadan prithods eSectoaaiby seidiedve snigals lagkantss to
detect DNA,. _RNA and .protein. The nethods include i mrunol ogi cal and
histochenié%ﬁg)?@gﬁﬂ&hues to detect expression of a Nogo receptor gene. 20

As used herein, &&h&éﬂ&ﬁ%@@é‘,ainﬁclacwéoﬁf&qmﬁﬁoﬂ A RIMEEE IR 4 Mt

germine of a non-human ani mal by way of human intervention such as by way
of the Exampellesingdescaoi. Hadfetred wavtorTire prusmidsiand araldesteguenh @s whrovimses.

transgene, in this case a formof SEQ ID NGO, 1 or 3, nay be integrated
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I's not ot heﬁlr\é%%%lgﬁ{e@ai Yecl P4 re%ﬁic:?fog}d@%a C Rist is,I tH%’sz‘re 1,014 Qereﬁﬁate

transgene. ransgene may consi s eI c acl sequences erived from

t he genome au@fnotfd@sls aiMe $Re&icels Mreendralathdigkhcanesitths pplitation db@eivtehéraspeci es
of the target aninmal. For exanple, axonal regeneration in mce |acking
Nogo can beveciompuhicl asgivsed wiikin thescppeaed the presentigvomtion dck gblepst URETSRE Nogo.

To determine .if.the effect. of the anti-Nogo 45 . 01/ 0. PCT/ 01041
anti body i swb‘&%lstn&c‘?ﬁ%*’é%?% |ﬂbecr|?81b‘3é"§°’éﬂﬁt}lf)615§5 IEﬁ?ee“c\{\{g%teéS%Eggheé%_ }oé{g@%(n

ani mal 89 ackinBhe MNPGREX RN RBSIeQP in %), Hr BE HHAELd ABRABIctiGhal BE hi®) €clasd@ of the
i nvention can be transfected into a host <cell using a vector. Preferred
vect or s ar &mplvagsohpsrsamskillddrialtheveet tThess, teduafueasiclude Hevdrusewmyal, 5 Vi r al
vectors may be used to produce a.transgeni ¢ ani nal i

i nvent i on. PPEf@RPY Otherseaysncey InRAEYRIE by fhe IPsped Eg‘ﬁ%g %gléggg%:lg]l ‘{?g",%o? hat
ot oY SR S LIPS Gl
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 et al.,
(1985) Genet. Eng. 7, 235; McCormick, (1985) Biotechnol. 3, 689-691). In recombimant
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 e®¥OMBEBP| . These regions can 10 either be elini naP&FEPHRAbI 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), partial deletion 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 onl tbe ciijng seguensenT higcenstrreiiaden mt@ggﬁt spacRpgipeedbing, whigk
replication defective virus retajns the.sequences .of its.geno whi ch are
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(gag, pol gemds.eSnch.paditegingamel linesdtave becnfde@@ibed sthb pnerrstt, metartooular die ogBct or s

N
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whol e or in part, replaced wt e ogous nucleic acid sequence
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(muri ne Mbhsorréspsiya peesnsidationissquenegs sughHrNagluda? kel the gggyene (Bander ¢p| een
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order to con ovVIiruses containing a‘nuclerc acid

sequenge, @aRlaAPtithid s KRGS foLtﬁés%(ﬂlam%ﬁﬂi&Wﬂ@il pstht e LTRs, the
encapsi dati on sequence 46 WO 01/51520 PCT/US01/01041 and the coding

sequence. This bonstaspeet the suclsiedcitl entadanatftisertse RNYavlelegiley mdéhis | i ne, which
cell Iine is, aple t& supply in tranf ﬂ?% retrovirallfunctionz.mhicg are
defici ent FRPeHREH) B mpeieic pRd gRensraRly likgd tysitpblarepylalry regionddisclised; hys
abl e to expessedy 86} o PRGN adEER nc%uéfrﬁ iPREkAIAGE Ity | i nes have
been descr?ﬁ%gﬁ?h the Pri or grt, ?ﬂ %artlc Far’t e cell 5 1line PA317 (U.S.
Pat ent 4, 86lizfikd piefdritay, Redoaminc edctor lcomseru ¢ WDAAER 8O Byxparssl tHehetiERsee nv Am 12
cell line (W8907150). In addition, the reconmbinant retroviral vectors
15  nucleic acid once the vector is introduced into 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 a nucleic 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 encapsi dati on sequences whi ch i ncl ude a
part of ™W@O0Ys4§2Gene (Bender et al., (1987) J. Virol. 61PCT‘ 1DEWE) |
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 linked to suitable regulatory regi ons (discussed above) enabling
expression of the nucleic acid sequence, and is introduced into a cel
utilizing, preferably, reconbinant vector constructs, which will express
the anti senwaiclFamies ireéraliacheDdrceqtinse pémtasest.i Ehd mmaieews ecombBatiiscel | .

Exanpl es of suitable vectors. incluydes. plasm.ds eno Lruses
adeno- assoctf éqcé‘?é% Hewjageotpaglaction g t li?)é ﬁﬁlpﬂdgnovl‘ﬁuﬁ ?SérH intg) 25 BEPTORIRIC | g

patent S, 1331 %HE) rnt BT B HEPLR RS @ ORR) preRABIIG) RAfnViIHAAS by fHer

delivery of erapeutic gene t vector Is prefierably an adeno-associ at ed
virus. Adengyd ¢lusess,ané (iowkaninohd qbhbeyvhios e abledd cmapletnemrtbdpart efdht o
efficiently 20 deliver a nucleic acid of the invention g a var%gt of

A Pes,

cel | types. capapied §1e§@?1@@wétef®flve HFBAGHSY Ef§feé%biyslp integratefh SuE 1By
pref erence | Sycg he fnsks (W recombma §n. Sﬁgc%ﬁlb?r{ang %% Q\Flﬁﬁgsnag %el)cg%e?&féng ritied US' ng

type two or \f enovi r uses novi ruses of

ani mal ori ghé"'n% §ﬁﬁiaﬁ€ﬂ%&1@&@aﬂrﬂolo&EM$&h@q@mwmha&smfkr@mnrraloneof@ﬁmar}mhu ch
can be used within the scope of the present invention include adenoviruses

of 25 cani nskill bothe A, nuri ne, ovine, porcine, avian, and siman origin. The
replication defecgtive reconbinant adenoviruses accordi to.t Jyention
can be prepar edi‘Hﬁ}“‘g’ﬁﬂ/o r@?ﬂﬁrﬁhnﬁﬂﬁéoﬁ(tﬁad\ﬁ%enfcomicﬁz‘%e e%ﬁrorsa%ﬁdr glﬁ{hlﬁlrlllbtq e art.

In partjgul hteté%aé AR DEARIERRNE e dondd St TRORR | ABlcbOTInbel ween an
adenOV|?€s @%g a ggh\ 147 MB di/51§§'n gT/USOl/ 1041 whlgﬁ carries,

i nter alia, SVhe DhAigseUSnRaen’, 28065 e ck thEteaplesmia] Qfgmns”enoemgﬂntmu onis

effected follow ng cotransfection of the sajd adenov and into
2N appropr | BER |GBHID) (-1 Poeiies CO 00 RPN g S BgE b ent

Cequences. v g et SR AGRRYR Ptk tfne A pHEHRE, L@ la, SRRITT 11
replicati on(dsf pgéit 63 2deNONikplaS gre@télesfl@lﬁlarbﬂy)w ihie cbmlegfsamdng prmavirallyor der t o
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 et al., (1999) Biochem. Biophys. Res. Commun. 257, 843-850; Castro et al.,
(1999) Genet. Anal. 15, 179-187; Brink er 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 e 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_ using standard nol ecul ar bi ol ogi cal techniq 1 are
vel | knoWR %81%he of ordinary skill in the art. A nunberﬁg?uﬁgggﬁﬁinant 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
regulatory factor 1 (IRF-1) (U S Patent 5,731,490); exhibit dopamn nergic
dysfunction (U. S. Patent 5,723,719); express at |east one human gene which

participates_in bl e re co (U . S. Patent 5,731,489); display
greater siﬁ%$é?ﬁ?9§gglghéii%ﬁﬁﬁpfghégéﬁpsting 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 gene Dia@Gldgtit Bletieids at ., (1996) Genetics 143, 1753-1760) or are
capabl e of generating a fully  human anti body respoqﬁe &iou et at., (1993)
Sci ence 262, 12Pnenzpny of dggrogingndemygippayng 4Ssesaiang PHBUGHF Adf's of choi ce

for nost transgeni c 20.experi. af | ' e i 14 iSinpref erabl e
or even5ne85%§§gﬁof30%§gcgﬁF@Pﬁ%%?%ggggﬁ%ﬂ%@ggggéﬁégg%%ﬁgggg%h?ggprocedures
have been gu568sshbthinhgiishle sa@lch from liaid ®tnceois phalematierfonessassisnet s,

i ncludi ng shéep, goats, chickens, hansters, rabbits, cows and guinea pi gs
(see Ai gnetthast ofithe cerfrbd8@YouBispEtaMn Witigph yuilering Sronty AsiyElingE g digeass. g50;

