WD 2005/ 016955 PCT/ US2004/ 002702 NOGO RECEPTOR
ANTAGONI STS Field of the Invention [0001] This

WO pvsoid9eh rel ates to neurobi ol ogy and nol ecuP@r/us2004/002702
bi ol ogy. Mdre particularly, this invention 5 rel ates
to i nmunogeni ¢ Nogo receptor-1 pol ypepti des, Nogo
receptor-1 anti bodi es, antigen-binding fragnents
thereof, soluble Nogo receptors and fusion proteins
t hereof and nucleic acids encoding the sane. This
invention further relates to conpositions conprising,
and net hods for nmaking 10 and using, such Nogo
receptor antibodi es, antigen-binding fragnents
t hereof , i mmunogeni ¢ Nogo receptor-1 pol ypepti des,
sol ubl e Nogo receptors and fusion proteins thereof and
nucl ei ¢ aci ds encodi ng the sanme. Background of the
I nvention 15 [0002] Axons and dendrites of neurons are
| ong cellular extensions fromneurons. The distal tip
of an extending axon or neurite conprises a
speci ali zed regi-on, known as the growh cone. Gowth
cones sense the hogal rRECHEFTORTEBNTARGNIIRS de axonal
growh toward the neuron's target cell. Gowh 20
.cones respond to several environnental cues, for
exanpl e, surface adhesiveness, growth factors,

Fneyrot a ﬁﬁi&terg and electric fields. The guidance

—éf—%%%é&g—sf—ﬂﬁﬁ—g%ﬁg involveslvagiogs classes/of Ton
es

FADEF, o, RL L) g L S00pL 10505, PETLLSpag/ ana

ménéaulafebﬂaﬂogynhlnbtegp@mthc@baesy,Thhigrmmwhntmna
of a growi ng neurite advances at varioui rates, but
refptedl by arMEReISBEedVesC oheCePsOTub RPLVPRBELHES peliogo

r??éFtérLgogﬁlig%?%@E CQH€§géﬁebbﬁﬂgn§h§P§ meﬂt&htﬁéQégf

expansion (m cfospi kes or filopodia) that
sdlﬁbkeergaltgcegdhesean@ Susfacesrpheine ehbrgof Fhé
nuc Egdggiggeencoding the same. This invention further
relates to compositions comprising, and methods for making
and using, such Nogo receptor antibodies, antigen-binding
fragments thereof, immunogenic Nogo receptor-1 polypeptides,
soluble Nogo receptors and fusion proteins thereof and

nucleic acids encoding the same.

Background of the Invention

[0002] Axons and dendrites of neurons are long cellular
extensions from neurons. The distal tip of an extending
axon or neurite comprises a specialized region, known as the
growth cone. Growth cones sense the local environment and
guide axoﬁal growth toward the neuron's target cell. Growth
cones respond to several environmental cues, for example,
surface adhesiveness, growth factors, neurotransmitters and
electric fields. The guidance of growth at the cone

involves various classes of adhesion molecules,
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continually active, sone filopodia retract back into
the growth cone, while others continue to el ongate

wo boosodess he 10 substratum The el ongati ons beP@EER2004/002702
different filopodia formlanelli podi a. [0004] The

%toev%(?%fﬂ.{hea]?x&vﬁ%fl L @ %ee_ﬁ : po ?g?gtt o&a’&.{am@fgte and

on €ither 'side
Miteib an @f@ﬁt@ﬂtd:cﬁtlﬂee‘cont'ﬂmé Syreowsith fczmm tdnfz'ata igrowing neurite

unfavorable to 15 growmh, it withdra en_an

A GHYRST ot ot Hd %ﬁter%vo%fbﬁev@r%%fﬁw?%f%}e%,swed of one
CONLHANULS! T tnesd S d@ndigui des  the growth cone in

that direction. The growth cone can be guided by

EM03] var i @GdwHs ¢onsurder gndpEaned dfr’li%lhebroad flat
ShalLala. (e A N8 AL ok e L0064 £ACNAS, Ay APPLODIL 2L Py
arg ejf ynaptl C COI’] ec Ion 1S create

;{d}w@ ﬂ\slerswrﬁzed:és fimcthoremsgs eatThe |:fftt1cw@asmml doe
the contact between the neuron and ot her CIML in |tsh
GeRfekuR Y Afh T Emett™] U1 RRISAUSEAGt RAC9 ekt 1t

Fhysi0l corRey. whﬂ-lgég%t@ns RodlRue These &8l Se 1 Eh4den the

specialized glial 25 cells, olli godendrocytes in the
oeve iz tuter vOllse sydstrega {ICNS) | betarskrSchividier <t | §1lgpodia
% ﬁ]:“é)']her al nervous system (PNS), which ensheat he
Axon with myelin (an insul ating
BIoast ur e T™e aitdvtl ayiedkxmEidranad)e ((red ettkey, 14 AMmead of
I ntroduction to M) ecul ar. Neur ob| ol ogy, Z. Hall, Ed
Hp 181 i tsih derd e tiveidss | Larsgoipediagand ' §pkppdia.
r

L S0 depons, hae. e, coRaglLoed e egEreTal Gavoranie o

gn‘owtﬂh,e ipr esierioiraods i nhihen carry glraptas tniopraseracis a

]%ybel [ n}? and si bI aI so ot ger t%pc%s%of rrolcgo%_l%gzguldes

ﬂﬂ@lgrdmalc&{ylmrﬁm dl&rédﬂlcﬁl andrid anagath News Gfan be
2001, 30, pp.. 11-14; Jones et al., J. Neurosci. 2002,

oz desh. bmm@b}soearﬂ@rt‘rﬂrﬁf@ ein furfape gERRRElep R, the
ég%sé¥%t 144Mhéy£¥ﬁe growth cone reaches an appropriate
target cell a synaptic connection is created.

[0005] Nerve cell function is greatly influenced by the
contact between the neuron and other cells in its immediate
environment (U. Rutishauser, T. M. Jessell, Physiol. Rev.
1988, 68, p. 819). These cells include specialized glial
cells, oligodendrocytes in the central nervous system (CNS),
and Schwann cells in the peripheral nervous system (PNS),
which ensheathe the neuronal axon with myelin (an insulating
structure of multi-layered membranes) (G. Lemke, in An
Introduction to Molecular Neurobiology, Z. Hall, Ed.
[Sinauer, Sunderland, Mass., 1992], p. 281).

[0006] While CNS neurons have the capacity to regenerate
after injury, they are inhibited from doing so because of
the presence of inhibitory proteins present in myelin and

possibly also by other types of molecules normally found in
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5 [0007] Several nyelin inhibitory proteins that are
found on oligodendrocytes have been characterized,

wWe2@5/01489650A (Chen et al., Nature, 2000, 403, PdBUS2089002702
G andpre et al., Nature 2000, 403, 439-444), nyelin

ssoci-at e | ycopr.ot ei.n : err
% ronlofgagﬁ%r}llv’o’l, %ée%lléé%%%%lp%c@%% %atel{'aﬁ\,l[euron 2001,
Neurgn. 19944 Aoy -ef6 Y1 andr. ofdwgosendr aoydz, 22, pp.
2gzl%acozpr otein (OM9p, M kol_and Stefansson J._Cell.
-280588 Crig@e B R1279). MBI 1 E ot diths 3144
)Qeen separately shown to be a ligand for the
neuronal Nogo receptor-1 (Wang et al., Nature 2002,
HION7115 948eetznl lmye lin ainhilSdiene r@oo)s 2get are found

1190-93; . G andpr.e t_al., Nature 2000,.403, 439-444;.

Cheh GO R . 00t 04 < 236 Dorfard coni 29>

@thal .ot Newr omva A0, Bno, 283 90)34 [Q0PD8]cMNagipre et al.,

receptor-i is a GPl-anchored nenbrane protein 20 that |

Neoitg 0@ 1 At net 19 A Hepdifal YFRFTRE A eRd Flycoprotein
r 41-34 jdU eract i k1. an

Dl ity Seiseioulbon dalorac lan ki

MNdgmopadcept et lalonpdweson resduces, sighal &7k haed | ead

Lo grouh o gone collapse.and | BLL e of BewritSeanceon,
ol @cul essidiat 19¢d bitoe Nogpy3-ecepdor - ldimdbNg-iesdts

ligan.ds and attenuate nyelin- nmediated growh cone
et aigye barl herh bienparp ot Lnethoe tolYyrdw HaSntRif ythe

0 e -l nyenti 0 ihventi t 0
TOUBTY Nl o or 1 BSVbert 1o o Fugi oo 47
Prot®iNs Conpt sahg, themnand 2@ | i eslame-93; Grandpre
antigenic fragnments thereof directed against. specific
¢tAhog et dre g WS of O Nodt® ¥ €tept o‘%—‘ Ig Al pprature,
2005/ 0lpP55, LT LS20044 002702 divent | afetks®, reded es3s,

t o 1’ nmunogeni ¢ Nogo receptor-1 polypeptides that bind
283 1@ anti bodi es of the invention.

[0o008] Nogo receptor-1 is a GPI-anchored membrane protein
that contains 8 leucine rich repeats (Fournier et al.,
Nature 2001, 409, 341-346). Upon interaction with an
inhibitory protein (e.g., NogoA, MAG and OM-gp), the Nogo
receptor-1 complex transduces signals that lead to growth
cone collapse and inhibition of neurite outgrowth.

[0009] There is an urgent need for molecules that inhibit
Nogo receptor-1 binding to its ligands and attenuate myelin-
mediated growth cone collapse and inhibition of neurite

outgrowth.

Summary of the Invention

[0010] The invention relates to soluble Nogo receptor-1
polypeptides and fusion proteins comprising them, and
antibodies and antigenic fragments thereof directed against

specific immunogenic regions of Nogo receptor-1. The
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The invention also relates to Nogo receptor-1
pol ypepti des that are bound by a nonocl onal anti body

W0 b@s/obiontls to Nogo 5 receptor-I. Such pol ypepe¢TES2008§02702

be used, inter alia, as immunogens or to screen

aRriRedbesat 9ol dENLiEy E80§ﬁmwﬁé§%%génk5§6 speehiLeiiy

to an anti body of the invention. I nvent 1 on
patybepti@éat ekat obhud| ep ctlaei ast Ehedtlengof hehe invention.
ol ypeptides of .this invention, vectors and host.cells.
D3 CHRPrIETen ehen AuLfert aci IRIAntorePhods! obohERTRE: IS
thet pepthoesd Fhea anbhbotbesl S0t ubbeyreegptvisdantdo Nogo
receptor fusion proteins of this invention antagonize
BRCHP ek~ NogoSuscept BPeRt BiRE dry URefuped or inter alia, as

1iRbRbddAg binding. ol Nogo: ; §&EEPL O s 14§01 1 5,1 £ 030Dy 1 1y
inhibiting gromh cone collapse 15 in a neuroh and

gloct basi sigethBicity bi¢ i @n oft Heody tef it giowehtdon. The
sprouting in neuron.. [0011] In sprme epbodi nents, the
TR Pofrtecralapty i iacion Homthe e
DR soNS Stongrief s AMRE T FQILSONAQLR (1958 | & NG
26); LDLSDNAQLR (SEQ I D 20 NO 27); LDLSDDAELR (SEQ ID
FOP DOy ing FUEDNAG R ISET1(P Nod Bahodp ASDBAELRy the

NO31), ( l )a
PRSI TSRO TR NG 33 LB ShOOrs TSe 1 fegereor
BA91or DhSIDPEARE R SHQ ¢ OiNent3)rn DNAGSRIAERPTIr (1ISE6 1 DNogo
NO. 36); R (SE  37),; . . ADLSDNAQLRVVDPTT
?eé‘ﬁ@ﬁ%?ﬂoa% azﬁ% ;H%{{@D@im&s&#%@@%wﬁ@ AB)Nogo

TRVADRTH ( ndd NGhA3)G1 RMPTI11apse
(SEQ ID NG 44); an L DL SDNAQLAVV (SEQ I D NO
i45)a 1fODIR] and sterreamiodl e sinhiel § e greurite

' nucl ei.c. acid encoding a pol ypeptide of the

#qé%ﬁgﬁ%h%ﬁﬁéb %% '%hﬁ%l%ﬁﬁ]S] the nucleic acid
ic0 Iader abl 3n | $anke cerilopdaimeax e IO N oty idn SREMedes a
In some enbodinments, the invention provides a vector

R SPRIET G e GROUR MRS iR YD
22005100 %0E IETNASAG0 4R A2 No: 26) ; LDLSDNAQLR (SEQ ID

NO: 27); LDLSDDAELR (SEQ ID NO: 29); LDLASDNAQLR (SEQ ID NO:
30); LDLASDDAELR (SEQ ID NO: 31); LDALSDNAQLR (SEQ ID NO:
32); LDALSDDAELR (SEQ ID NO: 33); LDLSSDNAQLR (SEQ ID NO:
34); LDLSSDEAELR (SEQ ID NO: 35); DNAQLRVVDPTT (SEQ ID NO:
36); DNAQLR (SEQ ID NO: 37); ADLSDNAQLRVVDPTT (SEQ ID NO:
41) ; LALSDNAQLRVVDPTT (SEQ ID NO: 42); LDLSDNAALRVVDPTT (SEQ
ID NO: 43); LDLSDNAQLHVVDPTT (SEQ ID NO: 44); and
LDLSDNAQLAVVDPTT (SEQ ID NO: 45).

[0012] In some embodiments, the invention provides a
nucleic acid encoding a polypeptide of the invention. 1In
some embodiments, the nucleic acid is operably linked to an
expression control sequence. In some embodiments, the
invention provides a vector comprising a nucleic acid of the

invention.
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[0013] In sonme enbodi nents, the invention provides a

host cell conprising a nucleic acid or conprising the
woe@sot69s3 the invention. In some enbodi ment SPCT/82004/002702

i nvention provides a nethod of producing a

ﬁogds-g/ﬁep“ %ﬁé; ie%réb”cy i@&eiq gsl,S t%?e”gr&égnn@io%-g Léy%x%ﬁg%sg a host

cel | g a huc c aci or " vVec

ddVeddu@sy Btchg ecaverlidig: tdhel Pady peplptles idd arhd heector of
host cell or culture medium _[0014] In sone , ,
b G R OD ¢ hel T RN | P Hes dhgmtiheRpigion provides

r oduc . sing ¢ o dl
aPm’runli?%@%%%&ﬁhég%ﬁp%éﬁgo%f&ﬁe i\avenlt?%n
armpridiost @eliucionprd diory aailc|@ingmics thora nucleic acid
conpri si ng vector _of the invention a recovering.
BT Dy Eoh e TR 7 b RS BB th Bpt g ae
praduged Ryet hee nethodarcawe amddigen- bi ndi ng fragnent
thereof. 15 [0015] In sone enbodi nents, the invention

M4 ldes aft 207is BIEPBrdH SantiRfe kBT 1P fREQGREHRS 2

; Or T | .
R (e R AF P e PN RO SR of
immnoc] ey sartc o dyd it ed el iep thyds | b nehe eltvértmeoHBr a

7E11 (AT r) accession . PTA- 20 4587). [0016] .In
hsite %“Tﬂt}% B3 thet i ia&ﬁ£t% P E?%JU%“;F‘-J’ dgrlie vector
St gen- Bk 116h f4R9mRModeidhi tsn b, Cong invention
col | apse of a neuron; (b) decreases the inhibition of
leaw inrooides v P anddirsth &y dde orethed qi)an
25 inhihits.Nogo.rec or,- inding to a ligand. In
Lo e lorbqlnrﬁt%%a%rﬁeg{tnetu}gel éeCHc'Sl)'ut growt h and sprouting
fcokBgonal Iigromiid. enhivodionen tenb adigrentesntt hen newroites an
a central nervous, system neuron. [0017] In so

HEMS, AP BORA WL 1he g &Pelﬁfffrgthat
JERNOCE Qna 1+ 115 R0e ST odinENLS, 1 &0 SNtihodypind fish,
|nvenfion %%;%}'wurine a%%%bodfﬁnin sone enbodiﬁ%nts,
varereint i thoelyarof ihdidy irevermt orhe snaeelorel fannihedy produced

L&%%8a§%§%%§§éf§ fqnéiﬁgﬂgggfm%kfggékg%%%séﬁégﬂﬁgﬁiﬁfA-
4587) .

[0016] In some embodiments of the invention, the antibody
or antigen-binding fragment (a) inhibits growth cone
collapse of a neuron; (b) decreases the inhibition of
neurite outgrowth and sprouting in a neuron; and (c)
inhibits Nogo receptor-1 binding to a ligand. In some
embodiments, the neurite outgrowth and sprouting is axonal
growth. In some embodiments, the neuron is a central
nervous system neuron.

[0017] In some embodiments, an antibody of the invention
is monoclonal. In some embodiments, an antibody of the
invention is a murine antibody. In some embodiments, an
antibody of the invention is selected from the group
consisting of a humanized antibody, a chimeric antibody and

a single chain antibody.
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a single chain antibody. 5 W 2005/ 016955
PCT/ US2004/ 002702 [0018] In sonme enbodi nents, the

WO poosf1496h provi des a nethod of inhibiting NoBOI/US2004/002702

receptor-1 binding to a Iigand, conprising the step

EHOfé).In.t aCtiI@gs&PegoemﬁéHEsl, V‘éﬂé‘ ﬂﬁrerﬁf‘férp@%’o@{%é@%

I nvention or antigen-binding fragnent 5 thereof.
nsasirheo & ndofo di ke i st 1 Nogyanck deptsedt e tisichdirmmte e 1igand,

roup, consi sting of goA,. NogoB, oC, MAG an .
e SO e Ok b Ko S\OP e Mo oy with an
MHOMSBS @ tRd hodsdal i drhbi 4 gy -antn Gen e eadhaps e
in a neuron, conprising the step of contacting the

Hearert wi th HPMo amebowntef thre Jitait iloh gilected from

[ - bi ndi t r 0 n
%%oo%ﬁe%t@{%egfl%ﬁi%o JF;?'O\%/\IPJ %é’a%%%e%%'od %or nd OM-gp.
P sasi ngi heonenhgndddd iorerdfs neilre tiommntgrowdrarides a
S roolﬁ:i ng in.a _neuron, CONPrising thJ] step .of
”2:%&% Ny YHES RSB U 4t of* tthe!eurony
et d Oy ArhaNid Gens i A k¢ fHAHRNtnd e i tH Man
somre enbodi ments, the neurite outgrowth or sprouting
ang idbashal o fyrdve hinventsiome ormyvdigmntsinding g

central nervous system neuron. [0021] In sone
éhﬁﬁ%ﬁ%@nts, the invention provides a 20 conposition
poogoli Si ngira i reatedinealtdy, adeepitraldre: icar rpmwyvidew a
an anti body_ of the invention Qr, an antigen-bjndin

SRR rOT FTHS 1P Sdife EHBG et ©F R IR or
B NEME ORI $85,,008 QUonP¥ & aldidHonA;ed R aRGd G ing the

agents. 70022] In sone enbodi nents, the invention
mEovdrdest tth 26 aretiiod]yofo fpridretinmeersuirar vt agft igen-binding

euron .at_.ri sk of in conpri.si ng contacting .the
AR o e o 1 a e et e ekl
Jiepthit bradRadief itdexdonantdr@wter. In some

anti gen-binding fragnent, thereof. I.n some enbodi nents,
e dimanten itdg MG 19 R SERE Eh ELTHISs Shsiem neuron.

HRHQN i S f &n@,éﬁﬁﬂgm!meﬂﬂ% S U kR RN %Jr&\hﬁies a
manmal di spl ays signs or

composition comprising a pharmaceutically acceptable carrier
and an antibody of the invention or an antigen-binding
fragment thereof. 1In some embodiments, the composition
further comprises one or more additional therapeutic agents.
[0022] In some embodiments, the invention provides a
method '0of promoting survival of a neuron at risk of dying,
comprising contacting the neuron with an effective amount of
an anti-Nogo receptor-1 antibody of the invention or
antigen-binding fragment thereof. In some embodiments, the
neuron is in vitro. In some embodiments, the neuron is in a
mammal. In some embodiments, the mammal displays signs or
symptoms of multiple sclerosis, ALS, Huntington’s disease,
Alzheimer's disease, Parkinson's disease, diabetic

neuropathy, stroke, traumatic brain injuries or spinal cord

injury.
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synptons of nultiple sclerosis, ALS, Huntington's

di sease, Al zheiner's disease, Parkinson's disease,
waol@b®14965 neur opat hy, stroke, traumatic brai nPCTUS200€602702

or spinal cord injury. 6 WO 2005/016955

ll%gg3 S2004/,002002 . [ Q023 rlt% SUR SRR $rdifies a

nventi on provi des a et hod 'of pronoting survival of

nfe 1Rl @F iprdandtaimmAlsumhivatl afewr areuromatin issknagfmal , which
dying, conprising (a), providing a .cul t¢1r)ed hos.td.cell
NERPIES sihd arf aiit i 2INGY0 T BT 5 %ntd baty of“ the =
NG P andiilgeediididing, fyragmmrit-Nndferedfsprand- 1

b) i ntroducing the host cell into the manmal at or
arsdbadie of theofinventiany or Froozaninibmeg fragment

nmbodi ment s e Jdnvention prqvides e ; r
tﬁbet%oo{',gfarbc}, o{‘é}t it 3: rsou&r%ﬁlvn tg}e gqonsetﬁ rc%%riatlﬁrt{zgk oy mammal
a]tg Sy ighr WHe hsingura dise iewcaranmal , conpri sing
adm ni stering at or near the site of the ,neuron a
(19241 Vectir xsotprdig el €6t (Y Sedhed Trles 2 gene
ﬁ{gﬁ_@%ﬁ? it 'dﬂ\%ﬂ@é&% Uy 1At i0QdY rfutdie at risk of
I 'nvention or an antigen-binding fragnent thereof, _
dphierei nwhiteh amurdioges riet eptioymni lantddyagdii oimg ;rdministering

anti gen-bhinding fra t. is expressed fromthe L
FoTeat e b eh T ah Tl (i AR comprising
Suffddantdd Gdpamie sl dinaldaf dihemenuyo Bréd@dptor-1
Description Of The Draw ngs [0025] Figure 1 is a
ey ©F dpresiRfeRt I oIF e 20 SR IRIMH DI Rt

& r- RN {NagaR3: M5 o 851 JUETH Z8y 340
é\lhegre%%’go‘%eﬁ{%n%t ai ns reit%&{léés 26%%404. Rat sl\clo?(g%Rslo
ot s mso Tred iy efr Rte3 0 o dexg oo R3U 4 wontHigisnucleotide
resi dues 27-344 [0026] Fiqure 2 depicts..an
SRATGUTT ity SV e Koo O s (et o mote
MS-ng 4 e Vel ormdtopof tware. Rat P- 617 is SEQ ID

NO 10 and rat P-618 is SEQ ID NO 11. [0027] Figure

3A is a graph depicting the binding
Brief Description Of The Drawings

[0025] Figure 1 is a schematic representation of the
structure of Nogo receptor-1. Human sNogoR310 contains
residues 26-310 and sNogoR344 contains residues 26-344/. Rat
sNogoR310 contains residues 27-310 and sNogoR344 contains
residues 27-344

[0026] Figure 2 depicts an antigenicity plot for the Nogo
receptor-1 protein using the Vector NtiTM software. Rat P-
617 is SEQ ID NO: 10 and rat P-618 is SEQ ID NO: 11.

[0027] Figure 3A is a graph depicting the binding
activity of anti-Nogo receptor-1 antibody, 7E1l. The graph
presents the effect of 7E1l concentration on the binding of
Nogo66 to Nogo receptor-1. Figure 3B depicts the binding
activity of anti-Nogo receptor-1 antibody, 1H2. The graph
presents the effect of 1H2 concentration on the binding of

Nogo66 to sNogoR344-Fc (also referred to herein and in
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activity of anti-Nogo receptor-1 anti body, 7E11. The

graph presents the effect of 7E11 concentration on
wo b@soiaesi ng of 30 Nogo66 to Nogo receptor-1. FCTHUSBOB®2702

depicts the binding activity of anti-Nogo receptor-1
UantehodyatdklPpatlbet gapphicptesants/Lbe, ebtest ok-ikdgor344

concentration on the binding of Nogo66 to,
OENbgoRHadoR34 ¢ it soF FelBpr ddct BOheFeTRE ARV R 7NpEre6 for
bggg%glggsglqg LAS2004/ 002702 United States patent

appl i1 cation 60/402, 866 as Fc-sNogoR344 or
[PB28NogoRBigyre F¢- MG  did hbe respete eft AnNBHEES for anti-

bi nding to, sNogoR344- Fc. 028 Lgure_4 depicts the
NIURTkTE SR SRORTEATIG: A 208 RBDo. reC aREFEon BE the
adtlbod{bsand @bL, Thecréfgetsoncéher amhbboUiesdoantigens

OD450 in the presence of I nmobilized antigens was
wast eeheRBinedhe Thvobrrehediandi yehiIaes eWeRegeR3IORER0-FC

(4 8L Préf-‘éﬁéggﬁ 81%%‘%%}1”51& di ”Uﬁ%‘%é%ds%@égspgé‘&ﬁﬁt

application as Fc-sNogoR310 or
apgl sogde3 199 /4 AD, 366 gaR3Ed- FogpRBILT, op- B3 8sNpgdR3po b,

nd oval bumn a BSA. 0029] Figure iS raph
ey P o P R 61 Wbl Brs San EonghoR 4na Boa.
[ot2pt DRG fiess i £ ei 9U ghpabh ddpidhendresenserdfts of

varying anmounts of nyelin. [0030] Figure 6A is a graph
NPt EPRRy dhellddect 7BEL . 150 biadi PRE otedNbge R3dbotewth in

- - ' ence of the
t%%??%%mg%gg%ogn%g\’%%}gir%. %g%g %Q ‘%\ﬁg“&&%‘rg%d anti - Nogo
[0@2@t or -Higquuwcddnad angtdadydspiet hay arite & Hece 6B

depjcts the binding actjyity of 125, -Nogo66 to |
b{RGRIED, SHPTOE] CH ai ST i aphe Bt P i ¢ Fes
prdd&Cie Obr SNOGORBI O Fi6y Mok 1‘@&9@:"’%(9@@@6[‘91\1&?040 and
sNogoR310. [0032] Figure 8 is a graph depicting The
ani hrdiogp aetdapttgr - bfmaNagbRBAD-FHet tlood 5+uego#tant .

e{Q0331oEi gure. 9A L. 3 auanh, o dhe. of festual SNogoRaIg

neur e outgro ese
siedsereeo of nyelin.
[0031] Figure 7 1s a graph depicting the effect of

sNogoR310-Fc on **°I-Nogo40 binding to sNogoR310.

[0032] Figure 8 is a graph depicting the binding activity
of sNogoR310-Fc to **°I-Nogo4o0.

[0033] Figure 9A is a graph of the effect of sNogoR310 on
neurite outgrowth/cell in the presence or absence of myelin.
Figure 9B is a graph of the effect of sNogoR310 on neurite
outgrowth in the presence or absence of myelin.

[0034] Figure 10A is a graph depicting the effect of
sNogoR310-Fc on P4 rat DRG neurite outgrowth in the presence
or absence of increasing amounts of myelin. Figure 10B
depicts the number of neurites/cell following treatment with
PBS, PBS + sNogoR310-Fc, 20ng myelin and myelin + sNogoR310-
Fc.
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Figure 9B is a graph of the effect of sNogoR310 on
neurite outgrowh in the presence or absence of

wop@biomoss 0034] Figure 10A is a graph depi cti nBCT/82004/002702

effect of sNogoR310-Fc on P4 rat DRG neurite

ow h i.n the presence _ 3Q o hse i i
L b e B8 W Smath o ARante dle JErese!de
mabdtes{celdt fimddpvimy tereatrenew tte RBEGr&RBS Acell in

sNogoR310- Fc, 20ng nyelin and nyelin + sNogoR310- Fc.
D RIS R 695 5L TP A0 A G070 OF 0885 1 gure 11

| o519 aphedapicting & he sffiactsofi comppdlinalsrect of
E’;\ntzlaqb]ody 5E§L1 on DRG neurc”lﬁ{ e&gutéglocwt h/cell in ?%e °

NERREE -H e i ridasiBRB anoure upftangdl ideyd 008bjowing

BRERAR 4 AL AP k) DL, LIR8LEafo ocer

fawhict | on f i ry3d nargd reds spip@tt aidl Is@nseest BB score

nodel . [0037] Figures 13A and 13B report the

4 confotsit BEB @ drine AL wed iritioh misertkgn efn the WT or
em sect | ' t enig; mi

LN G b e O SRR e dE e

ttiod emzatioth i nodleverk qod avec oy @isare fanglte ae of fwiaeion of

after injury for and transgenic mce. Figure_ 13D
b HiH| A ISF oS Tr D Ot TGt G AR | bRl st P
Snod INCIA N R POSrd NWFInd | 1] ink@ldridecni@phss as a
nmeans + s.e.m from7-9 mce in each tg{oup are

Faporied. offeostat Webums $¥eenm t rahsyeni \QrogPras e means +

ST S o P I ey o s
féAn shewssddrel d oporms carBBE: sicitel @sl iy duhitdtent of rom the
tinme, after_daqorsal hem section in_ vehicle

RROBER1 0l R r e ASE BT & ity B Hms t-test) -

faguldy mb 20; arrors dushfigs arnd Ve dehdithassms faistd o a
of time after injury. Figure 14C shows footprint
famadtysirs olevieiahe ref ter shorsal i sketiomtin anehicle or

SIS3AET BFAErAOAE A GOl 158, 1SN HOLEI LS s
errors during grid walking as a function of time after
injury. Figure 14C shows footprint analysis revealing a
shorter stride length and a greater stride width in control
mice than uninjured or injured + sNogoR310-Fc rats. 1In all
the graphs, means + s.e.m. from 7-9 rats in each group are
reported. The values of sNogoR310-Fc group are
statistically different from the control (Figures 14A-B).
The control values are statistically different from no-SCI
or SCI + sNogoR310-Fc rats in Figure 14C. (asterisk, p<
0.05; double asterisks, p < 0.01; Student’s t-test).
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the graphs, neans + s.e.m from?7-9 rats in each group
are 25 reported. The val ues of sNogoR310-Fc group are

warasiosdtostal |y different fromthe control (Fi geeEES2004/002702

14A-B). The control values are statistically

different fromAorres peftrSGIon SNOGARIIREkeTOAtS iN
Figure 14C. (@asteri sk, p< 0.05; double asterisks, p <

0.01; Student's t-test). 30 9 WO 2005/ 016955

TR US20044 0027 02en SETA +EDDESER PTI ON OF THE
TNVENTTON Definitions and General Techni ques [0039]

iéd =55 defumess Otdef Ws®, othdriBehni £al wdehnical and
scientific terns used herein have the sane neaning

WWﬁW‘S/ RATR? SERRA BT DR fb?fveorfcn%a?a,m%wwmr%t%
con (%rﬁc% %(ﬁ&é%éd W%ﬁé Ur ReLonder |4k ?fe Iﬁfthe art to

prese application inclu
wiefalnithionsiwdht tontel ongsAl sain Lﬂﬁlmsof)td!mﬂ\lscet, the

requi red by cont ext Iar ter i ncl
BT Rl A Tt e T s (B AP Aon R EE coneror.
ﬁleﬁguhﬁ{lesﬁﬂ | o o £ |19€&§111§@i i} Sk ot heélngular terms

ref erences nentioned herein are i ncorporated

Fheslel emcehitdﬁ tivedral ghte s el P Fwralaltepe p@@ﬁ include the
0

J& ent hEI31ose Cgaqéc% ﬁerﬂe?éns%rg% %}?%rsgltdEferences

mmrrﬂx:iomei H&eﬂntaasé | e @fpddee: @t ésente figweante aiyy their
swtabl e nethods and nmaterials are descri bed bel ow.

STHel TRt T 4T Fet HIUPERF - exanpl es are illustrative
;mizyo] and zaren \edn i ensted 41 Bgcd4mitd r@lmﬂé‘z_@ror

atures and advantages of the invention wll be
aélmntf rtmn tﬂlf@@lei&aﬁd@daaﬁétﬁrlrem arerariek fusad the practice
20 cI Thro hout. t hi.s specn‘ tian
< aﬁ?‘ﬁs rfgn q?%aﬁl corrprl slenvenorlovna(rl atl o‘—’lncbgl suc%éhodS and
MO E IS2 Hr DIde s COIHEd Ddlhw. WitHe heatidierlsd oatetitods and

inmply the inclusion of a stated |nteger or group_ of
Q%ﬁmgﬁﬁ%;Qﬁﬁ Inoiustheteheg itloh @nd are not intended to be

limiting. Other features and advantages of the invention

will be apparent from the detailed description and from the
claims.

[0041] Throughout this specification and claims, the word
"comprise," or variations such as "comprises" or
"comprising, " will‘be understood to imply the inclusion of a
statediinteger or group of integers but not the exclusion of
any other integer or group of integers.

[0042] In order to further define this invention, the
following terms and definitions are herein provided.

[0043] As used herein, "antibody" means an intact
immunoglobulin, or an antigen-binding fragment thereof.
Antibodies of this invention can be of any isotype or class
(e.g., M, D, G, E and A) or any subclass (e.g., Gl-4, Al-2)
and can have either a kappa (k) or lambda (A) light chain.
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25 any other integer or group of integers. [0042] In
order to further define this invention, the follow ng

wo esos®1@ntl definitions are herein provided. [POBB5200$002702
used herein, "antibody" neans an intact

maggggl ObAL i Do §T @R ANL | @80 BLOGLNG, FEAOPERL of the heavy

f. 30 Antibodies of this Invention can be of any
tlsatypeconstghassegi{engof & &ptGrody andath) isrolanginable by
subclas$.ée.9. Gl-4, Al-2) and can have either a
RRPPH (13997 +3bda (X) 1ight chain. 10 WO
POOLE D1695hs Ped ESROB41 H02V0Zg ok 0844] osprsediner gésns a
"Fc" means a portion of the heavy chain constant
PEQF ohn oforapr apt Y odlyseHable sNed ar eedPechyl papary fused to

[ ] 4 herei n, "NogoR fusion
%k%%%%%&f%%%ﬁg gé%ﬁé?%?gg%'conprising a sol ubl e Nogo
[@cepl or - 1Agouetd feseint o"handmet eed| agoiisody" means an

ol ypepti de. [0046 used herein, "h ni zed
St SRy R eth SOk AT E0a o W Ho B R aSpn ghuman
PO 408 9F 2 T Her 81 BLABR: 18 SUERNE ESe GhEnEEP| aCLAaMbIBs of
human sequences. Exanpl es of 10 how to nmake hunmani zed

@i | bo dhaise naymvel fednant Hoh} ¢ e dna Bt lae efomad et Wosted

054 { 15 174 2 04 e
Rer2r . SRR e ant VRO oA ant body” [ Rat >
Lo 2l NS one esedOhiersrq) onshimem a dht Shodant hdady an
and, one or. nore regions fromat |east one other 15

Fht 1oty . Chihe FPRET IR PBOCYT dFF T HECStaRe i bhah & first

frﬁi@f&'f €5nd Cofle b THOM they Sane Bfoli 4 ef &b+ SPRE| S8ner
0048] "As used herein and in United States patent

applbedy i onTiae/ 2025868t INedo awrt epteraddtNogoRl "antibodies

"NogoR-1," "NgR, " and " - 1" each neans Nogo

FELaPt of LA™ DO NS REE ShTbr S T Pol SROp T dles [0049] 1

poes S pectad hesdd asend 1 h naredt 10Nt £t &d eSt d10es Nogdent

receptor-1 polyfeftides t hat are inmmunogenic. In sone
application 60/402,866, "Nogc receptor,” "NogoR," "“NogoR-1,”

“NgR,” and “NgR-1” each means Nogo receptor-1l.