Castro et at., 99 Genet.. Anal. 15, 179-187; ' .ef 2 )
Ther i ogenol'8yy¥ S@%P eﬁ%-d?fﬁ%?sthﬁg‘e%ﬂdm,y be TB%@fgb%}]eg{ {no hal Prg!iqg}lre%'G 5)1'(273;
Eyest one, (s;c%@ﬁ):, JThsl a5 oB@hed honPRR1SBibod alBgrisi et at., (1999) Nat.
Bi ot echnol . , 456-461; "Prather et at., (1999) Theriogenology 51,
487-498p Pai n etThatise ofr@8Q@)arGatlbgcaliménies b@ogmrsutiigsn faensi@chnofgynandez
et at., (1999) Indian J. Exp. Biol., 37, 1085-1092; U.S..P%gent §i908’969;
U.S. Pat entFoseagmplgppcleia gcirapes B1pk DB UiseFo LReHBA 08 FXPEFSEN BATRRE

5,892, 070; U.S . Pate ; | ol d19i$D Qe 1MRaEnH
diagnosingagdégﬂ?%%%%%$?ﬁgé Hgég%%mh ?ﬁ% gﬂgﬁ%%cfg$i acid 5 nnlecu?es or
protei ns ofpathBRgl BYRGhRN Fluive) nekicdoidedsstys gag b icaisiaé osteypdng igaosof i vi ng

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 er 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. Typical 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 sifu
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 1In patlents suffering
froma d&YRQ®V3E i ng di sease, tissue sanples for di agnostidV¥tNEHS may be
obtai ned by | ess invasive procedures. For exanple, sanples nay be obtained
from whol e bl ood and serum 10 The use of nol ecul ar biol ogi cal tools has
becone routine in forensic technol ogy. For exanple, nucleic acid probes
may be used to 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 meansVi OUt@éfH]GU@QSFFFRjIO& it isiskiever peat onap! %@@P"YISF% s. In

addi tion tO nU(t:h prece 1nogie%afrxl1% ’Z%%”P%)?OH&W r%riﬁhs(fragﬁ% g&qﬁ)le%f 519: drlllYiﬁ%i on nmay

target the prateln enco erm-ne’ up-

down-r egul akd &@m hndshﬁfﬂgae}ﬂ@s%n(lﬁhmaﬁ afikpr@tticlthe cléﬁi&aEﬁeﬂﬁid@cmhmou&ve@hys
Acta 393, 124-133). Methods of the invention may involve treatnent of

ti ssues wi tWorkiog bxapenriessiberciore, sprciisellppanteas prefarsdepbedimpatstdf ghansesentenabl e
to cell lysis (Senenov et 9 104,
1731167 RUEIGH O et 9 s ST & Btidedn Brapsy e Bt o6 o rer ent
regi ons Ofcﬁﬁﬁmﬁéain for analysis. Assays to detect nucleic acid or protein
nol ecul es of the invention may be in any available format. Typical assays
for nucleic acid nol ecul es include hybridization or PCR based formats.

Typical assays for the detection of proteins, polypeptides or peptides of
the 25 |n TEShcl ude the use of antlbody probes in any avai |l abl e
format suc o] . AL &
Ant|bodlesrh)&%ptnl‘s]'IdE 0 In

pref erned enbodlAﬂ%mtrﬁaxmaslmya&oﬂf@ewmrdnedgmfauwsﬁdtessapm @)prpelamery:@.nt r oI S.
49 WO 01/51520 PCT/US01/01041 Wthout further description, it is believed

that one ofdisorally maeyinghd CNS; owever, anany sigsses 0ECNG axhes gnesnd i lengscr i pti on
o Lhe 1oL n, Ly ISLLYGSERIBIES, MRS S Wl 56, Qi fomounds o
\tﬂﬁrek;) pgs Zﬁ%ﬁﬁsgﬁ@@ b pesBR&GAI Hebub YysRAHh (ﬁNsauﬁyd%%@fewﬂe&Msm nts of
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 et al., (1998) J. Biol. Chem. 73,
20  19283-19293; McKerracher et al., (1994) Neuron 13, 805-811; Mukhopadhyay et 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

r emai nder, di scl osure. EXAMPLES Exanple 1 - ldentidd i f Nogo
as a anﬁgfgg%gﬁhe Reticulon Family of Proteins 10 Adult #gﬁﬁgﬁ?gﬂmgxon
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 of CNS and peripheral nervous system (PNS) nyelin has reveal ed
that CNS white matter is selectively inhibitory for axonal outgrowh

(Schwab & Thoepen (1985) J. 15 urpsci. 5, 2415-2423).. : I onents
of NS whi t @t %T&W%?\ﬁ%fs (Rﬁ“ﬁ%}geettci{@&é’f"telﬁ%a IR Xp\rlﬁsg%? blygﬁl}lég(:j%gf’o)%/ activity
for axon extengi 60 aRavecRaER0S4tdcBRda( Y4R8n BonPdther RetiéA89 proldignamtict i on
of inhibitory signals by the axonal growth cone, in hburoblolo%y of  Spi nal
Cor d | nj ur ynot Kalitit &cBarregdnrrtiver Tiese datopw) idermpriecufir dgys toGasashine& Schwab,
(1988) J. Cell Biol. 106, 1281-1288; Splllnann et il., E&gﬁS) J. Biol.
Chem =73, 2epnirgpign p§dgeo oy i o ayorat reggneration gpins adyl 13, 805-811;
Mukhopadhyay et ; 33 = ; \ ngggy rai sed
againstqa135 andﬁkﬁﬁgﬁg%ﬁgéﬁy%ﬁﬁégﬂngﬁ05gg%%géghﬁghﬁﬁ*gﬁﬁﬁgggﬁate degr ees
of axonal rggeareaioN0SBBIwWELGEEIsIRIprovided by elieyK afus@DNSR exghrel dusdtutaj ury
(Bregman et al., (1995) Nature 378, 498-501; Thallmair_ et al., 998)

Nat ur e Neur Bkefull langttpendingisequenpewpy @8RIHed by RERIGRCIRESHRNFAEO Jas” a 25

menber of the ,Reti.cul on LN famly, 1S r :
oIigodendro?@&gg&gdwoﬂgﬂﬂgg&ééﬁdﬁﬁﬂﬁ%eF$§Rg§wH¥§§Z@é§%%§ga%%ﬁwﬁ%riIy W th

t he endopl agi¥,gink &deb A HREd Aig &6 RPI BeniaG © thdEbapitapsiNagehlMyar  domai n
of Nogo (SEQ IDnREIgZO) inh?bits axg%al.extension g%éﬁﬁollapses dorsal root
50 WO 010 51AREmREEILISEk00hE4dquenanesiaomlifedwuting pomers thaCetrere Reti-gamon
proteins are not expressed by oligodendrocytes,. and, the 66, am po acid

| umenal - ext M¥€ @PH“EH%WSWE%XIPWB r‘r’?q'B‘Erf‘?gPo t%%%l‘fséfﬂskﬁlﬁe Bt %?%80%8g‘£%enot

i nhi bi t axo ehAUMRR:NGERESE T8RN oBION el artd (B AN cHRASIpSeskiBn aSSess
the contribu fgﬁF%%Hﬁggé orf e :%iluregof annéII}egeneraf}on P%mﬁhg adul t
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 et 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,
Rtn2 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 a glutathione-resin
and contained approximately 75% GST and 25% full length GST-Nogo or GST-Rtn

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
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F Fo;hexpression ?Q?ARrOtEin purification of reconbi nant Nogo-A, the ful
eng sequence 0886) was generously provided by t

Resear ctVPREF120lte. The full length codi ng sequence &asmgﬁp %@?ggﬂgﬁ t he
pol ymerase chain reaction (PCR) and ligated into the pCDNA3. 1 -McH s
vector (lnvitrogen) to generate a plasmd encoding Nogo-A fused at the
carboxyl termnus to the Myc epitope (Nogo-A-Mc). 10 Alternatively, the
codi ng sequence was anplified using primers that encode an in-frame Mc
epitope imedi ately amino termnal to the first residue and a stop codon at

the carboxyl term nus (M/c- 0- A) . The, Nogo- Hi - i
expr essi onun%&dﬁ?@g M%éf%@%\o‘?ﬁe%ggﬁg‘%fé% §1ﬁé"zsxt§§g’t‘§%%g’§ ogkrécgldzl t
rat brain g% lévgg(r% r%gﬁff\ﬁéeleé{ gﬁor@t% 1epmthadR thoimio BGRséRRedd t6Be Wokh

prinmers wa e Nogo-C or Rtnl 15 sequences (Van de Vel de et

ali, éégggwh&hqgﬁggg$$gmnmiﬂ%go@4m3bg@@ﬁ). These plasm ds were transfected
into COS-7 or y the Lipofectamne (G bco-BRL). or the, FUCENE 6

( Bogr Ih| nger ManAherenserved esRpxyhap of thedHn gqmlﬁs‘ab@@-e}&ls éﬂ@%‘&f g BYEoRE % no

aci umenal - extracel |.ul ar fr = A ING il y PCR and

i gat e i nfOMEHESHERKk apﬁ%ﬁng%g‘?%ref@éf gp Cg&gﬁh pr %Eg%cl)ﬁnlg %g;t%r essi on

vect or for jdienSSloing @ sfgifipRpride! atheipfedichidtopasgyr fegihesesprofeinRisfor theRt n2 and

Rtn3 were anplified by nested PCR using an adult rat brain cDNA library as

tenpl at e amgirol apdtcatioxyd (pEEXL@EsIAEN heCytosl nd forrtheePnif ¢ ©RE4C pl asni ds

were induced wth_ | PTG. | ubl native GST fusi ins ified
e e S
engt TG e By 252 sHn QbR il meMBraf@pkdin, ¥n@fhat he hGEHEpMNGGHO t ei

was not ex%tlrggglt gg[yggﬁlr Sm ur\{dea;s nongﬂgeﬁaturi ng C(l)nglilti gns, %tpan 8 R/Irﬁrg:an

ext racto di adgnzees cfgied coaterRBSloomint @t rsporsikde for gBvheharier (BM-AROMe ae.

i mmunor eacti vi ti; is detectable with an ag&qﬁent. sjze in range

51 WO 01/ 5{896) PEFIUSmIIG1 64324l Yy ¢ Berd NI At ???SB‘H?%‘? g’é‘ﬁi’gﬁgf%‘seh own) .
Thus, the ?rél(f 10 %i:%%%%te%réclgegnbg)((%%?g&'t PR n%{ hl?l& i&ﬁ@&@h@h%a&@n&@ﬁé@@f iate

el ectropho N € am no ac sequence to be Nogo which was
termed human Nogpheh dvBR¥REessd in kidney cells, the Rinl protein is localized primarily to

endoplasmic reticutum (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 ez al., (1994)
J. Cell. Sci. 107, 2403-2416; Jackson et al., (1991) EMBO J. 9, 3153-3162). In neurons,
Rin! is expressed throughout processes and is concentrated in growth cones (Senden et
al., (1996) Eur. J. Cell. Biol. 69, 197-213). Its localization in transfected kidney cells has
20  led to the suggestion that Rtn1 might regulate protein sorting or other aspects of ER
function (Van de Velde ez 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

indicates 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 ophobhij omai ns separated by a 66 amno acid resid Wlic
segnent.QKgﬂ%agﬂ)the sequences contain a signal peptide. szmgﬁgngted
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 pol ypepti de 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 Vglde.et g% , .é1994 J. Cell. Sci. 107, 2403-2416).
Myc- t agged MBS e 08 pOgIOASK AR YRR t i cul ate  fractions and is
extracted by detggaentodiroNRtiof hifiniofis®ldsnakividanaunsslos n) . When
overexpressed in kidney'cells, the Rinl protein is [ocalized primarily to
endopl asni Cinfretiricbistalony(VER) thie9EA0 hintiteldy wyrearitdizeded dpseribed m, Takalashi & He

Ret i cul Vi 15 de Vel de et . (11994 L] 0oSEd o 107

2303- 2416) | (RGNS NEviaoh o et BBk U SHSI P GE e CAP DAY

termn f : ' - J.

ol I S&° Cfg?%@%g%ﬂ?‘%ﬁ’@?e g%%%%@%@%%ﬁ? It%%é%af&ngﬁm S ?0,162). In
neurons,  ReaBbit ftisexpl. @ssBekyt Wiiffhioupuriticd andsiiizedaid ignddorcent rat ed in

growt h cones (Senden et aI.,n%1996) Eur. J. Cell. Biol. 69, 197-213). Its
| ocal i zat i ommiwnohrstoledyeandda&ing frsympeneiotha $0 agessdle psCifIREY SUifgest i on t hat

Rtnl mght requl ate protein sorti.ng.or other : f f lion (Van
de Vel de et *¥FH™ T@gﬁﬁg v;’ﬁs.c%(ﬁ}c%edég fhe pfﬁ‘???efﬁ@?—qe Zlﬁﬁ%&oﬁgﬁﬁ G ﬁ@g&kland C
splice fornp,qfyeNo@aamdy Qiils werd Butatdan peingdlnbbddyaluiberat @xPfassed in
COS-7 cells, simlar to that of Rinl-C 25 Exa - Pol ycl onal

le 2
Ant i bodies agamnEhM&bgbn&ﬂsabs@dﬁ@twﬂhDﬁﬁ%dﬁh%ﬁgya%@ﬁﬁbbdﬂ@@?ﬂﬂﬁ7ﬁhe t wo

hydr ophobi ¢ donmai ns of go.. i.ndicates that the 66..am no acid si dues
bet ween t heé@%@tj‘ﬁ@‘ﬁ%@mﬂl\‘gm}t@eﬂ Wf%get?céedtqi’ém tbﬁ%h‘éﬂﬂil @erﬁ SCERYY HF’%FA face of
t he rrerrbran%5 JRrEXRL0digs. this further, an antiserumdirected 52 WO 01/51520
PCT/ USOL/ 01047 gai nst the 66 anmino acid domain was generated. For
anti body product Teardibddy darestohiost leve gy surfant expidssion ofrinrodplitops vamld the
i mmunohi stol ogy with the 9E 10 anti body were obtai ned as de crind in
Takahashi eMyalepitope at the carboxyl 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 ez 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 al., (1999) Cell, 99,
59-69. The 5 GST-Nogo fusion protein was enpl oyed as an immno%en to
gener at eW&P1EAE20- Nogo rabbit antiserum Antibody was affiPﬁiTW- Bﬂllrﬂl‘”fi ed and
utilized at 3 g/m for immunohistology and 1 g/m for immnoblots. 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
were incubated in primary antibody 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  sertiritayeiorhRNgomimwdes, bk aotiatenp perye srapries: sThs resylis ndirate Ut tur f ace

expression _of this epit i th c.epi.t ope arhoxyl term nus
of expr ess@%g%ﬂo?eslgﬁé‘ﬁpgggtggph@" &ﬂcl?%rgsl\c/g%s_éﬁ? g WRg r%‘%gﬁ g@?%)g{as%l i zed. This
surface st @i AgeRHeaiit hkdbiRgol iBhiBiterO NIrthef bINagRlyHIE QiBiarB’ pssbeci at ed
with the plasma nenbrane rather than the ER nenbrane. This data supports a
t opogr aphi eevaaisidlat eftemeive expressaniigh leanld of tie DimgptA i\ aind oifuch leavepr ot ei n
reside in the

t opl d 66 ] .acid of t tei d h
| imenal § exlile of KGEGE SHABEIC. FRBCBRioFTErase BT A et o 3 -
Nogo EXPY 0kt deBer %ra@ﬁ%@@din&@ﬁllyg%ﬁfag§xafv§@cxh£es®¥?&19 of fio Ro® OF

contri but or Xon out gr owt Itor aracteristics of OCNS nyelin
as conpar etloge- (PRE4MY etpréssipfhnoiten Serborswated i k8R8) mliscl€ahd adgpavlytes, 186,
1281-1288; Spillmann et al., (1998@&. Biol. Chem 73, 19283-19293; Bregnman
et al., 25weligom)braadoms gl (195 BoachimBigphysofeiadriefiod-19e Withrdised in
adult CNS nvelin but.nat PNS myelin. rt VSIS go

expr essi on e ?pélrcr%HIGLf%(PrﬁsgS%érag &ds %g)eerslgl\‘%getg’ 613%) Igltrqnogﬁgjnéﬁio teflbrabie

Nogo- A4B- spgirbdsion of Rt PBr RSB, FRAMHabBotDeedNOGMif@AMON region of the eDNA. A
singl e band of about 4.1 kil obase was detected with the 5 probe in adult

rat 53 WO 01/ 51520nn@htidigaion0edals NagomRNAdn vellstwitlathe Risplwdegyiads, but not
sciatic nerye sanples.. results indicate

Ful 1 | engt AN gAToG e in ATt e A PR et STND R DrgngusB® 'S @
expression is also detected in certain neuronal populations. In contrast to Nogo, Rinl and
Rin3 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 ez 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. Neuroscl.
7, 6256-6263). NGF-differentiated PC12 cells were cultured as described (Strittmatter et
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C!\lS—rryeI in-specific axon outgrowth inhibitor. Northern blot analysis with a
3' probe_reveals that optic nerve expresses high |evels @brhlig/hegp- A NRNA

and muchMUe!>s | evel s of Nogo- B and Nogo-C. Wiol e brain expresses 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
demonstrated in skel etal nuscle and adi pocytes, as well as in brain
(Mrris et at., (1991) Biochim Biophys. Acta 1450, 68-76). Wthin the Rtn
famly, optic nerve expression appears to be selective for Nogo, with no

detect abl e 10 expressi on.af n 3.. R.n gxam

situ hybri Gi{'z(ég?‘g_r{ 8‘&‘78%{‘11'2[4@'% &ﬂb%%l?lfgplwlt% ﬂl%ﬁ(gﬁ%r(%ﬁgp%gy 0 ed-1n
ol i godendr @&y @8, duftuRH YAl 7-1 Ay i€ pREENE oAPDGRYAAND fhalicd diffedentidfiohbifn t he
brain, Nogo "expression is also detected in certain neuronal popul ations.