Nogo Receptor-1 Polypeptides

[0049] In one aspect the present invention relates to
Nogo receptor-1 polypeptides that are immunogenic. In some
embodiments of the invention, the immunogenic polypeptide
consgists essentially of an amino acid sequence selected from
the group consisting of: LDLSDNAQLRVVDPTT (rat) (SEQ ID NO:
1) ; LDLSDNAQLRSVDPAT (human) (SEQ ID NO: 2);
AVASGPFRPFQTNQLTDEELLGLPKCCQPDAADKA (rat) (SEQ ID NO: 3);
AVATGPYHPIWTGRATDEEPLGLPKCCQPDAADKA (human) (SEQ ID NO: 4);
and CRLGQAGSGA (mouse) (SEQ ID NO: 5). |

[0050] In some embodiments, the invention relates to Nogo
receptor 1 polypeptides that are bound by a monoclonal

antibody that binds to Nogo receptor-1. In some
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enbodi nents of the invention, the inmunogenic
pol ypepti de 25 consists essentially of an amno acid

waemaenoes sel ected from the group consi sting BET/US2004/002702

LDLSDNAQLRVVDPTT (rat)(SEQ ID NO 1);

V| ¢ 3
AR BN TR L BKACCPDAADIA (Y 77 St 3 N
Bopnoc AVATGPYHPL WEERAT DEEP: GhPKSOGRDMMEKESs ( huhanpOBEGeptide
| D 4); .30 and_ CRL GSGA (npuse SEQ i
f%o@'%)}e tedonsSBubtn ?E,Ci’lfﬁ%l?m%%t(?gh 12l (smo 1
Nogoz g ecept.obpAEDR| ypept idesot had) arephegpdad¥Ra (SEQ ID NO:
nonocl onal anti body that binds to Nogo receptor-l. In

3bhe BALKEPDBBER 0188851 PATP USPDDA/ DORTHDPNAQRR o dFH@NER, NO:

) j [ c tZed t n n )
e e R A T
3%) ecilRUSEDPBAELREe (FEQUPD cCddISi 36 ) ngDNAQLRDIISPNAQLEREQ SEQ NO:

| NGO 28):  LDLSDDAELR EQ I D NO._30): LDLAS R
$ B BRER 4505 IO AStDAE A SoB SR PSS, TohO T wo:
%—%ﬂ—%ﬁ@ﬁ@@@@rﬂQSEéﬁm NHPALEDDARLIR S BANGPTT (SEO

LDLSSDNAQLR (SEQ ID NO  35); LDLSSDEAELR (SEQ ID
N NG 6) 44 DNACREERRQOHERRY T D(SER IB7NO: DNAQLRESEQ I D

: TS D NO 42);
%%&Wﬁ%%%% Iﬁ% E%% L DL SDNAAL RWDPTT
(BEQLIO | DINGoWd) emh il SRNAGE HAWDRP TN SEQ oD N a¥83  to a
and. | DLSDNAQLAVVDPTT (SE??:LI D NO _46), aéOOSl In sone
Ié‘h“bjo%}?re%?%‘,i ?%%O‘?%n"t‘ilﬁ YRERE S OF SEQuEY i actd®r 26-
£NCogl N 3, PO ypepsd | der Of sSFQ difdb MBmerde S, 0£6:h& /invention,
29-37 and 41-45. In sone enbodi nents of the invention,
W tinec hect edcidoidl eavikbe e 1nkedken am expression control
expressi op contro uence (e.g., pCDNA(1)). [0052]
AR ol P AT 0 T el ot 05 16 & vect o
poogz) Si NOTge Nbied €416t athebeothmMea Tof Be Pl ypepd i devedtor
the jnvention. In some enbodjnments of the invention
TP RIET DOV %L €| 3 hFUIDIEOT R R/ RSOt et sthe
Qlvd e SOV enth Ohne (ABILGHATEd DA X PRSI S vector

n sone enb ments o
is a cloning vector. In some embodiments of the invention,

the vector is an expregsion vector. In some embodiments of

the invention, the vector contains at least one selectable
marker.

[0053] The present invention also relates to host cells
comprising the above-described nucleic acid or vector.
[0054] The present invention also relates to a method of

producing an immunogenic polypeptide of the invention

comprising the step of culturing a host cell. In some
embodiments, the host cell ig prokaryotic. In some
embodiments, the host cell is eukaryotic. In some

embodiments, the host cell is yeast.

12
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the invention, the vector contains at |east one
sel ectable marker. [0053] The present invention also
WO edoae®si o host cells 25 conprising the PCT/US2004/002702
above-descri bed nucleic acid or vector. [0054] The
Dhesesikavention also relates to a nmethod of
roduci ng an i nmunogeni ¢ pol ypeptide of the invention
E%%ﬂ si ngThferseepbf iVttt PRgiartesy telitepntgone

jpents, _th C iS.p [ 0 0
STt 2 flien Bl S DERABIIR. Cnolfof MFal
epbotlf real 5y bheddostNogb | réseyeastl ARl WEeR2008¢4 04696hke
PCT/ US2004/ 002702 - Antj bodi es [ 0055] The esent ,
TRVRREL G- f uFE hEP™s ribeStpeiun t%%t?%w%f Gh antigen-
Bhb 985 - Pi-agdhog: fhagaent phepsobrihatcospest{hgabbyentially
bi nds @ Nogo receptor-1 pol ypeptide of the 5 .
¢Rvamt A0 | ACs@necEnbiock nert sCt e e boldly @roup consisting
Pty niDbﬁ@Q!ng—gragg?Q$ Qé§g§7aa£§|¥P§£§!deThe antibody or
consisting essentialTy ~“of ‘@n am no acr d Sequence
set bgdedof nommd her giae: constisd | pes@it SEQY ¢l NEB: may be
1-5, 26-27, 29-37 and 41-45. The a tibpq¥ or ,
BHPHGeR bf RdVAYC f Pagh@nt BFO t heP Hredent OF iventforeieipody or
et 10 Profug ety | PrYd¥OnOF 1 & Ny Vi i Qae NG i On of the
antibody or antigen-binding fragnent is discussed
b0l [ 0058] 2kl edy beodyamrarint g t gierd biqdf pggment  thereof
fragnent thereof .q%.t e invention inhibits the 1t
B RO S Notd! r BRI bES 11 P AN (%, TREHROT L to
NogDPandNoge & . Mi{agdd gimgemd NogstecneasesoM-gp) and
nyelin-nediated inhibition of neurite outgrowth and
dPFERA TRy, MRt R TR EF 3 e RudoHat Db ik T ameat tereiatgsowth

| d j.ate 57

B L R e T o by sty ot es
eyt 1 g medod el @) Jragnentonderebfapse murine. In 20

nbodi -1 is.f "
BT et MRt <" RGY © cEep BT TS TRELT

S Poody or antigen-binding fragment thereof is murine. In

some embodiments, the Nogo receptor-1 is from rat. In other
embodiments, the Nogo receptor-1 is human. In some
embodiments the anti-Nogo receptor-1 antibody or antigen-
binding fragment thereof is recombinant, engineered,
humanized and/or chimeric.

[0058] In some embodiments, the antibody is selected from
the group consisting of: monoclonal 7El11l (ATCC® accession
No. PTA-4587); monoclonal 1H2 (ATCC® accession No. PTA-
4584) ; monoclonal 2F7 (ATCC® accegsgion No. PTA-4585);
monoclonal 3G5 (ATCC® accession No. PTA-4586); and

®
monoclonal 5B10 (ATCC accession No. PTA-4588). In some

embodiments, the antibody is polyclonal antibody 46.
[0059] Exemplary antigen-binding fragments are, Fab,

Fab', F(ab'),, Fv, Fd, dAb, and fragments containing

13
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enbodi nents the anti-Nogo receptor-1 anti body or
antigen- binding fragnent thereof is reconbi nant,

wergshe®sed, humani zed and/or chineric. 25 [ ORGSBPS1004/002702

sonme enbodi nents, the anti body is selected from the

gb@pDefenshst tpgdetérmﬂeﬁéi 1dEL1COATCEP 8668881 ON
No. PTA-4587); nonoclonal 1H2 {ATCC accession No. PTA-

%eﬁ}enﬁh@énoﬁm—lh@dl{ﬁﬂ@cﬁebeseh@memc @rmlhe%gas,

| s L ETA: 4586 nd .
a0k 008! g AIG,PEEERLOT, N I S0 B70 Bhccion
efrbadi emtsogidisuhit i biody is @@fﬁﬁd:ﬂmtt ’@@t@d@@ﬂ&r4§pec1f1c

059 | ary ant en-bi ndi ng _fragnents, are, Fab,
%%%Jznngwg , CRADROLYRER T 2freht sT contBNRRAdhesins) .

VEbé@p5/0l§§5@s£&ﬁﬁé§8994/ﬁ@zﬂéénsC@”Ph%ﬂﬁ@ﬁ@rtﬂat consists
determ ning region (CDR) fragnents, single-chain
%t?%d‘ﬁe@n@s@rﬁv)dor@mmr | BV antdbodi efragukmbodhes amdsists

I tha n-at lea ort on
?ﬁrr%lﬁ%g? Vh ?‘Q‘F}ég;ﬁ?fu cﬁeﬁisj&?o 3n?£ra§p38ﬁged§7 and
13 0) Irgmnsblmdfmmemﬁ ftﬂqeﬂolcycﬂ%):te’&e &d®.49.Vy domain (Ward et

fmmoadhe5| ns])C 4 used herein, Fd neans a
3} ag Mt U hat 4 totfd 5146 o?f9%5h>e VH 1P H hefervei nss i myle -
IRANS And NIRENIsdial GoNsd siis arﬁ%ﬁégj;}r 3/%%' W region

domai ns of a 'single armof an anti
8&“—@ ragherestibat acenpiestrsedoftca f\dmd ampno@ﬂﬂlemhtetnol(é cules

h
S ngaf I\i@} haeltﬁl%;nslﬁg{()géqi}% 989 L{%f?“brfqr g%ﬁj)}“‘?q'ie as a

ahiarlhe q;x\dte"legldnalrandsla:dll-étr egi on s ret 1o F 018, 19as
a noval ent nolecules via a synt hetic |inker that
WEAhéh 190 -be Fhfe ABtd - 49§ e Ssrot 1SR AFaiTB79-5883,

1(9@8rd ety Al ge SG 4 and Hust o

et al., Pr gcse Natel%qeCl caga%ag%%y 6%&%5%5% teoan q:lbOdy

1119881)1011A§/’Hueed ligrdoms ik adpodyexmanssed bbs p@ceiﬂ@le
in,which VH and VL donmains are expressed on

poquﬁ@dcéd p6iyApept PEE FdMT % “ﬂfﬁrné:hé‘ | itk o IFAert to
allidmﬂ(foih@fatlﬂl(ﬁg WelcqW Ok rRAIKINGRBLWEE B R e chain,

domai ns on the sanme chain,

thereby forcing the domains to pair with complementary
domains of another chain and creating two antigen-binding
sites (see e.g., Holliger, P., et al., Proc. Natl. Acad.
Sci. USA 90:6444-6448, 1993, and Poljak, R. J., et al.,
Structure 2:1121-1123, 1994). As used herein, immunoadhesin
that specifically binds an antigen of interest, means a
molecule in which one or more CDRs may be incorporated,
either covalently or noncovalently.

[0061] In some embodiments, the invention provides a
subunit polypeptide of a Nogo receptor-1 antibody of the
invention, wherein the subunit polypeptide is selected from
the group consisting of: (a) a heavy chain or a variable

region thereof; and (b) a light chain or a wvariable region

thereof.
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20 thereby forcing the domains to pair with
conpl enentary domai ns of another chain and creating

wo mwsandsgyen- bi nding sites (see e.g., Holli gePCT/BS200€002702

al., Proc. Natl. Acad. Sci. USA 90: 6444- 6448, 1993,

2006 2Dl | akinReode , e@bodlment S} r tieé Ui vendidd-d1d3ides a
1994). As used herein, immunoadhesin 25 that _ .
3petfitcalrty oprreding Bhei Beavofchnterest thapgasiable region

@Péf&&f? éP Mﬁécfiﬁg@ Oha iR &n enggrPgbl r??ion thereof

i ncorporated, either covalently or noncoval en
$ D06 13 ulbun s'o npo Eyibert héat sf & hdogmverntepnopr bvadesbady of

ubunit pol ypeptide of a Nogo receptor-1 antibody of
%%% %%v?ﬁE%%$ion, wherein the subunit polypeptide is

sedbest ed fronzohdec@sOaPnERNS| Sthddi®fent Bon Bph6AVes a
chain or a variable region thereof; and (b) a |ight
yeeAvariablarredi el r 6gPdh of her¥edo ndcarQ0o0b/ 1edssdy of

B/ UR200d( Q02402 | 0062 'al[‘cf&'@ndé%@ﬂg%r%g&?%ét he

Invention provides a nuclerc acid enc heavy
chain or the variable region thereof, or the |ight
Thvaimi zandi eime vari abl e regi on thereof of a subunit

pol ypepti de of a Nogo receptor-1 antibody of 5 the
[0@eht | on. AfD063]1ds sOnehenbudments,cdhdd nyemnraned by

i d h j ahl [ CDR) of a .Nogo
PR e B G b b [ Ty oit o oFe 2SIt 7
B L BNEP dhigs 8 COR ce | m,zaéﬂégb,l%&ap@s@ﬁ] igs, cattle,

Anti bodi es of the invention can be generated by ‘
howaes z ateRin bfs a Sishedl eamdsibiany, andrirkagesot birds,

Saplhan Bt 1Sl 5 alet, SerLos BSoom o
meggsclafnddi rds, reptiles and fish). Such antibodies
i 2o0LE SR Sl e SO L9 LSO e o
i ic RED Feceptor-11 RalyReptifde of ¢l invention.
féngigééngmbodiments, the host is immunized with Nogo
receptor-1 associated with the cell membrane of an intact or
disrupted cell and antibodies of the invention are
identified by binding to a Nogo receptor-1 polypeptide of
the invention.

[0066] In some embodiments, the Nogo receptor-1 antigen
is administered with an adjuvant to stimulate the immune
response. Adjuvants often need to be administered in
addition to antigen in order to elicit an immune response to
the antigen. These adjuvants are usually insoluble or
undegradable substances that promote nonspecific
inflammation, with recruitment of mononuclear phagocytes at
the site of immunization. Examples of adjuvants include,
but are not limited to, Freund's adjuvant, RIBI (muramyl

dipeptides), ISCOM (immunostimulating complexes) or

fragments thereof.
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In other enbodi nents, the host is inmunized with Nogo
receptor-1 associated with the cell nenbrane of an

WO pa0ao16965 20 di srupted cell and anti bodi es 0OPCT/H82004/002702

invention are identified by binding to a Nogo
T@@@@for'lF89|¥p§Q%hg§ 9fF m&@ﬁo&gvfgi'Hgklﬁgogﬁ%%bgdies, see

sone enbodi nents, the Nogo receptor-1 anti
adgi ni S¢eiedw a\ndhLaneadjlagaht Antsbodukat eAt hebbratoey

5 respopse, Adj nts of en,n to_be admnls ered
éﬁ”%g' ?%ﬁt?ﬁ a t gefiti or&%ggft) PR tRGH- i huRgochen.
565 sect9-gbhe anki geBundhese ad] uyaags) areyussat!y
i nsol ubl e or undegradabl e subst ances that pronot e

Ropspeel #i tn Yoleawhati Baology h(Fewrierhendobh Wiley &
ucl s_at. ' 0 i Z t| on.
A e A A Lt
tonukegemils sNagp uyanépt&tat mm.tymyttld@h @EptthSl)lVention may

nmunost latin s) or . fragnents
?%S‘%%élbﬁsa%%é o%%ﬁli g %Ez%%k}de@%lg 1P 0obBY] 2Tt

Foe1@aieyi ew of | methedsnioF m){t%@FEﬁP@A?S see
e.g., Har | ow and Lane (1988) i bodi es, A Laboratory

Manual , Yelton, D E et al. (1981); Ann. Rev. of

Bredhekion @b, Alpblb@@lre%oand avelt ePreduaing (4989)Lines

Current 5 Protocols in Mlecular Biology (New York:

BOHE MW | epM@noserrgl et Ered it ioh Wie |1m¢f@¢€<a@t¢wtryade by
C 0 ept or-1_pol e of

g\%te |aﬁJ{E}iert%llrgrcl’lorfg&rrglegé aé\bcge %J%egén ik sev%rr’l)a et hogsd bane

(et 4 8 knoywup e, the art [ ncI ud| ng, e.g., immunobl ot

&iqsﬁa% and EL] SA. 10 Pr oducti on of Anti bod| es and
ody P Yhg el FRRCPYRIEBIPWOHIE | Onafime the

AtnPodi ess Q- ihe.dovam 'Bﬂnﬁ?‘%d@éj%rgi’/oﬁt & B-cells

procedures as described, €.g., in Harlow and Lane

a(r]_egg]gt)morglgjlrjazecl Oﬁsga]n}Brcpra Icyﬁ ﬁvmhmﬁ@ml@t@ that are
\APeG%L anOfrbtr:Llré t P“e rltg ani r?udllr?g %actr IrIoltC 1m1 cllytrgjh
transformatlon, such as w1th EBV or fusion with an
immortalized cell line, such as myeloma cells. Thereafter,
the cells are clonally separated and the supernatants of
each clone tested for production of an antibody specific for
an immunogenic Nogo receptor-1 polypeptide of the invention.
Methods of selecting, cloning and expanding hybridomas are
well known in the art. Similarly, methods for identifying
the nucleotide and amino acid sequence of the immunoglobulin
genes are known in the art.

[0070] Other suitable techniques for producing an
antibody of the invention involve in vitro exposure of
lymphocytes to the Nogo receptor-1 or to an immunogenic
polypeptide of the invention, or alternatively, selection of
libraries of antibodies in phage or similar vectors. See

Huse et al., Science, 246, pp. 1275-81 (1989). Antibodies
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are immortalized by any one of several techniques that
are well-known in the art, including but not limted
Wo osoi@ssf or mati on, such as with EBV or fusi orCTMUS100&002702
immortalized cell |line,  such as nyel oma cells.
Thergafitery 20.tLhegelihs ke o6l apgl ke saparated want
e suﬁernafh ts 0{1 éacﬁ clghe tggted ?%? productior?r
waft hamtamtoididdyaspeai.fi ¢ for an i mmunogeni ¢ Nogo
r tor-1 pal ypepti.de . of. the in tiaqn. 1Qd f
@Z’Igg'gtl ng,A l#“ﬁg (éerll_d tglxlf?’ar(f |Sr?gWI%> Br i dom Slxé%%lrwg_ %\/\Iglaln
i%ﬂ&%@&i@@&&éaep@imd &l thematrheds ifer) isgentarfyiitnglies can
25 thé nucl eotide and ami no acid sequence of the

Henvharsgiesb il 1 Oigémes  &rid hefowevier St Ya Q. B0 RV aLent Ly,
syidabhe %ﬁ'?ﬁ} e £9r PIRAYCING1AN ¢ i3Hd1P0dWarious

él %ﬁ?t

0 e invention-involve in vitro exposure o

Tayriko eyide s cirg) udze iNoy ¢ ecdogpies- brer known in the art and
i mmunogeni_c 30, pol ypepti.de of .the .i nvent.i on, .
CﬁV%éFhéWEﬁéﬁVfiéé}é%ﬁ95+QﬁﬂgIq C VS G int i B didee©
1abhARAGS ARl MR MRCHS .1 idge edtse @laddlonucleotides,
Sci ence, 246, pp. 1275-81 (1989). Antibodies_ 16 WO
2OOBIFL635HPCHISSR0CHTEERTS . ddeHiiGar s hd prrssfent

i nventi on e ' or. ' ;
%%%ﬂ hemﬁﬁ4ﬁ§ﬁ%ﬁg%§%;%ﬁgﬂ%%’ ma, éé¥3“part1cles and the

I‘'cation. ns (in this case Nogo
rieeept Gratkrays akeadmmenagenivsepalfy eptti deksfl ¢ Hegwclude U.S.

i nvention) and antibodies can_ 5 be |abele
Hadiem ey, > &t hét Toval Sty <o 3n09r?’-9c'5\?31 "er?t’;jgﬁ&aq’%"
SUbst anee. that; ProM desy forn & gahect able Sig@nbinant

Vari ous | abel s ‘and conj ugation techniques are known
simutrivey larkuldngs  ean bse paimsivsipst (Seprihdti Aatgnthe 816,567) .

tion.._Sujtabl | abel s : : ot ;
I10|rbm ed t oI,n. rsaf |ep neﬁgog;ltpﬁ% Z:ssj’, 3 O%g%"z ylwsefr?élg)g{;'t raar% easrftlbOdy
reof aclioyisld nhiritrey spddifirascient, sagentsss a bifunctional
chem | um nescent_agents, magnetic Earti cles an

. t he
AriidOPARNRARA TRA AR T% IRUSE & 1 el CIHE RS known
tgj ggléjfeaté)efy‘t 3,814 834 ﬁ!@%@lca%lr% B sduction of

, , 345, 4,277,437; 4,275,149 and 4, 366, 2Z41. Al so,
myéoonbimdntidomas, disulfide exchange, chemical cross-
linking, addition of peptide linkers between two monoclonal
antibodies, the introduction of two sets of immunoglobulin
heavy and light chains into a particular cell line, and so
forth (see below for more detailed discussion).

[0073] The antibodies of this invention may also be human
monoclonal antibodies, for example those produced by

immortalized human cells, by SCID-hu mice or other non-human

animals capable of producing "human" antibodies.

Phage Display Libraries

[0074] Anti-Nogo receptor-1 antibodies of this invention
can be isolated by screening a recombinant combinatorial
antibody library. Exemplary combinatorial libraries are for

binding to an immunogenic Nogo receptor-1 polypeptide of the

17



10

15

20

25

30

15 i munogl obul i ns may be produced (see U.S. Patent
4,816,567). [0072] In sone enbodi nents of the

w0 pws1d9sh, an anti body has nul tiple bindi ng PCT/US2004/002702

specificities, such as a bifunctional antibody

Phepar ednbysanh 9B8€a0fchy & @f sheshini guesr¥NoPhepared
to those of skill in the gg?ggncludé t he production

6ting My H1d \hy BON@snRE erairsdl £rae é‘%@ﬁaﬁ@élv@ﬁemﬂmmﬂ
fﬁﬂ&ﬁlzéﬁn%ﬁg aﬂdgh%ﬁggggﬁlgeﬁg geré%Q§?5§—Pe$$?ggeptlde of

nDnocIona anti the ntro fon O
sbéslnﬁennﬁunoglMéuho@olh@ays Ao prgparthgiaﬁdiﬂtneanlng

articular cell line, and, s forth (see bel ow for
five' GEpairiae drec Sipli) 11080t 0bv8] | THESHR FBBARRETgFoially

304 $1 APYENhE BRoABY 2 Al SRa D& DHTRNF o FDYOLL BRBE Ng phage display
anti bodi es, for exanple those produced by

TiHorTaes zéd- Hunaﬁh@ePh@rm%cyl@cﬂl@mbml@@t Ph@gﬁei%ntlbody
on- human

animal s c r oducj

0 D aata BadonS o P8 6o P BT PREChEPR eaaRe surezar”
Phe (RIS L AP SRLOL - ol og0y 022 0b a1 01 Sah B SORLOR. £FaR
thphm@WS]ibrﬁhgreEaeepab$q ciondi e onodé dndraedgsnts that
are for to an, n eni ¢ Nogo ec tor-1,
T A L PP
1wention, (s¥eheas. p s&dvePhageadi splay babrany. 5,223,409;
g%gpared using VL and VH cDNAs prepared from nmRNA

9veld ah- aRfhePubl herint Qe dVev t WO at/ heEhdgehrEeNoge al-
hﬁ%@{1&a@9& PERLIS &1 /1408 I yEREL Ot o7 PCT

ogQi es or preparing and’ screening 5 suc
Pmb&ﬁmaEEonrnoknm@m92h2®h@1arMath£m® at eaLoNPET cPabl ycation

avai | abl e, net hods_and terials. for_generating. phage

P S i Y21 157 4 1 RETEC UL tHe Phar Hae| BLRGLGHDI SARTO - WO
Fhagee Aot | Body s M- PYst em | catal p@bppca@;?o%@& Ofo dPL01047;
Stratagene Sur f ZAP phage dlsplay kit, catal og no.

Gaosnd endebt hefE Pulahi ak M pm@swi@ 9%@9@9@ eFatle et al.
SLAeD, TP P A0S, Lspnen 3 s 62 B bogt] Fuooa) s
Antibod. Hybridomas 3:81-85; Huse et al. (1989) Science
246:1275-1281; McCafferty et al., Nature (1990) 348:552-554;
Griffiths et al. (1993) EMBO J. 12:725-734; Hawkins et al.
(1992) J. Mol. Biol. 226:889-896; Clackson et al. (1991)
Nature 352:624-628; Gram et al. (1992) Proc. Natl. Acad.
Sci. USA 89:3576-3580; Garrad et al. (1991) Bio/Technology
9:1373-1377; Hoogenboom et al. (1991) Nucl. Acids Res.
19:4133-4137; and Barbas et al. (1991) Proc. Natl. Acad.
Sci. USA.88:7978-7982.

[0075] Following screening and isolation of an anti-Nogo
receptor-1 antibody of the invention from a recombinant
immunoglobulin display library, the nucleic acid encoding
the selected antibody can be recovered from the display
package (e.g., from the phage genome) and subcloned into

other expression vectors by standard recombinant DNA
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libraries (see e.g., Ladner et al. U 'S, Pat. No.

5,223,409; Kang et al. PCT Publication No. WO
wO2003866k83 Dower et al. PCT Publication No. VECT/US2004/002702

91/17271; Wnter et al. PCT 15 Publication No. WO

~Markka | . P b cat ] .
g%‘f%g%géesa e}ftkl ?%agg?éél Fﬁgrcﬁ‘ugg%“écé{:?gnc .bgvgfurther
B3N 0p288tetitCaf feetiyeedthbr £TiROb) i CatmenoNoth¥\Dinvention,

92/ Q1047; rard et_al. PCT Publication.No,

89/ %@%ﬁﬁ?béﬁéfw al T° ¢1535° B/ %%Em%%ggzsgﬂted by
9e2S4R1 4872, cHlayihtékial 1998Yatim DRA AMELALHy the antibody
Hybri domas 3:81-85; Huse et al. (1989) Science

bagvy 27Baingand \Etaht epyiet ofl the Ngatteble9Deyions thereof
8: - 554 i ff] : I
e e et e TN e TR
226r889=8Q6inth agksanmael iah . h$d9©93¢11 Nadsir @&escribed above.
352: 624-628; Gamet al. (1992) Proc. Natl. Acad. 25
éﬁi. U§A.g9' 3576-3580; Garrad et al. (1991)
AP FCKABFBEYY 9: 1373-1377; Hoogenboom et al . (1991)

Acids_ R 19:4133-4137; and Barbas et _al .. ,
t8esy "By oinEREmee0 BEiETE & vl e theS B uglt 1vention
tO075d &ol LW Ngoseseeni Ay andi hS@) abf onPfaddhi red isotype
anti-Nogo 30 receptor-1 antibody of the invention

3P Peedndrhar Ciawrinodl obidia. diBeF aglasprawitching,
| ei ' ' t nt i n

40 L B rLSI0RS 0o 9%, SEhREL 89, 0L DA Ry

plnalyso tgide neg et s bet asdithd Nt orotdier aexpt 6380684 using

vectors by standard, reconbi nant DNA 18 WO 2005/ 016955 _
RIS 09} DOSTIE 1 diids.  1ThRIeeTiRiC it Figereding

Xﬂ?k&'@ﬁna9§ tuehhepergB R 2t e4KLQ £HeRt 8L,O1 BBE 1 de
anti body fornms of the invention, as described bel ow.

SRYwSpre sNerr i | bddy drsSkafzdmby dssizedi nfaas of

conhi (el 1 brary, Me.ncodin t he .ant i body 5

Jheavycp %%ﬁarh&n 9 |egcfwl¥1echai nhlosr n[tlahyéq?/ear"’llcaﬁ:)]teever gl‘l}/S a

wdet@ofor ituclanetdid it ecomdinadd £XQr essSicQNchain, as

vector and _ introduced into a mamual i an host cell, as
IfRY AR, RIS konhigly anti-Nogo receptor-1

antibody of the invention that was originally IgM may be
class switched to an IgG. Further, the class switching may
be used to convert one IgG subclass to another, e.g., from

IgGl to IgG2.

Mutated Antibodies

[0077] In other embodiments, antibodies or antigen-
binding fragments of the invention may be mutated in the
variable domains of the heavy and/or light chains to alter a
binding property of the antibody. For example, a mutation
may be made in one or more of the CDR regions to increase or
decrease the Ky of the antibody for Nogo receptor-1, to
increase or decrease Koee, Or to alter the binding

specificity of the antibody. Techniques in site-directed
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[0076] Anti-Nogo receptor-1 antibodies of the
invention 10 can be of any isotype. An anti body of

wa@rgste®ss ed | sotype can be produced by cl assPCT/US2004/002702

swi tching. For class switching, nucleic acids

ROCAGENGs Ve 9fe k11 koMo Notchachpde agye Bugl eokids ook
sequences encoding CL or CH are isolated using
Fet Hbds2 el UK ¢ 2he afeprdhe Fuch epeeBeirdsd

' 5 ~ t operatively |inked to,
SROFILI YTl R gl 2O AT A e nac
HYesinad ct @sise ofhangedinoghmitdd nesoheand fhe Thi Sa yrbeo1e

achi eved_ usi n% a, vector or nucleic acid._ that

o <ok F AR Ne9e Hé??ﬁpté%r*de%%fﬂw ahlovieie Fgrvention.
EX G, erdbb @td NI Al eGSR -ah-2 Gn il 'éj@?naé;];of here amino

invention that was originally I gMmay be .
a3 el duearthafG arkiem  théa|demne tahigrrethyto the

t A | gG subcl ass tq .anpther, e.q.,
PR N A A E AT poais a0 P csr -2
atthigyodymrefdi thentinveardidiodi €5 encaHd OAbJIINENY, 2 nucleic

fragments of the invention may be mutated in the
%Fd%gaﬁﬂc&dd&%i% SFC HREvh SRR varrdyeen 197 ai s itro

witighie ANRHENG Prepeitay of, the at ihody . Fq franework

exanple, a nutation nmay be nade in one or nore
MEPR ATy ods MU diticreasy dre 3G:ddedreas & tanewéd kofrddieon or

KB 5, ARV E CRESB th° QpidTrary & tiRecion in =

fanirichodyc rEedhm Queson? tsinteddimze6! 8d 29 md® be made to
005/ 016955 PCT/ US2004/ 002702 mut agenesis are wel | ‘
aﬁﬁ&ﬁn t&‘ﬁ‘» tfgugegenssadty. @f tognsinselcdet &o. pamyide a site

fﬁ&s%g%%l%htabr’n%ﬂgﬁ%vah%n%_B&%BEEEEQOe %@h@%g%blﬁgule, or

mut ati ons are nmade at an am no aci residue t

tpn@%ﬁetoSbehcpangedtdespasedomplQQEﬁtiﬁ&xbnian¥ar¥@bb®ions

regi on .of ,an anti - receptor-1 anti body of the

BB RS ifincEoheoent g %_ﬁﬁ §WORTt AFPORESar EhRmgengtant
domeiar af@r eham/BeiaBtkdregsbadesnt hakiahekpawa Lty be
changed conpared to the

antibddy. Alternatively, mutations may be made in only one
of the framework regions, the variable regions or the

constant domain in a single mutated antibody.

Fusion Antibodies and Immunocadhesins

[0078] In another embodiment, a fusion antibody or
immunoadhesin may be made which comprises all or a portion
of an anti-Nogo receptor-1 antibody of the invention linked
to another polypeptide. In some embodiments, only the
variable region of the anti-Nogo receptor-1 antibody is
linked to the polypeptide. 1In other embodiments, the Vg
domain of an anti-Nogo receptor-1 antibody of this invention
is linked to a first polypeptide, while the V; domain of the
antibody is linked to a second polypeptide that associates

with the first polypeptide in a manner that permits the Vy
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germine in a variable region of an anti-Nogo

receptor-1 antibody of the invention. In another
wertsdieyent , a nucl eic 10 acid encodi ng an antPGDT$2004/002702

heavy chain or light chain variable region is nutated
ahd D& Qs TR & Of; the Jdanpwdl kond egidinger A dUtcitn Gh

may be nede 1n a Tramewor K regi on or constant domain
ahBibodyensadihg haté-|ife. opheut arbodingnts, f Eafelordgomaln

.region or constant dopmin also.may be nade
th%ePﬁﬁﬁﬁﬁéeEFei“t gh&‘ {}?hégo%%rf Hody? b'1tlo pr ov%}gaetlgpég%%gés the
v dngoyal R i9fs RON-ie@dlaeitt wiithdiong baczhetrhelsee below

nol ecule, or to alter such ﬁ;operties S, CO

|l epent .
uhigat BonglputheisndntwhgdbesmdeThA ¥acht vH<¢he V; antibody

L rapework i ops : got ordoRBED3Rd thBe fusi
1§a?g§8|glP%§go§§ Fnbggggggﬁgaﬁu?ated ZOeantibodi. neren
aAtipoagt i welipe folit abi dnsemhynpeanndéypapbhfly spea epll or

the f Kk [ , th i.ab [ t
4 aRsP oA HORAPRERACA & IIJPE. RGPAEEa™ Akt bRy Fusrar

pégg%gﬁgﬁaé %@dihHEEEQQdHQZiB§ hO@#k8kapauanet hgent, such as
e I'ment, a fusion antibody or 25 i munoadhesin nma
abeomide wii ghycbepri §é89aPFtae adpBFt i HCoPRSaAN enzyme

nti-No receptor- L y heg .l pxeRLl lsinked
tgggawgyﬁgF S%Fﬁ% pyﬁgggﬁkgggén%hghbggiﬁén?&?ggﬁfy t he
peabixablbeer. egiTon adtithenanfiislogoanedbptioesl cant bsodyeated

is _linked to the polypeptide.. In_other. enbodinents..
lPh@hWHhSGW@oﬁﬁan8Fe&nS&E@'?N8881Pe88 ﬁngEegnﬁfgoéﬁnked ko
£ thlg nlehVentian  1isS ulsiRlked 10 oaef bk speby perbitde a
O%ﬁi%go?ﬁg%VL omai n of the éntibody is Linked to a
ddeedrt tpoky peflivdé entapnad bodvaras @ winFlen@ofvpsptide

ol,ypeptide in a manner_ that r .53 %%‘¥Hc2%ﬂ@9bod .
C%@é%%of%gég @5?1@@?664F5bf%85%%a%h Eb ofains to Y
interact with one another to forman antibody bi nding
Sidfle lonagtrhem temdzetdisrent s, the VH domain is
separated fromthe VL domain by a |inker that permts
ol 91VH antheViprdersitnd riveritritoar doiclwidely eneimwdehehain
(see below 5 under Single Chain Antibodies). qu VH, .
anGigeshy. @gfgﬁt¢$§ﬂyblnds a Nogo receptor-1 polypeptide of
the invention. To produce the ScFv, Vyz- and Vy,-encoding DNA
is operatively linked to DNA encoding a flexible linker,
e.g., encoding the amino acid sequence (Glys-Ser)s; (SEQ ID
NO: 10), such that the Vg and Vi sequences can be expressed
as a contiguous single-chain protein, with the Vg and Vg
regions joined by the flexible linker (see e.g., Bird et al.
(1988) Science 242:423-426; Huston et al. (1988) Proc. Natl.
Acad. Sci. USA 85:5879-5883; McCafferty et al., Nature
(1990) 348:552-554). The single chain antibody may be
monovalent, if only a single Vg and Vi are used, bivalent,

if two Vy and Vi are used, or polyvalent, if more than two Vy

and VL. are used.
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is then linked to a polypeptide of interest. The
fusion antibody is useful to directing a pol ypeptide
WO 008/0053 or tissue that expresses a Nogo reP€pUS1004/002702
ligand. The polypeptide of interest may be a
E&?era eut a ?é such as 10 a toxin, or may be a
é?l ngjgg?] 18€uch as an enzyme that may be

Vi s allzed such as horse adi.sh erpxidase. In
gdd|¢ ﬁ?%sﬁa% ST | DOET tl%%n etkcl:erreaf aghd é{ 7= whi ch

M\@pé@ifﬂ@rﬁtﬁbé@yeoﬁr@wl@mwp@dﬂsg afﬂac_fjméhk’@dtlh@reof in
one another. This 1s useful if one wants to create a _
Wizl gl verentoorl bt iival Bat fahtd R offeeRF gt & polypeptide

I p in,+.0r to, c :
B0 IREP e £OB) R s, PRSglaRb R | Da PERbEr B g ibody
déne lps esemratweénthan spetifiesahlwimghds cthraiem Nogo receptor-
ant i Fv at binds a Nogo receptor

DT p GRSE 13 0% AT Reron S SO POt Tt piima igmain
a&ta B8 0g Ve 856Q GthdT0e ENAE | ShAPEyIRtd VEd Yohd NKesd 18y Di¥main .

encoding a flexible linker, e.g., encoding the am no

e (ClbEtRiehe el G §ad Bt 3 Psamrediced tflmuglg UERCPHREnant
V C ex

o et s i R R R S

¢ @t st ¢ di tr@letblye:t he Irh ea(cﬂcbitelémnkaersiwbe eclain Bimidibody
et al, . (1988) SC| ence 242: 423 426; Huston et al
FaAEBIN B ONGL AT AR Vis@nd (sagE: Bg7geBgE3ted that

Mefead f@ﬁé&’lﬁic@il}g ﬂ@té‘rﬁoly(ﬂgg%ade?@f s 55&4&)@1’1’81@1’1 and to

singl e chain anti'body may be nonovalent, if only a
Fioigher iplaei\g Hrat u%%oasmm@ﬂ ,Wwidth ﬁWwaﬁ—Lmdnyelln

VL ar.e se Y t.ha
YA ok GhYd0 T o §h Ao At e
cﬁlmgmwmh Anid basttes: {0980] sddte w@_ﬁ@fﬁtfjmm:lwles can be

further includes a_ bjspecific antibody ar
%ﬁ?%%l%% ?cibrhgé‘ﬁfesi Hetdofa4s e Qe for example,

L1 Gl tyy | Sehfitn 1 NRGORE B PI 0F 7 15 POl Yept | ey iPfght and

the 1 nvention. In one enbodinent, a chineric anti body
Harris, supra. and in connection with (iii) see e.g.,

Traunecker et al. Int. J. Cancer (Suppl.) 7: 51-52 (1992).
[0081] In some embodiments, the chimeric antibodies are
prepared using one or more of the variable regions from an
antibody of the invention. 1In another embodiment, the
chimeric antibody is prepared using one or more CDR regions

from said antibody.