In cont I‘S.Stsoﬁqecghgﬂt,o iRitovk odipatien®onBesMartaman exads d98RP P Ny freach8flve but
MRNA is detected in certain neuronal 15 popul ati . No . i

: ocal i zat i /588 RhalPy 2edhs WOE?S{‘J rgg f:‘ﬁ‘letcﬂ aé’gé]?%%ﬂggleaﬁgct%ﬁ%%&f and

ow serymto .i ndy |20 r ' AN S{ t nti-No

ant i bodg aﬁaalﬁ/sﬁseogﬁngagdfxeﬁgg%g @égg%: %O{Hgﬁ%zﬂlrr%%%nsglpeg%i“22?%%@. II n I?8i ng
cell's, bot lNeutdigi. I Wrenah: extahatelql @OIHEC o 69-68i Goshooperaf., NMOBD and t he

04 antigen are detected on the surface of oligodendrocytes. i mat el
hal f of 04-1*@@5’[68%/@508@114511@&Stﬁ‘é@éﬂ%tﬂli)Wr)ésNe‘EgSCé)@ﬁi %516}%%83}) @%Pn%%ﬁ%fm =)

st ai ni ng. anp] e. 4 .- Nogo- Medi at G .owt Col E

experi nent E‘%(Ii Wi)’?\?ic’ﬁ&)tﬂéﬁﬁlm& BF?{W&? h%%%%%ﬁ%%%@rﬁe@%@é e\a/élr"gléegr%l oyed.
The cul t ur eq0f.8ABraOm4; KhikCriEkAu@ndoEh32. Hemsai. 1706156g@0g] $anmengleant s
and 25 di ssocl ated neurons utilized methods described for E7 dorsal root

% :Eg Ih:agﬁl cgl.t glt99$> J(. (fggﬂ;)adiaclzf\iz%gz@@g él?gwg@ghﬁ_awwm@m lreptides Wy - 493;
376, 509- 5pddediors hoursiisr plapRg odPininizg gy Cict Rt Dot O@ggr%tz%@%‘ e
S50 LSBT G M g e e my o
Enbryoni ¢ spigoa)-Lagdist @sfet s wasledd dintl earcoathd with ldsiinndioe E¢2iultwresdtheor
7-14 days in the presence of PDGE-AA to induce djfferentiation of
neuronal identity of cells was verified by staining with antl—neurofﬁament 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 igodendrocytes (Vartanian et at., (1999) Proc.

Nat | . Acaqi. Zgﬁ% 0 USA 96, 731-735 ). The procedure for grewrhi;seppmafol | apse
assays i YOYS%al to that for 5 anal ysis of Sena3A-induced growth cone
col | apse (Takahashi et at., (1998) Nature Neurosci. 1, 487-493; Takahashi
et al., (1999) Cell 99, 59-69; CGoshima et at., (1995) Nature 376, 509-514;
Jin & Strittmatter, (1997) J. Neurosci. 17, 6256-6263). The nethod for
anal ysis of total neurite outgrowth has al so been descri bed (Goshi ma et
at., (1995) Nature 376, 509-514; Jin & Strittmatter, (1997) J. Neurosci.
17, 6256-6263;. Strittmatter et 10 .at. . . J r [ 327-2338) .
I n outgr owt“ﬁu LI, vty ?rb{lmgﬁwgloéﬁlgnﬁgﬁ?ﬁléég%g O lgﬁcfgggag#\eg bl%f)%}&?sgaf ter :
plating to gk MrgesAlvvief d8hdre AmbRe: &k cliipRafono 1 @ctielt enbryoetd s.  To
test the efsf ect of substrate-bound GST or GST-Nogo, the protein solutions
were dri ed fronnE potay ethbiyys{dat nobsiosa) gl sabgantiatls lved Hiedlovelepmesalt ed wit h

| am nin. For E12 cultures,.the. neuronal identity of.cells verified b
st ai ni ng V\/ir?éwlaéﬂrg?flioEJ PROBHIBHY 1S§Pr%ﬁter5W@ggm@geq%ustlé@ﬁ?a%g\pgpgﬁv@ﬁg 8 Studi esy
Hybri doga Eﬁ 10_@39anﬁ;ﬂéqﬁ%&.W&&&ﬁ@?ﬁ@zﬁbﬁer vation of

alloidn stal f F

r hodam he- ing of F-actin in processes. The expression of
r econbi nant NogWitiin HiEKRO3Th coat talaptihgWega Orprgempths hydwphitit 66 Wivetrlakr t hi s
protein has axon outgrowth inhibiting effects, Washed nbrane fractions
f r om vect orextraellWRodnman g e ey fsntepeky gl hesaripee cir}(ﬁzlP@alafélEl‘e%f‘n{% PTehi ck

El2 20 d I | i I : .
e ceaaod. arwend My A PR AL AN ARyic HAG. £PRG TREPARNARY WS

ute 1 ncu I xat1 on” and

rhodani ne- phadd ghidbAciak@iist ShNobbevas erpreakd MEtsdpenhedhes havie Ao det ectabl e
effect on growth cone norphology. The Nogo- A-cont ai ni n%. menbrane fractions
i nducedocolrhapste offhe55aNogd fugionproteipreimulaes in deheiandtpdigs JWE BitRfnes. Thi s
growt h cone collapse indicates_an axon .25 .outgrow h inhibiti tiygfty,
and Nogo i ﬁ?ﬁob’?rteggﬁ U eé@i%?ﬂo%x?@ﬁﬁsm?teidsre%%8 s erS%ﬁ%ng{en?@g% be dovv).
The Nogo-C M@ gm GRh 3RSBIRE 1D ok robNehineRér M@rdrdadad A shar ed
car boxyl téfrl\’g{%s of rlt hea rlo? gi n t|£,ncl udi ng the hydr op%obi C s;grrents and the
66 ami no aBbwn). Uenada-axhetatmbleir @epaaivaiinliodntogiressnt antc @ soalafregionwor t ant
residues. Additional 55 WO Q1/51520 PCT/ US01/0104 i g&lﬁgl tOLXt'aCti vity in
the ami no ttes NPERSCIR@P Aol KbgRRImadon of hegsdgrey d°6§ Qe that1s

15  soluble in E. 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 contro] 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  from E15 rat enbryos (data not shown) is subs i ess.
The deveVGHHE%?@I regul ati on of sensitivity is consisten%%aﬁFﬁbg¥gérinents
using partially purified Nogo 5 (Bandtlow et at., (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
with the surface of dorsal root ganglion neurons than do the
menbr ane- enbedded hydrophobi ¢ domains. To test this hypothesis, the 66

i id_region of hNogs d.in and purified f i. A 10
mj o7 1y ofloERBOE RO RSl P Sar § et 4t Sonk EPsrsf O e £2hi oo

but can be M?ﬁﬁ’@lt'ﬁ U588 0BSthEAGh pRReins WhsScongiaékd CTRIpreg@ican of Nogo
possesses 88{%‘%{8 ECSd g:/2150%18!\/9 gr owtph eclgsne col | apsi ng aI():ti vity for chick

E12 dorsal |ipetl-gargéliua coeutinnacid fagmeentodl Rtsh Gum) andie3 yrepasxpxastedas ed
protein preparation is likely to present only a snall f.ratf t he Nogo

ti f
sequence | §SEnfugien PiRsCIBORIGUREET H‘rf}atl‘l‘%@?ré‘f o’?teﬁonﬂw&‘?)‘?nsd%’ﬁlf\%gge ﬁﬂ%ﬁ is 15
Ot 251 0 S AR PHLICEA MOl Aol BRI DS TReRbakASNE B8R 1. T o

ffor € pot’ent than t a-extracted protein as a

col | apsi ng pfA6hOdo net@uEdywe dodé dgphold\dt srBRowmI [Thos, oigyaxah
concentrations as low as 1 nM The nanonol ar potency is on a par with nost

known physiregeogiiorn inbibitaeeedvinris sperisis fefuNeRerie e Birdsmidut gr owt h f rom dor sal
root ganglion neurons and 20 NG~-differentiated PCl2 cells is also bl ocked
by this sol uble GST-Nogo protein in nM concentrations (data not shown).

Wien GST- Nggohg PoYsE &&B%l@@éﬁ&t i@geggr faces, axonal outgrowth from dorsal
root ganglion neurons or celT's is reduced to undetectable I|evels.
These ape sel ectliovartedrfdefitesthe acta dnmointafNwgb 123 atihe acid hesrive@Eptidssir vi val

since GST-Nogo dges not reduce the nunmber of neurofil anent-positive
adher ent cépIrespprnding topsgmangs gt th@éﬁmr@éf’@d"e&?ﬂn‘f%WE@)SYWE?SHﬁdg ﬂﬁ? PRRAISE)

alter the nurrbeg)%&é{‘% %p}gga&ggqég%qlﬂ%efu%o ?Eltml | : P¥f s Lxistiaidvng (4.0

. COITC
1.7%in coftror ures an Nogo-tTeated speci nens).
d i godendr eeié &lapRRE@igiO2 RXArRESoWNAGthibiehe Glatavelt yhosvm) mgstitieshe Rt n

proteins. cgr?ce\li\gat(i)o]fl/s g% é? f& I:.\g\:;rhlilcg,J tsffl)sl éeg&e%el 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 Rtn1 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 Rtn family and demonstrates that a discrete
domain of Nogo can inhibit axon outgrowth. Other Rtn 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
regenerati on, the axon outgrowth inhibiting activity of pEPegofiig4Pr Ot ei ns
was consV@NEPThe predi cted | unenal -extracellular 66 amno acid fragnments
of Rtnl, Rin2 and RIn3 were expressed as GST fusion proteins and purified
in native form At concentrations in which the Nogo 5 fragnent coll apses a
majority of E12 dorsal root ganglion growth cones, the other Rtn proteins
do not alter growth cone norphol ogy (data not shown). Thus, the axon
regeneration inhibiting activity is specific for Nogo in the Rin famly.
Example 5 - No receptor Peptide Agents .10 To .further | t active
domai n of WO&QQBX IFEeREEatgn A %rip&g'ﬁ’poﬁécdﬂu@é iida gsgggﬁ‘”{li&tﬁcgtottggsegnents
of the 66 g ' éﬁ%g%n ! i i B&&d ohhécanefiohdeudics Wtkees pondi ng
to resi due@wﬁ%?%&%}?et e extﬁﬁgﬁ\gﬁtﬁﬁ?%r%?%ggnent of Nogo exhi bits growth
cone col | apgi mgte(isiagitheughy taplaly origindii functri Bianidad/ dldgat a/.{d9943 Iﬁ-cﬁ?ﬁﬂ)
activities at concentrations of 4 [M. Wile this se en%g maqy (B%o/vi de the
core of th&cii HK B#Q30#4161.5AdmHeeH of NREO alISErRYiRs BT EI AR GRS 1 SO ear | y
required for, full t el I ' : j i e region within the 66
am no a%i dc?:]i%r?ﬂcll Hnl %algli%%tytsﬁ%}ﬁe%g%%&s}?grhmf g.llt’tlﬁ% ;élel% %ﬁ'%%cﬂer Rtn proteins,
consistent with the other famly nenbers being inactive as axon
regeneration inhibitors. Indeed, the Rinl 31-55 am no acid

| unenal - exEra@vgle 6u|lntibitenof Hegeelly no growth cone col | apse activity
(data not shown 20 The aforenenti,one Xper.inmen I | f1 Nogo
as an ol i godenépﬁﬁﬂff’@%B’@g?ﬁl?sgsﬁ%%gpq%% a%ﬁemﬁ%gﬁgﬁ%%l an ﬁ%(&aﬂ))én trates
that a di sgrahfs ofREB MnBits MaGoE@Bwin e Expresostl B tieden Whiface OBh&ter Rt N

proteins do not possess this activity. The expression of Nogo in
ol i godemdr eeyiheSvbahinoatidSegmensnoiakis demainereditherined on prtetovite ihihaorsis

the adul t PRSICTIR e BRERDJCTEBRE Bt PO SR RbaG 430 dshpared 6 TBeHor ONS
el SOTRRDEN ot D OB ot B O g can o
i S consi st @fMibiMhd dttiRity. 0T € blook NYgg ection iblioe ki compefifve\dBragdhiStkE2®go which
PCT/ USCL/ 01041 ‘ . o _
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 pM 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 zatW@AVEY2Yi es, other Rtn proteins are thought to PV in ER
function (Van de Velde et at., (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 -

I nhi bition of Nogo Activity The previous exanpl es have shown that a 66

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

ani no aci d islbiveaeeval ontis swaorfalersorpetitaiebHieckingeNogomastigut §odtth i nhi bitors

f | t t .at. . (2000) . Nat 403, 439-444). Th
S50 ragi dRETFTLATICD webHRRE el sl e MRS o B e coi 1 apee
and axon oyt,graysiing idthe %ﬁ@gﬁé-sﬂﬂot%&ibﬁdckéfr-ofﬁbg@'d@ﬁﬂfedl\ﬂ@ﬁgteapéﬁ?_oml hHb1Vh40, @

conpetitive antagoni st of "Nogo ic bi nds to the sane receptor site but
does not exgST-Nagbimluogl grawthefohe cellapse andgossesses aghgpawouKdofI50md i hal vy
desirable. Various fragnents of the 66 anmino acid regio re.tested as

bl ocker 8 ofb“F\‘B@%@WoﬁFé%“é@)ai‘é‘ﬁ Zghi ek f%@lpaﬁﬁheﬂﬁv agéﬁﬁé’uﬂ been used
for this 9\'?({%%0%%— rott &Rk dl\ﬁﬁnlltnpﬁirgtf) it GARGe GRLLARSE ARSRY natend he
second is a binding assay. In the growth cone col [apse assay, the response
to Nogo wasFigeasyred 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

concentrati ns geF,}_ [8:2) Thﬁhe nbc; réaéiorn of all three peptides does not
alter growtfi &6ne %Wbtf%ﬁ—djg%—uﬁ@%% condi tions but totally prevents
col ' apsg by 15 %o@gmm%ssa%r%s Bl XihitheutPzeRaRtthee§idesy @egh capabl e
of bl ocking | ow dose CNS nyelin induced growth cone coll apse. This

bl ockade suppoming schephypontesingm peatl Negocd SBnaBndFnigaady Viandrriyieglaamy
A LR O N S
70 v A AR Skohe PR L TR TR0
has no axomuestiogne@pfolids 8 b £ida 15 bbi2e B¥eptduSHitiinyl434at which can be detected
15  with an extremely sensitive colorimetric assay. For Nogo, an expression vector was
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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%RhlgIZEngfaCtiVity ?nhéts own while conpetitively bl ocking Nogo action.

e 2- ragnent o go is acetylated at the carboxy terhhdy

ami dat edwﬁmfsﬁﬁzoam’ no termnous and is the highest po%/en?; bl oig&@?pof Nogo
defined to date. Pep2-41 abolishes GST-Nogo-induced growth cone col |l apse
and possesses an apparent Ki of 150 nMin the 5 binding assay (Figure 3).
The 2-41 fragnment al so blocks the ability of both purified Nogo-66 protein
and crude CNS nyelin to inhibit neurite outgrowth in cultured neurons
(Figure 4). Exanple 7 - ldentification of the Nogo receptor 10 A Nogo

bi ndi ng assay was devel gped which utilizes a nethqod .w.d ed..in
ia/x a 31 nihng s RpEd rbluhtr*iﬁﬁc%h‘f’lﬂhmé&m‘i’éﬁ Oté’u(fog &IOS ?’gﬁd%iefiél?e\%ﬂ%isnvéﬁ%n &

ander haeg ’ - Annu.q; i : 5 no 3 lat@t al .,
(1999) Col T Aﬂéé‘?"%g) i iy DA% E%“’ﬁ%sgé‘??‘i%"gﬁ@af eI 2
phosphat as &y (st Jelddpbrefiymieact dfehd ivgamditiva poeisieBlid om indeppndewild esokited

bi ol ogi cal ly active receptor binding agent which can tected 15 with
extrengly stg@$m?v@nﬁﬁﬂé?@ﬁémPWEY%@gﬁﬁbr4iﬂohﬂ&@@?“ﬁ%ogﬁﬁggggﬁﬁﬁav ctg1 magn
created_encodi ng a sjgnal. peptide ' - i L0 o dth

66 am nd. adrn Qe T oI N B R p B T Pl S R e BT T ™

fromthe congdj i Q& BEAPLG g0 ferdicAns iiRebirdreeid 513 dorsdl kddt gmslioanount s
(Figure 5). This protein is biologically active as a growh cone
B

gglIapsingrm@@nmﬁthihrhdeQEQdmmt1 e Nogd dlenedach apt YN WithARY vy nor e
potent than GST- 0 perhaps_.because. the.protein i.s.. syni hesj i
eukaryotic‘k&?ﬁ%@aﬁ?%gﬁo eﬁ?%%ﬁ?§%§F@ﬁbgﬁFﬁnﬁﬁﬁﬁﬁg?”?Pﬁ%%é@eﬁé@é%gebga|ed
sat ur abl e, ﬂiﬁ@a&‘& bV YioRd K6, Ao, GH-Rdbdaispiacdalrckeso Bym@k:Nogo
and by the antagonistic 25 anino acid peptides, consistent with

conpet i1bi veitkd. ndi ng to a neuronal receptor site. Since the apparent Kd (3
nM for these sites in close to the_ EC50 of. AP-Nog&Qin.the col%g assay,
e

the sites are 25Hﬁ$@%méfﬁﬁxﬁéaﬁﬁv%ﬁafﬁﬁFﬁéppfnﬁgp FHIE INGY PP s. This
assay Wwas qu/ilg}l, %érﬁg%a%ﬁé\onelé(lg%f 368 ARk OTh e&’l&te@g%@@gﬁ)c&ﬁﬁﬁpﬁ analgeﬁid% of a

nouse adul t expression I'ibrary representing 250, 000 i ndependent
cl ones ver ep)idw @SS &&iteshcineirRhRgRanesivay) ahinigiSddmsialahd a phdivtddr@PIsf ect ed

COS-7 cells do not brnd 59 WO 01/51520 PCT/ USO /01041
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 w 1&% ng AP-Nogo binding. Single cDNA clones engegjyigi/gioNogo

bi di ng st E? i solated by sib-selection fromeach of the two positive
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 affinity for AP-Nogo identical to that observed in E13 dorsal root
ganglion neurons; the Kd for binding is about 3 nM(Figure 6). AP al one

d t bi b ff
docs ot o A8t 550 SRS DL Nab PR rapeget od ool 5

Nogo. Furthernore, GST-Nogo di spl aces AP-Nogo fromthese 10 sites. This
cDNA encodes a novel 473 amino aC|d proteln There is no reported cDNA
wi t h si gni fExaapte 3 f B ek gemailet ed protein contains a

si gnal peptide follomed'by I euc ]ch rep eat. regions, a unique
domai n and a pre-Ored N ey 3§H%HE*§§%“§E§§{??“QH? S50 lapAS MGWATR honolggue of

the nuri Th
exi st enge Sy B B B O B r e trs and
anal ysi s of(ChmﬂiB& ngmn(wgsmm(moue@@snzlemsm@mm al A30@HMNatwe t he
Human Sequenci n Prq&ect The exons of the human ¢ r 6h ri buted over
35 ki1 obasddy STNAChSOMINB IRV DA By 4G A Nere b o
sequence. ein st t
capabl e of4§?ﬁ52%3nﬁﬁﬁ% f;%%f%gﬁ%ﬁfnﬁaﬁék)§ Fﬂﬁ%;%?agﬁgkgf%ﬁg%ﬁ&gugégssgn

that ther e jf@myit Qﬁe&'ﬂnfge(ﬂ@ﬁ% 1£9EBiRE NIIfttparatiohgbndsRpd ihgtihNogd-Asm@ menbr ane
and nedi ates Nogo si gnal” transduction. Exanple 8 - Tissue distribution of