Derivatized and Labeled Antibodies

[0082] An antibody or an antigen-binding fragment of the
invention can be derivatized or linked to another molecule
(e.g., another peptide or protein). In general, the
antibody or antigen-binding fragment is derivatized such
that binding to a polypeptide of the invention is not
affected adversely by the derivatization or labeling. For

example, an antibody or antibody portion of the invention
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can be generated that specifically binds to a Nogo

receptor- 1 polypeptide of the invention through one
wormdiongsiiomain  and to a second nol ecul e t hr oRgYUS2004/002702

second bi nding domain. The chineric anti body can be

g %ucggn£9£8ﬂgfl eg?ﬂ?%@a@$ylghgﬁl§§yl@6u§l@h§9|Qéhetlc

ues sically conjugated together
fhﬁléﬂdlﬁon@ovalsnnghesohaahlantobo@?heE@hﬁaPnFﬁgOﬁﬁr@r more

t han one VH and VL ener at ed
okhet| FPLEFT aFoeﬁtbgaéﬁep? oF ¢ géﬁg%en$#2%8§ (fp9-r @
bﬁﬁg%8§flavbﬁ§yb§dyh@& asaa§5@@yateg wetécahbﬁnagEnng a

in 15 nedlatedmgrommh cone col | apse ang |nh|b|t|g
cptohestt @geblit gfo ﬁr@ﬁ§e§biéa@|ﬁ§en§ucﬂn { Spedj Protein or

an%hg nkﬁgtcégnbﬁedggegrQ%ggcyétﬂgnt@@hﬁhgugﬁtﬁgéﬂgab@

own f or "exa anger et al nmunol ods
aﬂt1§én8blﬁ&98§)faadmwhtghtthndnthﬁrlmolggpﬂg (saghj ps 2
connection with (iii) see e.g

neck t aI
sEREPt3ViGARCEPTESHBRLCT 9 %1P%%Y81§5é§1ne gﬁgf
(5888 embodi,mepke, chBedshiReE], CaaBkirhodtegear antlbody is
prepared using one or nore of the variable regi ons
pﬁﬁgucad banCrbsayloklngetWQv@ﬁtm@ﬁe pAtaRefpeF (of the same
enbodi nent e _chi anti hody. s r [
8ﬁ§ISF . glE%ﬁngﬁlo %525 f?oﬁ1§gl %%?% %qugcaglc
abR@hibwat ezed anltab&bedréﬂbﬂhnﬁees flao82PeAthamstei ibdy are
or an_antigen-bi nding fragnment the _inventiaon can

B caobR RO SaTon | PREES G angeRer o (R C (d oy Broups
e
s%%%&g%gdp%§ta% 2 rB%?E%F%éspggegen%r@I the 30

i bo anti ragnent is derivatized
nsuenelmabblmz@mgm—@yairpgwp@mlm@ldﬁ ErESveRt i on

I S Qt ffect d I
RS CROr eX ¢, CA R rO0dy Jor “RErBody | oueh

1ROt aN 20% %Q%lﬂ%%ﬂ@IEQ@HQ@f@BC%OQﬁkﬁ&ﬁ%ﬂSCompany,
PCT/ US2004/ 002702 can be functionally |inked (by
Relvdafiosal, dddpl i ng, genetic fusion, noncoval ent

@%’ g' ati g, oA RERMBRedS, OQ%eOHe@R@tl@é@rantlbody is a

ular éntities, such as another anti body (e.g9., a
labeled antibody. Exemplary, detection agents with which an

antibody or antibody portion of the invention may be
derivatized are fluorescent compounds, including
fluorescein, fluorescein isothiocyanate, rhodamine,
5-dimethylamine-1-napthalenesulfonyl chloride,
phycoerythrin, lanthanide phosphors and the like. An
antibody also may be labeled with enzymes that are useful
for detection, such as horseradish peroxidase,
B-galactosidase, luciferase, alkaline phosphatase, glucose
oxidase and the like. In embodiments that are labeled with
a detectable enzyme, the antibody is detected by adding
additional reagents that the enzyme uses to produce a
detectable reaction product. For example, horseradish
peroxidase with hydrogen peroxide and diaminobenzidine. An

antibody also may be labeled with biotin, and detected
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bi specific anti body or a diabody), a detection agent,
a 5 cytotoxic agent, a pharmaceutical agent, and/or a

w@r@seLasdr peptide that can nedi at e associ at POTUST004/002702

the anti body or antigen-binding fragment wi th anot her

e S Lr vidin core region or_a. ..

DS LR e oy SRR L e oof et tgPiain
dendiad i zesn anht bodgly i ®atOapsodueetabyl €8 0ssthnki ng

two.or nore antibodi es,%of the sane type, or of
W?@%‘f%ﬂfﬂfwge@?l@ap?l ® SrEEPReHi spetpiged by a secondary
PEbbBOLE €8 . o SUi { 8L BnET OPShEAKEE 511 DLl bR -LhosE i L haly sites
are heterobifunctional, having two distinctly
Feuctevendpoyipsnt sepatat edndya hnb ippioprdateispacepitope
L9 15 m mal ei m dobenzoyl - N- hydr oxysucci ni m de

esg(fer) or honobi functional (e.g., disuccinimdyl

Bub®s at e) . ArSusiht i H Noder se @t awv-al | @it BoddpndPi £ Centigen-
Chem cal (ignpan , . Rockford, Ill. [0084] In sone
FrAB NentSTePe AeFP VIRY 2% e bdywish 2 padiapkrlesled

@fﬁiﬂ@@d’ld Exefﬁ)é afé/dlcgfék%:f 'n‘ﬂﬂf a&ﬁrﬁéecw f(.l?r V@c’;t‘,:ll? @'gagnostic
anti body or antibody portion of the Invention may be

et i Mmiaeehbie flrpresssentToo mpolinos] abeltdidhmgl -Nogo

fl uorescein, fluorescein isothiocyanate,, rhodam pe,
T R T dFOh oGSt FOTA R 1T o 2ot example,
by e Sptniti Thg | edddand dlep hesphioiseandi  he dikfecAn

anti body al so nmay be | abeled with enzynes that are

Higghar fidie darded i bekakt sl Mg reatient per bxanlaiseody may
- galactapl cideifprase e phesphat.ase;, 4
% ucose oxi dase laénlagl1 tyﬁe [ kteg%ﬂ%ﬂeﬁbsggﬁm%:lnt%ﬁajtma%g'
Bxaed leck Wit hla8@:1as diedre gdabipeenizigre, itdleidnt idodyates not
det.ect by addi addi ti onal reagents that the ,
TS (e S rOdivE 19 e S P ot (G kot ides
Fogy ex | '€y hepgeragi shop perioxi dasesw t bslgydr ogen
per oxi 2(Eerpand "di am nobénzidi’ne. %n’ anti body “dl so may be
leedssled winrh shitat-iNgganet dgiteat-ad a3 V32 05/4H 6885 gen -
PCT/ US2004/ 002702 . . , _
fragment thereof may also be derivatized with a chemical
group such as polyethylene glycol (PEG), a methyl or ethyl
group, or a carbohydrate group. These groups may be useful
to improve the biological characteristics of the antibody,
e.g., to increase serum half-life or to increase tissue

binding.

Characterization of Anti-Nogo receptor-1 Antibodies

Class and Subclass of Anti-Nogo receptor-1 Antibodies

[0087] The .class and subclass of anti-Nogo receptor-1
antibodies may be determined by any method known in the art.
In general, the class and subclass of an antibody may be
determined using antibodies that are specific for a
particular class and subclass of antibody. Such antibodies
are available commercially. The class and subclass can be

determined by ELISA, Western Blot as well as other
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t hrough indirect neasurenent of avidin or streptavidin

bi ndi ng. An anti body nay al so be |abeled with a
w@r@dmi@ssti ned pol ypepti de epitopes recogni zedP@I/US2004/002702

secondary reporter (e.g., leucine zipper pair

biyAdi I 21 gerdany anbchedisemay b
t%%ﬂ%ﬁ@%%%dl néﬂgc‘?%aﬁét"%g%i fgpg %?ags) [0085]c AnS v e

deneirnMogd bec e@qouenl: lagt eBddpror aprafonged- theageestant

t her.eof al Ied i_.0-| |_e
dgﬁ@ﬁgsag% %%?h§£@gai gkge%ggg%sf8FaQ%eh%nt1bod1es,
@h% &Q&b‘%hk@raﬁﬂu&ﬁﬁ%@ﬂ@U%EQuQMbQ@Se& tHee known amino acid
|

o- |l abel ed anti - %&Srecetor- anti bo may be
SESBE IRy R6s MAEAIYP, HLGE Se RAMD PEPC eSS SFe Cdr i ni ng

N%% gﬁ%%%ﬁ Qhiel %%ﬂ?h%tb&ﬁﬁnﬁ%%l%%k c1BWd helg duRlass of

dEnt - Nogo receptor-1 anti body may be
theednitiécadeust.i cal |y for treating spinal cord injury.
15 Exanpl es of | abels for polypeptides i ncl ude, but

ar e_ not mited t the oII Wi n [

R s Oain Gy e Sl L Gl wego
199entPr 1251, 131 | [0086] An ant i -Nogo receptor-

anti body or an .an en- Agent reo Y. e
[PE8]at | zg&“%qlt?dgn%n i 3/2(5l r S| Séalfclga%w% W of an
Ry ene tyﬁph_%&E@bodylaﬂluﬂe(ﬂhﬁﬁdﬁﬂonyuhua NGO

a carbohydraté group. These groups may be useful to
ey theBivmeardiich adhdbectiarentics gry ie determined by

aiarir;i%:lrng%ggdc% kncg/m no’é crgqse x“'@;!?ﬁlrélé ' ft%lé:’rbltrﬁhng

issue Ing. 25 ar acterization of
a%ﬁﬂrrﬂ@@@a[rﬁ&ﬁ)trﬁashﬁd idyodicepe tGltaisse &id Buhc|RIFss of

Anti - Nogo rece or-l Ant| bodi es 87] The-cl ass and
B ngs £ oK At or - Pe[aiﬁt Jéjoccﬁ %febt also

At %énr{é%gh@ec?% rethed- KWk idkde &diinold The

gener al e class and subcl ass of an anti body nay be
1Bi0h ietoe ranf et s i g mﬂmaetslqrhaqat@r @%ﬁaé@qarﬁtbr%r%

|cuI r cl ass and subcl as. %_t‘é
%}ﬁﬁ[ Sr%"rré EVERELIN: eucsol%1 I ci gﬁ ﬁe cl'ass and
mttmd]ass cate he, odetrgnm aed hy2EwkSA, d\éestfmimeal oo e 1 x

wel | as ot her .
10’ M and 2 x 107® M, respectively.

Inhibition of Nogo receptor-1 activity by anti- Nogo
receptor-1 antibody

[0090] In some embodiments, an anti-Nogo receptor-1
antibody or an antigen-binding fragment of the invention
thereof inhibits the binding of Nogo receptor-1 to a ligand.
The ICs, of such inhibition can be measured by any method
known in the art, e.g., by ELISA, RIA, or Functional
Antagonism. In some embodiments, the ICs is between 0.1 and
500 nM. In some embodiments, the ICso is between 10 and 400
nM. In yet other embodiments, the antibody or portion
thereof has an ICs, of between 60 nM and 400 nM. The ICs, of
7E11 and 1H2 were determined to be 400 nM and 60 nM,

respectively, in a binding assay. See also Table 3, infra.
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24 WD 2005/ 016955 PCT/ US2004/ 002702 techni ques.
Alternatively, the class and subcl ass nay be

waleasoniosed by sequencing all or a portion of PEEUS2004/002702

constant domai ns of the heavy and/or |ight chains of
T@@Q@Pt'boghe§um CQHQaéankibflfnaghgoaégld §899§Q8e%1th the
to the known am no acid 5 sequences of vatious ¢
Qﬁ@lclswbgds as§eshbé lnmnoghob]mhg nsyaahabdet &rmamegy of

c ass, and subc] ass t he. anti bodi es. _ Bi ndi _
b BT BT AnPTY NBgour e e?)?o?lie’énﬁl%olaipjt%g?\ﬁﬁg properties
secept oindi 3031 8988F dhes bimdihei shfinbiya methods which

di ssociation rate of an anti-Nogo receptor-1 antibo

%@UMelmW%w o@rt@egr%@@ tlﬁ%c@p@mllﬂip@yp@@lfdblﬁé,
hod known

IR e AR TR e M LY o YT 0 Son T

atmtasbw@d hyl coubet |d>nrvteo Ela_'l‘&‘&s 1tRIA$ adp Btepreaprthat may
(fo t.echnol 2%% e %ssom at i on rate al so, can be
RS et BYOEF thea WEA RECHHOH Yy . 2Bkt O+l ng
affinity and di ssociation rate are neasured by
surface plasnon resonance using, e.g., a Bl Acore.
TheCRep i t7EINS R g e afel ersghedf t otlbe 1

6{&P—'ll%\ﬁgo r%c%%?%?e %) %I 5 tl'3\/4 By Zg(%ect I Velg% S‘f%@%‘?ﬁ%o}? oiIOW

anti body [0090] In sone enbodi nents, an anti-Nogo

SelogpteorNdgo adddymdyr -ar M@d@tgi&fed)i ndi ng fragnent of

the invention 25 thereof inhibits the binding of Nogo

Feceptmor-1 to a ligand. The 1C50 of such inhibition

can be neasured by any nethod known in the art, e.g.,

B0l SA, RUA - IndiinMdgnalecefi@ganicoNsildt S WL a signal

enbodi nents, the 1C50 is between 0.1 and 500 nM In
Nitbodt METHEMITRE 118095 BB we&iots drycios 30ich

e yelrot h IWIII@ i-ho ;
thera!e%bf ﬁfs an%lr C50 of bet @en‘%geﬁ{l\%la{%dq%&g{ r%%éiahtgraomam
J-¢sgmmal of the eight leucine rich repeats), a C-terminus

region (CT) and a GPI anchor (see Fig. 1).

[0094] Some embodiments of the invention provide a
soluble Nogo receptor-1 polypeptide. Soluble Nogo receptor-
1 polypeptides of the invention comprise an NT domain; 8
LRRs and an LRRCT domain and lack a signal sequence and a
functional GPI anchor (i.e., no GPI anchor or a GPI anchor
that lacks the ability to efficiently associate to a cell
membrane) .

[0095] In some embodiments, a soluble Nogo receptor-1
polypeptide comprises a heterologous LRR. In some
embodiments a soluble Nogo receptor-1 polypeptide compriges
2, 3, 4, 5, 6, 7, or 8 heterologous LRR's. A heterologous
LRR means an LRR obtained from a protein other than Nogo
receptor-1. Exemplary proteins from which a heterologous
LRR can be obtained are toll-like receptor (TLR1.2); T-cell

activation leucine repeat rich protein; deceorin; OM-gp;

26



10

15

7E11 and 1H2 were determ ned to be 400 nM and 60 nM
respectively, in a binding assay. See al so Table 3,
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sum one of skill in the art, provided with the
LBEILRnIEL LR VRN Mg Ll BV BILEL e

@ub@nltlssltoandheobot|@nd|@slb#1ihe3r$®apmbzom

' t hod ich 5 ul d_increase por decrea
ﬁ@és]f IaB?I ?ys%rflgh?v;\ffh? ‘%‘1%?1%“\1\@51 Mn AT R 1 EB?Y%$?§ a
8bf il & yNSGo Y&t &pBbran gj_bc\! e dbody Db el So Q£1489

alter it in any other at - may render it nore
septaple ¥ego ar®%¢P¢@EThr3%pl$M¢%h 349, [@09FfogoR344)

0 S se he n odi e
@g@%zu%%e%in%gﬁ(\g/%n%ﬁgnmgﬂgo%es%r| débe ol\fj‘veé %(“)‘Fub £344
MOGEERETR A0 -d) Pol yipeprhel esuibpdimemt s [ 093] invention
Ful | - ength% rece tor-l consists of a sjgnal 15
REETR, = PN ok T RS rERfGREUNT) , Do) DY it e 458 Amino
depeat ssd e ModdRHcdpa.on (24 e #1 o3y 4 epgat
domai n§8(%3-ter6rzn na %(Rof (%hzggéélglht?ll euglétrr}%@?l ch repgg\}?s)
AN@RF W husresedjion JCP1amf SR IRiNtdnr T seed B gor

];2%3 L?O%Arh ﬁg%@(; rggsg%% or- tfépgr%)éggtéf 0|eeeEnI I oﬂﬁpreoxllogg °

receptor- 1 pol ypeptides of the invention conprise an
dOﬂHI n;, 8 LRRs and an LRRCT domain and | ack a
TGl sefRAMENGA] of HUmR iBHhIRaPINOgR HACREREL -1 no
3y, edr a GPl anchor that |lacks the ability to
effl Cci entIV associate to a cell 25 nenbrane). [0095]

FER oA : efrh pHIHRSAEGSRLEAEBI LRANS VAR CRECEPEBFVITSCPQOGLOAVPVE
(BBrstbépttie é%%ﬁ@?%Fé@IGl&RW@V%{F @TLIRRHSWA@@WAFTGLALLE

_ FY AALQYLYLQ
embodi ment S BUDTFR @%T;é@ g ;ég%ig Ll%%@LgQNRVAH
conpri ses 3% ﬁﬁééés D ﬁ%& VCHCRARP
A heter ol ogp SRABSLAYRL A'EJQ HPTWTGRA
protei n ot hetpded g(ﬁblfl}@g@?DAADKA

SEQ ID NO: 7 MKRASAGGSRLLAWVLWLQAWQVAAPCPGACVCYNEPKVTTSCPQQGLQAVPVE
(human 1-310) | IPAASQRIFLHGNRISHVPAASFRACRNLTILWLHSNVLARIDAAAFTGLALLE
QLDLSDNAQLRSVDPATFHGLGRLHTLHLDRCGLQELGPGLFRGLAALQYLYLQ
DNALQALPDDTFRDLGNLTHLFLHGNRISSVPERAFRCGLHSLDRLLLHQONRVAH
VHPHAFRDLGRLMTLYLFANNLSALPTEALAPLRALQYLRLNDNPWVCDCRARP
LWAWLOKFRGSSSEVPCSLPQRLAGRDLKRLAANDLQGCA

SEQ ID NO: 8 MKRASSGGSRLPTWVLWLQAWRVATPCPGACVCYNEPKVTTSRPQQGLQAVPAG
(rat 1-344) IPASSQRIFLHGNRISYVPAASFQSCRNLTILWLHSNALAGIDAAAFTGLTLLE
QLDLSDNAQLRVVDPTTFRGLGHLHTLHLDRCGLQELGPGLFRGLAALQYLYLQ
DNNLOALPDNTFRDLGNLTHLFLHGNRIPSVPEHAFRGLHSLDRLLLHQNHVAR
VHPHAFRDLGRLMTLYLFANNLSMLPAEVLVPLRSLQYLRLNDNPWVCDCRARP
LWAWLQKFRGSSSGVPSNLPQRLAGRDLKRLATSDLEGCAVASGPFRPFQTNQL

TDEELLGLPKCCQPDAADKA
SEQ ID NO: 9 MKRASSGGSRLPTWVLWLOAWRVATPCPGACVCYNEPKVTTSRPQQGLQAVPAG
(rat 1-310) IPASSQRIFLHGNRISYVPAASFQSCRNLTILWLHSNALAGIDAAAFTGLTLLE

QLDLSDNAQLRVVDPTTFRGLGHLHTLHLDRCGLQELGPGLFRGLAALQYLYLQ
DNNLQALPDNTFRDLGNLTHLFLHGNRIPSVPEHAFRGLHSLDRLLLHQONHVAR
VHPHAFRDLGRLMTLYLFANNLSMLPAEVLVPLRSLQYLRLNDNPWVCDCRARP
LWAWLQKFRGSSSGVPSNLPQRLAGRDLKRLATSDLEGCA
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receptor-1. Exenplary proteins fromwhich a
het erol ogous LRR can be obtained are toll-like

wo e@spi@ss (TLR1. 2); T-cell activation | euci nePCEPSEID4/002702
rich protein; deceorin; OMgp; 26 WD 2005/ 016955
REDY14520041/902782 crnsil had 4 ke %MM@I%%R gﬁ% "Yoluble

rotein acidic labile subunit slit and
WP -FerPreceptnl vpedodds] dn @wmrwmamdmm:se ided to

{ IOV, sol.ubl e eceptor-
ﬁWﬁ%@%?ﬂgﬁ oﬂéﬁigan1no Ry ( FUTE Mgy -1 and act
a&x&nnantégdh@%t.&Nbgnﬁﬁoik%%eﬁﬂbﬁﬂNoqg. s (resi duss
344 of SE I D NGs: and 8 or residues 27-344 of
%g@ Ghe sléﬁi,ﬁl‘é#t%m e §03tq#éLei Aasret ixgeeptor-1
é%%% NegR. t |de of 285
Eﬁﬁ?ﬁ% aé?ﬁiq%gghﬁ% hﬁ%%gggéhﬁiél %i ecrease

isREdURILBI®f oreukd tsNegaR3 Ot I’aEEi dimu%ﬁr@lﬁl\r%fa gb_eQron,
EQ I D

and 9 or  .resid es 2 10 of
g’ Ng% a%f aﬁaﬁ rowEh & ﬁbé§1 Jﬁhﬁﬁﬁ aHiid MRS growth
cxﬁﬁﬁmkﬂﬂabsePQMy@eg@d$ah SE@n BME fbodiments the geuron
NKRASACESRLLAMWLMLCPNﬁNAAPCPGACVCYNEPKVTTSCPCﬁﬂL

16 G Rsaapn -

PAASF . DAAAFTGL AL
R AT BTl FEA RS T A e
bPRALQAL PODNEBDRGNNTHLE, HSNBHSSVRERAERGL HiEL BBL E LHINBWAH

VHPHAFRDL GRLMTL YL FANNL SAL PTEALAPL RAL QYL RLNDNPW/CDCRARP
T PR O ERGSSSEVPCSL PQRL AGRDL KRLAANDL QGCAVATGPYHP! WIGRA

[0DBEPL G PRKECEBRAABDKACSERhPsNOEhE soluble Noa Sﬁvgvar 1

NKRASACESRLLAMWLMLCPM{NAAPCPGACVCYNEPKVTTSCP
p@ﬁgﬁﬁﬁt}dglgf the invention is a component of a fusion

SERL NLTL LW NV ARl DAAAFTGLALLE
P JEE%LQ\SDNA%&_ o PP Er SR F T PE LRCEE %ﬁ%;_m TREREETe -
IJDI\&Q@L@W&R@EMT%&I—I@&SSME LEEIQNRVAH

VEpHa LMTLYL FANNLSAL PTEALAPL RALQYL NGBt ey
' aﬁ@é@g’g PERLARRBLKRL ABIDE OXEASSRo3 i IENCE , 8the

W@%HV%N&WV&%&B@@QN%M TRV
ra

JPPASTORI T HENRE SYWPAASRQSCGRNL THhd VHHSNAD A EAMFT Grge b Ei de

is an Fc fragment. In some embodiments the Fc is joined to
the C-terminal end of the soluble Nogo receptor-1
polypeptide of the invention. In some embodiments the

fusion Nogo receptor-1 protein is a dimer.

Nucleic Acid Molecules of the Present Invention

[0100] The present invention provide a nucleic acid that
encodes a polypeptide of the invention, including the
polypeptides of any one of SEQ ID NOs: 1-9, 26-27, 29-37 and
41-45. In some embodiments, the nucleic acid encodes a
polypeptide selected from the group consisting of amino acid
residues 26-344 of Nogo receptor-1 as shown in SEQ ID NOs: 6
and 8 or amino acid residues 27-344 of Nogo receptor-1 as

shown in SEQ ID NO: 8. In some embodiments, the nucleic
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QL DL SDNAQL RWDPTTFRGL GHL HTL HL DRCGL QEL GPGLFRGLAALQYLYLQ
DNNL QAL PDNTFRDL GNL THLFLHGNRI PSVPEHAFRGL HSL DRL L L HQNHVAR

WO/RRSIBFEE. GRL ML YL FANNL SM_PAEVLVPL RSL QYL RL NDNPRO/CZDEIRAR692702

LWAW. QKFRGSSSGVPSNL PQRL AGRDL KRL AT SDL EGCAVASGPFRPFQTNGL

RRRASSCESR PV A CANRIAT PEBOACTEIREPRA TS QBEP BRSO

€6aki3t348) of amino acid residues 26-310 of Nogo receptor-1
| PASSQRI FLHGNRI SYVPAASFQSCRNLTI LW.HSNALAG DAAAFTGLTLLE
2F DEBPNAQL RVEER TTRRELEHL AT M DRCEE. (EINEPo FREEAREBVEYES 27~

L OAL F LFL P LRI L
VEPHAEROL O WFC VL FALKL SHL PARVE VPL RS, VL H MOV CDCHARR =
b OKFRESSESVP SAL PORLIAGRDE KREATEDE BBTA, 18DEX, WBRNA and
2005/ 016955 gCT/ 82004/002££2 [009%%.In soag g
SHbOTTHERt LObFCThE® 1 nG&nPFoOn, 2EHEYSOT LBl 3S T RidgBased on
£EEephat i te POhyREPhLdesr 0f nkhedinyeal t @Pnaf eveSBHst8 whether
inhibit the binding of a ligand to Nogo receptor-1 and

aerived BROBNTAGSRTLt S@RrRRYCF cBpERPS1Zedgands. Sphe
S84 pmEADOT! ERO! 3,01 et Dea LI CRLLOflo { B8mSPL URL €4 Tl0GO
receptor-1 " polypeptides of the invention are used to
degneastptioahabi pronooér nendi tet bohgt byt & andnal sequence
sprouting in a, neuron, _such as._axonal growh and to
SRRRLPE MoLfrni et et ol gy CURFed coner bl PapeeoTids Sequence
@ﬁ@é@ﬂng'@héof]BSl LABOt S the NeWENiod0 is a CNS
neuron. [0098] sNogoR310 and sNogoR344, surprisingly,
BP ekl t he 1B FefndgeBPORBHVAL S NoglerB, 1 NGl oMATr angdes a
. 10 0 or -4 0] dj ts
oL T e e BB o oog® e R Shab TuEl R bREELEn of
thwehtventisna toopodeny of fasfdsi protetnt @mpthaing a
urther conprises a_heterol ogous polypeptide. In sone

whbbaTen g, 5¢he Het et 6PBgoRE PP Repti s tingnot amino acid
FOELRQgl obal 1 0y copstat HoRBb 1N SoNEB, Spbodi N8RS STD Nos: 6
the inmmunogl obul in constant” domain is a heavy chain

Tohs? apf amino acid residues 27-344 of SEQ ID NO: 8 and
amino acid residues 26-310 of Nogo receptor-1 as shown in
SEQ ID NOs: 7 and 9 or amino acid residues 27-310 of SEQ ID
NO: 9. In some embodiments, the nucleic acid encodes a Nogo
receptor-1 fusion protein comprising a polypeptides selected
from the group consisting of SEQ ID NOs: 26-27, 29-37 and
41-45. 1In some embodiments, the nucleic acid encoding a
Nogo receptor-1 fusion protein further comprises a
transcriptional promoter and optionally a signal sequence.
In some embodiments, the nucleotide sequence further encodes
an immunoglobulin constant region. In some embodiments, the
immunoglobulin constant region is a heavy chain constant
region. In some embodiments, the nucleotide sequence
further encodes an immunoglobulin heavy chain constant
region joined to a hinge region. In some embodiments the
nucleic acid further encodes Fc. In some embodiments the

Nogo receptor-1 fusion proteins comprise an Fc fragment.
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20 domain. In sone enbodi nents, the heterol ogous
pol ypeptide is an Fc fragnent. In sone enbodi nents

WO b@sPe953 j oined to the C-terminal end of theCEHUB2004/602702
Nogo receptor-1 polypeptide of the invention. In sone

WI rrent%d ei c d,ié\ﬁ‘&ggqu?lngqecu Zésiﬁg%sot%e Pré;ts%]%lséét 2

A it A o nﬁaQZLQﬂ}rt'[Ehzea FHesmdlﬁme B rovaecain a
nuclei¢c acid tha .odes ol ptide of the

AR T o S ot R TP e or A
wEQdd NGB gdet?, 132&51257,5112@ @?ovaﬂdlra(tléel &5 A9 SO readily
enbodi ments, the nucleic acid encodes a_polyp <§etl de

e | aven ket 4G omi tith et R QbR gmqwlbke%rﬁ%eﬂaéu scribed.
4 of o
é&éi.qgﬁ ga fhcl cgg r ‘gf%}fb 44 o $£%%éé%n,

or am no ac resi

fﬂﬁﬂﬁeﬂecﬂ&u@]@%ﬂdeﬂs SEQ NG 118 . | M sgnklled artisan
enbodi nents, the_ nucleic 28 WO 200Q5/.016955
P/ 2O TO2 7R ¢ Ta%.%rwwmé & L ipeprideeted

SEL&eLEM M@mlt@eacgfc@%lm sti 9 of amno acid
resi dues 26-310 of Nogo receptor-1 as shown in SEQID

NGs: 7 and 9 or amino acid residues 27- 310 of Nogo
Mﬂofrlqr@s shown in SEQ ID NO 9. As used 5 herein,
“nucl eic acid" nmeans genom c DNA, cDNA, nRNA and
EQkQXlense Tl svud exnbadingits ashudiblente e o Baskdr on

al t ernative backbones or_in d tern ) @g§g
W& He at et i VeF Fromnat Lﬁ%l%éél}%c%s %e: %ﬂ? esi zegthe
gfblgorman@rmﬂﬁlgr&m SSEG e med eilc-mciabfart ey-37 and 41-45.

conpri ses alOtranscrlptlonaI ronpt er and otlon 1y
G 4hal seyuite © MBI S S IBEERERY %e? 0
I duic] £atd desseauence arenaadi %é&ere;&ém]pli d@r%tﬁf)ody or

the i nvention. [0101] Tn sone enbodi nents, the
amwtﬂlgﬁn-mmn'@ Tragnwiteitthexgaf ermsod rﬂgalalkmgd\Togo

receptor-1 f tein 15 the invention, . . ..
THSE I gt £9 ($0t6I nﬁtsol iSitg & p%]{ypeptg X
ﬁg}&g@ﬁg@hfromthe group consisting of amno acid

[0105] In some embodiments, the present invention may
contain suitable pharmaceutically acceptable carriers
comprising excipients 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. 1In
addition, suspensions of the active compounds as appropriate
oily injection suspensions may be administered. Suitable
lipophilic solvents or vehicles include fatty oils, for
example, sesame oil, or synthetic fatty acid esters, for
example, ethyl oleate or triglycerides. Aqueous injection
suspensions may contain substances which increase the

viscogity of the suspension include, for example, sodium
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resi dues 26-344 of Nogo receptor-1 as shown in SEQ ID
NOs: 6 and 8 or am no acid residues 27-344 of SEQ ID
oenosP1@nsl am no acid residues 26-310 of NogoPCT/US2004/002702
receptor-1 as shown in 20 SEQ ID NGs: 7 and 9 or am no

BLHhE égwfﬁ ggi§&£5§%,S@&%E£%of«%n§-dé£h§%ﬂp Optionally,

enbodiments, the nuclelc acid encodes a Nog
rlec eptsperis fusi omy prbéei conompr | st alyl i potypephbiplesomes can

SESBE Haod B Fadb g o e S o G ek s Lo Lrvention
el @i veky Beeding eelb. Nogeeterepy orpiafhistOntically

protein further conprises a transcriptional pronoter
APRPIPAD B aF YT HEEF Grafe sejueted. a1} psebpents, dispersion

£opodi nent %%%%1? el goti de; seauence,f Lether1 encodes,

an T nmunog i n constant region. I'n sone
enbooh herdisd dibeorpinhomodd bibgd gy apast antané@gilom 1ska that

heavy chain consfant 30 region. In sone odi ment s

e HUET Lol PHL SLRUETR- T L7 | hier " it et aHic: bhosphate
gy obad | fe heguyt £had N P, &N | Qhdeehd Olike,
a hinge region. In sone enbodinents the nucleic acid

dsrvhkl ancoeesitetieps somrembod Fentene herba@ggsents, the

R T ot R e U i o DY Sars,
poly £l colasl dsswtht he mesentl, | swentiah, ney $aditverclheoride.
nodi fied so as to contain a detectable | abel for

R t SN Probe i poYBROS A 1QRT | SRR BT SR uch
prpehscane; & Afcdbhessrd anskEadgagihidy Hsbfetting or

enpl oyed wi th t'he encodi ng nol ecul es herein described.
Buiembireotnibe| of | siekubEarpusukgteanets | $udh edis testting or

bi of i . radi ol abel ed I ' i ke.
oty a9, ael bl sol s apUNE LG LAY crnance

tiebelise10 Dbtai dir e f Bbet Beenene oslf nghdushieiisodtésd, antigen-
nol ecul e. 10 Conpositions [0103] In sonme enbodi nents,

RHed iy SHERPTETP Dv i RSP LR MIET 1T FRPEIRProSi HySon protedins
ol ypeptide,selgcted fromthe group consisting of SEQ
I D NGs: 1

-5, 26-27, 29-37 and 41-45.
[0106] Compositions of the invention may be in a variety
of forms, including, for example, liquid, semi-solid and
solid dosage forms, such as liquid solutions (e.g.,
injectable and infusible solutions), dispersions or
suspensiong. The preferred form depends on the intended
mode of administration and therapeutic application. 1In one
embodiment, compositions are in the form of injectable or
infusible solutions, such as compositions similar to those
used for passive immunization of humans with other
antibodies.
[0107] The composition can be formulated as a solution,
micro emulsion, dispersion, liposome, or other ordered
structure suitable to high drug concentration. Sterile
injectable solutions can be prepared by incorporating an

anti-Nogo receptor-1 antibody in the required amount in an
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[0104] In sone enbodi nents, the invention provides 15
conpositions conprising an anti-Nogg receptor-1

wa@ndiosihodys or  an anti gen-bi ndi ng fragnment therpof/USm04/602702

sol ubl e Nogo receptor-1 pol ypeptide or fusion protein
éﬁ@%%ﬁ%f@@%egélvégyeﬂlﬁﬁnOnéQ&QSA égmgfgg%fgboganH Pedients
t esent Tnvention may 20 contain suitable
phaneBcesd | slabvy, asceptqbl eedar foEr Swed appr £ 51 bgred
excigLents,and auxiliarjes ich facilitate
ProtessFRgiOF - t NeSaetT co%%%_ LPRE P PT SPEFRRTERSOY
WSRO FRP RS HIS€ 0o PHEFEBESHED SR | YnfOTs detdVely donicle
the site of "action. Suitable fornulations for
eatent@ptah 1aging NP3 ¥ at Ao R5s 1 o | el wy ueod st so | vedehsed
e Lye nmpeounds, i n wat er- soluble form for
Sotn e ST U RSt G0 " 18 e case
sfispensi Dnspoidéhe Bet i tlee OIS & GPPEOPFi BE einjectable
i njection suspensions may_be adm ni st ered.

i |
%}ﬂ{%}&%‘s | HHo PP 127 VIO Ao eqRAT P dere vacuum
dating %A@,ff@ézé%ﬁfﬂr@l&aé%ﬁaéﬁgfﬁ, ASYBHSLE sctive

fatty acid esters, for ~ exanple, ol eate or
ngrpdicnt delbus A adlinjent] gdesisuspensgiondiemy from a
cont.ai n -subst ances i.ch ipcrease th Vi scosi ty of

Rhe stsp nsslstoe l&;ﬁﬂ %\Jgtet,elfeocf Se@é%p]l @ %b%‘f 30 proper

20051 0P 5 P WEAH/ D02 TR meLarhRooa®et Mdr example, by
cellul ose, sorbitol and dextran. Optionally, the

R PR i RPN Bifthia® siasbithizer Y Lot enance of
- ' - les of this
ta{esofetaﬁuﬁ &{a&ﬁr@laeo%!dz%t & Rﬁlmaﬁ@ ogeofrlpsiﬁaéryyssm and by

I nventio elivery into the ce
thsharseaceutdwad gt s tac.c e fratilcngeal raleyce’ptaren anfy danjbctable

R SIS T R B S 1T hdhe
RRgIAtd i0h del it ageit Sel1aRd taﬁ!ﬁ;clriﬂ‘{ﬁchﬂatfoﬁre%{ample,

physi ol ogical ly conpatible, water, saline, phosphate
Mo eed 4 St tdend @sdatginecerol, ethanol and the

[ldr%blﬁ%d 10 8% Vﬁn{e %%%Me@l%tsi o'%%let %gt%_que- clo%é)%%% may be
enbodi nents, the conposli tion conpri ses | sotoni c
rageptred fwartrexanplre;iesugans, will protect the compound
against rapid release, such as a controlled release
formulation, including implants, transdermal patches, and

microencapsulated delivery systems. Biodegradable,

- biocompatible polymers can be used, such as ethylene vinyl

acetate, polyanhydrides, polyglycolic acid, collagen,
polyorthoesters, and polylactic acid. Many methods for the
preparation of such formulations are patented or generally
known to those skilled in the art. See e.g., Sustained and
Controlled Release Drug Delivery Systems, J. R. Robinson,
ed., Marcel Dekker, Inc., New York, 1978.