Nogo r eeptron-pEheissivestor 3 Busprending ittwae nedRBsan iorconsides wissr dléﬁ@@ﬁt ¢maiegs

consi st ent h a.role for . .25 the rote ul atin

regenerati ﬁBHB@H§P¢%VF§m?H1Wﬁ%wgﬂth &ﬁg HﬁS%fﬂ%?ﬁnggﬁéﬁggﬁgtshoms a
single banq\I R dgmgﬂng &fic hfinbR&mACH 1 40P4RING acil HAb&dht (Anihddlogbhe

i sol at ed 0] receptor one 1s full length (Figure 8). Low levels of this
mMRNA ar e ob@smxgﬁgtmasmbamﬂuﬁmgxﬁmdﬂeyanEKﬁéfrpdhth@n:bbribmﬁbar ti ssues.

In the brain, expression is w despread 60 WO O 520_.P
protein 1sp present in cytosolic fract1gns Surfaces coate(} w1t11' pur?ﬁed%%so%égolodfl

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

r RNA. Exarrgl/? 20- Bi ol ogi cal effects of different Nogo dopggso1AseaYS Of
Nogo- A YRUPBA have i ncl uded growt h cone col |l apse, neurite 5 outgrowh,

and fibroblast spreading with substrate-bound and sol ubl e protein
preparations (Caroni & Schwab, (1988) J. Cell Biol. 106, 1281-1288;
GrandPre et at., (2000) Nature 403, 439-444; Chen et at., (2000) Nature
403, 434-439; Prinjha et al., (2000) Nature 403, 483-484). |In assays of
3T3 fibroblast norphol ogy, substrate-bound Nogo-66 does not inhibit

spreading (Figure I b,e). Sin N1 .preparations and full |ength Nogo-A
are 10 non‘g‘fi‘é’?%’f%s \:/éé1 %’Bqaglggfgﬁ%%rreég’gilgg, it was necessary to consider

whet her di f f er epfdermiiftntsOF WRGQNTCEINag s (PSiader &hi(B000NNdivte £03act i vity.
To facilitate a conparison of different Nogo-A domains, the acidic am no

term nal 1088348 cecchallirgrdnuizgiearens wasishlictage polulg SAreinpiNeges®sas a Myc- hi s
tagged protein in HEK293T cells (Figure 1 d)..The 0 rotein i s present
in cyt osolP@S@Fe&@ﬁia@ﬁé.ﬁlsﬁi’rﬂrﬁ@’é‘sfgréﬁ}g’?aéﬁ" %dfrherbﬂjlﬁhofrflil\lggerﬂ@?%g-%go 15 protein
fail to. su J: r i J ih heSi &ﬁ it RLubleesul t's
were O seﬁ%g%g%ygg%gﬁ%iﬁg%@ggl ?S\?g c(]'.eﬂlalgs Il(lgr}\lgwp%ac%g (aI(::iUgur el uf).

Ther ef or e, Aldigo-BBEHOMoREdP edrebetlamrinnleappras sespandato Mwgn prefparationsds ef f ect s of

full-1ength Nogo-A on fibroblasts. The Nogo-66_ domain i .su?eﬁi'b]fi c for
neurons; | faskioeydirgngeshableframe piglebiFbipssal gt ganclipp PEYPrS GHUGEhgl i on

cul tures re also expos T\ NA- 21 i Fl 3 ifoa0-1). As
for 3T3 f%ﬁ?"@ggslngﬁggéj}vggf%@: agt | i Egy@gﬁﬁg jqun3 %ﬁ?@dgg ssgﬁQadrlo%t gangl i on
cul ture dgipgt 18PrMakHA8J RilsccuRbiRbON dutrsher(Fiyue; 1ipxWhat funthtigr owt h i s
reduced to I ow Il evels on Am no-Nogo coated surfaces. Thus, while the

Nogo- 660 ef ientstedrby theatdaionsyfenii-Mayse tegeantibady. BirtigpyNoge sivHicantlt he

Am no- Nogo domai n i re generalized en presented.in I . rm at
100 nM th?d%@Q@Gf%%r?ﬁégﬁgg%n E‘Bjiz QCEBSIX% aéﬂf)%ﬁgr@@ g:l usrgllﬁ’ﬁbwu %é eSangl i on
growt h congs..an b 5185, AK0ahi EHhRRSIRR dodsndl 8&LuhtIBEitPr evi ousl y
(GrandPre g‘?mg?g,og(?%}é%?%{nsrﬁg&}o& 439t3444)°. In maotr ked contrast, the

sol ubl e  AmhitgroNogtecprsitce ipolyajypetesndt aiartdell epreatiog dorenal outgsdvgthi(Figesgnt | y

nodul at e dorsal root anglion growth cone, norphol ogy.qr, .dorsal root
gangl i on ax®hak @%ﬁ’éh%%égp'éé degmaipys potey gadn '%@%FO‘%BW&OL hile the

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 2 much lesser degree in weakly

responsive tissue from chick E7 dorsal root ganglion and chick E7 retina (Figure 9a).
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non- neuronal cell spreading (Figure 1c,g-i). In the experinents of Wl sh
and coll eague (Prinjha et al., (2000) Nature 403, 483-484), cerebellar
granul e WOMGARO0wer e st udi ed and sol ubl e Ani no-Nogo was PBFEAEAYYR4Ls an Fe
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
preparations is a fashion indistinguishable fromchick E13 dorsal root
ganglion neurons (Figure 1 i). Am no-Nogo dinerized with anti-Mc anti body
inhibits 3T3 and COS-7 spreading (Figure 1 e, f) and tends to reduce
cer ebel | ar Queonl, thetpgitomoRNEE-6 exprdstion iyVraaisntvidehe pRtag gredwiinged by t he
addi ti on of ant) - Mous .LgG anti body, Am no-Nogo significantly reduces both
dorsal rootN§aF 2?8ﬂ“§ﬂ% Yerebel | ar axon outgrowth (Figure I h,i). Wile the
Am no- Nogo pr ot eji 4RibB4 & G1s8 SiEliGe iBb8AIARIEAND So-60RLERFORM i @€RiNOt
account for its 1nhibitory effects since poly-ASp does not alter cel
spreadi ng GectaxeFaguroGt)gBhlchit (sklegufrem ik 7:f hyvyidizihersstudi¢sshNslgopré@irdismai n i s
a potent and neuron-specific inhibitor, while the 15 intracellyl.ar
Anmi no- N8go cypieesc 1 Wﬁﬁlﬁi@t‘%asﬁlofpﬁ%r%nseWu?%}‘b%%lo%}hﬁv%?ﬂ)ﬁgﬁp’é?@%aﬁﬁ%%t ion only
I han aggr %kaeﬁsqg C%Sam‘ﬁilte %ﬁ%k?r&ﬁes’co“tﬁ&%ﬁt'@dﬁ@s %o {IRGO dEEGEIE gr To

t he Nogo-66

further characterize the expression o receptor protein an 20
anti serum tigwe 1627s iNeg@oneeRk and fdusdpdin Thisirevidesvaghdevgloayedthe Thi s
anti serum detects an 85 kDa protein selectively in Nogo-66
r ecept or - expporesesd fugctidpd 98Tprotsin 6 niqEigineentoraytions Rl odigeddniiocsies.y st ai ns
COs-7 cells expressing Nogo-66 receptor (Figure 9b). Inununohistol ogic
staining of chick enbryonic spinal cord cultures localizes the protein to
axons, 1goNSiatSnt 1 W \bboTedhak kRt NNegstEpbadyced axon outgrowth
i nhibition. Nogo 25 66 receptor expression is not found in the 04-positive
ol i godendr ocyt esTheRdgoepeas®r piogoisGBceskarynivTd¥aaciti ageorgBdkDASIPIdt @i n i S
expressed in Nogo-66-responsi ve _neuranal.. preparations from.chick E13
dorsal roottiRgigiiicath Hipctioy “Qrermﬁfﬁtoll’g@g‘élf’gﬂg%?oé‘gl qufgrustay 1y 1irst ISPISHT ve
tissue fro i 7 : 11 i i Fi 9
0 prEHYitfekmbcht fokhBee (Fi gure 9a).
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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; PI-PLC treatment abolishes both AP-Nogo binding and
GST-Nogo-66-induced growth cone collapse (Figure 10a-c). As a control, Sema3A
responses in 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 atin Fﬁgg-GG axon inhibition. This antibody is al sopif@GioMa 1N
Iocaliziﬁﬁ) %bgo-66 receptor protein in tissue sections (Figure 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. Protein is detectable at |ower levels in neuronal soma and
neuropil. This provides further support for the proposed function of this

protein in diati i nter i,ans wi.th oligodendroc i - 11 -
hbM/recepté‘“WQ&PQngmﬁggggég1&%5%%%%%%* ¢ (68?%%X§§%%BF§FE%$@BE|ﬁ i's
necessary fogy MNOBQsiBR oARLR HNiRRh RIS B IkNioA withir&nikhaat HS Whrkphraiohsincti on
unrelated to inhibition of axonal outgrowth. A first prediction is that
phosphoi nosérdets tspednd igendhoosghatdnplagew® doRés-ehd)vet tp dpgneitindused enove

gl ycophosphatidylinositol (GPl) -linked prot.eins fi he neuropal surface
Wil rendercolapse elifeshan HE 8 5e1tEql FEXTEN INSHESBBS COmi ﬁg}}éﬁ FRATTER 96T true
for clugk E or t [ 4 Pls inshes

bot h AP Nogh e oh e Ta R e e e TRt gur e

| Ga-c). As hareGRRiciples iSEEBS66 inhésfanseson regérdeeatipar al | el cul tures are not
altered by PI-PLC treatnent. O course, PI-PLC treatnment is expected to
remove a nunber of proteins fromthe axonal surface so this 20 result

| eaves open..the passibili t hat her. GPl -]inked proteins are nediating
the Nogo- %WBE@%ﬁMﬁ%&ﬁm@rﬁm Iy PR .0 O_ IR {.OrTo denonstrate that the
Nogo- 66 recept orrye NdeaRBRERpRE stiRirdkiaflekNRRKR t6 @eteiniE BihidnaBgiehs axon
outgrowt h, the protein was expressed in neurons |acking a Nogo-66

responge. BaddmteNbgab6 bindinggZhepiotan srstmpledivaded inte thedaecifie @eh BFeaE B k
enbryos were 25 exam ned. The. Nogo. responses.in the dorsal . root .ganglion
neur ons fr ¢h8 R ISUGRA DI BRR8hEE]IONS %&&@C’%F‘%‘ﬂﬁé%ﬁieagﬁtsﬂ%‘ﬁ Fltttﬁ? 5%‘88%‘2% can be

detected i Q%&Q{I%re%ﬁ4i%é?? yIQ L& biﬂ&’x}léﬁmyl\@%maﬁﬁef SthdRotH2RHo R KBy

growt h cones are uni I'msensitive to Nogo-66-induced growth cone
col | apse ( KFigufeel 1).08)ithirdibe featinbritlglrepBat Nogain( that donmdts 168e WanGepHABRO
PCT/ USO01/ 01041 o ) o o ,
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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shorn) ang_do not9e§hibit 85 kDa anti-Nogo-66 receptor inmrunoreactive
protein i a). Expression of NgR in these neurons I 4PN Wi th
reconbin&’ &%g%mpreparations renders the retinal ganglioﬁﬁggF%ggggﬁal
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 here participates in Nogo-66 inhibition of axon regeneration.
Exanple 12 - Structural analysis of Nogo-66 receptor The Nogo-66 receptor

structure s exam ned. to.determ ne i.ch,. i i -
D1 ndi ng.  THOTISVES Feh BrC s oG O ST P THECREORT Noct Rt ParBERRL
the non-I e%ﬁﬁﬁgﬁﬁd)% JeBRA&taddaT iRMunBsbat it AR St snitdogr ifie Shows t hat

the I eucine repeats are required for Nogo-66 binding but the
r _emra]u nder afontiniengarmedum costaine tppredesshr ymgOENgRretd irpteinvperiitas. Thide| euci ne
rich repeat domain, two domains. have been.se at el del eted. This,is
E r5 edi ct e_dI tP-igigA PHIdNG 35YEY S051T s SERTRESING @ﬁE%M?gOJSW&% RS for%)&alljr e, and
a sinilar appreach has Heet; idfh\gg%d GOLorddRRnbEHARR RAERS BRMGind t 1S
apparengltH89t¥ﬁ%ﬁgﬁggo-gé_§?ng?%b r qu?reg)allneight | euci ne richngipeats,
and suggestsr othay AP-siogdichibeanye. GegienfornaitidntetpdeanalublsivdRacao encat ed by
the linear beta sheets of the leucine rich repeats. The |eucine rich
r eptea_t - ani _ri‘ch]goeﬁﬁwpmmm@ binding eyrsilgerfaceéercpi@ffeat - car boxy term nous conserved
cysteine rich regions at each end of. t | euci.ne. I t al so
required for 20 dgpééﬁﬁﬁﬂaﬁﬁﬁ?“ﬁFg%ﬂﬂ%1?3“%%@31agggmﬁggggég?gkf% gener at e
appropri at esi%ﬁﬂﬁ BE cleh@ly anliffRA v CARIRIGRLF @ Rxarfiya Tt eoldie ectBlondiade of
Nogo by sol ubl e Nogo receptor ectodomain protein One nethod for blocking a
si gnal 1tor arEdtsetvieoto ekordetioplin sghdhgyd Neggees 6xtessitlydiea dor this PHPOMogo

Cacr ot od @y 6l (G Rogovat dpr b7l b TP aE bR SPERIE R rexooaT
cells. The s%ﬂ\ﬁﬁfé &)rﬂrgpg%! lﬂlg%tﬁighg&eu iﬂm‘ia@éﬂh@éf‘éu&ié@é’éom trérifhebFdnB Robo 9O

receptor were [1ga ryotic expression vector and that DNA was
transf ect edebdpt@ shbi9 Therat pocedefie OB 1Yl F2HRETMISOLEOUADNF Gandy t i oned

medi um from these cells contains high | evels of this o_receptor f
receptors (Cacalano e al., (1998) Neu%on 21, 53-62). The Nogo-6 /I%gR-ecto c%mpqex ragment

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 myelin 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-ectq protein

liter. | NVQ®@ESISHP- Nogo bi nding assay to COS-7 cells expr esPsclpﬁ‘éSQI”@W‘ | engt h
Nogo receptor or to dorsal 5 root ganglion neurons, the addition of
NgR-ect o conditi oned nmedi um reduces the binding of 0.5 nM AP- Nogo- 66 by
80% Conplex formation between sol uble NgR-ecto and Nogo-66 prevents
binding to cell surface receptors. For sonme 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 disdésgh akicimchaan Hednambhshed (Grendfrs et |, yzwgmam@r%hf@ ‘ﬂﬁfr pBe

(Shelton et al 199 Neur o 1 A4 the
Nogo- 66/ NgRIe&ipe 8@8PE§?%PE Vﬁ%‘?‘@igﬁwagﬁ’%@]ig %r]zaﬁosf]’? W&T’ﬁm %/Iﬁecx%or esumed
second trang Hﬁ{g‘gah% it SRR ﬁb@ﬁ&hied b%@fel%néeﬁnmg@ﬁ&@@nce for this
type of effect ron1stu es of famly receptors (Cacal 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/ 51520 PCT/ USQOL1/ 01041
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di scl osed herein have been published (G andPre et al., (2000) Nature 403,
439-444) after the filing date of U S. Provisional Appli 75, 707
fron1mh|8ﬁ)QH1§2appl|cat|on claims priority, this pub|lcg??ggﬁﬁgﬁéﬁn

i ncorporated by reference inits entirety. 66 WO 01/51520 PCT/US01/ 01041
What is clainmed: 1. An isolated nucleic acid nolecule selected fromthe
group consisting of: (a) an isolated nucleic acid nolecule that encodes
the ami no acid sequence of SEQID NGO 2, 4, 8, 10, 12, 14, 16, 18 or 20;
(b) an isolated nucleic acid nolecule that encodes a fragnent 5 of at |east
six (6) amno acids of SEQID NO 2, 4, 8, 10, 12, 14, 16, 18 or 20; (c) an
i sol at ed nu¥hailecREg: mol ecul e mhlch hybrldlzes to a nuclelc acid nol ecul e

conprising the copplepRatnPki-3ER hH-AR seiectea frofnn th® grokip,codsdstinkdf: (d)/aror 19

under high stringency conditions; and (d) an isolated nucleic acid
nol ecul e wntdnataa nhﬁasbméﬁ\tﬁemllﬁ tlflat\mco(dé'ﬁt}me ammowrﬁsesmlgeﬂﬁ%ﬂaw gy 4t o SEQ

ID NO 1. 3, L at | >
mol ecul e of8, dpaIlei 1%&@@20{1 (tt)ﬁgls@g?(rqueq%legcqcbd H@%gﬁﬁ&&gﬁ% raiutg el acl

| des 6 f S
nghzftl.e‘g%gﬁm$ﬁ8a?ggpnp Eﬁ%%$é¢%b£%?8{ g?ﬁﬁ%hge§kiighrg(éaﬁere?n SEFG

nucl ei ¢ acigia@Bheast Bcill nokReIcatish hybrkieds toa @REiicidmblecex prressignthcont r ol
elenents. 4. A vector conpr|3|ng an isolated nucleic acid nolecule of claim
1, 2 or 3. @bbement k6SEQIBINOL . andP%¢t hdd- t%léeﬁﬂ%tlm@m@hﬁﬁmgew acid

nDIecuIe of claim1, host v of claim
4. 7. A net%ﬁ@“PB?aB?éH&BFﬁ&“@”B%ﬁVﬁ%BPP é%ﬁﬁﬁ?gF%%g e jﬁgé%%f cul turing
a host delnt Eerqﬁ&l%fe%l'ﬁ%ﬂ) vid $Ed e Nwrcl, ei ¢ %aci d3nd eget e9.0f claiml, 2 or
3 under co Itions in ﬁ the protein encoded by said nucleic acid

nol eculm i s expressed 8 An isol ated pol ypepti de produced by the method of

claim7. 67 WD 01/51520 PCT/ US01/01041
7 “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 nucleic 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 compﬁsing 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. An isolated polypeptide produced by the method of claim 7.
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9. An isolated polypeptide selected fromthe group consisting of (a) an

i sol ated pol ypeptide conprising the am no acid sequence o 2,

4, 8, 10‘,’Vpol }’5[1) ﬁ 16, 18 or 20; 5 (b) an isolated poI ypep%cie COO/@'[S)I?\PSI ng a
fragnent of at least six (6) amno acids of SEQID NO 2, 4, 8, 10, 12,