[0109] Supplementary active compounds also can be
incorporated into the compositions. In some embodiments, a
Nogo receptor-1 antibody or an antigen-binding fragments

thereof, or soluble Nogo receptor-1 polypeptides or fusion
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pol yal cohol's such as mannitol, sorbitol, or sodium
chloride. In sone enbodi nents, the conpositions

W@ o015 phar maceut i cal | y accept abl e subst anceGT/E81904/002702

as wetting or 15 minor anounts of auxiliary
substansesrsyRh @ﬁv@ﬁﬁibﬂgaQé c&8YLsi i ¥t og @Qgﬁt??d/or

preservatives or buffers, which enhance the s
P@@@méﬁléiﬁé@ﬂlWeﬁbs@n©forhmoaﬁta@@dtesnahnthgeapeutlc
bipding fragnents, soluble Nogo receptors or fusion

é elns of the invention. 20 [0106] Conpositions of
thbthventTh@ pharh@cé@tﬁc&Br&@myosDEi$@én@f the invention

i ncl udi for exanple, liquid, sem-solid and solid
Ia%%ajg%cfgﬁi 2 SHRFrARETF HeRHL o Lf e ORLVE eamount” or a

“ﬁ&@§ﬁ?@£§t§@911§f@§f£%@ﬁ§@lé%é D’oP'éﬁeéﬁkfﬁéer antigen-

suspensions. The preferred formdepends on t
bindinedf peomede, afoldpept sde &) onoantus hen apesitétn of the

ation. Ip Qne enmbodi pen 05|t|ons are in
JE’%t%&(l“‘11f”?9:)rém of inj €& aab?eeutojrcam u%fr%F 567 ATOME " stebers to
as QPS¢ £ onst Svd) | o cﬂ&sééj@sﬁeancysﬁrfﬁérﬂ%é'cyf time
i muni zati on of hunans wi th ot her anti bodies.

19972 The COmosieTo N karferel feft nrietarewsi @ result A
éﬁgfgééﬁhlciﬁf§céf%@ééﬁ&E]aﬁg&%§é§¢qﬂhl&kp Sredeﬁgor 1

ot her ordered ~ structure suit
ayoriderdy avy (Hnt&m-lblmdzlltg eﬁ:ﬂaajaﬁemtsoihﬁﬂwns Ccﬂﬁlhele Nogo

J:per eéJQa)tr ed by I nco &8}&? Iébtgﬂ?ﬂﬁﬁq?l%cl‘rﬁ- o ru‘%eoprf (gr-olteln may
%/M@H&Sﬁa&&%@%ﬁ% a@somwrdlag@as?@@f@a’ée, age,

with one or a conbination of ingredients enunerated

SBovenhs'ieh rafd trfeolnlrzme@dogalfu | tertdrprapeutically
SHAId 4 '\Zeatalng]unth G\_AOV ol SRETS! 0”3 arexfrepafed by
e ac S

|ncorporat n lve conppun .
deghiiclentm It reaifemm aims e kmﬂjmdﬂiye,p%rrﬂjl@reﬂr&mm:@ﬂd

he re uire ther ingredients fromthose enunerated
ft m ¥ &ogsy %ﬁC@rﬂqO@ aowd%f@erp&rldﬁw@r Nogo

ﬂﬁ' dﬂ'ﬂﬂ%f@%.gﬁ Ttidi8) LT ARS g ng, the
referred methods of preparation are va uum
therapeutlcally beneficial effects. A "prophylactically

effective amount" refers to an amount effective, at dosages
and for periods of time necessary, to achieve the desired
prophylactic result. Typically, since a prophylactic dose is
used in subjects prior to or at an earlier stage of disease,
the prophylactically effective amount will be less than the
therapeutically effective amount.

[0111] Dosage regimens may be adjusted to provide the
optimum desired response (e.g., a therapeutic or
prophylactic response). For example, a single bolus may be
administered, several divided doses may be administered over
time or the dose may be proportionally reduced or increased
as indicated by the exigencies of the therapeutic situation.
It is especially advantageous to formulate parenteral

compositions in dosage unit form for ease of administration

33



10

15

20

25

30

drying and freeze-drying that yields a powder of the
active 10 ingredient plus any additional desired

WO p@setioeht froma previously sterile-filtereRCT/US2004/002702

solution thereof. The proper fluidity of a solution
£88 Qﬁlﬁ@kﬂ&@&ngg dEQéggxéﬂﬁkefOQM aéhﬁsééehggeﬁn ﬁefers to

coati ng such lecithin, by the mai ntenance of

Pbmance&lpaduscrets|zelta sheteésesoﬁndtspgréosagaadfor the
15.t he us .of .surfacta Pr.ol onged absor ption_of

P radrnt oS Bsa55 8 FroRt EhRabeln: St “Bobur oA inthe

phebgdenginadt Qaanc@ﬂposfta@ﬁla@ agepbuhbataleldaysed to

absorption, for exa nonostearate salts and

BEPAVER. tP@l@ﬁF1Fﬁdggh@r@H%BEFﬁeﬁf§ecFhénaéﬁﬁ9@latlon with
GHQpQQgglﬁ%ﬁCgﬁaragcgﬁgP@Qfdc¥%£be§ CofL e&bf& &%ggg for

pr ot ec npound against rapid re , such

tbat doshed uehEaEerméooﬁutheiDnvemnrbndang diptaneéd, by and
t ansder nal ches and m croencapsul at ed _del i ver

S EREhtY BraiRhr e o D) b bEoRpatrR) ShabrorF Lo EaREpRE the

@ﬁ@ﬂboéyghaﬁﬁlgéﬁykﬁﬁﬁlﬂgnffagﬁénﬁceéﬁﬁesoluble receptor-1
pol yanhydri des, polyglycolic acid, collagen,

POl yoep b@%t@rsNoaﬂdrﬁ@ﬁgtgétf@sa@mdpr%@ﬁynn@mﬁoabefor

%thle fgﬁrgnépgpgutﬁ Cgrfyg)ﬁ%)zié&?ﬁfheff@ e égﬂem

ener a own to t ose
&cglevéﬂstam@edbhndheCbhmi@étfdnékﬂmﬁémeﬁkugnEEhéV&fy of

Syst ens . R Robi nson, Mar cel kker,. | nc
W@lnig%%ch[mwjl Js}a%%ren%wﬂaea?fnaleﬂl %o%%%ﬁ%%t' and

b B@b LAN-HEpt HEOT POE B8&hL ¢ DO &Pew&g&n&%&ép@@@ fhBion

some enbodi ments, a go receptor-1 antib bf or an
RFR T gEm- Bty Fragpeens of heerottivitsolubledNogduals. In

B RS B ettt SR Phe nARITR aref Faboe ror
Neforredapect vi tinalitbdies condm it gdefethdiid regtents

nDre addltlonal therapeutic agents. [0110] The
etf i ¢al <o K9 RRT 13X he 1h\aATS crmbaijgnts a

&Méﬁg@u@lcém aé@fgé%é Yakdd ecdide AUYRGo OFedeptor-1

antibodies or antigen-binding fragments thereof is 0.2 - 4
mg/Kg per day. In some embodiments a therapeutically
effective dose range for Nogo receptor-1 antibodies or

antigen-binding fragments thereof is 0.2 mg/Kg per day.

Uses of the Antibodies, Antigen-Binding Fragments, Soluble
Receptors and Fusion Proteins

[0112] In some embodiments, the invention provides
methods for inhibiting Nogo receptor-1 activity by
administering anti-Nogo receptor-1 antibodies, antigen-
binding fragments of such antibodies, soluble Nogo receptor-
1 polypeptides, or fusion proteins comprising such
polypeptides to a mammal in need thereof.

[0113] In some embodiments, the invention provides a
method of inhibiting Nogo receptor-1 binding to a ligand,

comprising the step of contacting Nogo receptor-1 with an
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"prophyl actically effective amount” of an anti body,

anti gen- binding fragnent, polypeptide(s), or fusion
w@e@smeLasdf the invention. A "therapeutical | yPCT/US2004/002702

effective anount” refers to an anmount effective, at

Hesages andhen Jeeriads el Fhigntdcnecessdky inv@ntion. In

achieve the desired therapeutic result. A
stoer apbodiioenty efthec lilgendnd@nsedectisel Naggy the group

receptar-1 I bady .or_anti -bi pdi-ng . for agent
REE fl,ngséjlfal@fog g(I)Q% ¥ %de%\]%gjrg-cg g%le%élgti de “6r" Nogo
roacent or f usi edmer ehdiod iyt sy atheadaseditigrt erieatiderss a

such as the disease state, age, 15 X, and wei ght of
RSN GRTLP LA e OB CRISy COUFBEE v :

&J@%i%'l | RhiGh AR (HLG @f ngdetd Metran &fiftalicheof
the anti body, antigen-binding ragnent, sol ubl e Nogo

aredéptdor o poltiwept-tdaddmoNdgaomeadce phigredsiadn this

protei,n _are _outwei ghe . the 20 .ther. I I :
15’é’r?é¥e[il&nal ert EFE eBfluopr S5ty %alll%&%%étf]‘%glc#vogldes &
nREIEH F JrefRicy- da@ ity ameuinhdifiedbnvef aleuldsagesiteanivth or
for periods of tine necessary, to achieve the desired

geTeptyingc i o ESURER TSy NS ithce 55 St GPhAREAT 119 the
n%t%zfg)en' gﬂfltglls gl d IR Ot%ﬁ,te%lp LR @ -@1 rdli 1N 18l of this

sease, prophylactical |y "effecti ve
iaveumtion .| | Ive doess enfranlitfest st héhapegircal 1y a CNS neuron.

ef fective anount. 1 sage . regqi mens nm e :
SR TGy MR A op RO OgE PR TeNidhsE sprouting
i€ -BonAt thefapeutic or  prophylactic response). For

exanpl e, a single bolus may be 30 adm ni stered, |

[é@\ﬂérh]al dilvi dsthed SO HIMPETHE radienilsvaidd By & otidRe @

or, .t : rfi.0 I e ry | sed. -
e L
rieiundat iign.at Itidiks s pidiral,| orthrartiageows tpordhardiricatae

S Gty IS Da05/ 016055 T UBSG0HTOIITT
A4 W it 1Qferd9siage diNiftrJlas Heseb hergt N(ii) a
refersto physically discrete units suited as unitary
sfolsEgles Nagro tseeptor-1 polypeptide; and (b) introducing the
host cell into the mammal at or near the site of the neuron.
Almudena Ramon-Cueto, M Isabel Cordero, Fernando F Santos-
Benito and Jesus Avila (2000) Functional recovery of
paralegic rats and motor axon regneration in their spinal
cords by olfactory ensheathing cells. Neuron 25, 425-435.
[0116] In some embodiments, the invention provides a gene
therapy method of promoting survival of a neuron at risk of
dying, which neuron is in a mammal, comprising administering
at or near the site of the neuron a viral vector comprising
a nucleotide sequence that encodes (a) an anti-Nogo
receptor-1 antibody or antigen-binding fragment thereof; or
(b) a soluble Nogo receptor-1 polypeptide, wherein the anti-
Nogo receptor-1 antibody, antigen-binding fragment, or

soluble Nogo receptor-1 polypeptide is expressed from the
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mammal i an subjects to be treated, each unit containing
a predeterm ned quantity of active conpound
w@eadosul@sed to 5 produce the desired therapeutPCT/E881084002702
in association with the required pharmaceutica
h Lfi he_dosa t.f
G tadt g ciediiier ER PR udhnp! o R Pl #hEEBienr <o
pepedide nsuoni (&) bﬁethalﬂ@@r@ﬁaramifalstecsoﬁé #hé methods

ant | bod ant en-bin fragne sol ubl e ,
13eEpt o oy tﬁ %o???%% %%t%rgﬁﬁg%e?%% gdriRusfof-+ Noel et
P10t elrinARNdadi Re PREFASY] ai3 ! hfmpeyi i e2@62 pr ophyl actic

effect to be achieved, d (b) the limtations

[ OhET bnt |hntﬁ@mgwmb‘ﬁdlrem’p%un@hl@uglrsmmtmnamr%@@?s a

antl n fra n Iu l.e.rec to .
?hggp rec %t%?g?%3|onPi%l%$d$§ i A f%rl%%%nd’

&m@ﬂr@mg Otfhéegsepwftcyommwﬂmgndml Bigdfd ®OBER the
enbodi nents a therapeutically effective dose range for
%Bb%b¥%6%%$%rrqc%m¥?BoHi%%1¥Pegﬁ&@%éﬁrb?%%i%@go receptor-l

Fha0oR Sor d her 80f i §5 0; dyvendi HW/ Kg per day. In sone
enbodi ments a therapeutically effective dose range

f@ll%go r@@emm qm@@dammtb@dlfel@eoxnwtg@m brodidgs a

WA el MO FRb S ot s Iy R P eSS et Pafo

I%az&@,@%érﬁ@@i’éﬂﬁg 1 pat é;tbé@I €5 @fnt &t 1 Genché bdg receptor-
fragnments thereof is 0.2 ng/Kg per day. Uses of the
It o @6t tiang | gehulpl adierEP Frecprims; 1 Seplippepbide or a

ﬁ?n%?gf %@6‘9 ﬁ“ﬁﬁé’{‘oﬁ’r&@&é‘ﬁn[%@ﬂe '{‘niods

e 1 nvention provides
[l ti ngIrNosg@nee ecepbdimdntagt | vie yityenaten np:s@*eicﬂ@@ a

anti - 0 re or- anti badi es antjgen- bjn
%@%@bn? Derline o S uf‘b?felg%sg% IRkt
I@teé,s@épf&:_sl@cshm@ﬁh Sa Q@FARS | Sd Ao BdE 1igand

polypeptldes to a mammal in need thereof. [0113] In
Wohe ®riRdilpentNoge Hee ¢ emiedit i brp%mﬁaﬁesd% O¥red HeH®f

f@%é}%n@ ﬂg& r{i:[%?&%gc%n? 1{19%&‘9:'@9 r?cicgrgandln som?

g go receptor-1 h
@afbod¥ments, the invention provides a method for decreasing
the inhibition of neurite outgrowth or sprouting in a
neuron, comprising the step of contacting a Nogo receptor-1
ligand with the soluble Nogo receptor-1 polypeptide or the
Nogo receptor-1 fusion protein of this invention. In some
embodiments, the neuron is a CNS neuron. In some
embodiments, the ligand is selected from the group
consgsisting of NogoA, NogoB, NogoC, MAG and OM-gp. In some
embodiments, the neurite outgrowth or sprouting is axonal
growth.
[0120] Any of the types of antibodies or receptors
described herein may be used therapeutically. In some
embodiments, the anti-Nogo receptor-1 antibody is a human
antibody. In some embodiments, the mammal is a human

patient. In some embodiments, the antibody or antigen-
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antigen-binding fragnent of this invention. In sone
werwsdieyent s, the ligand is selected from the BCDUR2004/002702

consi sting of NogoA, NogoB, NogoC, MAG and OM gp.

b0dd4hg! BrsgREneTbRdiI-EBRt $¢ LARIHN¥EALEQN:Br QVhE8ShAman

5 nmethod for inhibiting gromh cone collapse in a

Heunah, expoaprisdng Vhgostrepeptoroht wtthnghi Ak hkar entibody

i t tihody o ' - bindi ng- fragnent. thereof

S R TR A e R it

pookédesfar wvetbodnbey deepeassngrthe bnhbhitbdnmofiel of

geuritg,outgromﬁh or 10 sprouting in a neuron

OHpri St RGPt he s?éﬁhoﬁnk%ﬁ%a%?@ﬁgstﬁéy Reursrtwlt Rorhe

8041 89dyngr Itﬁ@t Eggfa%agiegeffﬁgggpt oBf aﬁakﬁodieséN%f this

invention. In sone enbodiments, the neuron is a
pevierhionin sone of these nethods, the neurite

W h ut | ] on rowth., 15 [0115].1ln
BEASEEAL P SR LA e ool S5 M b 25, 01181 oo
P& OEPL bNYL SanviMally 0br aafieugen- b indi ANPRAgm¥AL Chor soluble
neuron is at risk of dying, conprising (a) providing._a
%%9@u¥%%eﬁ%%¥‘%ePPlER%P%%g$n@r( ySHPR apf PLRBPols used to
torsd; t] Y QF ti gep- bj ngdj f t

HRereor oo S L e bt ey SR growen
potypeipdidethantnfbrednsioduci ng the host cell into

mmal ..at or, near the site of_ the neuron. .
W HaAEna, FERbr e bt aeoy T eiberotot derb o nandp FRtigen-
Sand 0sg Beadhenaad Jesusldyid ardgd08c&pnetli ongblypeptides
recovery of paralegic rats and notor axon regneration
?h fRelon sprebding ebrike reofenet bryerhspeatannge provided

&e ﬁé; gﬁufﬁncﬁébiégéiéé?'or[£HJ%% déhéf@? c %bination with
enbodi nents, the 1nvention provi es a gene 3 erapy
oehdmo ce@dnips onind & ngodutatead iral aelEonpathel sdiodl

dyi ng, which neuron is in a m |, conprising

RTTSt orTig SRR nedftE ool 1B OTheAdir oM@y e co-
NdhBhi Mest oy @@mwﬁhl\%gst%@ aucd epldde sequsnsexihat
encodes (a) an anti-Nogo receptor-1 antibody or

et epn -t wae iyl f dimpaatandeydotbloion (o) axeorlibl e
M&&éﬁ&@%@r -1y pol ypentide, ,\A,q—,e}{eEil\?oécperé”‘@éf)Eor— 1
ahtibodies, antigen-binding fragments, soluble Nogo
receptor-1 and Nogo receptor fusion proteins, are said to be
administered in combination with one or more additional
therapeutic agents when the two are administered
simultaneously, consecutively or independently.

[0123] The anti-Nogo receptor-1 antibodies, antigen-
binding fragments, soluble Nogo receptor-1 polypeptides,
Nogo receptor-1 fusion proteins of the present invention can
be administered via parenteral, subcutaneous, intravenous,
intramuscular, intraperitoneal, transdermal, inhalational or
buccal routes. For example, an agent may be administered
locally to a site of injury via microinfusion. Typical

sites include, but are not limited to, damaged areas of the
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Nogo receptor-1 anti body, antigen-binding fragnment, or
sol ubl e Nogo receptor-1 pol ypeptide is expressed from

W0 b@s/080550 2005/ 016955 PCT/ US2004/ 002702 nucP@DUSZIE4/002702

sequence in the manmmal in an anDunt sufficient to
f_the neuron. vectors

‘ e SULvliva h an t a
R S Rl O B R T A P80 8e MM iini stere
Wﬂllebg depeslicet upbn, tibinadge CeheaThel agyd #3ight of the

1483-93 (2002). 5 [0117] In sone enbodi nents, the
FRTERt $BR, profdel SONFRYREAC of FEARNBNE} ngt NogYs: Lrequency

§C€Pé29£mé'n@| thEQtEQ Aathpands tﬁ&”@%f%{:@gdé@ré&?p

contacting the [igand wth the '
i@bé@lor-lTbgl99@p@um@so®fth@l$bQDV$@bepnocan béustbhized in
groteln i nvention

I
050 TERTRETE RS FHVBRITOR pr 39T Hest a* HetRoeBpeR, horses,

aReul at 1 PPgan ALY ExtOf BatOOMA EREPEOT o ihi §RBEo.
conprising the step of contacting the Nogo receptor- 1

ligand with a soluble Nogo receptor-1 pol ypeptide or a
€ °Brotein of the invention. 15

0119] In sone enbodlnents the invention prOV|des a
H forlmnﬁ?%?t?%ﬁoﬁ%%%ﬁmﬁco%%ec%ﬁY%%%éOFnPEOV1 es

PEULRNI na E’“E’NAS QEeéh eSt %I@i) C@E‘ @Cééﬂgafe‘n'\ggéi’odmg

receptor-1 |I1gan a sol ubl go receptor
$E¢q¢mm¢1deAsruae@bgareIEpe®tmeA thoseonl r 06 ea NDIA molecule
t.his invention SO 20 enpodi pents, the invention

i s Rt o ety efggf%aufelﬁem%mﬁmﬂ  Methods
f&%ﬂgéﬁéﬁ&%£m@W£®N@rm§£%é&Eé§9af@ WelNOh&n in the art, for
conpr|S|ng the step of contacting a Nogo receptor-1

XIJERLE wi BFE t PrankePelbl @t Nbgor r EE2P? brMaleepypeptideiny - A

f
050090, TREEBLOT (L O BY QL L 011 LB RNTELOD: 1o
sane rebad et Sest he d:d@amgi DA set@adede f L onopdaeably

consi sting, of NogoA, goB, NogoC, _MAG and
B 19 S TR pate @Y ok heeguences.

BRI I N 118 SX¥RDAb&IOM A s, the invention provides
vectors comprising the nucleic acids encoding the
polypeptides of the invention. The choice of vector and
expression control sequences to which the nucleic acids of
this 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 of directing the replication or insertion into
the host chromosome, and preferably also expression, of the
structural gene included in the rDNA molecule.

[0127] Expression control elements that are used for
regulating the expression of an operably linked protein
encoding sequence are known in the art and include, but are
not limited to, inducible promoters, constitutive promoters,

secretion signals, and other regulatory elements.
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30 [0120] Any of the types of antibodies or receptors

descri bed herein may be used therapeutically. In sone
weedsaiayent s, the anti-Nogo receptor-1 anti bodpCT/ESm04/002702

human anti body. In sonme enbodi nents, the mammal is a

ie ' Syt i.b
TR s S UOLT OB E S R b oba) OOobs B Agfyted-
dualgnentbé ey eoéspenatie Nt st @red: +demt nom- thkraimost cell's
nqgnal expressing a- Nogo receptor-1 with which the
BrttYBdy cross-reacts (e.g., a primate, cynonol ogous
PE1ZEESUS THDHKEYImbSH i MEhe] | 1L Y U PPSESNOF1@BndNa coding
ani mal nodel of 5 human di sease. Such ani mal nodels
eyl dec uset dl mebecubsy abidt | Hiec e t hepraplearyet 8¢ fremkiycon,

of ant] | e f _thi iL.nvent. on. 121].1n.s

£iso fonts. Sedehre P e s Sy " BRER putonomons
2l boglyion andigeimbemthdy &F aighe ntecomb Sehnb| BNA lolecule
Nogo receptor-1 folypeptide or fusjon protein is used

LT AT AP R 1¢otd ?rﬁ{ﬁ§a¥¥P?%ﬁim?$%1%e%kon%TCh as a

ﬁgéW@fHaihﬁQQQhé%@lFh@réﬁ%f@fﬁ%@'éﬁéré&@@@] T@@ch replicons
ant1 - Nogo receptor-1 anti bodi es or antigen- binding

dragneht sknown soh ubhe Nogo rbrepidttilopol yeepeiseshaiis

or fusion proteins of th resent invention can be
oo FEEtBre P TR B DT i Seidh fagene whose
sopbd st b9 Ncah tdirs 0 st agest Be that seDsid @ Pe Bnarker such as
parti cul ar pat hol ogi cal ., process. For exanpl e,

ArdTug e Ehnetefs - agbm iy hePr-chitid risi@riegsistance
%&Hé&%_f@ ShoOKe- @ ?ccﬂ‘i@é? F0k: bl oekl nﬁ[?o@mﬁiiéﬂ‘ﬂn or
eur ona |

damage and in Ition of axona
rtegeneyalimn. As used herein, the Nogo receptor-1

| bodi ti gen- bi ndi t | ubl
A o S e AP g Te i r 7 ool B oih He. Ta P ean
£@r e A0M A S L bt Pk LOPR NAtd PN - DL e B ot er

addi tional 25 therapeutic agents when the two are
il s tef edl reting dritousigresviweclifansgrigption and

ﬂf§E§¥gE¥%ﬁJyof 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 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
pUC8, pUCYS, pBR322 and pBR329 (Bio—Rad® Laboratories), pPL
and pKK223 (Pharmacia). Any suitable prokaryotic host can
be used to express a recombinant DNA molecule encoding a
protein of the invention.

[0130] 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
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[0123] The anti-Nogo receptor-1 antibodi es, antigen-
bi ndi ng fragnents, soluble Nogo receptor-1
w@oiogpess des, Nogo receptor-1 fusion protei NnBCDUS100€002702
present invention can 30 be adm nistered via
wQ?ieEES%ﬁ|lnSHHéuééﬁegﬂé abBt gy enguse £iBhraayseHhar,
Intraperitoneal, transdermal, inhalational or bucca
cpmmE651ansoexaﬁple TaplagéhY,nﬁycbevﬁﬂhPﬁEs@@ﬁe§r0V1ded

It
oL BB b gL, LORUE Y BpTLERLNEAS! B TYBLgaLs s
aekithe ﬁﬁA\A@egﬂeﬁtomgﬁamﬁméUSQO@A&BOQéeﬁorspanm pSVL and

cord resulting fron1|n ré. The dosage admi ni stered
PﬁﬁVrlﬁe(BBBéﬁaéﬁ? upBﬁ a@%LzﬁeZFFEerﬁﬁalﬁéﬁ ht of

oABEqchaBugHLy Lag! (SEEEC Ml A T oo

eg§§égggon5vgggggg The conpounds of this |nvent|on can
be utilized in vivo, ordinarily in mammuals, such as

[ALEdhs, sHekpryhbisesellcaxpressppysvedbgss vaed, tPat s

and. m | t QkS ek
RIS TSE, 05 LB, b PecntES' BFSeht bhesLRKCSkl O som, pav
fﬁeehabimaﬁnuEbManBEEGuteblérﬁh@kerhahatomBaeﬁfactmdengn an

sequence. sed herein nol ecule is a .
eHﬁP%EEFéCtﬁﬁ?fhaErﬁ %ﬁagaﬁjéc 49t 5 HDHP @BFSrse?NAtlon
mH?ﬁbEU|ah'BBef@?EQQdﬁrugofegﬁggéﬁéénﬁafﬁyﬁ el eaul géne
are well khown in the art, for exanple, see Sanbrook
wbbsaleXPtiesgynNBEEubtarlclnﬁpm501nAI@§lEbb@¢atoﬁye , the

l
-Lehs, S25HaPELDBg oot 9081 o8k, ™ g S0

(hBBKEthOMGXprﬁﬁalOnGéﬁéttOh SBHUEBLES. anﬁlveﬁhatively, the
sequences. [0126] In sone enbodi nents, the |nv$ntiog
Sﬁ?@gpaéée peekeFsCRBnBRi BFA§eEheCRud| 8FRaGRFRsPLasmI

tﬁﬁCQQbee h?nggoHQE¥EeB§'985t9§n£95ctﬂ¥ﬁnéfOBheTﬂést cell,
ol ce O vector and expressi on contr ol sequences to

anfii thathéenbehescsatedsedf byt hustiunveat ionths spprabkjate

nk epends. di wel |l known in the art,
dBHgtﬁ@rfﬁﬁgtF%%ﬁFEBﬁ%BeW??%grdeS|red
[0132] To express the antibodies, or antibody portions of

the invention, DNAs encoding partial or full-length light
and heavy chains are inserted into expression vectors such
that the genes are operatively linked to transcriptional and
translational control sequences. Expression vectors include
plasmids, retroviruses, cosmids, YACs, EBV-derived episomes,
and the like. The antibody gene ig ligated into a vector
such that transcriptional and translational control
segquences within the vector serve their intended function of
régulating the transcription and translation of the antibody
gene. The expression vector and expression control
sequences are chosen to be compatible with the expression
host cell used. The antibody light chain gene and the
antibody heavy chain gene can be inserted into separate

vectors. In some embodiments, both genes are inserted into
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(e.g., protein expression, and the host cell to be 25
transforned). A vector of the present invention may be

w@roosloe®ss capabl e of directing the replicati oPCDUS2004/002702

insertion into the host chronposone, and preferably

S 0s f&éﬁ%} + tr r ﬂc%k?‘fyt ef-dn ted
t he r% ecul e [Oéit% lSEngﬁeé;sa?rgn co €5l%lléjsf‘;je%ren §eerte
mm e aeedoion 306¢1gglulla5t|stgandﬁerdaxmtd$3ﬂ$)n(efgan
erabl%# nked]ﬁ in _encodi ng sequence are kno
r

r?%?ﬁ? arXHEG%ﬁEQ O i Ty T, the antlbody

géWwCEﬁ@nékﬁ@rmi@rxﬁecwstdﬁ Wiwe: Ot RfSsion 1f no
secretion signals, and other regul atory elenents. 38

N5 PO0H D6 955 FCHUS I OUD702  Preferably, the
%d‘ﬁ}@]' bl e proymi&l; drs ~gadidy ﬁ%{%ﬂkﬁﬁc e a»tg a8y
e ost ce S

eing responsive to a nutrient int
et uimnd 0L2 8jontil edree lr&mhmdl Geptr, Ckhemvecdgiobulin

containin codi n ucl ei ¢ aci.d nol ecuI e wl|
%%%W%}bcee'agﬁa%k Jf’? %pﬁ %@&?Frlq Chen S e DeiRaRed SO
thaat nghyt he abi mtye&;@eﬂté eghn apt 089D 115@@4:1:8@ 598

and mai nt enance of the recombi nant DNA nol ecul e

GRS orffs S ed @hmrisicar yiot isndiostedieits, sywhicing

I C fo th revvlt ch
repﬁﬁlgg sgrbe &éﬁtﬁn Eér]{loevmst Qf CJ[onotdr 9 Qddt Pclkben ifiserted
&V eraaire tdmi thencpiderea quraekarootdit o epldceei My iad $Qman C
i ncl ude a eage V\hra%ze expr.essi on confers a detectabl e

1§95 e 1§§:e a‘t‘e&l&)@’l% ddady fpcair within the

nirca, akobact @6&9'&1(:1@&%}961‘:@%&135?:80@rgﬁgg:ﬁlﬁf:?oﬁhose
t hat confer resistance to anpicillin or

begtHagyiclam e.c qul 29] r%mvmyhﬁmpaqmlu@etazs downstream of
rokar pllcon an her i ncl ude
tg—lr okl&gordyygﬁ %egrel Bact erTﬁlopﬁaefé) rl&%)tt reXpéffﬁfrﬁoél giector can
adisiceetricegiet e sExgpreas et i(dar AMSEr ifAldian takés secretion of
ansl ation) of the codi ng}@ﬁg ne sequences in a

1R0%0 ghgder dgom asheptasel -colfhe Ansidasherchadn
g@ﬁeeﬁgﬁe§§JQﬂcm%%n %Qb eh el Lor R DY 1a tDNA signal

sequence that pernits
peptide is linked in-frame to the amino terminus of the

antibody chain gene. The signal peptide can be an
immunoglobulin signal peptide or a heterologous signal
peptide (i.e., a signal peptide from a non-immunoglobulin
protein) .

[0134] In addition to the immunogenic polypeptides, Nogo
receptor-1 antibodies, antigen-binding fragments, soluble
Nogo receptor-1 polypeptides and soluble Nogo receptor-1
fusion proteins of the present invention, the recombinant
expression vectors of the invention carry regulatory
sequences that control thelir expression in a host cell. It
will be appreciated by those skilled in the art that the
design of the expression vector, including the selection of
regulatory sequences may depend on such factors as the

choice of the host cell to be transformed, the level of
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bi ndi ng of RNA polymerase and transcription to occur.
Pronot er sequences conpati ble with bacterial hosts are

WO ysoadosy provided in plasm d vectors contai nPELUS2004/002702

convenient 25 restriction sites for insertion of a DNA

segrentieh b@eprBE§§ﬁnHebQ¥QBtb%90 ngggg %ﬁp%%%géatory

vector plasm ds are
FBHéeﬂﬁésLé@@r@ﬁmeésﬁn pPEt aaalpKkgzéseﬁbarmacﬂaﬁe viral
ed to express

O TR S/ B P o Bk bA G Bo36 pr rer pogton in
themahyent tehls| 0836h EﬁppgsﬁbeerMe@h@V@rC@HHéthF§ derived

th k t cells referably those conpatible
wﬁ)ﬂ %F?{é%i?ﬁ.ﬁi EERPs, Cygaﬁeaﬁ%@%éuaséawb ferphaas the CMV

% B@k?éﬂhgﬁcég?t §98£éhn§1§u8099'?§v§§8 ggﬁgh as the 8V40
ukar

yotic cell expression vectors are
E@O@¢O§69@5h£ﬁﬁ¢bB20@déﬂ@ﬁfﬁ@s weel gkpovne i adéhevartis major

ila sev raI co rcial sources.
#Qplg% sucﬁ£§%%%gfg %T%v? SLERY arATREL1an
pﬁ@M@ﬁeﬁﬁtsmeﬁtésCﬁaﬂﬂvél1@&uﬁé§lé@§?ﬁﬁ'9ﬂd°£cﬁbﬁ promoters.
desi red DNA segment | es of such vectors are pSVL

Et %%‘F@%Fl@e%@ﬁw%@ma@ *plammrewwory elements, and
Shaienoal| naleo Bl olechob 00l 6s), BIDThd ATCTe 21355) y

and ot her eukaryotlc expr essi on” vectors
Frkaslyot i €. Tel Paexpiessi o5l Vezd Drisy Userdl to: £DNSERACH. S .

r of t esent invention may 10
J%ur’t &\EI\IAQD%S% 4;]agc‘ h%%’&e“%r%ra]that is effective
fou®s1 eukaryfddi wdd . cpraferadd s g resi st ang
selection marker. A preferred drug resistance narker

4%%W%§em%xd¥@ssﬁ@pm@mms d3p syl nvectors of

| -ShANGE: haos hotransfera e
t?%éo) gene. r%él%l% Hern Qf& ol FU AR A
SGaEnmncels 3Rk &zé@ulatﬁet efd'lﬂhldéﬁil)bn tdre tkﬁ@lﬁdtﬁm €n host

rker, can be present on a separate plasmd, the two
Sor € ihtr ﬁ%l?@dmoypfcdfetprléﬁﬁtéﬁq Jorst aHediodile marker

géﬂés. The selectable marker gene facilitates selection of
host cells into which the vector has been introduced (see
e.g., U.S5. Pat. Nos. 4,399,216, 4,634,665 and 5,179,017, all
by Axel et al.). For example, typically the selectable
marker gene confers resistance to drugs, such as G418,
hygromycin or methotrexate, on a host cell into which the
vector has been introduced. Preferred selectable marker
genes include the dihydrofolate reductase (DHFR) gene (for
use in dhfr” host cells with methotrexate
selection/amplification) and the neo gene (for G418

selection) .

Host Cells and Methods of Recombinantly Producing Protein of
the Invention

[0136] Nucleic acid molecules encoding anti-Nogo
receptor-1 antibodies, immunogenic peptides, soluble Nogo

receptor-1 polypeptides, soluble Nogo receptor-1 fusion
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and transfectants selected by culturing in the
appropriate drug for the selectable marker. 20 [0132]

waeoosxpioess the anti bodies, or antibody porti oPGT/U82004/002702
the invention, DNAs encoding partial or full-length

dricdinand heawy iGRRIHNSI A &ddsRideed R egSitdiese
vectors such that the genes are operatively linked to
rtwceimmuqmdomrmlwea reans [t iVGRe fé%ﬁttrr@nssféd%éﬁclé@ of a

suols %S' %\?Eg%}eggv | %g&%a@l%ﬂﬂc%% Vé[r{}“siﬁ'ﬁ)wn

epl sones,
m%@tﬂ&odmmdmgl I;gﬁlly&ﬂldlretdllaiaeecmrro sUohett sll.

transcri ptional and transl ati onal .control _se C

Y 0 R e A A R O TR C des
AU akiRg ithe dd@ans didtion ardbud anslatd e-tofaddieinclude

antlbody 30 gene. The expreSS|on vector and expression

ctaﬁmnam megkicuiett g5 are axttosun 18 el W mismariiatan t h

t he .expressi on ost._cel | T hady,

R géhe And Rhe’ SD it | %egﬁl%%géiv&%cq{gfn genoeA cgm%teOplaSt
fusiesr etélemm:cgmatatcm e otagrssi] dticsonef eqtrodi nent s,

both genes are inserted into 40 WO 2005/ 016955 |
ERCTYSACTA ib2(702 11 Helg%%nee%«p@é?s B SFdctbrCroffeiection of

A idkedy; genes, éﬁré(? ted s diiP R 184 e8Si Polecules

vector by stan ods (e.qg. [igation of
maynﬂ&nunﬂnn@ua&ﬁnwntn|MHmmahM&n(ﬂehﬂﬂathV1Kﬁ%/V%ﬁﬁﬂ¥

d vector nt__en atlo i f
i rlctl &t %Fﬂﬁtl%ﬁeégﬁﬁFmﬁ cd%&g%ﬁggﬂuth &
MEE Qoliesoone dﬂﬂaih@rpmta 1rfxxmﬁillcgﬂal§, )ﬁ@dﬁﬂ@]&ts&hed by
human CH or CL i nmmunogl obul in _ _sequenc

veegpr dprivar engtdsads ciian ts}fHJé%aléﬁfgldf?éﬁréij ey tft&haftmmff
Ii ITYkBC?%H%P%%ﬂ&?Q?%&I%@ ﬁﬂfﬁﬁ§ﬁrt%%iQQQE rd to

ex resse as describ ch vectors,
ﬁﬁﬁngﬂdmmaumnnﬂdﬁ/pmmkﬁfydmm@whﬂsutuekmﬂA(Eiannuwpqﬁawion

RSB ng I Hita ey B B NG S T SpiTbe
-804 0Ns, thalnRQUre 41T Nt o)humBIne & £XAToning - A

Pol yadenyl ati on and transcription

Laboratory Manual, Cold Spring Harbor Laboratory Press;
Cohen et al., (1972) Proc. Natl. Acad. Sci. USA 69, 2110-
2114). With regard to transformation of vertebrate cells
with vectors containing rDNA, electroporation, cationic
lipid or salt treatment methods can be employed (see, for
example, Graham et al., (1973) Virology 52, 456-467; Wigler
et al., (1979) Proc. Natl. Acad. Sci. USA 76, 1373-1376) .
[0138] Successfully transformed cells, i.e., cells that
contain a rDNA molecule of the present invention, can be
identified by well known techniques including the selection
for a selectable marker. For example, cells resulting from
the introduction of an rDNA of the present invention can be
cloned to produce single colonies. Cells from those
colonies can be harvested, iysed and their DNA content

examined for the presence of the rDNA using a method such as
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15 termnation occur at native chronosomal sites

downstream of the coding regions. The reconbi nant
wWepses®sdn vector can al so encode a signal prREL/US®04/002702

that facilitates secretion of the antibody chain from

ost cell.. e ti.body chaj ene . ¢| on
A et d S PR LGy PP L D8 LONS. 0357
bt nikied profsane poodiesdnt o tietdai eell ofiay Hee astapedyby an

chai n gene. The signal peptide can be an
}WﬁﬁﬁﬁéﬁQ&Eﬁ1rm%¢@ﬁ%i peptide or a heterol ogous signal

pePidde (ivSnmaPish el PeRidslendd 0 e as hosts for
non-i nmunogl obulin protein). 25 [0134] In addition to

¢hereswimogent cwebl Vipepth des, tiNogort racépinelyde many
ant i bodj es, ,ant| - bi ndi ng. f r.agnent s ol ubl e

PRRePror e Ty bopt 1 des Sre ST o R gas deuprbree Type
EUBE 0P EOL BLOS; OF  thec@hesenthddwemd Qe t heter alia,

reconbi nant expression vectors of the invention carry
Clepud s afiymSie 8 eguenge e SCHMat celing r AISO he$P2 expl bssi bala

[ a host cell. It wll be reci ed by those,

ORECH IR TEME SR LIS R Saf g o1 S SRR RE
VESE OF , hikReh Udh g b be1 5el getd e omd el BE Ol¥. 9., Hep G2),
sequences may depend on such factors as the choice of

AFrO hestleel dnd g2 beurhemst roEeer t¢rll ebEhedf 43eifp lines of
0 955 P 4 : . '
;galoé;{Q#agt%?%gﬁgge#%%?@é@r@ﬁw ocﬁei’%%bfﬂihg which

esired, regulatory sequences
deelnel 1es hoste clel §h expresss oon | Tedelde. vidaher edehent Snes

that direct high |levels of protein expression in
FAPLEFPC WRNBEEPr ot br S5 oFuERRRCEFS cells.

Wﬁ%ﬁvfékéhﬁfﬂgﬁfeéiﬁ?%éé&oﬂj¥§btéa@(%E%Bﬁ£wérﬁﬁe(f%%%ﬁogenic

(such as the CW pronoter/enhancer), Sinmian Virus o
B EVAR P Bdieh, aSodder SV opr brtletPediem cer Jantigen-binding

denovi rus, . he adenovi rus. major_ | .at r onot
BB bt St TR CT R bl TAR BTRO o o A Lub e
Sg b et VeEp t SALNOFth Ohih | pr Sk i€ td N fHONDEes$t 1od Cafor
further description of viral regulatory el enents, and
t Help @ gramaeki &l qrosty &l they arqeregsced by

5&ituring the host cells for a period of time sufficient to
allow for expression of the antibody, polypeptide and fusion
polypeptide in the host cells or, more preferably, secretion
of the immunogenic polypeptides, Nogo receptor-1 antibodies
or antigen-binding fragments, soluble Nogo receptor-1
polypeptides and soluble Nogo receptor-1 fusion proteins of
the invention into the culture medium in which the host
cells are grown. Immunogenic polypeptides, Nogo receptor-1
antibodies or antigen-binding fragments, soluble Nogo
receptor-1 polypeptides and soluble Nogo receptor-1 fusion
proteins of the invention can be recovered from the culture
medium using standard protein purification methods.

[0140] Further, expression of immunogenic polypeptides,
Nogo receptor-1 antibodies or antigen-binding fragments,

soluble Nogo receptor-1 polypeptides and soluble Nogo
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Stinski, US. Pat. No. 4,510,245 by Bell et al. and

U S Pat. No. 4,968,615 by Schaffner et al. [0135] In
wa@eaashieons t o t he heterol ogous genes and 15 r egkCHUS2094/002702

sequences, the reconbi nant expression vectors of the

rLB¥BRLLOR %ﬁgleﬁrb¥oégghk'Bﬁakhéeﬁﬂ%gﬁg§on36%htﬁé invention

sequences t hat regu ate rep ication of the vector in
(hosbthesl moigkigs, tbﬁrgfnsmbffremlpcaﬂuoh}oandell lines can

bseleﬁtab g mar. ker g mg E ec%abhe nmar ker
PatlfrEgees Usardcti BRGF 20 h%&?wee F§PAEERNI ¢ OE—”he
e¥86b0E, hasebeOthfil hedugaEheEa8e Gefle, elpBesBabn MOGLtem
4,399,216, 4,634,665 and 5,179, 017, all by Axel et
(hhe) CSFevsEsmIpLE, 2t GpIEaR §PPReasE| éerabRBanfaPker

§98s§985e&ﬁdé§sb%2§99ﬁ £8ndi H98n Sucﬁhéf in?gtwﬁiéﬁ

gromyci n or otrexate, on a Rost “ce
dt heu@5ededhowhbas beeparntmnduoadec@neﬁewmeu European

REuic So8" (Brio GéMe 01 6r0 8981 Adinbr 2node Tcapfs suropean

rutEAt BHROL EeXabe neel eotbopsamplification) and the
neo gene (for G418 selection). 30 Host Cells and

Met hods of Reconbi nantly Producing Protein of the
HpabeReilaA [0136] Nucleic acid nol ecul es encoding

anti-Nogo receptor-1 antibodies, inmunogenic

[Bepti des, Th6I BEPESNBgbNVEBE PR OF LT hBFyPERYIEES, host cells

A CRBB0) 085503 "arbtarne o (hie PeVentsan anges @ Neso

reeepbos toaptibody, thaSegenubﬁadtngcfﬂagméatuIssluhhe Nogo
bl e host cel

d for transformati of a it
R e R T U 1 L St S
pkBEéQﬁuéfnGheohMOéﬁtﬁghlde@hénh@sﬁ hest eghl pedSeither
Met hods for introduction of heterologous

pp@k9ﬁﬂ@te@tpaegukaﬁvgtngnnaEuhﬁrz@tug geélaebpekndwhor

Bibe.ant oand Loslude odexiranspedieledstianstectiones, oo

Feram phos reC|p| i on rene-mne
lbn@nséeﬁhEOﬁelmrDiﬁalastcompatlble with cell culture

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, wmonkey or human cell
line. Examples of useful eukaryotic host cells include
Chinese hamster ovary (CHO) cells available from the ATCC®
as CCL61, NIH Swiss mouse embryo cells NIH-3T3 available
from the ATCC as CRL1658, baby hamster kidney cells (BHK),

and the like eukaryotic tissue culture cell lines.

Production of Recombinant Proteins usgsing a rDNA Molecule

[0142] The present invention further provides methods for
producing an a Nogo receptor-1 antibody or antigen-binding

fragment, soluble Nogo receptor-1 polypeptide and/or soluble
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fusion, electroporation, encapsulation of the 10
pol ynucl eoti de(s) in |iposones, and direct

wor@soilgpecti on of the DNA into nuclei. |n adeT/U82004/002702
nucl eic acid nolecules nmay be introduced into

el teRl-11S fs W roteGihos. thel0ldtlention using
Transformati on of appropriate cell hosts with a r

numhaym @il mipd sgudsenthienpiancesi it cop IFRET By terms,
tt%gp ul(c]?:q\g@l 'g?ft @O%%cto t:Lnta)ﬁf’ty “f%lrlrry o‘%e%e@)q&%lwecyplcally

vect or use host system enpl Oyed
ﬂﬁﬂmﬂvéd(lhdlﬁmﬂﬂammng|sM@pM: prokaryotic host cells,

el ectroporati and sal.t treatnent thods n .he
éyed e 'fé? ‘%giﬁﬁﬁ &ct %a oom?L %ﬁfﬁﬁﬁﬁ% that

é%o@fé‘él ar go‘%‘é‘l@ﬁ of An20 ikARkerater.y N&nlﬂ_@ie e@ﬁidﬂilng

Spri ng Fhrbor Laboratory Press; Cohen et al., (1972)

S@@@ndﬂatﬂs umaﬂ:ergeﬁpte@smmgntm it14y dlmastly
git%gg ?oggylo yﬂ%@yateceHs W th
ors cont art Tele troporation, cationic

naumqj or Sakirﬂkﬁaﬁmemblmbmhﬂ@smd&n1@9 opad qregd,y

f 25 l e t al,. |
RS N Ty S S
algs'%ﬂ s@:rlj:%@ ajf%w rd L33 a%u‘“e@@ﬁ:%fslélﬂoh transfied ning

i.e., cel I's that contain r DNA nol ecul e of
ttﬂtﬁegmcst@am quwemaa@nngcafrram@ |d—"é1¢t|efxipéf@9c§5f%lqnlt is used

known ues. .i.n Iud|n th Lecti

By &?ﬁ’fﬁ S E oG e>§%ﬁc'pl gldsec %Igtr%glsu t]{n%d Opk 18
de Uy egérdy @brefi tarr=DivA0f aﬂﬂemprteﬁae@trddmmdmmf the
can be cloned to produce single colonles Cells fraom

ﬁqw@l@é}toml@st%éh b&Rtaarediied they SeF MRt e PELn 1S

%%%%g& i dD xprfex%%n%eofcetm% T DNA iR hd
met such as 43 MD 2005/016955 PCT/ US2004/ 002702

dihaitf idescirdrb exdt ktyleSandteirlm a9 7HE be MslcesBiagty, 198 some
S0t g it S ite e o e agl, ey be
caldsgl i ne%aa:\taldﬁitﬁlﬁ a&%rl'e@s:tlslgf Qteds @ @8Sidamearim a

wel | known in the art and include nany

variety of ways. For example, the dedired coding sequences
may be obtained from genomic fragments and used directly in
appropriate hosts. The construction of expression vectors
that are operable in a variety of hosts is accomplished
using appropriate replicons and control sequences, as set
forth above. The control sequences, expression vectors, and
transformation methods are dependent on the type of host
cell used to express the gene and were discussed in detail
earlier. Suitable restriction sites can, if not normally
available, be added to the ends of the coding sequence so as
to provide an excisable gene to insert into these vectors.

A skilled artisan can readily adapt any host/expression

system known in the art for use with the nucleic acid

molecules of the invention to produce recombinant protein.
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immortalized cell lines available fromthe Anerican
Type Culture Collection (ATCQ). These include, inter

W@bRi08/01698hi nese hanster ovary (CHO cells, NSQPCBBR2004/002702

cells, HeLa cells, baby hanster kidney (BHK) cells,

Akey ki dngy s ( hepat ocel |
e o o) PEor e, 5h o S e VG R P e e aBher
nudbestobdothhe éeﬂﬂoWnngSexéﬁbﬂeblaeé gkt Ea&thCU|@hese

grefeﬁence arg sel ect ed thrg gh det erm ni ng which

P11 FRe8 Hav 8T nPYhPBRBFeSsi ohlHEvER IO RBAYcaRP are not
tbnee cbhatriieY he usgd:-ang tHéegEo§§|bf'tﬂésnnééﬁﬁléﬁ in
Sf9 cells. 15 Wen reconbi nant expression vect

eRZodfRBe¥he i munogeni ¢ pol ypepti des, Nogo

receptor-1 antibodies or antigen-binding fragnents,

sol ubl e Nogo receptor-1 pol ypepti des and sol ubl e Nogo
receptor-1 fusion proteins of the invention are

i ntroduced into mammal i an IIs they are
produced by 20 culturinggﬁgghﬁggf-cells for a period
of tinme sufficient.tq ., allaow for, expreSS|on of.the

ant i body, polygg" : Fudigrn
host cells or, Afrelaas O OLg dePEtiEpdiss { he

en oI tides, Nogo receptor-1 antibodies
L ?ge '$hd%§%gf¥%§%@?ﬁﬁgls%@?&ﬁéﬁ%&%oth@%e%@%@lﬁlcally

BHndp Odry PR AL I

proteins of |ndg #gﬁgfnto theﬁgﬁ%ﬁ%re %%%I§ﬁ1?he

LY S kT Wﬁ)@t m@@f’ﬁ | &s g igﬁf@mﬁpl]lcmmr@gmnhnods and
YD %) Nogo receptor-1 antibodies or

antlgen |nd|ng fragnents, soluble Nogo receptor-1

pol ypepti des and sol ubl e Nogo receptor-1 fusion 30

Jrotrei zest0fnd he i nvention can be recovered fromthe

culture nmediumusing standard protein purification

rost4eids. [t Q)mnfeut it e 1, ore XSS e D fwd ranunRgeni c

pol ypepti des, Nogo receptor-1 antibodi es or

ant i n-@ ndi.ng fragnents sol ubl e Nogo receptor-1
ig i,ﬁgﬁ 3 d&l&ﬁ; %%{ﬁiﬂe Meshr ane G PHEE/DIEDRJIo receptor-

JS2004/ G2 A0 YEREMISN 1 fusi on proteins of the
i nvention of the invention (or other noieties
k09T r onjTHer gimtp Mseise tiesrepteld- 1l igees: cl@enBank No. AF

462390) was subcloned into the mammalian expression vector

s ®
PEAG1256 (Biogen ) that contained the CMV promotor and
geneticin resistance gene for drug selection. The
recombinant plasmid was transfected into COS-7 cells using

\ ®
Superfect (Qiagen ). Transfectants were selected using

geneticin (Gibcom, 2 mg/ml), cloned and verified for surface
expression of Nogo receptor-1 protein by FACS. COS-7
membranes were prepared from these cells according to
procedures as described [Wang et al., J. Neurochem.,75:1155-
1161 (2000)] with two washings, and stored at 1 mg/ml
[protein concentration] in 10% glycerol at -70°C.

[0150] Eight-week-old female RBF mice (Jackson Labs, Bar

Harbor, ME) were immunized intraperitoneally either with an
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be enhanced using a nunber of known techni ques. For
exanpl e, the glutam ne synthetase gene expression

WQYEsAN9Ss (t he GS system) is a conmon appr oachrP€DUS2004/002702

enhancing expression under certai n conditions. The GS

S d

R e L SR O REE 0 Y s S
18280 7e anolr Bulnobe atofal erméllﬁ@pdaxpna%mngﬁxld\bgo receptor-1 on
89303964. 4. 10 Host_ Cells 0141 The present

G e T e 1R P e? 0 pto i RS WS aq hwstiel nEglona

Ie| CgAaCi nol e e that encod

r ecep‘fa%ff] ant |ti)oolﬁc,)u ant ﬁ%g n- %n%%l%ve]@f ag"‘r’%n‘t’e&%%l ijr%man et
Nogo 19Exept Beda potompeqtid dﬁmﬁﬁdiﬁd sl atbl e Nogeollected

receptor-1 fusion 15 protein of the invention. The
IRredihe dalhr te EbHEY 236k yotday rafduia@artist igecond and

B Yl CEL Sois STl Tf s Rxprasslonial &, pretel n

of the invention ar'e not 11m ted, | ong as the cell
Jlrmmnmlmmmmamcmtehwatﬂtwdgmmamom hodsilantly titers
“g:or%pati bl e tsé;[reld%ro ti on of the 20 expression
e’ &eaasn% t f*  Preferred
eukaryotic host cells incl ude but are not limted

2.0, ymasiifidsegjo awbdpierell aneldss 4y afief abhuinogen
vertebrate cells such as those froma nouse, rat,
foarkigy or Theraretceldgo ldawspdownplemofsdinsinide was
eukaryotic host cells include 25 Chi nese hanmster ovary
gutHeCcted |1t @rdi gl ie iftyo mnteller SAECCE 1rgs VECIS; NWIiH

% SS nouse errbr o ceIIs NI H 3T3 avallable fromthe
J196582 tHz%‘Fé"tl& RERFEP ceide figiigd imhdde

dha éé‘sﬁ v%i@rd&Ij| a.tt'e?ﬁltt% Keythye Gallsdd rﬁfe?’nocyanln (KLH)

Producti on of Reconbi nant Proteins usi ng a r DNA
%%m@%q@ﬂﬂtmmﬁ@s@ﬁPQWS .on furt her
I |des P ihng I
IQn%%body ortgglnt ?Jéaee%rgl%d%%%%% i %tl'go l.?bcl ol{bLanS’ Bar
, OIMED m@lmpamtnu@lﬁz@md/mutm@ieuhlt@n@él\m@ with an
2005/ 016955 PCT/ US2004/ 002702 Nogo receptor-1 fusion
eprdedion sfontted rilmge 70 o t@ﬁngronjugated peptides and 50 pl

complete Freund's adjuvant (Slgma Chemical Co., St. Louis,
MO) once every two weeks. Serum from the immunized mice was
collected before the first immunization and 1 week after the
second and third immunizations and anti-Nogo receptor-1
antibody titers were measured. A booster dose was given
after the third immunization. Three days after this booster

dose immunization, fusion experiments were initiated.

Hybridoma production and screening

[0153] Sera from mice immunized with antigenic Nogo
receptor-1 peptides were screened by ELISA whereas sera from
mice immunized with COS-7 cells expressing Nogo receptor-1
were screened by flow cytometry. Mice that were positive
for antibodies that specifically bound Nogo receptor-1-COS-7

cells were identified by flow cytometry and were sacrificed.
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nucl ei c acid nol ecul es herein described. In genera
ternms, the production of a reconbinant form of a

w@e@soiasi ypi cally involves the foll owi ng st epsT/US2004/002702

[0143] First, a nucleic acid nolecule is obtained that

splefesyseproteenigblibedi pyent tps. mi&etaedeﬁﬁeeﬁngo the
se guence is uninterrupted by introns is dlrectlg
?ébweiewaeiﬁeee% h PRTaKgthyet of [@1&%1 HHBRT- Balb/c

maﬁge'&gegl ”DhgﬁﬂkﬁlhédtbﬁnDﬁﬁﬁ'88ﬂ#£¥n}9%p£@98§35” 4500

oper abl age w th suitable control sequences
tesbr gbedoabové, mMoLfglutamlnapreséiE@ wajnl centaagiiagine)

the.protejn n_readi n e res ion.u S,
TGS SRR e PR e SR S SRR
RoﬁéwlSlméﬂbl@ﬁeﬂnUBﬂ§Io§96QltAﬁQﬁyébﬁt abl &MihhBress, New
groductlon of the 15 reconbi nant protein. Optionally

Pkt ecofBPRANESHE Bt UeHe | Blated| hikd #4onP¥ heSnediunplates
@éo££9ﬂgt8fa§§'W%rkéeC@XfﬁyngndNYPuréﬂaCﬁé&°@19£m%§§%1ne,

protel n"may not be necessary I n sone |nstances
smnnopn@nxntané nhymbélmelemmt&ﬂnlﬁ@ldﬁlt&hehmeﬁlahe AAT
foregoin f s can be done in 20 vari et

| eulty

(0] ways.
o7 ahy RECH0LT TR 05 CoRP e SR UEhESA gﬁaéleeycytometry

86t ab ned; h§ 08d 98 NORE £ ﬁ@@ene@&%e@e Usells 4y restly &P to a
appropriate hosts. The construction of expression

Nege oFscephar - hrenbpeeabt co¢mt bdvars edgsofiedtlelew. Cells
fﬁcgﬂgdéégf 1&8'&85g£p&8?% @%FtﬁgPT%&ggfo$$%|8§n1r&ltlng

sequen as set ove € con
Sdehuehees, expression vectors, and transformation

s are de endent on the pe of host cell used
TELERED o T nebaaet "t ks ot R oo Aals et aips Feceptox-

faght fhen Ui H AL £3& esﬁlﬁé%&?@l&éé esh £aNyetd Lﬁ‘é’éd as
normalTy avai'lable, be added to the ends of the

Dodinggseguesce Son-hsgaed ocPresa de @re exgichbtiee gemejugated
to insert into these vectors. A skilled artisan can
peRididy beap? lehyohost) ekppedsinrblcysiemtancownt fert g 9.0
artéﬂ$$ se with the nucleic acid . nol ecul es« of the -
£ PROUHRL T orbi Harte by dfEFicoys plate (Nunc ).

The plate was then incubated at 37°C for 1 hour or 4°C for
16 hours and non-specific binding sites were blocked using
25 mM HEPES, pH 7.4 containing 0.1% BSA, 0.1% ovalbumin,
0.1% blotto and 0.001% azide. Hybridoma supernatant was

added and incubated at 25°C for 1 hour. After washing three

times with PBS, 50 pl of a 1:10,000 dilution of horseradish
peroxidase-conjugated goat anti-mouse secondary antibody
(Jackson ImmunoResearch Inc.) was added to each well and
incubated further for 1 hour. After three washings, color
was developed by TMB (Pierce) and stopped with 2 M sulphuric
acid. Color intensity was monitored in a spectrophotometer
at 450 nm.

[0155] Antibodies were screened for binding to full

length Nogo receptor-1 as follows. COS-7 cells were labeled
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WO 2005/ 016955 PCT/ US2004/ 002702 [0146] In order that
this invention may be better understood,' the

wo oiobon9st) exanpl es are set forth. These exanpCEESZEN€002702
for purposes of illustration only and are not to be

w50 hadroy CeldineRt:" BegeeRiatia Ml QU OB olls P
E&Q ARt i oRpg9: ReEEpLOhed B?ttﬁadvsﬁd£9147tq&@1|vb@g@es of

recepfor-l anti bodies th specifically bind an
Cébimnageairc Nogel e@cepttorell ol ypeptraleniofed heith washed
i nventi on were nade using the foll owi ng nethods a
®

Np#@cEatresor 15~ FRATAI &t n%efﬁﬁas}nquthﬁﬂnW%Ebu6ﬁtl Nogo
r%ggﬁeéfhfstggﬁesé§§d §1f£§5520£€i£§e9§ 8?'%h@®8@1§”ﬁ§xture

al ni ng Nogo recept or NogoR- As the | nmunogen
w@@1d9$p§heedaintbgeachcwplerﬂ @eﬁ@ W@%hB@ﬂk@thbm AF
20 462390) was subcl oned ¢nto the manmal i an_expr essi on

PYELEbYTCPEACE258S ( Bregeny tiat’ cAtid ey the) cwd 100 wl of

o SR onC CYRE T E0brbF rnt il Aem H-gBe P¥ anSr Aep5a* 2

ahﬂibo&&EWZsC&ﬁﬁéduSIRgteﬁupﬂ@ﬁbatléﬁgagem°¢ for 30 minutes,
Transfectants were sel ected using 25 geneticin (G bco
th620ﬁ§1ﬁ1werél@ﬂéﬁe@ndndelnﬁub@t¢@rwsﬁhfé@eul of R-

SRORFELLE SOPBATREH P RLLCLL PLEEES PR oo

aﬂtQCﬁQMéQSIgg E@sgammgdsb&anglets@bodeantlbody (1:200,
Neur ochem , 75: 1155 1161 (2000)] with two mashlngs and
Jagbren RITUNEREREATED DpPSYRFArEontent r&FPYR] PR) 169 FBS.

Aglyﬁgrgﬁda$f €ﬂ$‘1£9&§Q&1§£9hﬁh&58§§9édwé?éaagsﬁ@ﬁ twice

ckson Labs were | mmuni zed
wiahrppgraﬁ@ngabban@eaheﬁ D b hpBano £ 47BY\Q:2R051 A16955% FBS,

PCT/ US2004/ 002702
and subjected to FACS analyses. Alternately, Nogo receptor-
1-C0S-7 cells were mixed with hybridoma supernatant and then
treated with R-phycoerythrin-conjugated goat anti-mouse
secondary antibody and directly subjected to standard FACS
analyses.

[0156] We generated 25 anti-Nogo receptor-1 antibodies
using a variety of immunogens. We generated two antibodies,
7E11 and 5B10, using a peptide sequence corresponding to rat
Nogo receptor-1 residues 110-125 as the immunogen. We
generated three antibodies, 1H2, 3G5 and 2F7, using
membranes prepared from COS7 cells transfected with full
length rat Nogo receptor-1 as the immunogen. We generated
13 antibodies using sNogoR310-Fc as the immunogen (1D9.3,
1E4.7, 1B4.3, 2C4.3, 1F10.3, 2H1.4, 1H3.3, 1G4.1, 1E4.1,
2@7.1, 2C4.1, 2F11.1, and 1H4.1) and 7 antibodies using a
peptide sequence corresponding to rat Nogo receptor-1
residues 423-434 as the immunogen (2E8.1, 2G11.2, and
1B5.1).
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emul si on containing 50 g rat Nogo receptor-i-C0S-7
menbr anes or whole COS-7 cells expressing Nogo

WO e@spiess 1 on the surface and 50 | RI Bl MPLHIOVER084/002702
adj uvant (Sigma(r) Chemical Co., St. Louis, M) once
9&8&&&@%%?}%1&'—5?”&? 8L13n3h - 20?85 'e§‘e9§1{[r8%t BB10
I mruni zed m ce were co ]nectela bef or e tﬁe firs
' i zation, 7. da fter econd d therd © .,
TR 2ot Bhect el Bef dagen b A8 B feee? Mveasy” mini
k DEUNG: 2@t & Ofle A0E & heDAt 2 RGO & eLep O sd Rk 1 D £
titers V\%re measured by ELISA'as descri be%ﬁ%el 8@\/& ai%pllfled
he Shight | ehabgose@eeptorby Peptusiosy gerihers nfrunogen
Odadd oA, 5 e, Sse C T
L e s BB ST e O i) ana
S0fACET VAT TECAYSAGTIHEEE © e | desd dexd ) fi efe i dnplified
t.he . anal yses, were conjugated to Keyhol e Li npet
TR FRIATH) S TR %gv St Alh oA o | i ETRiethyele

EQERUf @S cd OB o @it T BRiG @ -fhf-RIB] € &%FQG (';&ﬁeNo: 13) and

(Jackson Labs, Bar Harbor, Mg) were inmmuniz
T 'mIHPHATATHII TATGRAFKQUC CHEFAT GAGRI SO GiaH g BEEQ ID NO:

H canj ugat ed. peptides and 50 | conpl ete Freund's
L v SO R (S Bagendie St e e
BVErYid WO SNeekSre RaiuENd romd hes irapwi Zag-dricemas, g

coll ected before the first inmunization and 1 week
HREGSVHE S&¥orfy dhdramngariiniczatlonds zerresents G or T;
£ Iy Noga-decent of - @nt 'V\%D%iﬂetc?rt%e@& rﬁa%ntﬁe%dcs Anto a
boost er "dose was given after the third inmuni ion.
SHueadays adterr tédhid degestreme?b tdas ONAMagEatdOmE the

I Qn_experinments were initiated. . Hybri doma .
T R S e He TS ay Sy dum e specific for
Hm@ﬁdld&ﬁéﬁ wHd@en GNRGm cdReRANY L REPLIAES the DNA
were screened by ELISA whereas Sera from mce
SYARRICAS] ARG PAatS S caline @ide ssiawgrNego afeddys GIDRL
r%g;i‘éﬁf§ %crt%%n%%lg%,flfo cytonetry. M t hat wer.e
p Sitive  for antiBo |e\syl gtt %Elﬁelmsf ioggl?ﬁhf 5‘}53%0&1%1&1
amgdéptddres 7608 AndcelH1D wartee shdemt iifi ety f.oWwThe 3 CDRs

tonetry and were sacrificed.
f@ém @%e %eavy and fig t chéins of the mAbs are underlined
in Table 2. The light chains of 7E1l and 5B10 are have 94%
amino acid sequence identity and the heavy chains have 91%
amino acid sequence identity. mAbs 7E11l, 5B10, and 1H2 are
of the IgGl isotype and mAbs 3G5 and 2F7 are of the IgG2a
isotype. Each of these five mAbs has a light chain of the
kappa isotype. We analyze the sequence of the other

monoclonal antibodies by this approach.
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48 WO 2005/ 016955 PCT/ US2004/ 002702 Spl enocytes were
isolated fromthe mce and fused to the FL653 nyel oma
W@ 205hRPF5 derivative of a | g-/HGPRT- Bal b/c POIES2004/002702

nyel oma, mai ntai ned in DMEM cont ai ni ng 10% FBS, 4500

gg%iz_agiugﬁ?‘%ré mg %gdesc&%%d@(%%% et aInglnd 1%%]30

Monocl gaglieArkl bodi es: A New Di nensi on in Biol ogijcHQ
Anal ysis. Plenum Press, New York). Fused cells were
plated into 24- or 48-well plates (Corning G ass D
Works| Corning, NY), and fed with adeni ne, NO :
am nopterin and thym dine containing culture nedi
7M1 10 MKeSVRLANLMEWIPAHSSS DVEME QS PLE&RFE LIS QRISIISA

it S Eebon i A bS5 B mge v

& 1 9 erirgcpeptrte Tax IdeyonEbed vivelgws TEsPFTFGaETt He
positive wells were further subcloned by Timting

diluti MEIKBAP@@?AT]VS'F@I@M een for antibody binding to
g%% OO0 RE SR gfvmw@fms%%@m*a&m%%pvtsﬁz%mﬁg,ws%es I

pfere use ens Wwere conjugated to H

Wi&hig GESQB&VHBWQMYW@KL&IWVQNR@BGWW T
sodj um bi carbonat e buffer ™™ TM dto
GO B G Sl Tt e PR Ve S TR e

pl at e | was rikhanrpayateegs at 37C for 1 hour or 4C flor
16 hodrs and non-specific binding sites were bl ocked

wslng V%QEMGHEEE&PQAHWWHE@WM HWSFKRSRGQD . | 1973
oval bu O |S%%E§g¥/gg_‘s%ona

&Y

RN R éﬁts@bs\mzsﬁwmmmmm@mmmm PBS, 50 gl| of
a 1:-10. 000 dilutionof horseradish

PRt Ox | AQXECAGHITSTEY SRR FRTEMEEYKORPFAFL | 18

D L e L e |

tha e msmgsacmlmmmmmﬁ@d" by TMB (Pi erce)

and stoppedwth 2 Msulphuriec30-actd—GColor
intensity was nonitored in a spectrophot oneter

15

-

Epitope Mapping of Monoclonal Antibody 7E11l

[0158] Mab 7E11 binds both rat and human NgR1l. To
determine the epitope responsible for 7E1l binding, we
generated fragments and synthetic peptides of rat NgR1l and
tested them for 7E11 binding.

[0159]\ A recombinant fragment of the rat NgR1l that
contains all 8 LRR domains and the N- and C- terminal caps
(sNgR310) was treated with either acid or cyanogen bromide
(CNBr) and separated the fragments by gel electrophoresis.
Untreated sNgR310 migrates with an apparent molecular weight
of 42 kDa. Acid treatment of sNgR310 produced two major
cleavage products of 15 kDa (aa 27-aa 122) and 30 kDa (aa
123-aa 310). CNBr treatment generated three fragments, a

33/35 kDa doublet (aa 27-aa 229), which may represent
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at 450 nm [0155] Antibodi es were screened for binding
to full length Nogo receptor-1 as follows. COS-7
w@eedosmieess e | abel ed 49 WO 2005/ 016955 PCT/US2004/002702
PCT/ US2004/ 002702 wth 0.1 uM Cel | Tracker Green CMFDA
vbbrentar wPthbasrerbggraeusORl yassgesetibhedabyot RBa product
endor. E uaI ol unmes of Cell Tracker | abeled contro

8f1 ¢4vher d #FtheRashedmiNegdCEecEprelent cosa7230-2a
sebbs Qﬁi@ﬁelbnﬁHQakégglﬂ%&hoﬁnEh hQQQ S Aeﬁgg£8£nlblot of

test sera. Fifty mcroliters of t e"cell mxture
@hGpGﬁéewasnPQObadhwmbhl7Ellaa96 dembnytb@tEGnthat 1t bound

I I r 38 in and .1
P LA o EEp PRt e ol ) chfh P i 85 Ogmens
l(es: epvosa 112ant hhadyhsass a]dld@dCNB\ft f—‘fagxﬁéﬂbat( LaN2aL 4G 00)
for 30 mnutes, 10 the cells were washed and i ncubat ed

Weth g6Y nek h&néhyeo%b?t%@uth®ﬁ}@gﬁr@ﬂm9m¢|ﬁa@ylpar@a 310)
&kabhd 21 hr ReReRRP0AL ¢ t %554 %F&@?. Both the 15

speci fic second antlbod son *
khenuaoResEnaghehabandt ‘o]ney 35/\e}sma &uRe, £ PAYmént PBSntaBhed the

th d ' ' , the cells were washed tw ce
SeSuRe Pl SR CERPERREE 1 48808511G1 "Bhe doRe S rene witn
mfng;Slndaﬂ@I §¢Ib&e§11®1éoe;|5ﬂ%@r@ﬂl 1. Alternately,

0 _receptor- COS-7 cells viere m xed with hybri doma
5% RPhat anthan@thewindirgebteiwas further analyzed by

antlbdgsiggé%%ﬁnéég#y SJ%&%C ed(?g A ard ?ﬁ%@ga plyses

W@@e@ewﬁfﬂbﬁﬁra@ng&mx a:tr&ﬂh@::&lﬁj Itkﬁ\btg%lﬁ@ﬁ@pﬁﬁe lseveral

anti bodi es usi vari et I munogens,

AT A L rs e Betie e g TS Se  dimgia che NoR1
d%%@khﬁﬁaSeQMﬁHPQxﬁﬁ&iQ%ﬁQFQiréhﬂ & at REEDL de,
resi dues 110-125 as the |nmmoge§%l Y 5 generatedqgg ﬂtl ©

Ry Eed g @M@sonqli—@vns@@mct@ﬁ? 7&1’@1 riglndterﬂn anesingle
R T
srtidorh esalsidws sll\sm;ﬁﬂaﬂ&d:&k&s lichﬁld pasogen {d s 3,
AAAFGLTLLEQLDLSDNAQLR (SEQ ID NO: 26).