14, 16, 18 or 20; (c) an isolated pol ypeptide conpri si ng the am no acid
sequence of SEQID NGO 2, 4, 8, 10, 12, 14, 16, 18 or 20 conprising one or
nore conservative amno acid substitutions; 10 (d) an isol ated pol ypepti de
conprising the am no acid sequence of SEQID NO 2, 4, 8, 10, 12, 14, 16,
18 or 20 conprising one or nore naturally occurring amno acid sequence
substitutions; and (e) an isol ated polypeptide with at | east seventy-five
(75) percent amdo, SEE 10, 12, 14, 16, 18
or 20. 15 10. Aggtﬁ@ngrﬂlgtgdg&?%%éeq%% S%}gacorrpr!rﬂlla}y hg Itzﬂhoélélf)t(l)rIis]ycfofept| de of either
claim8. 11. A phpdniedeed palgpeptioapanprisignthe anjoiasidngqencd etQ In&®L, t he
pol ypeptides of claim8. 20 12. An antibody that binds to a pol ypeptide of
claimsS. 13 8THe 12t boady %£0icl ai m 12 vvherel n said antibody is a nonocl onal

anti bod 25 1 The .an f cI a
pol ycl oﬁal ant i 38 1501% épcﬁi Ug gﬁ%%&rn?é%t ('Sét(rjsg? {1& sal g Egndtél gody is
humani zed. @nglzﬁfgwo H@T}MJS@l{g)a@@l 16. A non-hunman transgenic anl mal

whi ch conprises the nucleic acid molecules of claiml1, 2 or 3. 17.
met hod of |dent|(tyamg)landa@epﬂptldhc@hpmmhmreglorﬂ@ééewe@@@frﬁ@BPég%lzen 5

or Nogo rece tor r ot essmn conprising the steps of: (a) providin
a cell exprkss ég a14p\|g538 g?rﬁplaﬁmg\ggg)rwé% o[né?rv?)t}v& o féa(a) P 9

subst1tut1ons,

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

(e) 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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(b) contacting the cell with a candidate agent; and (c) detecting an

i ncrease_qr rease in the |level of Nogo protein expressi o]
receptor“@yﬂgigw expression in the presence of the candidzggﬂgggﬁﬁpgelative
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 ates at | east one 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) detectin n increase or decrease.in the |evel of ein
activity or hbgég géE@' g 8¥§PﬁaQ€F?V§FbCP%W?ﬁQ%Enggﬁggpo Ogﬁg&

candi date gggit, { & @tsive to the Ievel 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 growth cone novenent. 20. The nethod

of claim 18 wherein the agent is selected fromthe ou consisting of a
Nogo protein frébnéﬁ??m§h°%ﬁ?ﬁﬁﬂﬁ%ﬁl%ﬁPY%@8§n§ﬂwa§ﬁ%&ﬁ?ggﬁﬁ68m?gf@8tor 25

anti body. 21 A -i I £yl - biandi partner for a Nogo receptor
proteiny c8%%?$%$%%ﬁ¥ﬁ38é?§%§Q%$&y%i#hﬁ%ngf?%%%%g'PCTIUSOl/01041 (a)
provi ding a Nogm)hpesedih®h cell &lpdsting b DNoge protec bt Nogd feecpdiagmotecept or protein

with a candidate binding partner; and (c) detecting binding of the
candi dat e bi ndi fly cpnteetingring ecllwigh Aegéidae@eptoindpr ot ein. 5 22. The net hod

of claim 21 wherein the bi.ndin rtner. | p

consi sting of a(‘i?llgﬁtgaﬂfg&néfl?{e?sggg%ﬁﬁeta,ge lgrgﬁeal%?'%l ﬁﬁ@gg" %%gég%)%’g)?e%%# ?Eody, an
anti - NOQONLES RRERLr fHBelPO8VestibR AR breschbelofthd BN atbeAttblatiNIg thd ecept or
anti body. 23° A nethod of treating a central nervous system disorder in a
mamal 140 &oaipfiNGgograthie os Nego ofcepidmirntiest expicagoraim thé fhsendead therpgudidatof an

agent whi ch nodul ates the
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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expression of a Nogo protein or Nogo receptor protein. 24. The nethod of
clain123“&pﬁrqg% the expression is decreased. 15 25. TheppggiRgdo@fi Ccl ai m
23 wher el e expression is increased. 26. A nmethod of treating a central
nervous system di sorder conprising the step of admnistering an effective
amount of an agent which nodul ates at | east one activity of a Nogo protein
or Nogo receptor protein. 20 27. The nethod of claim 26 wherein the
activity is inhibition of axonal growh. 28. The nethod of claim 27
wherein the axonal growth is at the growmh cone. 25 29. The nethod of

cl aim 28 mhereiz the.icti 'té IS decr%q§ed. 30. The nethod of claim 26
wherein the age %H¥%W»“%8¥§§ FErie 8%t ed fromthe group consisting of
SEQ I'D NGO 8, 1@y bRttt (ENodPre¥iBiQr&din2 P dan iidede/biilddklpar@ds; arhe net hod
of claim 26 wherein the agent is selected fromthe group consisting of a
Nogo protein frggnetttinglrinding of thio gmdidetedptding parinebodiyc Nago ragntoneen-
receptor antibody fragnment; and a hunani zed anti-Nogo receptor antibody. 5
32. The nethod of claim 26 wherein the agent is a sol ubl e Nogo receptor
proteing 33. The gﬁﬁé Pﬁﬁlogfoﬁglgi% M FBerbh8hEHiNdMD PadRh kR RO GONT @EEPL OF
protein’is selecte romthe group consisting of a soluble receptor

protei n compiupongsting®f aiogo patdid frageeuemeatiofogdieepDOr hidibody om affi- a sol ubl e
receptor protein conprjsing a fragment of at 10 | east six _q% am no aci ds
of SEQ I D Nogo2ecgptoranthodyyfraginentagd @ prarnigebadi- Noguirpiididngbde ani no acid
sequence of SEQ ID NO 2 or 4 conprising one or nore conservative am no
acid substitutions; a soluble receptor protein conprising the amno acid
sequence of SEQ23! R N&hodoPkeafing€ © BaHiaBhdtehbuREst@h dI¥OFder imatiiinhy occurring
am no acid sequence substitutions; and a sol uble receptor_ﬁrotein w th at

| east gevewbypfisivethe EEp o adrgivisteriagian offectise ampuntiod ap hesgy whish grgulassiis 2 or

SR e EREEEE O RS
pepti de selected fromthe
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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20 group consisting of SEQ ID NO 14, 16 and 20. 36. The nmethod of claim 23
or 26 wherein the central nervous system disorder is a result of cranial
or cereb™0 0v54thm, spinal cord injury, stroke or a denyelRGEYIHG sease.
25 37. The nmethod of claim 36 wherein the denyelinating disease is sel ected
fromthe group consisting of nultiple sclerosis, nonophasic denyelination,
encephal onyelitis, nultifocal |eukoencephal opathy, panencephalitis,

Mar chi af ava- Bi gnam di sease, pontine nyelinolysis, adrenol eukodystrophy,
Pel i zaeus- Mer zbacher di sease, Spongy degeneration, 71 WD 01/51520

PCT/ USCL/ 01041 Al exander's di sease, Canavan's di sease, netachromatic

| eukodyst r ophy add Knealbbtébcéof diigediseherg8 theggeitg s bedgcsad fpﬁélp)thecﬁoqmat

of "t he. pept FESTEE PhoRBUDOFELERIBT BPor e ienseoar: kel SRaTorotne |
fol | ow ng e;efcggﬁ&saml%%y IE&P?AeE{ tah@Qh%allﬂké?ﬂdnﬂQ\légo rBecpRGniyayei n to the Nogo

receptor prot ade of Nogo- medi at’ed i nhi bi tionh of axonal
grow h, (c) nodul ati on of Nogo protein expression; or 10 (d) nodul ati on of
No go receptor protein expression, 39. The isol.at ed pepti de of claim 38

wherei n & he ani néZatiums@adehd@mlo ‘ﬁ%emlt%eoargé’fﬂéﬂaﬁ‘ébl?lif 2P SECERPERPEY f r om
the group consisting SEQID NO 8, 10, 12, 14, 16, 18 and 20. 15 72

33. The method of claim 32 wherein the soluble Nogo receptor protein 1s 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 is selected from
the group consisting of multiple sclerosis, monophasic demyelination, encephalomyelitis,
multifocal leukoencephalopathy, panencephalitis, Marchiafava-Bignami disease, pontine

myelinolysis, adrenoleukodystrophy, Pelizaeus-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
isolated peptide is selected from the group consisting SEQ ID NO: §, 10, 12, 14, 16, 18
and 20.

15
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