[0161] The LDLSDNAQLRVVDPTT peptide (SEQ ID NO: 1) was
subjected to further mapping analysis. The peptide was
digested with trypsin, which yielded two major fragments,
LDLSDNAQLR (SEQ ID NO: 27) and VVDPTT (SEQ ID NO: 28), and
the ability of 7E11 to bind them was tested. MS analysis
revealed that the antibody bound peptide LDLSDNAQLR (SEQ ID
NO: 27), and therefore this peptide contains the binding
epitope for 7E1l. Within this peptide fraction, detailed MS
analysis identified several scrambled peptides that also
bound 7E11, including peptides with deamination at Asnlls
and Glnll7, addition of Alanine at 112 or 113, or addition
of Serine at 114 (Table 3). These data indicate that
several amino acid residues located in this peptide fragment

may not be critical for 7E1l binding.
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1E4.7, 1B4.3, 2C4.3, 1F10.3, 2H1. 4, 1H3.3, 1&4.1,
1E4.1, 30 2Gr. 1, 2C4.1, 2F11.1, and 1H4.1) and 7

wa@nioshodses using a peptide sequence correspopdi/N§0002702

rat Nogo receptor-1 residues 423-434 as the i munogen
(2E8.1, 2Gl1.2, and 1B5.1). 50 WD 2005/ 016955

PCT/ US2004/ 002702 Sequence Anal ysi s of Monocl onal
TaRt Phddi e¥ubpny aﬁatsgre bpeméﬂwv@Eéﬂetract ed total

R R NG R

Wehdrhypeqieageehy PCR usi ng prLDBEBNAOLE (SEQ ID NO: 27)

TGAGGAGACGGT GACCGTGGTCCCT TG SEQ |
DAY 8L S AGET SMARCT GCAGSAGT CWGEG %LS%%@RD N@E%}D Vé= 29)

S8URhbl E&UFrh ﬁeﬂga y chai N SeaUsnESpiorER ﬁt{?} £D JNO: 30)
prinmers 5'- TATCCACCATGAAGTI TGCCTGI TA T

DesEQD=N0 13) and LDLASDDAELR  (SEQ ID NO: 31)

CEERATATCCACCATCACEKECEANE CACVYTVOTKCOCA ' LQE

SRE 20 145 “TRESE BFi mor s conphy Ao HuGeher a g0 Ib WO: 32)

pegeigetedes as follows: S represedtisatyer G 1D NO: 33)
represents A or C R represents Gor A, Wrepresents

Sararbied KFFagresenta G or T, | BNeSSONARERSehASEQTIBING: 34)
g the PCR fragnents int nci vector
Danra&éeterm ned the DNA sequenceﬁ%ﬁ?%gg#% ngﬁ RO: 35

di deoxychain term nation using priners specific for

th equenci ng_vector. W conceptually translated the
%ﬁ@f sequeie eRP ARV WPE Thi RePatdd Ceguaheesdopeehad

wEOR +hELRASpPEL L8 hgay YN Ofnhi 9Bt 1 cHal 85, 9f yLhCrcsteq.

monocl onal anti bodi es 7E11 and 5B10 are shown in
Enddpeoeagher 3p ODRs 1 2avéd opne hzeemiead«y ando| 3 gpeptfnée ns

RralG Gt er At SBIOhar e RAVE OO0 A 0Achd) -

tﬁéﬁl@eplﬁ@dmﬂte@t i ty1ansothe tieaviynadekveD bay Qﬁe/gd@m NBaken
aci d sequence identity. mAbs 7E11, 5B10, and 1H2 are

Cegeiprr) g@eu%wgwa%@dn&m VA P oF dake HArther
ORI I LR T
beffwede didrer DNA(S)LF.)R (SEQ ID NO:

[0163] The amino acid sequences of NgR1l, NgR2, and NgR3
from various species were analyzed to predict critical
residues in the 7El11l binding epitope based on the
observation that 7E11l bound rat and human NgR1l but not mouse
NgR1, human NgR2 or mouse NgR3. Sequence alignment revealed
that amino acids 110-125 of rat NgR1l and the corresponding
sequence of human NgR1l are identical and that the mouse NgR1
sequence differs only by one amino acid at position 119
(Argll9 in rat and human NgR1l, and Hisll9 in mouse NgR1;
Table 4).
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nmonocl onal anti bodi es by this approach. 51 WO
2005/ 016955 PCT/ US2004/ 002702 Table 2. Amino Acid

wEe@aan®ss of mAbs 7E11 and 5B10 Sequence SEQ POI/UBNKON4/002702

7E11 MKLPVRLLVLMFW PASSSDVWMIQTPLSLPVSLGDQASI SC 15

Taght RS SQGULYHGAGT YHHMYLEKPEQRIKE LE ¥XKMSHRFBEVPE: species.
_Chai_n_RESGSGSGTDETLK] SRVDAEDL GVYECSQSTHVPETEGGGT

RE@TRPA@AAPTVSISHH E9aq@ence of aa 110 to aa 119 [SEQ ID NO:

K. W PASS SOV GBSt PYSEGDOQASHSCE 16— 5;
%ES HMWE&QE%E%%?@EIYKVSNRFSGVPD Chai |n
RESESEEEHDFTLKI SRVDARDL SWAQISOSTHVPY TFGGGT 38

—KLEEHKRADAAPTVSI SHH 7E11

W@%&@WM@VKNWYWWK@P@ 17  Hea?y

&é@NVﬁﬁ%éﬁt&tM&Eg@kﬂmﬁgﬁﬁd SSTAYMXESS —Chain 40
LTSEDSAVYYCARRITEACAMFAYV&EE##S? 5B10

N@XSGAEI VMPGTAVTMSCKASGYTFTDFWWHWKCQRPGQAE. 18  Heavy

BPAW-GA-DPSBSYSRHNOKFKGKATLETVDESSSTAYMALSSLT Chai-n

LV O\ DIm 9 ATV IO VAT e v o—Ooo0o 777 v iy

SEDSAVYYCARRI TEAGAWFAYWSQGTTVT  Epi tope Mappi ng of
Muec] onal aAnt 1 bosy Nl ¢HEB]piMabs 7E 178 NdS: 1Ny because

rat and human NgR1. To 5 deternine the epitope
%téslbbf#@ brel} ofo 7E1u wrddivrn IR drel avecrTy agpentisse

TETT G bl R TOTRUTE AT bk RO haRE® (7 SOReRTL bf ¢ SRS,

Ahili\@Rﬂs tha\trolv:émtm nshaldp B dRR wormids wghihec™N DNAQLR
and C te m naI ca 106\5‘3’2?%10) vvas treated with
%E?QLF@?C%C %%r e o jieir SepardgRl by an

ﬁix?@@@tﬁl@yc&@fe%&ﬁf c??énrgcf Ui 1824,e he DNAQLR

R310 migrates with an apparen ecul ar wei ght
S@N@DH?GAC% douly et rﬁamf dfhes NggR3ikdDugos oidudegR2 vmremi;cbxntlcal

1'(4 eIa a%gfplr OdeACltanl and l8:1611'11 1a7a a2r7e araep 223e£\ t31'9 Arglnlne
and Histidine, respectively. This confirms that Alallé is
an important amino acid residue contributing to 7E1l1
binding, but does not necessarily preclude the involvement
of Glnll7.

[0165] To verify these contact points, several peptides
containing point mutations within the LDLSDNAQLR sequence
(SEQ ID NO: 27) were generated and tested for 7E11 binding.
The peptides were immobilized on a MaxiSorpTM plate (Nuncm)
and serial dilutions of 7E1l were applied. The resulting
ECso values are shown in Table 5. 7E11 bound to mutants
LeullOAla and AsplllAla with similar ECs, values as to the
original peptide. When Glnll7Ala was tested, the ECs,
increased 30-fold and when Argll9His was tested the ECs,
increased 25-fold. The most significant change in ECs, was

observed when Argll9 was mutated to Alanine.
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15 123-aa 310). CNBr treatnent generated three
fragnments, a 33/35 kDa doublet (aa 27-aa 229), which

woregosioepsesent 52 WO 2005/ 016955 PCT/ US2004/ 00RGDRS2004/002702

fragnents with heterogeneous glycosylation, a 10 kDa

pebdect. (aai2sinaa 830hutand BBpilgall ROtACHYfferent ECs,
nt (aa 230-a 240), which is not retained on

thengel inAp@esiden| Branesre the gel was prdted witH SEQ 1D
7E11 and denonstrated that it bound 5 to intact rat ...
NgR1 (aa 27-aa 310), the 15 kDa acid fragnent (aa )

H3- ahatt@@p and t he| BBLKDEAGNBVVDPRgNMENt (aa& .26 aa | 1

29Q) ZE11 did-not-hind to the 30 kD acid frnnnpnt

%%g 423-aa 310) of APHEDYAQKREVERET fragwe@tﬁ@aa 41

Fa Y mi

gﬂilga 3T0). Both ﬂﬁLégNAg thebgg Tf Tagmemty—gnd-—the 35

Da CNBr fragnment comtal ne sequence

QDL%NA@RVVDPTT ( SEQ_nSD\TAIXLRWDPT’OnSi stenttewith 7TEEL
a4 i r\n| anitone on NaR1 r{)_‘IR{ﬂ The 7E11

%%igﬁHS ;rt; GéévquPﬁépNgﬁ%EVY@éT%y tes{itRg trypsidd

REPSAde di gests of I EhgESiRor Ao aral ySes | gghowed 1~ ¢
several fragments, in0|cat|nu that there were sevena

15 trypsin sensitive |ysine and arginine residues in

En ges pep equencp“rlo?zﬁllzéﬁ}%b 7€£Jo)r;1%13rn lefrr‘] le%aﬂterfgﬂg%{vgas also

J&Edrhings 10 ﬂqélf@é&atﬁﬁlf@sﬁ@l% NeRlst Subseayentre of
nmass s ectroscopy (M5) and sequence anal yses
SN 19 i ed? HEBRIURE pelpts d@lﬂbctﬁerQoshOWS that the 7E11

HARILERAMEE GFAUNB Dol YT, e

ArgXiat i‘fé]rnlfab,plkﬂga]aﬂr@,l yesics. Asﬁﬁ@qmdtdrﬁldlwsoutdbmtﬂﬁom the

%htr%gsw@%ﬁﬂ%{ﬁl’%e&zﬂedtmmorira rgqutliwa%) The

itk e thel Bbidd toefo 7 Bll 4&&@%4@#&8&4&%@@ -cMave

anal ysis reveal ed that the anti body bound pepti

EI_LDLf@E?%Q_ﬁ? {BSEGUMmCciNge 27)d antdivereinierd Hilmt faces one
ains the binding epitope for 7E11. Wthin

t is pep | e fraction, detailed M5 analysis

identified several scranbled peptides that also

Inhibition of Ligand Binding to Soluble Nogo receptor-1 by

Monoclonal anti-Nogo receptor-1 antibody

[0167] The anti-Nogo receptor-1 monoclonal antibodies
produced as described above were tested to determine whether
they inhibited ligand binding to Nogo receptor-1.

[0168] 0.5 pg of a soluble Nogo receptor-1 fusion
protein comprising amino acid residues 26-344 of rat Nogo
receptor-1 and the hinge and Fc region of the fat IgGl
molecule (sNogoR344-Fc) produced as described below was
immobilized on 250 pg of protein-A- or wheatgerm agglutinin-
conjugated SPA beads (Amersham Pharmacia Biotech) for 2
hours at 25°C. SPA beads coupled with Fc-sNogoR-1, anti-
Nogo receptor-1 mAb and 1pul '*°I-Nogo66 (Amersham, 2000

Ci/mmol, 1nM) in 50 pul of the HEPES-buffered incubation
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30 bound 7E11, including peptides with deam nation at
Asnll5 and A nll7, addition of Alanine at 112 or 113,
wo@rooatitioss on of Serine at 114 (Table 3). ThesPCTEBZ04/002702
indicate that several am no acid residues |located in
méﬁhﬁme@b'Qﬁ heagaenby may ngt 1Bepeth hbcabr LRl a71Bhhin, 0.1%
bi ndi ng. 53 WO 2005/ 016955 PCT/ US2004/ 002702 Tabl e 3.
ON@ﬂhnmlpepﬂldMsMQQde %ymWExﬁibP@@ﬁ1m¥9uﬁﬁﬂﬁjymhhhitor8)

Aci d | d-t R (SEQ I D
"R 29750 BlaRrRlt B4 PLESUDALLR LoEDT| DNDTUS)
r§dﬁagbl:20‘1EyaQHBnme#éut@EAﬁﬂm&fﬁ§EﬁchBeh|@am§ka using a

Deam nated LDLASDDAELR (SEQ ID NO 31) Scranbl ed
Tepagweht #22¢iDeEDNAQ Ro( SEQUED Nere32zhlcpéatredafagm a

CUPYSSORAGERR{ BEGFI 'NGr 34 (PPCRRN ri 8 BHSSPEAFRRS ! ) -
IﬁSEQMéEbk§Er§§éntB01@8]aIB@'QBE§DN@QEB&MHBTEOH§Q§adés (e.g.

was al so digested 5 wth the endoprotease Asp-N and
ArENegpP Al Agdwasteeseddbinghagpbyt easétaspny el kavéne

pepi;Ld r
i L N T el L L RS g
mhbentot hec ENARQLRY1i BBTdfpepti HegaddkeMAGt Bgethdr APtOM-gp to
trypsin and Asp-N cl eavage data further 10 | ocalize
NegR ¥£¥¢PbPhding epitope to the sequence shared
[between tNeAb-DMAGL R LEERLED-AO/E3T) - 5E0363LnEhesani pad 277
acid sequences of NgR1l, NgR2, and NgR3 from vari ous
agpetibsbierd hhatyradofoNpgedf ct MBEI ahdaPM-gpsigdue¥opaR344-
t.he 1 pi.t.op a bservat
"bhat TELTobOURA At L ah SRnih CROAL Tt RBC nsa e were
4blgRAy atgeeoNgR?2 eespeuseveiR3. Bequeace airbgnnfam‘sAs
revealed that am no acids 110-125 of rat NgRl _and
mepi FeEpBAdITAY - m@@aaéﬁéelahlhﬁhﬁﬂnh@#ﬂbéFglPaeﬁﬁlEQP Pfiree
l n 0 e l m i b
dnhbat tlﬁS goUEE B'SB} Sgﬂéegﬁ{ﬁ diifeqsignirypby gne

no acid position
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speci es.

BN 6 .

Tabl e 4).

and Hi s119 i n nouse

54 WD 2005/ 016955 PCT/ US2004/ 002702
waawbe16955 Sequence al i gnnent of NgRs from di f f BEENE2004/002702
Protein(s) Sequence of as 110 to as 119 SEQ

Rafia g HABIL N Fﬂiﬂﬂ{%ﬁl

LDLSDNAQLH 38 Rat & Human

cdvbuses NgiRl oM-gp to
ROLR 39 Rat,

Nagmrr @ dwise- LDLGDNRQLR 40 NgR3 [ 0164] Argll9 on

o S

R1—cof butes—to—7ELL eI} pecause 1

r@%‘f tom% and human NgR1, %ﬂ %%orly to rsze gﬁ

Si mi | ar| yNoberawserdEll ddesvawpiR i ndranel | IGNNQBRS44 Fc
Alall6 is involved in the lepitope because within the
BRNAQLR %%qulénééo%lsEQ | D NG#C=88F NgR3i¥nly ¢Ffsers 150 nM
from NgRl~ y _an cArginine at the corresponding

seguence. Nt hin t#e DNAQUR sequence, 4 out of 6 of

1He res|soesMi N6DNGYR2 are i|denti calNdO to rat NQH ND
Al all6 . and Glpnll7 are ranl aced—w-th—-Ar ru AN and

55t di pe?d ?%sb@@? vely. THioconPi Pifs t hat | Al a116 i%P

irrpor_@gm;l MapEEPy aci d T e ye_CPpT fibUT n;Ebgo (EEL 1M

i ndi ng, but does not necassarily preclude the '
imsvdl venE@tnMOMO%hll? 15 H©165] 1FonMeri fy| EReses 5.2 nM
cont act g@l nt S, pgpti des containing point

mut at i ons i t‘hl n tl’? LDLSDNAQ_R sequence (BEQ I D NO
Zf) . Werlesgeprr atgd) and testmd Tor;dE4E DI ndl gg,, EMiTMMm
The peptides were | mobililzed on a Maxi Sorp|plate

(Burc )| 3anoMsérsal dil utijons of 7E11 were apfbi ed.9-1 nM
The resullﬁél ng 2 E 0 valjues are shown in Table 5.

7E11 bound®’ o rrut ants Leull0Al a and AsplllAla with

=ianid ar| E65Avvaboes as to [the original peptEde, Were nMm
G nl1ll17Al a was tested, the |[EC50 increased 3p-fold and
when Arg849Hrs 2wds *lest ed |t he EC50

2C4.1 30 nM (50%) — ND
2F11.1 |30 nM (45%) ND ND
1H4 .1 — ND ND
2E8.1 30 nM (87%) ECso = 1.5 nM ECso = 42.9 nM

ECso = 9.2 nM

2G1l1.2

30 nM (80%)

ND

ND

1B5.1

30 nM (0%)

ND

ND

The percent displacement is shown at 30 nM antibody and the

ECso for certain mAbs determined from curve-fit analysis as

described.

indicates not determined.

[0170]

specifically bind an immunogenic Nogo receptor-1 polypeptide

EXAMPLE 2

Production of Fab-Phage

“—2 indicates no detectable activity and “ND”

Anti-Nogo Receptor-1 Antibodies

Anti-Nogo receptor-1 Fab-phage antibodies that
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i ncreased 25-fold. The nost significant change in EC50
was 25 observed when Argll9 was nutated to Al ani ne.

WG 2000012805/ 016955 PCT/ US2004/ 002702 Tabl e S. PGE1$2004/002702
binds to nutant peptides with different EC50 Change

iﬁ%ﬁ%@%%&g%é%dg kﬂp scOe: 9€Srab-phage
PTT 0.55 1 L110A ADLUSDNAQLRVVDPTT 0. 62 41
Dlbdsheyk ASONMAQLERNA/DPTT 0. 31 42 QL17A LDLSDNAALRVVDPTT

16 43 R119H LDLSDNAQLHVWDPTT 12 44 R119A ®
LB BENAQLAWDPIIT 8B5S TA8812 Thel POty g AL ¢ (LD was

7E11 bi ndi ng. epit t ' '

ey 499D R R AL et R g 5
5  Expeciedgnd @St rael Ly ecshovss ihatrdtheNaddd Ireeppt@pel . Fab-

i s exposed on the surfaczqé)}]“r%he nol ecul e. Resi dues

a9, thgh19ec haakly 1A A Ot T TP St War TS

U 1418 5,54 et M e i &g Leudd8 and Asedddy as€ 14D5 is

| ocated i nward. The epitope falls on top of an acidic

drat chedi fhdm the Genoere BOCs (ibeade obit e igy rivc dard ved

nd basi ¢ surface.that f.aces 0 of  the si .

T BT o B i gand 8 RIS 05 oo gy O the CDRs of
10 tesaeHry letyin Madcl onad @M in Noforecepttiede Fab-phages,
anti body [0167] The anti-Nogo receptor-1 nonocl onal
o5 bl e sShevyr By utdl @’ descri bed above were tested
to determ ne whether they inhibited |igand binding to
Nogo receptor-1. [0168] 0.5 g of a sol uble Nogo :
Tazleptor - 1Athusd ke lgprit@ienaconpt i Ry @i hPaci d
restdues—26-344—-of —+at—Nogo-—receptor—t—antrthe hin
and Fc region of tﬁ@l?gtx?bﬁgﬁﬁuﬁﬁ?%cul e |BSEQ LD XO:
A SNRgQH3At FEJR T POFSEGT86cEeaCT | bed bel ow yas
I mobilized on 250 g of protein-A- or wheatgerm
EepghotGhmin CoRg ughl egNGPAY be8dsKT Anmer sham PBA&r naci a

[m]] t

 at oach) fAr 2
eavy CHairn CDR3 | SRFWTGEYDV 21

Bnae

Light Chain CDR1 |RASQNIAITLN 22

Light Chain CDR2 | LASSLQS 23

Light Chain CDR3 | QQYDNYPL 24

15 [0172] 14D5 binds to rat Nogo receptor-1 in both
monovalent and bivalent forms. In addition, 14D5 binds to
mouse and human Nogo receptor-1 and human Nogo receptor-2

but not mouse Nogo receptor-3.

20 EXAMPLE 3

Immunoprecipitation of Nogo receptor-1 by Anti- Nogo
receptor-1 Monoclonal Antibodies

25 [0173] To perform the immunoprecipitation, 100 pl lysed

cells or 50 pl PiPLC treated cells were mixed with 400 or
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hours at 25C. SPA beads coupled with Fc-sNogoR-1,
anti- Nogo receptor-1 mAb and 1l ' 25l -Nogo66

w@ 200810849830 2000 25 Ci/mmol, 1nM in 50 | of tPET/US2004/002702
HEPES- buf f ered i ncubati on 56 WO 2005/ 016955

/ US2004/ 002702 iu 0 HEP pH.7.4,,0. 1%,
Fo0i e ot o B he Lo 1050 vl Bt A2 o 2, 02
TN LRG]S ang prgh easgei iU Bt 9y e MBS et SORAGH in the
sanple well. After 16 hours, radioactivity was
ehed bp goadt uptéeat e SasPl @Samsi NP 5‘,1? Gaftibody. The
opCount (Packard). |1C50 values were calculated froma
Biklvers | vaandlyshat¢di o 3)shFreSMt @& dphifed Bofrolare;

In sgne erinen e -1 :

DAy thar oSS BGRB8 S G PSL B recin
FONE t Obhpledl keddoe Thosphadaseeastvydiiyd Wred Soimes with
assayed the ability of the 10 mAbs to bl ock bindi ng of .
1 trel | waysindsu e FEL QM AR ML t ooH Nogor reckptBrean-20 ) .
016 nocl onal antipodi es 7El1 0,.1H2, 3G5 and
{é‘?f:? ﬂal?% i fRT i YW BY R fuﬁ\brg%eﬁf%lm& AN O bp e
sNogeR344- Fc. The cal cul ated 1C50 for Nogo66 for 7E11

and 1H2 were 15 400 nM and 60 nM respectively. The

et a5 T r om BRaBAswe i ¢ suswended- iedl @@ gdl i ohi 2X t$o% with

Bly L0 ng oL P e, |1 gont 10 MRgOLESTRLON . oo
FGTHUSLO00AL 002792 Jabhe Bun %@Sal@lé@%tTaBiéwkh%%ﬁi gel for

Nogo66, MAG and OMgp to Nogo receptor-1. mAb |
PYoREE. Oy plat e sNoeriR3a - $10S s R34Y -Fea lysis,

TTORRTL 675 W16 30 T {0g KD 18T S0 =™ ose

£&09HtHEE5D. = 9 nM ND

EXAMPLE 4

Determining Antibody Specificity by ELISA

[0176] To determine the specificity of the monoclonal and
Fab-phage antibodies produced in Examples 1 and 2, we
performed an ELISA using a panel of Nogo receptor-1
polypeptides. The panel consisted of sNogoR310-Fc (a fusion
protein comprising amino acids 26-310 of rat Nogo receptor-1
and a rat Fc fragment), sNogoR344-Fc (see supra),
polypeptide p-617 (SEQ ID NO: 1), polypeptide p-618 (a 19-
amino acid polypeptide from the LRR7 region of rat Nogo
receptor-1; Fig. 2; SEQ ID NO: 11) and polypeptides p-4 and
p-5 (polypeptides from the LRR5 and LRRCT regions of Nogo
receptor-1, respectively). Ovalbumin and BSA were used as
controls. As shown in Fig. 4, mAbs 1H2, 3G5 and 2F7 all

specifically bound to sNogoR344-Fc. In similar experiments,
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2F7 30 nM (55% EC50 = 10 nM EC50 = 5 nM 1D9.3 30 nM
(7099 EC50 = 13 nMECS50 = 5.2 nM EC50 = 2.7 nM 2G/. 1

wWQ@008M831%9 EC50 = 18 nM EC50 = 1 nM 1E4. 1 3BCTNBE2004/002702

g7g?go- :,E8C§O, ;Mg. éCQB” :Ec‘so. = 2,8 nM 1G4 1 30 nM (90%
SRS P S IS RO T T KD'RD 26 50 M
o (3009, MDD 11351 30 nM. (098, A ND Thos
(SRR CEMNG) shl RBFEMRPLT s’ Bhbvirht>Be° i é\%lt@i jb%%i\l}éDn%gSnd
péﬁgﬁiéggggggj%ffrggﬁ@ g deferm ned from curve-fit

Ty described. "-" indicates no detectable
[@C17ivity Bew SNDthe|awlfi thedtenot LRt 2r nied’  BE&MPLE 2C4- 3+

10 Production Fab- g I - No r
14 PhoMEL 191 8k P20 RoRge k11 Nogog Resppi pf om che
sRObROD e8c t hatun $pel i cal pyabéddearh ionbeogeot coNogdng
‘receptor-1 pol ypeptide 58 WO 2005/016955 .
1 PCTE SR8 41 BB 7DBSY oFSEPERE AT efit F ORL hRT e Al SBCHATRPHY)Y

esc£§ﬁgingnasﬁg %ﬁ?f@gFE[ibfﬁéyo@ﬁefofﬁﬁéé-aﬁ@i@éﬁigﬁefrom
r] o%}/s Fab-phage |ibrary HUCAL GOLD was screened
tlaggsmsgokemonbc namtunatzasbbubl 2C4NogoRB1D- Fc 8npr bEéi h)

and COST cells expressjng rat Nogo.rece -1 b -
rpRagesZenaf LEpEET i%%%f?gﬁﬁuﬁac?%eﬁbgﬁ ?é%%%t%?§§ Lepadues
>pugihied and characterized. The heavy chain of 14D5 is
[0178] We also performed ELISA binding assays using the
Fab-phage 14D5. Where AP-Nogo66, AP-OM-gp and MAG-Fc
ligands were allowed to bind to immobilized sNogoR344-Fc, 1
uM 14D5 completely inhibited Nogo and MAG binding. 10 uM of
14D5 was required to completely inhibit the binding of OM-gp

to sNogoR344-Fc.

BEXAMPLE 5

Neurite Outgrowth Assay

[0179] To test the ability of the monoclonal and Fab-

phage antibodies produced above to lessen the inhibitory
effect of CNS myelin on neurons, Lab—Tek® culture slides (4
wells) were coated with 0.1 mg/ml poly-D-lysine (Sigma®).

CNS myelin or PBS was spotted as 3 pl drops. Fluorescent
microspheres (Polysciences) were added to the myelin/PBS to

allow later identification of the drops (Grandpre et al,
Nature 403, 2000). Lab—Tek® slides were then rinsed and
coated with 10 pug/ml laminin (Gibcom). Dorsal root

ganglions (DRG's) from P3-4 Sprague Dawley rat pups were

dissociated with 1 mg/ml collagenase type 1 (Worthington) ,

61



10

15

20

derived fromthe VH2 gene and the light chain is

derived fromthe VK1 gene. The am no acid sequences
woooshes9®DRs of 10 the heavy chain and |ight chel/nSmwb4/002702

one of these Fab-phages, 14D5, are shown in Table 7.

e T L
GFSLSHSIEENGHﬂQn&kaMglIhaﬁndCEE&aLl?EﬁEEKM&SESLKI 0o

Chai n CDR3 SRFWGEYDV 21 ght Chain CDR1
e&%@(wﬂwez‘chﬁ.@ﬁe enarad chrp- ”Eelssmé-tzare L5 hides. The
L ds to [ at
go recep?%ﬁqugg %g?h&g%%%%%§+% ? and i varght vated donor
horse sénuaddb ¢ i st 1#hcbi ndsed of e t®USBoanfe hggBim and 50

o.receptor-1, and human 0 rec tor 2 but not
ﬂ% Be ES ?%@eb¥%¥b%te@0aﬁxg 5% CO, for 6 hours.

P ERRRER RSt SRt 9@%%?%%%@ T A et For,

phetingunopreci pitation, 100 | lysed cells or 50 |
E i PLC treated cells were mxed with 400 or 59 WO
0589 b1695%! BEGT VLS04 BT 020 450 TiagEeactieh Huffer

éﬁ%ﬁﬁgéﬂéléeﬁ§ae PEhla iy 5§@Jméﬂyf$@b29nd Or 21 1M f?r the

or RIPA buffer, respectlve y In the presence o0
ﬁﬁmrommbtmank¢roantlamata—zlg eMbmbMMy(Cdenca1wwmlb diluted
mas |ncubated in a shaker at 4C for 16 hours. 0174]

P es %\%r%e%%reé%}ér&mw%dsﬁeweﬂt W%S%r%%eac% UQF c§94

%@%ﬁ%ﬁﬁg %%%D fef%%f% %§§§§|SS£§§ gﬁ%fﬁiﬁée Sﬂ%&é

GBWéihiﬁbﬂg&fﬁiiﬁﬂGéﬁﬁﬁbﬁE@ p@ﬁkﬁkﬁﬁd usi B HA%iehl images
original wash
were acquired with OpenLab software and analysed by using

the MetaMorph software for quantification of neurite

outgrowth.
[0181] MAb 7E1l protected DRG neurons from myelin-
mediated inhibition of neurite outgrowth. (Fig. 5). Similar

results were observed with mAbs 1H2 and 3G5.
[0182] In a neurite outgrowth protection assay where rat
P7 DRG neurons were cultured on a CNS myelin substrate,

bivalent 14D5 also efficiently promoted neurite outgrowth.
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buffer. 10 [0175] Beads were resuspended in 100 | of
2X SDS with 10% bet a- ner capt oet hanol . Sanpl es were

w0 p@aloatostl at room tenperature before bei ng rRCT/082084/002702
4-20% Tris-d ycine gel for SDS-PAGE. As determ ned by
SDS- PAGE gel anal ysis, nppgebprat antibodies, 3G and
2F7, inmunoprecipitate Nogo 15 rteceptor-1. EXAMPLE 4

Deter il ni ng AQLj gy s SPSEHLEELLY. Dys Bkl 120, 0176]
To determ Qfﬁ?ﬁcffsec gec .e; M}tg:ﬁoob‘“ﬁ’ de‘ﬁ’c%p aL,

Fab- phage artibedi-es—proagucea—+n bExanptes—Tand 2,

rf.qr med A_usin R f .
B ept | 42, o and Lo e targd O ¢ %@%%%i%%@%ams ot
Fi#Si- R 525 HRICRERIJY GO0 N S idi AIEEED a@id&c&ﬁb’é@ iaf mmmple
Nogo receptor-l, and a rat Fc fragrrent) sNogoR344
sate SEPRRAFE Fompiant itde RRH61 7 1PSEQIT NGVel)COS 7 G 293

ﬁ@éﬁ%@{é}ﬁ%@& g;l%a(ta 0119}1&@1{1%@3@ ¢l Pﬁﬁﬁ:f’-tl' de from

regio rat Nogo receptor- g. 2; SEQ

ID NO 11) and pol ypeptides p-4 and 30 p-5
Kipaddypeptlisdes fromthe LRR5 and LRRCT regi ons of Nogo
receptor-1, respectively). Oval bum n and BSA were used
el 84dont r dlcgyo A cstpdwar - 1n tRiags Spctmtb arpHRoB s agrfected

Céﬁgﬁfg%ﬂ§;peck%%ﬁggl%%g?undégggﬂ%g%ggg %uig Saldes, fixed

t e | 0 i o
et ot an gt gty o

rfrof=Al JNego deanept ar 1% TSEQH B-NO0 3 @Rp rhdhs T7Edr. Mab
and 5B10 specifically bound ol ypeptide p-617 (SEQ ID
ML Was R AL Tén Hef/ tlhénshtli -Bodisd &) wgbéOC%Em

S0 e i B £ 8

Hash” bc%hﬁﬁﬁaE%H RicRdntGry bRdheatknanthalolley (Molecular
recogni ze a simlar or ovérlapping

Probesg) was incubated at a 1:300 dilution in blocking

solution for 1 hour; DAPI was added at 5 ug/ml to the

secondary antibody to label all nuclei.

Live cells:

[0185] Transfected and non-transfected cells were plated
in 8 well Lab—Tek® culture slides, blocked with FACS buffer
(containing 4% donor horse serum) for 30 minutes at 4°C,
incubated with 7E11 at 15 pg/ml and 1.5 pg/ml in FACS buffer
for 1 hour at 4°C, rinsed and incubated with secondary
antibody anti-mouse—Alexa® (1:300 in FACS buffer) for 30

minutes at 4°C.

[0186] Immunohistochemical staining experiments
demonstrated that all of the mAbs bound cells expressing rat
Nogo receptor-1. mAbs 7E1l, 2G7.1 and 2C4.1 bound both

fixed and live cells expressing human Nogo receptor-1.
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35

epi topes on sNogoR310-Fc. The other three antibodies
from 10 the sNogoR310- Fc i nmuni zation (2C4.1, 2F11.1,

war@s0k53) recognize different epitopes | ocaP€rus1v04/002702

am no acid residues 26-310. [0178] W al so perforned
ELI SA bi ndi ng assays usi r&@w phage 14D5. \Were
AP- Nogo66, AP- C]\/Lgp and igands were al |l owed
to bind ] .

14D5 was reqw red to con‘pl etely |nh| b|t the b| nd| ng of

@ﬁ? to sNogoR344- Fc. g LE 5 Neurite

§Pbw h ASSEyoT 0178] SFEEE?E (FRt ABVPFPyFBFePRET-1 mAbs

?P@@@J: ofal nand, fabe phagenantihe diﬁsvmf@ duge du ghoyentise
essen the inhibitory 0 25 effect of CNS nyelin on

sleundhssordbedekusibnutel vty desd¢d. 0 wells) were

ﬁgf gF MAtﬁiégiengégé f?éyz£>%yséﬁg éé& %é?ggé%%?actically

I'n or was spotted as dr ops:
Wi €h osphegesi ¢ P@h&samenbmﬁlmgemi@led MOcéh&re anesthetized
myelin/PBS to allow later identification of the drops
st rtpred et af | SO RAE FFEC 4D DY . WikR- TRkt ebrgéscolumn

%ﬁi@ti@ﬁnuﬁﬁgfeg Q@Qrgé%f@95§5bﬁ%th ﬂ@a@$§1t$agﬁg'9plnal

bco ). Dorsal root ganglions (DRGs) from P3-
Sprague Dawrejuced lpuaps wed ef il seocs avrdo the 1wmgg]m: drop

coIIa ype 1. (Worthingto 1 WD, 2005/ 016955
208 6o I02L 1 TUPSrEdH (TP (RS hor PereEe s e
B@I@@atmr@@t@ﬁn@uﬁoz@é;@t@&Jsgsavseepram In NeUs ofdlise model

cells and finally plated at 23,000 cells/well on the

P et EHR ¢ b Tk eRF € Ukl WY ddleunpreiente el - 99, pp.

1{1@ i um vvazc,o&;)z cont ai ni ng 5% heat inactivated donor 5
orse serum 5% heat inactivated fetal bovine serum

Briefly, a T9 and T10 laminectomy is made and the
vertebral column is stabilized using a pair of mouse
transverse clamps supporting the T9-T1l0 transverse processes
bilaterally. A stainless steel impact rod with a diameter
of 1.4 mm and weight of 2 g, is raised 2.5 cm above the dura
and dropped onto the spinal cord at the T10 level. During
the surgery, mice are kept on a 37°C warming blanket and 1
ml of warmed sterile saline is administered subcutaneously
to each mouse after surgery to avoid dehydration. The
bladder is manually expressed once daily until reflexive
bladder control is regained.

[0190] All animals receive post-operative analgesia every
8-12 hours after surgery and antibiotic treatment twice
daily for 7 days thereafter. Animals have free access to
food and water for the duration of the study.. Anti-Nogo
receptor-1 antibodies are delivered to the injury site via
intrathecal injection for 28 days as described in the rat

gspinal cord transection model below.
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ng/ M nmNGF and i ncubated at 37C and 5% CO2 for 6
hours. Fifteen g/m of mAb 7E11 was added i mmedi ately

wW@paos169p% at i ng. [0180] Slides were fixed for POI/US2004/002702

m nutes with 4% 10 par af or mal dehyde cont ai ni ng 20%

sucrose and stained for twal mar ker anti

beta-111-tubulin (Covance +uted 1:500. As
coverslipped wth Gel/Munt (Bi oneda 5X

BT ) TS o SPE SR et Nar oAb Qs 5kt P epRhe bt

solypepeiand asRbysrRd1 Pyatsi figsidntheodei AYDIPR-sNogorR-1) we

software for quantification of neurite outgrowth.
PEHBATMRALE 7E1 10 bt BY ERY cFPRG AR ons from nyel i n-

hafed iphibition of rite.outgrowh. (Fig. 5).
DALY SBRhek i o fer el ble PP Mo mimte 1 fvaaorato-re
M- ot 344 Dp@) NpUELL 0f egt| S
vvherse (?%(t%g P7 DFgG neur oﬁg&\%%f%% tﬁe%ggn“%rbgﬁé S¥A beads
el Facsibstrat e, ur, bb ¥ ateiM o d4Dbyal Bogehd i ckenily
pronoted neurite outgrowmh. 62 WO 2005/ 016955
RGTE 2IS20041 @027 02 nEXAMPLE Hi daimmohisd ochend Gt iy o thinding
71% on, Cells Transfected wth Nocgo Receptor-1 5
B ﬁ—%o o tHerEehatact eti Ze TheEbi mli Ty 17 oprit €852,
®f 1% adibd 1 0G0 r BEE P RS+ da SRS PIIOAUCEL) as desehabed ifgeq
Exanple 1, we conpared binding to both fixed and I'1ve
TG Nog@93, Tl BXpessidly (aiims deddmn Nogd of Nogol)
receptor-1. Fixed cells: 10 [0184] Nogo receptor-1

ancdnst ddft eaf st noiRde arsdemttant 1 cull Soady esypertmatdmc for

eSéCVﬁllligLa?I?& Tgekt .Cl'”%}ll'ler etk?rleledq:SYrgslf(needs on Nogo40 were

Charac

separately iodinated and designated as Nogo40-A,-B and -C
respectively. Mean values of triplicates are presented as
normalized % bound radiocactivity (Figs. 6, 7 and 8). Error
bars indicate SEM. Bound radioactivity in the absence of
inhibitors was taken as 100% and the lowest bound
radiocactivity in the presence of 10 pM Nogo40 was taken as

the 0% for data normalization.

EXAMPLE 9

Inhibition of Ligand Binding to
Soluble Nogo receptor-1 Fusion Protein

[0193] A binding assay similar to the binding assay of

Example 8 was used to test the ability of two mAbs produced
in Example 1 to inhibit '**I-Nogo66 binding to sNogoR344-Fc.
Mabs 2F7 and 3G5 inhibited '*°I-Nogo66 binding to sNogoR344-

Fec.
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wi th 4% par af or mal dehyde for 15 m nutes, blocked wth
10% normal goat serum 0.1% Triton X-100 in PBS for 1

whows/o1deeH 7EL1 was added at 15 g/m and 1.5 BETUS1004/002702

bl ocki ng 15 solution and incubated for 2 hours at room
tenperature; Al exa -conj - segondary anti body
anti - nouse (Mol ecul ar Pr-%jgﬂlt/I e fsi ncubated at a
1: 300 dilution in Nespokitrg Ouggnawitdn Me@rayl hour; DAPI
was added at 5 g/nml to the secondary antibody to
abel all nuclei.»20 Live cells: [0185]. Transfected ,
LGt hbn. « ST Sk o e Vs atledia} P R coated with
a{g-Te 0. culilu[ sl i des, %I ocked wi FACS .buf f.er ' xed
corltZ Pt rig” 496 Tohsr = Ror S 487 dmy  (OF° Sy Thidlieng or mixe
WHen & £6l, Wk diello ab 10, G b ﬁ%@%éié,gﬁ@% t8h 0 or
FACS bufter 25 for hour at 4C, rinsed and i ncubated
Mbii - SE CPmS algire askpduodye Bt dpdmtksd - ex@l (dz3H9. i n
FACS buffer) for 30 mnutes at 4C. [0186]
THAFRGHT St o CReTH ST ni YL experiaent svetrmsiided dtedthe
dohtet 1 3 b ®T & her TeNDs: hound; gl S £X £551 N9 %ﬁé %ﬁgps
go receptor-1. mAbs 7E11l, 2G/.1 and 2C4.1 boun ot h
fdxetimnd 4t vel caldtsuexpr@ssi ap humarndegrek ecaptdys vere
63 WD 2005/ 016955 PCT/ US2004/ 002702 EXAMPLE 7 Muse
tNVogie | r DisShpiarad CortdedConttisi Me ayjmir Yl nilit87]GMecd est

the effect_of anti-Nogo receptor-1 mAbs produced in
Bt e 1 prsRureit i Vense(RR® 9 e Pl prague

i [ VAE . . i C -
L R e Rt W ool e
tame bi otWerdyerdison)M decidrerars$twigth zeidre b lainghed Pasteur

! d i t [ par at ith vertehral ,
SASTTHES (bt T Shh it Srat don 9 BeUte Cohri @ finally
plhe-spid@lazarab ide 1 maduces Mha gmdiddaty arsghiatk Afulture

the weight-drop nethod (M Li et al., Functional role
Q%eréﬁéﬂﬁﬂ@iure medium was F12 containing 5% heat

inactivated donor horse serum, 5% heat inactivated fetal
bovine serum and 50 ng/ml mNGF and incubated at 37°C and 5%

CO, for 6 hours.

[0196] Slides were fixed for 20 minutes with 4%
paraformaldehyde containing 20% sucrose and stained for the
neuronal marker anti beta-III-tubulin (Covance TUJ1)

diluted 1:500. As secondary antibody anti-mouse Alexa

Fluor® 594 (Molecular Probes) was diluted 1:300 and slides
were coverslipped with Gel/Mountm (Bi@medam). 5x digital
images were acquired with OpenLabm software and analyzed by
using the MetaMorph® software for quantification of neurite

outgrowth.

[0197] sNogoR310, sNogoR310-Fc and mAb 5B10 all protected
DRG neurons from myelin-mediated inhibition of neurite
outgrowth (Figs. 9-11). s8NogoR310 was used in a similar

assay using chick neurons and was found to be protective.
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i mplications of neuronal caspase-1 and -3 in a nouse
nodel 15 of traumatic spinal cord injury. Neuroscience

WO/I05/09®55 pp.  333- 342, 2000). [0189] Briefly, Per/TUS20a41002702

T10 | am nectony is nade and the vertebral columm is

[%Hggglize%eu%h%%b?$%%%ﬁ Qh MUSE o L RARSKER SR GRS of

supporting the transverse processes 20

s?lluaﬂ_@r alday. A csipaiotsedy peadorimipac exped inerlysawith cells
iameter _of 1.4 nm and wei ght of . ILs.rais 2.5

SEREh e e FRFSE R8N @G SHREIEnCd RESIal EHE R oo

gIII?)%\It-Fllq_I‘! exelia UG tR&iSURIRY pd¥rCandl edeeflls @Rkuaonal

37C warm ng bl anket and 1 nl of warned sterile saline

sits-eggniquinstidrigthssubcut aneousl y 25 to each nouse after
@:é{?%j;y t%ﬁ\ll% e%%hmrsge:CQ%.% 'El}%_m ?O@%‘i@lrat'aﬁ WQSUW rat

. sed once dail'y unti eflexiv bl adder contro
pupd egaed. dikE0]i sAldd dmitralss nodeeiced o sindopereatadyen 96~
anal gesia every 8-12 hours after_ su

it BIGSS (HECRaes Widh: 50 dai-y oS azafggﬂsescribed

dereaf tigf .o A RIS hav fgf/ﬂrﬁe 1366eSH Was ferkandr 2-3
water for the duration of the study.. Anti-Nogo

hecenepteord Iriarstech duifes cartdied aleilver etgreo nlivd Schj ufF it en 18-

A I ntrathecal .injection_faor : e i.hed in
%%21 ARCURAS AR TSy %Iartaeﬁsévc rieo?rﬁr}r% el%ug% gLV\//S T 54 WO
2005(101k685R PGHI52004/i302 4@ b iEXAMRIIE B ta-III-tubulin
Characterization of Sol ubl e Nogo receptor-1 Fusion
Priotieidys di0Met] 1T¢ haiCasteardez ¢ §ptuprEiNgge/D diluted

receptor-1 5 pol ypeptides (s oR-1) and fusiaon

bl e B JOREES we * Fe ol e T PO

HHPEd RN %&&%laﬂ"r@%kﬂasqf WwedlduRiRidNDea rnecem iSlution.
(sNogoR310- F¢, and sNogoR344-Fc) were inmobilized on

260 WS ERA hdadSeldndicecki ved 0s8dLtof captitoacbkve
ligand (final 10 concentration 0.5 nM in a fina

Aiet irrel ofmemRE arst qQ,quﬂflfy neurite outgrowth as average

neurite outgrowth/neuron per well, by using the Neurite
outgrowth application. Nine 5x images from 3
wells/condition were analyzed.

[0200] In some experiments, a sub-clone of PCl2 cells

™ ™

(Neuroscreen ) was used (Cellomics®). The Neuroscreen
cells were pre-differentiated for 7 days with 200 ng/ml NGF,
detached and replated on 96-well plates pre-coated with
poly-D-lysine. In some wells 5 ug/ml laminin was added for
2-3 hours and rinsed before the cells were plated. After 2
days incubation the plates were fixed with 4% para-
formaldehyde, stained with rabbit anti-Beta-III-tubulin

antibody diluted 1:500 (Covance®) and Hoechst (nuclear

®
stain). The ArrayScan II was used to quantify neurite

outgrowth as in the DRG cells.
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buffer (20 mM HEPES, pH 7.4, 2 M Ca, 2 "M M, 0.1%
BSA, 0. 1% oval ubm n and protease inhibitors). Ligands

wo p@sot®ds 10 M Nogo66, 10 M 1251 - Nogo40 (am nPCHUBZI84/002702

1-40 of NogoA) and 10 L of anti-Nogo receptor-1

ok 0 bpdy S@ﬁ@%gﬁi@ﬁtFéoérléaganGlWQ?@daéﬁéd Thesthneon o

tyrosi nes on go40 were separately iodinated and

Hes¥ ghRE edeasoMogad- #o - Bi Afdre i i s eSPendivebyredBarcells at

values of triplicates are presented as nornmalized %

beentt FadPbaet3viey- (Figs. 6, 7 and 8). Error bar? 20

sy spt e SEM Boynd. j I Vi in t f
Fﬂ%?%?tors was takeﬁéggﬁﬁg%%g%n%y% ghfggéggﬁﬁg%%%g Fe was

Phskoaediat ty iM ame o egendesof Pd ORE Nogoddnyase t@k§hown in
s the 0%fo ata normalizatjon. EXAMPLE 9 25

TR BPTTORE of L L1 UBHETBI Rt L St LBt @ Noggrtite outgrowth

slespfd of -dodisd eyt el thd A3 N i NG 888 of
simlar to the binding assay of 30 Exanple 8 was used

FHPIEET44 HEE abidddit bin tafo sEORTOHRe®RE i thExsapt e 1

' ihit. .- [ ' 0. sNogoR344- Fc. . Mabs
S o e I AU L B R Y in .
sNogoReA)- ¢ G5 WRN0S k69 S RUH IUSXXA 002402 cating
MPLE 10 Neurite Qutgrowth Assay [0194] Lab-Tek
%ﬁ Lﬁﬁgogs?q%“e‘}s*% WelE)Y iste o datredtwiagred. ae kg ni The
. : . L .
B e ey T R R A e 0 B o o

M EsHITES L RS e rtdiss efareatas wisgettied ras13lo dragpsseen with
1\.{:Iuorescentm niéﬁospheres (Pol ysci ences) were added to

e 58S h/ BBS o all ow I ater identification of the
drops O (G andpre et al, Nature 403, 2000). Lab-Tek

slides were

EXAMPLE 11

Production and Purification of
Fc-gNogoR-1 Fusion Protein

[0203] A cDNA construct encoding amino acids 1-310 of rat
Nogo receptor-1 was fused to rat IgGl Fc contained in a
mammalian expression vector and this vector was
electroporated into Chinese hamster ovary (CHO) (DG44)
cells. Cells were maintained in alpha-MEM, supplemented
with 10% dialyzed fetal bovine serum, 2 wM glutamine and
antibiotic-antimycotic reagents. Two days after
transfection, the conditioned media was collected and
analyzed by Western blot under reducing conditions. A
protein band about 60 kDa was detected using a polyclonal
rabbit anti-Nogo receptor-1 antibody. Cells were expanded
and sorted using a R-PE conjugated goat anti-rat IgG
antibody. After the second sorting, cells were plated at a

density of one cell/well in 96-well plates. Secreted
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10 then rinsed and coated with 10 g/m lamnin (G bco
). [0195] Dorsal root ganglions (DRGs) fromP3-4

wEproague®ss Dawl ey rat pups were di ssoci ated w t PCI/URIPO4D02702

col |l agenase type 1 (Wrthington), triturated with

BL18580. ahed-ERst e yPLEGL e PLpPLSkEd RoARLialar wera.
vekl| sénebtl andt hempaeedoatédglabsekdeibhuERISAlL | dBSISA plate

The cul ture nmedi umwas F12 contai ni ng 5% heat '
VARCEPIREdVEBROFOABr 3B SeFain 150, Rewt shaatfivasrgibody.

. kN u n ng/ m and incubated at
35haL 1By "Eei %t o pBP 109, T R B, RBEURTHER-8S
texedtdorl2frotaihesani dbtd&tepabafl BRABEARhYEated donkey
containinggZO@bsucrose and_stai ned for the neur ona

I
AAr kef2Gnt 9o pkeR: | FF-ERBGH HC (TdvERRY TWEionai fGiedhad the

A1 5085t ASe 88EODEAT YeaBl | bodys apht - 8RUSE A eXAq FLUQR in cHO-
594 (Mol ecul ar Probes) was diluted 1: 300 and slides TM

MM 2Sdier &n cemErBeT phedski t TG #atost 1¢Bi baedh yasSabout 10

gt i,mages were acquired with OpenLab software
gﬁgia%%|%%t%‘by usi ng the MetaMorph software for

guaoM] f i catiioncel 1 nesxptess O g loavt SNof OOV -Fe fusion
sNogoR310, sNogoR310-F¢c and mAb 5B10 all grotected 30
Fretir BFES  Fohr WhRti B2 nbRiF SR e¥CdHhi bi ti Onl oPL neeRFeRtrated

O G O he § Fhii$i o Fwdd) obSNPYOR3A0 Mes Lsed %fo?eactogerun.

simlar assay using chick neurons and was found to
Proteittvae. r8650 PP0IO1605S RCTPS2A00411002F02ne 1.0 M

019§% W S est ed t%e neur o- pr tegiive ffect, of

SOITEIS NOGb §cboptors: By et For T RG Sper Pt £t ere
Leddd t@rovn M nakder ps s @il pbsencen of o |l @ Prdeein A-
Neuronal .cell growth in-nmedia w thout [amnin is poor
Serharekd s qrewmonalquisl istredss] odrdi tlicomsd! TOkOFHCIDRG M

wer e di sgect.e from post - nat al da}}/ 6-7 rat

sodium chloride, 1.5 M glycine, pH 8.9 was prepared.
Concentrated conditioned media was applied to the column at
1.5 mL/min using a peristaltic pump. The column was washed
with 300 mL of 10 mM Tris-HCl, 3 M sodium chloride, 1.5 M
glycine, pH 8.9 followed with 120 mL 5 mM Tris-HCl, 3 M
sodium chloride, pH 8.9. Protein was eluted with 25 mM
sodium phosphate, 100 mM sodium chloride, pH 2.8. 10 mL
fractions were collected in tubes containing 1.0 mL of 1.0 M

HEPES, pH 8.5. Protein fractions were pooled and dialyzed
against 3 x 2 L of 5 mM sodium phosphate, 300 mM NaCl, pH

7.4.
EXAMPLE 12
Spinal Cord Transection Assay
[0205] To test their ability to promote functional

recovery in vivo, an sNogoR-1 fusion protein was tested in a

rat spinal cord transection assay.
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pups (P6-7), dissociated into single cells and pl ated
on 96- well plates pre-coated with poly-D-Iysine as

walewsiordyesl above. In some wells 2 g/ | am ni PCTHES2004/002702

added for 2-3 10 hours and rinsed before the cells

| at e te : 40 nthe Iates
ﬁ?g i xe 12?& 465/2%%%89 ral de ]ﬁy ?as?m ne
sabbtioantsnBebrziblreubhl bBs) anshbod ﬂke5h§§ én5QQe day of
(Covance) and _anti-HuC/ D diluted 1:100 (Ml ecul ar
F?%bes?hea%@aﬂrﬁﬁr@@%@ﬁﬁt§@%b%@aW@S1%ahﬁ@l@bﬁﬁe§0 be 5 and
cul 0 d a utio T
ATy Soan T (UEF? obr i LS 2ho b a et e & ordOE e
thingl alattatnagesnrao damnma;lrant [ FgmarberrchEg OEV@ﬁQWEat @Swere
average neurite, out ﬁﬁh/ neur o er we| I usi_ng
%‘éﬁi&%ﬁfﬁ?r%ﬁ)e%‘aﬂ% B2 %%rr%afﬁl r"r\i“rl%%l kz?ﬁn@é‘é
A1 05% Be 20z 8@ 1 5{8NdEL F DR Y& ( @eaiarzec; [0200] In
sone_experinments, a sub-clone of PC12 Cells TMO TM
[RRUTbscr Rt fade s el AT | B @ sy eThet Mlele oémteenand the

e st oy e

B CD@AL @O Vi h B;Bl@bdajya]}jrysmmts [ theonendelbend @bhtal
| am ni n was agded for 2 3 hours and rinsed before the

REM LTt Patede Hierl XOrhA" |?1%u%%tf%%lct“ﬁ%d p}PEét es
B b 4 A A% Paf@-adiofapd dehvde, %ﬁ el thystem to
abbit anti-Beta-I11-tubulin antrbody diluted 1:5

C(@oxmemsiambmmmrét friiclar Progd stain) . The

Scan W usedJ# neur i Lle, outgrow h
as |n t he Ce? "(%J% %ﬁ d sur 1ve up to 28

R US04/ 02762, . [ G280 v isdNego Reddh- Feg Qs Trad 1965 B esystem

added in solution to P6-7 DRG neurons and to
VRS Fetetded e Neured Gaseh aldies mdugtieon iok Bijury, just

g NG, {09021, chs, nepng;Prof ectdy e efdects afy o study.
sNogoR344- Fc was
Following perfusion and fixation, spinal cords were removed,

cryoprotected, sectioned, stained and axonal counts
performed.

[0209] The Basso-Beattie-Bresnahan (BBB) locomotor rating
scale (Basso et al., 1996, Neurotrauma 13, 343-359), the
inclined plane test and the inclined grid walking test (Li
and Strittmatter, 2003, J Neurosci. 2003, 23, 4219-27) were
monitored in rats and mice after injury. For the inclined
plane test, we measured the maximal angle to which a 50 cm x
60 cm board could be angled for 5 sec without the mouse
sliding off. For inclined grid walking, the mice were
trained to climb a wire grid (35 cm long with 2.54 cm
squares) at a slope of 45 degrees. The number of instances
in which the hindpaw dropped below the grid plane was scored
for each excursion from bottom to top. For the rat
behavioral testing, BBB locomotor scale, grid walking and

footprint analysis were performed. For grid walking, the

70



10

15

20

25

30

5 observed at 1 Mand 10 M when P6 DRG neurons were
grown in the absence of lamnin. Quantification of

woewsiot@sdut growt h  showed a dose- dependent i NPCEHESI04/002702

with the addition of sNogoR344-Fc. Addition of

sogofR344- €§a§£e&h§osﬁﬂﬁk Sﬁnge@ifét?99§ R@ODBQ long with
neurons growm ng on a lamnin 10 substrate,

%r@@lu@e aqyauﬁatuaan@f teetnuinpei cafi ngstahaw in whlch the

é Fc | #¥ gﬁlve on stressed cells
neu ro%%%?lve Yot 9 TN gorBAE- oS af O HES ane
ﬁ@@@@ﬁmat 4085y EDs| heh@bmmaen@f phefkphs 3f SPavaliSE€Llws
with Neuroscreen cells, 15 EXAMPLE 11 Production and
PR f FREPToR oL t el BiogoRl 19 FysTORt Prepes nlooompbhden) across
& SONGy ConshLycto£aCoM N8 ar%ﬁgtﬁ%ﬁs 2e8310; 8L LAY stride
Nogo receptor-1 was fused to c containe
m@dhmnmer$auabapl@sSdoﬁMabzt©t ahd, th080yeRtainwass ., 883,
C or e hanster_ovary (CHO
ST P AT P ot RS hEa e b e W DetEe? fa vy
stippd eaent pd 1m1~lﬁlc1@§/_o;@ll al yresudiebat OV fergerym 2
mM gl utam ne and antibiotic-antinycotic reagents. Two
RV Eerat twlah%ge@tuﬁolhlswe%mdawbm@usnevaﬁaaemghers were
gcC d. e r g

A T e PR PP L e G

fi@2 el ed usmogo%Bp@+Eclpwmmote@bﬁmmcmn®mabbg®covery (Fig.
eceptor-1 anti body. Cells were expanded and sorted
%ng a R-PE conjugated goat anti-rat 1gG anti body.
After the second sorting, cells were plated at a
density of one cell/well in 96-well plates. Secreted
68 WD 2005/ 016955 PCT/ US2004/ 002702 sol ubl e Nogo
receptor-1 protein |evel SEXAMME nH? vi dual wells was
tested and conpared using a Sandwi ch ELI SA. ELI SA
pl at e Rat Spinal Cord Contusion Assay

[0211] The effect of soluble Nogo receptor-1 polypeptides
and fusion proteins on neurons in vivo are tested in a rat
spinal cord contusion assay.

[0212] Female hooded Long Evans rats (170-190 g) are
treated prophylactically with analgesic and antibiotic
agents. Ten minutes before surgery, animals are
tranquilized with 2.5 mg/kg Midazolam i.p. and anesthetized
in 2-3% isoflurane in O,. Rats are then shaved, wiped down
with alcohol and betadine, and ocular lubricant applied to
their eyes. Next, an incision is made down the midline and
the T7 to T1l2 vertebrae exposed.

[0213] A dorsal laminectomy is performed at T9 1/2 and
T10 to expose the cord. The rat is mounted on the Impactor.
T7 and T8 segments are first clamped and then the T11l and
Tl2 segments are attached to the caudal clamp. A soft
material is placed underneath the chest of the rat. The

Impactor rod is set to the zero position and the electrical
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was coated with goat anti-rat 1gG Fcx specific

anti body. Conditioned nedia was applied. The bound
walosbl@siNogo 5 receptor-1 protein was detect eRCHYS14RP002702

conj ugat ed donkey anti-rat 19gG Fab Fc-spem fic

QﬂétQQdMllﬁjQQeaégaghgédtéhﬁhehWQ §ﬁ%aet&ﬂg kﬁ¥§£tor rod

4Cl2 was expanded and grown in
5pi pRer Faaskd ¢ﬁe2§e@rlem|@ndl@ppromsa‘a@bjatad@usngduo a

Bre el T 2e0 P ol SRRr 2T Mihal ordiar giext, the

Bmpéetoﬁ rfoll O ﬂ@h@&@édaﬁ@dhlﬁoﬂﬂétéﬁﬁ@@eﬂﬁﬂbﬁdmﬁﬁd the
obtained froma 10 L_bioreactor run. The pH was

?5?%%’6036%%@1&%Hﬁm%‘fll%‘h%ll’elfﬁﬁt%l ume 1.0 M

Sol d hl d i me
PEa2aeh, B 3 o e P i R petrd W PheRn b haced on
Ot RN d: TMéefm@ép@ eo*\%)ﬂ‘ W 6g4ihd br at ek Whd b %Mhe
Tris-HC1l, 3 M sodiumchloride, 1.5 Mglycine, pH 8

%1%%1%1‘%6&%0}3113?%3&& reftanl ebndi A orets regt @ Wesed in an

/ m A
per | sﬂj?]% ?%ﬁ%]lel}rrpc@l ?%%rrn WS WHSH Sl%l%% it BF0H #HE
ifvelrD ant picsEHE, aBaal\Zl@eI{hlctHn cindrégieind . s Mequired.
Y H8 9 followed with 120 nL 5 M Tris-HCL, 3
) SR SR RS B B Proeei and o (Ashan Wiemmarter

dﬁ\‘llp@lﬁﬁﬁem}p%@a&e@o@é&%w sodi um chl ori de, pH 2.8.

nL fractions were collected in tubes containing
[102)1% of SLOJOJMGZB\TQGEPESC%@-”SL fRrsoitai pfatacin ofes. g. ,

um qinosphgjtds da(%%ty?z%c\i?leﬁa scﬁ %ﬁ(efalé)@mémﬂsfrlﬁd in

tSBm nalt Goyichalr mei:tum,g‘&&amd ORQR1 Ebdwest tHM rscoring is
recovery in vi VO, an

abilit rormt e f uncti onal
Pﬁ%égﬁ@éf% Pt SRS Y5t ddhath Wemvatvesk idlereafter
wid ta aaraﬁ%ctwéérksassay 69

EXAMPLE 14

Expression of sNogoR310 in Transgenic Mice

[0216] We produced transgenic mice expressing soluble
Nogo receptor-1 protein to test its effect when expressed in
vivo.

[0217] We cloned the mouse sNogoR310 cDNA (corresponding
to amino acids 1-310 of the Nogo receptor-1)

into the NotI site of the C-3123 vector. In this vector,
sNOgoR310 expression is under the control of the glial
fibrillary acidic protein (gfap) gene regulatory elements,
which allow high level expression with enhanced secretion
from reactive astrocytes at site of injury. We digested the
resulting vector sequentially with AatII and SFfiI and
isolated the gfap::sNogoR310 construct on a 3.4 kb fragment.

We microinjected this fragment into embryos to generate
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WO 2005/ 016955 PCT/ US2004/ 002702 [0206] Al zet osnotic
punps were | oaded with test solution (sNogoR310-Fc in
weBBr/onmee up freshly on the day of wuse. The PCHUB2094/002702

concentration was calculated to be 5 and 50 M Punps

%Iﬁ%%ﬂi@dm{@é AR _ I:ffél:%ggn_a}]; B Ahd0 the transgene had

atiron 1nto ani na e Long Evans rats were
gitveyrpred oppet at dere: B eSiee afmhintdanguineser Wandcrossed

anest heti zed usjng isoflurane (3% in . 0207, ts ..
R IRt T TS (S T I Mt i highest
ﬁ)%sf@éﬂsfdrp%@xﬁei@rté nfatsd 00 ©f78hes  macde | r agd ngo@fented

BDA (10,000 MN bilaterally. Rats then underwent
o s at heh AT ARTRPDHE fe t¢rel bpi Epr vt P igne-e sNogoR310

I . . . . ; .
LD el AT LN, o, L0 D6 oy 2t B
W onp ) anf D208 Rat sedveragn Al dtowesh ¢ oreeguver - and

Eurvi ve up 28 15, days .after sur Behayvi or

t ery. al . ‘

BTG e et S Sl St o R (8 in ris-
1K\ 8 AL & 6621 NGICH1 M Sfiehtd dIIYithh UStot dddOridRibitors
termnation of the 'in-life phase of the study.
R d¢lon repperdnist ohuged fhxarorgerdinat cit di0efrm for 20
renoved, cryoprotected, sectioned, stain nd axonal
RS B e P o0 558 Srre trarart” WiEh AL

5 Lok eshahan (BBR)o | oooImiOrai@adn Bficit
E?%gig%ﬁg%%@y 1996, Neur ot raums 13, 34%-359?59%555%@& rerE
ami| d ey ptdreriesttantmeod et g grifel hemneyeglzedtthe

Li,.a Strittmatter, 2003, J_ Neur | Y (e
S e e AR Ror e T AT Snd R T e (s
F0i ey’ sEor d he incldRedim Rlang diesitat Ve oreas wed trhens) ,

maxi mal angle to which a 50 cmx 60 cm board coul d be
@ngt edf figed 5tise cradd holng tihenogpuse-e sAndli ngeaféd Hois

T FTY (ST PO o Ch S B9 St o arees LG dee
Shope, of yd, 4egy £es. 2 dhegg nsrheka i b NSIFHNELS cdPd Wk6hein by

the hi ndpaw dropped below the grid plane was scored
orurelehole xesk Ry orelhl bim ot R TdbseFirIa sk dfogo

receptor-1 at 1:2000 dilution. We visualized
immunoreactivity by incubation with AP-conjugated anti-
rabbit IgG and NBT/BCIP AP substrates.

[0219] We detected secreted 37 kDa sNogoR310 in
detergent-free soluble extracts of cortex and spinal cord
from the two transgenic lines Tg08 and Tg0l, but little if
any soluble Nogo receptor-1 protein at 37 or 81 kDa is
present in littermate wild type (WT) mice. Examination of
the particulate fractiong demonstrated that there were
comparable levels of endogenous Nogo receptor-1 in both WT

and transgenic mice.
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behavi oral testing, BBB | oconotor scale, grid wal king
and footprint analysis were perforned. For grid

worlkiongss t he 70 WO 2005/ 016955 PCT/ US2004/ 002FCRUS2084/602702

were trained to walk on a wire grid (70 cmlong with
2.54 cmsquares), and thegppibegr ©f instances in which
the hindpaw dropped bel owthegrrd plane was count ed.
For footprint anakysisssibg &@I kiiB oﬁé‘ibeiﬂs of rat

hi ndpaws 5 were LECOLUER; W - g-gonti nuous
| oconoti on acros de | ength

h
o S e R i
@Eﬂm@mmaﬂl instsamegmpermm@eldybyerﬁbrﬁfﬂgtat@@rsal over-
di vi dual s. , Throughout the surger 10 behavi or al
RUSHFHGE A HELTOY ogi 06 arBF YL Y TR ter o epgenic and

@&ﬁ@ﬁaﬁ@?\bﬂfc | dont by ohiddes Wﬁn%; nhé@@r&p@wgpmales
0210 0R310- Fc pronoted function recovery (Fig.
mzt}h Ci%WE@@FfL@na%ems Spesariiced dicomtasrba Mesay
Th f f o) p
HOFTEL o aiS AE5 S G Pl G B SRR e e pgaveous
arent@stibd on B tadrm2e SPT nalceot O €cohtwisélod asSa&ye) and
$0212 Femal e hooded Long Evans rats (170-190 g) are
%r%p@@iﬁ%ﬁ?%aﬁryllmwasﬁa| ‘gelste FFRPEHEY bflae | Gorsal
tSe Jemdn ntbLs DefpE ey Surgerya ol mlge - 3b€rformed a
raan|I|zed with 2.5 ng/ kg M dazolami.p.
Griesa herveedieRbseqt 2o3% sfbﬁlwmdmealmﬂiau%tlseadbe and a
t hen aved and beta
S SO o P o PP PN at e Py e e, pn
didhes Sl e 151 r‘E&d}ﬁtii@:Mpiﬂi‘@l nixddtne ersirst he Wd pHsdd@ a
vertebrae exposed. [0213] A dorsal |amnectony is
TR RREGES T/FU998 drite ~ BoF SRLD B3y lexplosdis hed vept . cord
e t r h
e P e T t nee T Y T depe of
1.0 mm. We sutured the muscle layers over the laminectomies

te

and closed the skin on the back with surgical staples. To
trace the corticospinal tracts, we made a burr hole
overlying cerebral cortex on the right side into the skull
14 days after spinal cord injury. We applied the tracer BDA
(MW 10,000, 10% in PBS) (Molecular Probes, Eugene, OR) to 4
injection sites at a depth of 0.7 mm from the cortical
surface. Four weeks after injury, the mice were perfused
transcardially with PBS, followed by 4% paraformaldehyde.
Mice used for sNogoR310 expression experiments did not
receive any tracer injection.

[0222] For the mice used for western blot analysis, the
spinal cord at a level between T3 and L3 was collected
without perfusion 14 days after injury. Mice used for Nogo
receptor-1 immunohistochemical staining were perfused with
4% paraformaldehyde 10 days after hemisection, and the

injured spinal cord was removed for sectioning. To examine
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T12 segnents are attached to the caudal clanp. A soft
material is placed underneath the chest of the rat.

wab@s/oleypnctor rod is set to the zero positi onPENTS1004002702

el ectrical 71 WO 2005/ 016955 PCT/ US2004/ 002702 ground
Qﬁb oR§l§té§§P§95£8ntbﬁ Mﬁéngnfgﬂgd ﬂPglﬁnBQCEQQHEQinc and

hen raised to .0 mm and appropriately adjusted
WB m;cgosatcontdxrebabylab@vE vhe pepbesededpwhih gondmber 11

Nex e npac rod is released to hit the, expose

Sorpehd e R It o FoRF PRt TR Rer Ryt (Baved Ropt,

TQ214da Theny at Asathenpaissayntedl and fetfeasepl acsedmm

on the wound. The nuscle over the wound is sutured,

m%t%ﬁeorﬁﬁ%u%r%ﬂm@s Sy gidal #5252 hbY efronnihal snarand 3.5
in an incubator until they recover from

anest esia. Rats are 10 given antibiotics, anal gesics,

é@ﬁzshl|neWasdeEQGte@dinCE¢@@@ér$ew¢bsea@reﬁengEV@ryn
until funct]

d evening thereafte n i o
Fob Y Er 5558 S8 el NeuF cEEpt9TYa PheTpnthe injury
Pﬁoﬁﬁ&ﬁbé@nﬂc mi SNOGOR3dO: FLn wB Afhd Ni 868 L6tent with the
|ntrathecally as described in 15 the rat spinal cord

EPBES Hﬁm ndlesr abelery BBB GERT | #rrird pelre ol pdion.  To

S0 ) LI BUE ST L £1EE B LR o aion
Sf\kWS-IZQ IWIeTil:eaﬂ@TS@@niiCs I\A:C@resﬁ@?dlﬁ]arv& Pooddiceidat it was

tra enjc m ce expressing sol ubl e o receptor:-1
R E ThCRer DAGRRL e vt earhr Stte | it Syigtal cord

f@é’rﬂéﬂ@éeﬁ' wheghd herimusen shNagoR310 cDNA

corresponding 25 to amno acids 1-310 of the Nogo
@eht or - e i eamimed Noe estlulr t@@@%ﬂ@v@ﬁtwogomw

]l_ thl S V C(%Iﬁé %YSM&?O%thf%Pre%%on ISurl_Je ebra

o aci pro ein %f%%
Qﬁﬁﬁalegumﬁt@wﬁtﬁdﬁiﬁgnﬁhe W Cdh ad teav i g deyEbodies
aeé(glrfss’glh?gggm Jggceegggpcledar?decéFeAté on The general morphology of
reactive astrocytic glia does not differ between WT and
transgenic mice, but the density stained for Nogo receptor-1
in both intra- and extracellular space is remarkably higher
in the gfap::sNogoR310 transgenic mice than in WT mice,
indicating increased sNogoR310 expression around the lesion
in transgenic mice. Nogo receptor-1 protein is co-localized
with astrocytic marker GFAP only in the transgenic mice.
There is also a greatly enhanced diffuse non-cellular
staining in the transgenic samples, consistent with
sNogoR310in the extracellular space. Neuronal cell body

Nogo receptor-1 staining is detected in both WT and

transgenic mice.
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30 fromreactive astrocytes at site of injury. W

digested the resulting vector sequentially with Aatll
w@r@s8id955 and i sol ated the gfap::sNogoR310 coPGT/DSZN4/002702

on a 3.4 kb fragnent. W mcroinjected this fragnent

into embryos to generate g2, W 2092/ 016955

PCT/ US2004/ 002702 transg%m—c—mé-cgé We verified by PCR

that the transggpg.,.b

f ounder 1i nes.

D8:Dads Lobegkal sdrandoLdentif ied five
two founder |inesti IEPHG A4 iw&on | evel s

P

W ost oareersa iEndl SO0l LiBaldioot,

febeERZYQoaBotinaAnsigeni es tdg ei byt Yéségeni bl wicanabysiss in
usi ng anti body rai sed agai nst Nogo receptor-1. [0218]
Ve noroRRnT 2T hel cHf1 BxCAmF PP nal cord in Tris-
byssered splipeysypphereatede W theprot gase hobbbhboks
10 (Roche) and centrifuged the honbgenate at 40, 000
¢pntforspinahi bract4C(CYR) theairtethens upetr patantded thacer
4% . par af or mal dehyde 0.mn to enhance antibod
el B IRAEE, 188 Tl b aRE oot gt Vi =
hesogepedednthe aparsteit ahecfeact 200 pyssomegadsen. j n23,
Rl PA buffer (1% 0 15 Triton, X-100, 0.5% sodi um
Hebkythol atle, Lotaesmpse | KT pESye. cepe rpFepbgerhedorsal CST

[ t tihis up ant, g £
A Sl e e e S e R e
Gomad yzete 291 gCHT Dilens orrsprimlblortopibieeénabyy. A small

[ nobl ot i rabbit. antis m rai sed agaj nst Nogo, .
ook R Pt ST D TR Ao P88 1o

drapneseast | b yr byul Heipath ophiM $dn AP CoRpHgAt 8e: the

anti- rabbit 19gG and NBT/BCIP AP substrates. [0219] W

Ao et e sker baege By &l 5@ ord1the nsidet @F gelt - ¢o@

?ﬁjé%lﬁa’?%‘%%ﬁééﬁ. @fl? F%‘te%g% Sjgrgja%%&{l%b ?q%ute%%{ >
@yt sahgibhtestNogld tecdptoit Iheanddedtni @t Broori@jlukdd i s

sNogoR210 transgenic mice indicate a quite different BDA

labeling pattern. A high density of BDA-labeled CST fibers
are observed outside of prominent dCST in all the transgenic
mice from line Tg08 or line Tg0l. Ectopic fibers extend
throughout the gray matter area, and some fibers reach into
lateral and dorsolateral white matter. Several fibers (4-12
sprouts per transverse section) are seen on the opposite
gside of the spinal cord (ipsilateral to the tracer injection
gite) . Micro densitometric measurement of the collateral
sprouts indicates approximately a tenfold increase in
sprouting density in sNogoR310 transgenic mice. Examination
of parasagittal longitudinal sections from 1 to 4 mm rostral
to the lesion reveals that dCST fibers extend a large number
of branching sprouts into the ventral gray matter area in
sNogoR310 transgenic mice, in contrast to the littermate WT

animals. Generally, the pattern and extent of sprouting
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present in littermate wld type (W) m ce. Exam nation

of the particulate fractions denonstrated that there
wowees/o1663rpar abl e | evel s of endogenous Nogo r eR€pUS2004/002702

in both WIr 30 and transgenic mce. 73 WO 2005/ 016955

004/ 7 Eﬁéﬁg [ S 0
Egg%#géngéegﬁ% %%ce ftekETnjuggB{ 2@%?8Vé£?e%?§gf?%eto
emésetobéefmﬁdlnputyeomlsébgméaﬂ@d §ysk®mésalbﬁ whth Nogo
transgeni ¢ nice er orn1 dor sal ,over
HRAPSEGE T o rrary: Cher bt M SRoRORETD FPanSEHF Enatter,
amgz) nontransgeni ¢ control animals by mating
heterozygous males wth C57/BL6 fenal es as descri bed
[0 EXhnpl eThase [ pegul t ppedgeepsyrapesthet i sedradeft sSNogoR310

h r 10 _t S mate WI
R F105TE SEENE re o) ARG e S M e Sl et o
| am nectony, fully exposing the dorsal part of spina
cord at T6 and T7 levels. W perfornmed a dorsa
over-hem section at T6 with a 30-gauge needl e and a
pair of mcroscissors to E%ﬁ%ﬁ%@ef@ sever the dorsa
and 15 dorsolateral corti_cospi nal tracts (CSTS)
pESOE ( EPThSPns £ he dissds "_‘-,ﬁnQQ"plstal
S pl nal 2 3 d 9.2 & =\ h

was at a of We sutured the nuscle
(39285 oveWeth%01%5$ﬁe%@%%$%scoﬁﬁd4dWBS@%S?ﬁ%;SR?na%ﬁ 4 mm
theaback, Wtﬁ{g §é*£9a>ﬁaél§é a?é i Jb IH f@&@ai hefrom
corticospinal tracts, urT overlying
tEmn@yamicomiea @mdtémbed@ﬁd stdEnlmtgﬂmtmrskd¢hyd64

S after spinal,cord injur lied the tracer
nERAEA5. BOBIT G0N i Phs) HMPeE b P EhRsa 1 LY on 2
&iﬁﬁﬁ@bméIQBQOMﬂ thﬂ¢@ﬁt|omé3¢éﬁ§eéﬁe@-ﬂﬁ@ﬁ@v@fs@ de@M.ons
fromthe cortical 25 surface. Four weeks after injury,

the #ﬁlbefv\@ﬂetlp)%rmls@@l ¢PBthsTal dial Fyskah PRSnd 5-7 mm
b 4% p o) de f
L8l by £ s ot Selude oM 4550 e son

experiments in rats, the spinal cord extending from 10 mm

rostral to 10 mm caudal from the lesion site was cut
parasaggitally (50 pum) on a vibrating microtome. Transverse
sections were collected from the spinal cord 11-16 mm
rostral to and 11-16 mm caudal to the injury site. We
incubated the sections with avidin-biotin-peroxidase complex
and visualized the BDA tracer by nickel-enhanced
diaminobenzidine HRP reaction (Grandpre, 2002, Nature, 417,
547-551). We processed some sections for serotonin
immunohistochemistry (anti-5-HT antibody) by indirect
immunofluoresence. To visualize the lesion area, we double-
stained some sections with antibodies directed against GFAP
(Sigma®, St. Louis, MO). We mounted, dehydrated and covered
the sections with mounting medium.

[0229] We tested whether the fibers induced by sNogoR310

expressed in transgenic mice after injury (see Example 16)
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receive any tracer injection. [0222] For the m ce used
for western blot analysis, the 30 spinal cord at a

woO 20081014983 ween T3 and L3 was col |l ected w t houpPCT/US2004/002702

perfusion 14 days after injury. Mce used for Nogo
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performed with a nunber 11 scal pel bl ade held in

& Seerect AP AIYS HravieEReprating) thbal llepys A few
i I REE8EQGL LA 163 B R A 20N S RESEEMhPLe tOhow no

Bregma, 1.5 nm | ateral y rom mdline and 3.
mmlmwﬁxwm@d@@mmmwmmmw@g@f s‘.NUgnmiO

i n . soluble extract |naI cords. ten.da
i F o o SRRt Rt Ta STas cifterous cor
eopst Sttt Witdsd Nehd Oc i egud adn v tafd i e dc®finto the
GFAP around the lesion. To confirmthat this was not

Pt TP HFAIGHY UPRAGA At BRS ofn Nodot AL e rasselerd

and. t r .
el?ther Irﬁffadg?é‘%r | n]jﬁﬁ%%%ﬂ eﬂxé an Ssp‘?sén{%érgor%r}ljfg%rgenSlty
et - Mlbalnetl tChsgemt g eor ik ff0221 | £ Mén qum:hmht dCsT

the ceI lul ar e ssion of sNogoR310 |n I nj ured
ot i, T T Gy B o T S Ot i Led

@%a@é@'t{}ge tmasee%&rb@r&aea/wwﬂb@téém'@mmrﬂ%m tissue
Nogo receptor-1 and GFAP. The general norphol ogy of

qraéaﬂcﬁawrasweodgmr@lrgmia ddesswoltl it dri deltwesrgviif icant

%agco P ece@{' é;lrceq;grbeer{ah&%rﬁ trgal_?ondsegi)éaxa{r actéf}e[ e.lldesff)orn site

tSpaneyh Stlteenf&rrﬁmb‘lmglltg]mﬂ’ue i tdeee g tisNogaR3AED. and
transgenic mce than jn W mice, indicating increased
ﬁ%@ﬁ%&"i TS rES @r?dar"ﬂlilﬁc? 1 95851 ot ™ | W ra¥yerd cCew CST
MSEs NG 2 GRPI A sl ANHY &b G0 dPGAldZE80 self via the
lesioned dorsal and dorsolateral spinal cord into distal
regions. In the vicinity of lesion, the course of
regenerating fibers was typically tortuous and guite
distinct from the normal straight fibers in the rostral CST.
Collaterals and arborized fibers are most frequently seen in
gray matter area of distal spinal cord. The reconstructions
demonstrate 5-15 BDA-labeled regenerating fibers coursing in
the rostral-caudal axis at any level 1-4 mm caudal to the
lesion in each transgenic mouse. For transverse sections 5-
7 mm caudal to dorsgsal hemisection, BDA-labeled CST axons are
seen in both the gray matter and white matter areas in each
transgenic mouse. The fiber counts for the transgenic mice
indicate approximately a similar number of BDA-labeled CST

fibers to the proximal levels in the sagittal sections.
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25 with astrocytic marker GFAP only in the transgenic
mce. There is also a greatly enhanced diffuse

wosoesul ar staining in the transgeni ¢ sanpPEBUS2004/002702

consi stent wwth sNogoR310in the extracellul ar space.
Nepgonal cehl 2888yiohNoge reeepipLrd, Sﬁﬁénbﬂﬁeksdescendlng
detected in both W and 30 transgenlc mce. 75 WO
QO@%t@lG@B%hPQH/tEEU@ﬂP@OQI021b€?$mﬁ¢£§QGC§ntrebede to

Sprouting 4 n_ Transge _
f%g%@¥§%£ % géﬁhe er ?ncr%as%%l%x%?%gg %ﬂr%? Sver
Bmg@mﬂﬂoarm@m t h’ehda esr@ﬁsécﬂt 1 6RANSYPEEEs M CRa @@ytysOf the
in the regeneration of injured axons. [0226] W
PAYRSPRGE? gﬂ {%J HeST Rt eYPFTS Bt Ndcklendemgity Of these fibers

6Pripsespinateiyagts {£Me bveﬁ@igftwﬂnantﬁﬁgﬁgtéﬂs of total

tracer biotin dextran amne (BDA) into the ri
h@@@ﬁhc@ft%&rgsoabndésb$r®ednlmhﬁrvamuréirh@rnaofecaudal

2003, . J. urosci.. 23, 4 In litterm

LR L 150 BTN oot SBCCS S GOSTUTRS Gy Fyeoe Fibers
brunett @t o5t ¢ ahi ¢® m@fllml?)fou@ndl@di@\tl rephat eral

CST fibers are visible ipsilaterally. A small nunber

B OBHA-PEBRP et RFte et | af et¥Padit butsn prejeegenhe onice are

St Of B 8 1ES . o Rar L1 Gy &ééae . ne%e%é'@{%?s. cord, but

the sprouting is largely co de of the
cord contralateral to the tracer injection. However,
the sections rostral to dorsal hem section from

i njured sNogoR310 trans ' 18|nd|cate a quite
di fferent BDA 20 Iabelin%iggégﬁin——A hi gh density of

BDA—IabeIed CSE flbers ohser out si de of
pr o o0 PO comotor

Tg08 or line Tgd. Ectopléﬁﬁﬂﬁﬁﬁlextend t hr oughout
ra t area, and sone ers reach into_

M&bt% ya[}@ledo oISt aﬁr‘%fﬁq@é tHEOTRAIHIC 1E s

4&&1§%£§5ﬁﬁHiﬁgﬁéF%Haﬂr@HE“@NGﬁ%ﬁ%%H'fHDeéHéﬁS@ﬁﬂhon

the opposite
astrocytes in transgenlc mice stimulates extensive

anatomical regeneration of injured descending axons in the
spinal cord. We performea several behavioral tests as
described in Example 12 to determine whether these
regenerated fibers benefit functional recovery.

[0233] As assessed by the BBB test, the WT mice partially
recover locomotor function during a 4-week period of
survival. At 4 weeks post-injury, most WT mice recover a
level characterized by consistent plantar stepping with
consistent weight support, but they exhibit only occasional
to frequent forelimb-hindlimb coordination, with a rotation
of predominant paw position when making initial contact with
surface. In contrast, the BBB scores of sNogoR310 transgenic
mice from both lines Tg08 and Tg 01 are significantly higher
than control group throughout the 7-28 day observation
period (Figs. 13A and 13B). At 28 days after injury, most
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side of the spinal cord (ipsilateral to the tracer
injection site). Mcro densitonetric neasurenent of

wWo b@soodobat eral  sprouts indi cates approxi mat ePQT/ES2004/002702

tenfold increase in sprouting density in sNogoR310

{;fé‘ﬂé?@ﬂi& M EE FXRNLOALL 030 £ pRIA5agE hERkmb
ongi Tudi nal sections froml to 4 mmrostral to the
tesromaeven) sanflathdQSTefiohersnexpandrasinige hanbarallel
of branching sprouts into the ventral gray matter area

FR &%?\Ion% 810 transgenic mce, in contrast to the

[023 €1 mat endMemphbad St w&eneral byhatherpat tespsapd further
extent of sprouting 76 WO 2005/ 016955 . .
HET YSe0U7 0270 20 F BT RaRCe oo heNPeeRdM0 | hreraasgeni Bice -

flfgt?rﬁesﬁgéééfe othéhﬁ%Q*@Qfeéﬂ o1 05181 01, CE board would

treated systemcally wt go receptor-1 antagoni st

pept iteedBPL EHOuE La modsStiosimaties, gr2008) thbn| 822&¢ .

These results denpnstrate that secreted sNogoR310

?%ﬁ?ﬂ&%s ?%ﬁaip%rﬂ%?%@t%%nth%?‘ﬁ%ns 2 ct?&%gge%ﬁl\ﬂ% wI

il cEegenes st A9n GSle AX0PSs BYPassn theat&sing1 St gt i vE 0

Distal 10 Spinal Cord in sNogoR310 Transgenic M ce

fozrpess e Proflared’ spf naftesr i dusm rioseralcstainpglg angle
r&é\;ﬂé?'é‘é 19 1he Lesion,si :r%hé %@%Qﬂ&éﬁ‘ai%ﬁi% by the

rom edded 1t in a

ransgéenic mce and e
gt ath e ah dehytee poe yarghzEdcahbuyn gqrest ¢+ Xthandthode for the
arasafittally on a 15 vibratone (30 mthic

K). W .
OFFEet e PRNEVET sel dekt i ofd ARG T ]??%W}%Ea%pFﬁ%F’ mLce
EP{ b Ta MR- @shiAbef0n@ngd bs TadimcLatddle tO ¥8BLical and

Injury site. For sNogoR310-Fc injection experinents in
extersidrs spf nalile clored bitlen dbeew rione 10! ame ebsthal grpd were

10 nm caudal from1he lon si.te was cut 20 :
2 Eadarbare S 0oty SO0 v piTIe AP gReors on this

JeansHersey Slestpoasimpiey cotd oeiweg. fTiomd hersphidérous foot
cord 11-16 mm rostral to and 11-16 nm caudal to the ,
Fapbl yo5TR%8S Wth | prelibaf B The SRR GRReHE t 2 WT mice during

@Pfé %&P&?til% REE O dﬁé@t _Cﬂml%)( In contrast, the
sNogoR310 transgenic mice exhibit a progressive improvement
in grid climbing during this period, with the majority of
improvement occurring betweenl-3 weeks post-injury (Fig.
13D) . Thus, transgenic mice secreting sNogoR310 from
astrocytes exhibit CST regeneration, raphespinal sprouting
and improved motor function after thoracic spinal

hemisection.

Example 19

Intrathecal Administration of sNogoR310-Fc
Protein Induces CST Sprouting

[0235] As a second test of the growth-promoting benefit
of soluble Nogo receptor-1 after spinal trauma, we

administered the purified protein intrathecally.
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and visualized the BDA tracer by nickel -enhanced 25
di am nobenzi di ne HRP reaction (G andpre, 2002, Nature,

WA 105/01045Y- 551) . We processed some sections f oOPCT/US2004/002702
serotonin innunohistochenistry (anti-5-HT anti body)

Fyzﬁg 'recﬁe f %*goif &H&eblﬁglﬂésﬁé$éfﬁ ?5?;%10) of rat

esi| on area, ME alne some” sect1 ons

Nw@ékKEhé@tdt¥BCt@dth@ar@BtI§§¥FF60déﬁhgmnto ﬁ%omote
Loui s nount ed, , dehydrated and covered

th
Sote T bHEY Wi Riobht 1 Gt e une (199301 158 FESt el £Xom stably
whetbes-the Fibersiigduced; by ls&\pegﬁ%ﬂﬂoc%plﬁ@gée@sl NVAG and

transgenic mce after injury (see Exanpl e 16)
@@@511@1@91550@0@/1 US2004/ 082 7920w rpsevitiesl gsfon raq'»@ae

oﬁ?fOQ? g%igggﬁgurg 9 é@ §i0V|9§ 2fu59&| gsc1 ; 22,

COVeTy hsecutive parasagyi Sections
@@7@3&88@5 Li@]@tyaslte2@mzmns¢ﬂeﬁ@@prz9tu01ﬂaod1spﬁny We
the overall 5 distribution pattern of the regeneratin

ESTLFEPetBOZOR W ~1F | PT e B s R it R pea | B%i b, rats with a
ﬁ% tﬁﬂ%@ {QnaggéglQﬁeﬁf@@%iﬁbnCéﬂaéf?eiﬁrgééﬁngﬁngsmotlc

yond the injury site. Simlar sectlons from
s NogoRE1 0 tmmslg@na cfomcevekls p$1a3yvnmi’e roesi@STaffébeigjury,

t t t he .
b e e LA Rt s really Eghintifstls in cacn
Bsanched r@@étﬁé@elxlr:[ﬂ?@dltl@é efohi@Bd rated Ondeti SECLi0g, rat

a high density of BDA-|abel ed CST sprouting
PG nee e PRYnT PF ohT-hek @@@S@%b%o%spmb flpe tightly

%&%&P@d P&nmkﬂé‘ﬁtﬁ&s&iﬂcﬁr%% Jg%'féjw & eé 1%1&@—

ransec on area ere scar formati and tiss
Meleadlmrafab@r@namm tite sSitmdlobutithe ghl §ections rostral

i fjcan fraction_of the regeneratin $ axon@ ? pass, .
SO ST 6L W G gFA EReF T hT M e Y PRt br f dgaeotein
@ihimﬁt VN B e 3P raeatF Ob AL EE AL GF aYaBeDi MBI ti®umerous

matter. In addition, a few CST fibers appear to cross
¢ ¢eoR tanEee T o roRF@at 1 1G el Tow| the HDROL ke ] eh @S Horsal

%ﬁ?&f¥g§9f$ ggr?ﬁgvé@gefégg ggé%é%ﬁ%égl éé%%f%ﬁs InIn some

I CI Nl esl| on, urse
cases, prOJections cross from the dCST area near the midline

to the circumference of the cord, becoming intermingled with
the dorsolateral CST. The sprouting axons extend through
gray matter to a greater extent than white matter. A
measure of ectopic sprouting fibers (2100 um in transverse
gsections, =200 um in sagittal sections) adjacent to the dCST

reveals a greater increase in the sNogoR310-Fc-treated rats.

Example 20

CST Axons Regenerate into Distal Spinal Cord
in sNogoR310-Fc¢ Treated Rats

[0237] We deeply anaesthetized female Sprague-Dawley rats
(190-250 g) and conducted laminectomies at spinal levels of

T6-7, exposing the spinal cord. We cut the dorsal half of
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regenerating fibers was typically tortuous and quite
distinct fromthe normal straight fibers in the

WO om5H08495CST. Col l ateral s and arbori zed fi ber BCHD82004/002702

nost frequently seen in 25 gray matter area of distal

. _ q . 1E
TR R L e LR R
mistsad + eantdal taxssvat tany devedl Ipadrien chudetTtorades, and

| esion_in each transgeni c. nouse. For transverse

R FhsTEE TRk cQhidere t oSS af T hefiBlecty gpAssing the

84 gbeled, £ @xppsr af £ BadeedbtdsPot ke tdSrSi BYhalf of
matter and white matter areas in each transgenic

HriseordTheCTapdprecemt 3l f or2Qt, tNaHsgeni €1 m ced7-551) . An
i ndi cat i mat el .m | nb f BDA-| abgl

PR el Bl S LA ool [ s ggiy v B 28 day
SECLTANG) 7%%&’%{ %ﬂﬁﬁé@ FEH tﬁégqg%%@%e[%%és or

I'n addition t ers, the o scendi ng
1 racts, sogdR 360 f Bphtspi ol pfotbetrrs, ial BBS com ¢ | butered to

| oc tor function.in mce. . In this se dors ovey -
R RS SRR At (o
Arhdecd sentoned gts fhdess:lsecseashdonihepaansiiy
of these fibers by approximately 80%in the ventral

Forertohal yise stlee iotedtheenptIpane sef otlemi #1dereoFd at
nt r r [ C i ndi es a

A e e e R B [t Tl

238t han Mlggroegpeptowh Catntrapdimedt tiieotd@®in infusion

growt h-pronoting effects, of sNogoR310 in transgenic .
B e AR S o T L Gh e SRioP nesR ehd g STTREGE Lo,
AP0 A8 JF asaeni Lo SXPr 8 St 1 - SiNeg oS ou t 1Ry Qves
Loconotor 15 Recovery [0232] The CST axon tracing

Bk e roraesigi o fdberal sl st scordli and Ccomaripes to
SIRIEI0 Tl soeey, oMo RAR Sp R M aeBeLe st

& 1 alr ecbl essiendll 19 peinsd | tathed 2pspf nad dotektdle or a
Vpeextj; osfrrrlrae](.jl SI?L\llrgkgeall' c?fehBa]S/A—olra?lielteedSt&enatsral CST fibers below
the lesion level (GrandPre et al., 2002; Weidner et al.,
2001, Proc. Natl. Acad. Sci. USA, 98, 3513-3518). The
gimilar sections from sNogoR310-Fc treated rats demonstrate
many BDA-labeled fibers bypass the transection site and
project to the caudal spinal cord largely through the
bridging tissues of the ventral and ventrolateral spinal
cord. Immunostaining for astrocytic marker GFAP display
that the extent of transection reached deeper than central
canal area. Unlike the linear profile of rostral fibers in
prominent dorsal CST, the regenerated CST fibers usually
follow a highly branching trajectory in the distal spinal
cord, particularly in gray matter area. These fibers are
detected in many regions of spinal cord, but they are more

easily seen in the central part and dorsal half of spinal

cord throughout the spinal cord. Counts of CST fibers from
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described in Exanple 12 to determ ne whet her these

regenerated fibers benefit functional recovery. [0233]
wW@A200888@Ssed by the BBB test, the WI' mice partPEl/Ug2004/002702

recover |oconotor function during a 4-week period of

%%%fyggiV@é?tfg?écﬁﬁfkéa@QS%é M¥at t2&“§ﬂigfabeled

over a Teve aracteri y consistent plantar
Steppi ag W2 hmm comsdst end ves gt sup poF trdoed tdwegns at 7-8

hi pi t I i | to f t_f | i nb- hi ndl i nb
BB Rl T, 5 LR o TR 1O STS RSO e TA-

pes3§j on Whehe FRKI NG 1k thBdn EOMACHa M &n 3O Stiié@cefibers
In contrast, the BBB scores of sNogoR310 transgenic
7 celmni bar be® hthaheaPaRjogedntray bacat VBP ghi 49 caertide

| nt P t - y
R U e s el
sbteit i Hf usgen NBsdM 71 NG ONHE DL 695Es RET/ WSZI0 0 OHATDL0 - Fc
transgenic m ce show. consistent fogrelinb:hindlinp
Kot et hath JRE2BNEE t e TR IERE MiATE %swp Ftabrepinal cord
Parhlelardo ther bosy. £ {0284l o Ve, ePl DYBENSM® &Br&ach sprout

behavioral tests to further S chayacterize t he
ber$HeaeReE0 of ¢ siNoeiR3A Oratansy ciivtcer @e. IrFat s2s Weat from

sur the i mal le.to whi.ch a bo | .
VT b Oy ThGC oD WRUEB Poothe YoUGr B VB fIPY £506 um an
Behgtie) dat sal 1 heth secidon tdj sibynabatdird ransgetth cNems
W nice can sustain their posture on, board angl ed at
%EF?EF%@Q%e%%?aiﬁnﬁ%%ét@@%ﬁﬁéﬁﬁ%ﬁuP%j{ﬁy?PE¥Q¥lmately 20-40

SHaL Al SAbL €. angh .éhﬁf%ﬂnéﬁhﬁﬂb?“Mofgpébr$ﬁ@st£¥é seen

angl es” sust ai nabl'e by the ansgenic nice are
Srgmi $NoaorR3 10 gfeat esatddnratwsehdmrlodel Mohtl o0 treatment

et s i bty il dodt 8 Sret S hrittal
angh 15 eXEUT$i ONgn Df i ddrec higeld | 1rbs3 pet owedthe, pl ane of

t he grid were counted (Metz et al., 2000). No, mce
heRre0kr r orRegpne i ising dstT RFPHY 3FR PREETHUrin transverse

LA DG of NGB ST PLE: Wil ool dll e eMidhfadiiiln in
only m ni mal 1 nprovenment 1n m ce during

rats receiving sNogoR310-Fc treatment. These fibers are
detected in both gray matter and white matter of the spinal
cord. The fibers detected in gray matter often exhibit more
collateral branching than in white matter area. In
contrast, in transverse sections from vehicle-treated group,
only occasional BDA-labeled are seen in the ventral white
matter area, consistent with the uninjured ventral CST
axons. At this level of distal spinal cord, the average
number of BDA-labeled CST fibers from both Nogo receptor-1
antagonist-treated groups [sNogoR310-Fc and NEP 1-40] are
approximately 20-fold greater than vehicle-treated rats.
Taken together, both Nogo receptor antagonists, sNogoR310-Fc

protein and NEP 1-40 peptide, result in dramatic CST axon

regeneration in distal spinal cord, but the sprouting
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the period 2-6 weeks post-injury. In contrast, the 20
sNogoR310 transgenic m ce exhibit a progressive

WO psovesent in grid clinbing during this perpPCUS204/602702

the majority of inprovement occurring betweenl -3
IeEKSeROBY - RE UEY -l exniBD) s I NHSre LR ARSOENLESALREY
secreting sNogoR310 from astrocytes exhibit CST
PeigepErat i on, raphespinal sprouting 25 and i nproved

notor function after thoracic spinal hem section.
Exanpl e 19 Intrathecal Adm nistration of sNogoR310-Fc

30 Protein Induces CST Sprouting [0235] As a second

test of the growth-pronotEggmpeaetit of sol ubl e Nogo
receptor-1 after spinal trauma, we administered the
puriLbted proyeRL D AFE atheGads YspBOuha 005/ B18BE5inal and
PCT/ US204/302£3:3 1 d 023k W Trusedddhead g0l rd o
domai n (27-310) of ratt Nogo receptor-1 to the rat
[g1FC dopmbrtéén MDY@t Lrt St abithi docaiwh Pl ihhEAIhONe was
W purified protein fromstably transfected CHO

BF¢ N T#AGh pFitei ff bk kkiNoly 02 6%5: LIMAE dite 5Seiydy hmotor

) : ir . | . o
SELLOR 40 W4 e SN 0 U o iR e

PR er@BI6i8883 rdial etrader EO2(1@Eciianss 297,5 ul per
1190-1193). We _ delived sNogoR310-Fc protein

St 1P Tt IS LR e s depth of
hemigeclian duddiioh tdYQUaE AN esFdH-el0 25 Y )p.uonolr )

During a four-week survival period after injury, .

TP ENGYIRB O~ torigtast imanais? |weda /| yehad finsicsteRih i (L pl; MW
rat,o ln r recei.ning. .t vehi ¢l e, treat nent

1((%?%1) Gy afLroaot * g%sg) s“gac il\élr?;& rlh‘oefcﬁ3 rlaec & % uscglc‘ﬂso (P the

lgifgplsaydd hes td git Ipostaumnided pramsgrent odor sal 1GSew@nd, 7.0

very few_ectopic BDA_ 15 | abel ed CST fi bers above the

e A S, &0 ke e I sstrtace )0 1T o8 S0 i G b 1 B

1Al HiRREI WHAG S IﬂQﬁQrB:i]so'mFe&eorp%tx%id%edemit@ i3 ,ql'fiotl%.owed by
different pattern of |abeling.” Numerous
4% paraformadehyde, and tissue was collected for histology.

[0242] Repair of injured rubrospinal tract (RST) fibers
contribute to functional improvements after spinal cord
injury (Liu et al., 1999, J. Neurosci., 19, 4370-4387). The
widespread distribution of Nogo receptor-1 in CNS neurons
(Wang et al., 2002, J. Neurosci., 22, 5505-5515) makes it
possible that inhibition of Nogo receptor-1 with its
antagonist may result in regrowth of RST axons after injury.
To test effects of sNogoR310-Fc on injured RST, the
integrity of this pathway was traced by injecting BDA into
left red nucleus. At the spinal cord level, RST fibers are
normally located in dorsolateral white matter area of spinal
cord, and are transected by the dorsal hemisections of this
study. 1In transverse sections 11-15 mm rostral to lesion
from control rats, a small number of short BDA-labeled

fibers are seen between the prominent RST and dorsal horn
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ectopic fibers sprouting fromthe BDA-|abeled CST are
observed fromtransverse and parasagittal sections. In

W@ s/ 005 ases, projections cross fromthe dCIHCHUSZ04/002702
near the mdline to the circunference of the cord,
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sNogoR310-Fc-treated rats. Exanple 20 CST Axons
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ey rmod (WﬁtﬂSe aﬁatsmmad:orhtewﬂ@téﬁal T 7 ra&xgosi medtiton.
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- 9k g, feedl - ANt & Mg 1 .0fectH &L OSCi ssors to sever
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gd t@é’f ﬂk?éxesc,t érﬁi dﬂk?é@'tk?eolﬁercq{e%caé}%ﬁ@t{fé%%a té{lch as

rubrospinal and serotonergic axons, are also responsive to

Nogo receptor-1 antagonism.

Example 22

Local Treatment with sNogoR310-Fc Improves
Functional Recovery in Rats

[0244] Intrathecal administration of sNogoR310-Fc protein
stimulates axon regeneration in several descending pathways
after traumatic spinal cord injury. We tested whether the
protein also improves functional recovery in the injured
spinal cord.

[0245] At 2 weeks after the hemisection, the locomotor
BBB score in vehicle-treated rats reaches a stable level of

12 (Fig. 14A). At 4 weeks after lesion, most of controls (6
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30

| oconot or recovery. Longitudi nal sections across
lesion site fromvehicle-treated rats display no

waledsot@bss e or a very small nunber of BDA-| abr¢EUS2004/002702

ventral CST fibers below 20 the |esion |evel (GrandPre

&t abf ,7)2008;c VBl dnednetc g st A0 e f FL1RC rfféoé‘f%glantar
Sci. USA, 98, 3513-3518). The simlar sectl ons fro
%@m@@ fraee queyat eeb et St efenrinste atneo - gL 1mb

ed fiber sthetra sectlo Sit
%P(é:(ie??aecltlorf'hebqgtaic E%Sps,p‘—’lwheal S Ty L?lf‘f?cgcﬁfﬁjﬁl?rﬂ—e paw
2 iricgiviged insstiesy ofnithien verddtalc@ang stenduet aéer altn
spinal cord. I mrunostaining for astrocytic marker

EHF A topl Y Attt a9l e VORI ikt tR I S eadHerp tment
@%Q%c&nﬁ?ﬂbxcesrgézaé ey 6 WpiKE © %&%4 weeks
profile of rostral fibers in promnent dorsa ,
ndfézfte@aema at éd @Smefelmraéumaﬂmylm fadlll ow e ftil'gehl y

I I
AR BT Hhoke aPh, LR o o

lﬁL@icHQlIrtﬂtd ddbrtEms Hiegi el of p%&'aﬂd'elc@fad\x éiaglttlhﬁy A Gnitial
nore easily seen in the central part an rsal half

Qﬁn@ﬁtnéﬂltkb&rf@ tHdugitb utieeSspi nal cord Counts of
[@%EGf]' ber%rflrd)mal% ?O%%O@e%}p%%%d:’ %%Ag QZ%7(23?€flCitS
sagittal sections in ate approxi mately 2
lBDAirelsatwldem«g ixmxm naito]r 2amireduddlt etro dpesiaon coxdl imjury
@{%ed ax di st to | esion fromeach
FoR316- o Bo0% ed TOLFIPEEn & N e Herelimb-
HIraN G RN @ RAldie 06 thes %Jllu@l%&ﬁ nlo¥Vedeft! &ordtddihat
observed fromlocal NEP _1-40 peptide treated animals,
Wlﬁ&?t psde byo Veattaiodia terado hiceg tilwosadmals @r@trubyosaeemal
th a R31Q-Ec rotein.
ﬁa(r%ggsuf%é&o tglt%gﬁes Fc;%ubzquuwgth I\?lg“?lgSpla%&l télgrtf %
adenmasel gt d ackathidie tonall iedlsl ahetak bengt baofs .each 2-4
sprout 10 i,n sNogoR310- Fctreated rats is twice as
W&re PRS L RRY VY omCOREDCL- X§56r BaKed Bafi RESETSTRET session
wﬁﬂﬂb%&l? m3 PR AEAS 1 prddmBhiN ovkengt Bk | atI%.%%n%@%st the
caudal fo spinal cord in both Nogo receptor-1
ramsa@magtedt e &he $NgooB34 Oi-§F capphadkii trate by o2@e4@ive

improvement on grid walking and make significant fewer

errors (4-7/session on average). The majority of the
improvement occurs at 2-3 weeks after injury. Analysis of
hindpaw footprints in control group displays that stride
length is significantly decreased and stance width is
increased at 4 weeks post-hemisection, compared with
uninjured rats or injured animals receiving sNogoR310-Fc
treatment (Fig. 14C). Therefore, these multiple behavioral
tests demonstrate that blockade of Nogo receptor-1 function
with local injection of antagonist protein improves

locomotor recovery after injury.
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times greater than control groups. Mre sprouts are

seen 15 from sNogoR31,0-Fc treated rats than |ocal NEP
wa2e08/01698nt nent  (-50 vs. 25 sprouts/rat), butPehius2004/002702

difference is not statistically significant

iR A S, ded&st)s [0240] Regenerating CST axons are

rse sections %f spinal cord 11-15

rop4acaudal yhhielbeectHOEIN @@t sceeeglivnn®o. PTA-4587),

sNogoR310-F¢ treatment. These fibers are detected |,

Hm, 1l h(2gr@ay  eeickers iond Nehi PEAratBan ,ofiBt BE5s HiATalC

cord. The fibers detected in gray matteer often exhibit

ausres s ool INat e rRIA HEAOh AR (9RP | (ATME t ecesstsaonaNea. PTA-

In contrast, in transverse sections from

5 ARdf)claald rEtEY golE  25C6REyObcliasi SAAI4BBR)| #séred

re seen. in.the. ventral. whi t.er__ar consi st ent
Q%R%Fiﬁﬁ9lWﬁWﬁ3¥Ea &Eﬁthrlé%?étg&ﬁiﬁrgéﬁaﬁ%%g Bvel
gfmfbcﬁ'@l, SRigdal ek sk BvenagaranuiBeksehs, va 20110-

DA-| abel'ed CST fibers from both Nogo receptor-1
28ty garszst -dir eateetstgrouE J2sNogoR310- Fc and NEP 1- 40]
are 30 approximately 20-fold greater than
vehicle-treated rats. Taken together, both Nogo

10  [feewsft or ay agMHesS teki 1IINRDARB ¥ G rthratiel nippb NER e,

1-40 peptide, result in dramatic CST axon
weperrersatdiomdeas dirst arodsidiira t icsysd mapbutbe hedsprisutling

3 2005/ 0169 / 4/. ] y .
e g S e S e i
focape Zbiridoea tINogaREG-ifkee .| nducess Spriatdey wfat all
Rubropi nal and Serotonergic Axons in Injured Rat |
sih Al Gt d o0 XAt e e F RfaREond &F ﬁglﬁ SRS O,
burr hole was nmade on each side of the skull
overlying the sensorinotor cortex of the Iower |inbs
to trace CST fibers. The 10 anterograde neurona
tracer BDA (10%in PBS, 3.5 | per cortex) was applied
at seven injection sites at a depth of 1.5 mmfrom
dura on each side (G andpre, 2002). For
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rubrospinal tract tracing in rats, the tracer BDA (1

Al ; MN 10,000; 10%in PBS) was injected into red
woemseu®sdHn the 15 left side (5.8 nmm posteri or PEDUS2004/002702

bregma, 0.7 mmlateral, 7.0 mmventral to the skull

cﬁ%{fgce) Two weeks after BDA injection, these

s were perfused wwth PBS, followed by 4%

par af or madehyde, and tissue was coll ected for

1hi st &l eplypdi24R] SRdpaitredoffrianj wrhed guehro swinsals tiractof

(RST) fibers 20 contribute to functional inprovenents

rafrrer e piEElDIGIN QIR Wh (0 wet 28d).; LIINADIR (SEQ ID

Neurosci., 19, 4370-4387). The w despread

St b.Ut 1 ( ID NO:
R St ﬂmm\é‘ﬁ?@%ﬁ%@j A 293 dgh_@gj%%mm%a Mg

et al. . Neurosci ., es It

SZ'ﬂaLZ%oén EL&QS %&ﬁf.n reg 8GSREAE W L U o,
o ieSPhaTR R gt A o on O et e

by | ﬂectln BDA nto left red nucleus. At the sEp

3arid E%F@IRNSE& ITa®: R el NAAEVRRT T n(SEQ ¥ o
dorsol ateral white matter area of spinal 30 cord, and
e EEect (EDYID AW d@Pal MEARBQLRNDRAT t (HEQ ID NO:
study. In transverse sections 11-15 mmrostral to
418si AALIDNNQICONMDEIT r@E) I Nl 14 20ynaL INAANIRUVDPTT (SEQ
BDA- | abel ed fibers are seen between the prom nent RST
anditorsal; hosHh oNrRERE0 16955 1PCHAIS2004/ Q2702

gray matter. Sections at sane level treated with

§ﬁggg5%$1 s exXNidid e || igeki ng fibers between the
mal n RST and dorsal horn gray matter. Transverse
sections 11-15 mmdistal to SCI, no BDA-I| abel ed RST
fibers in vehicle-treated rats. 5 In contrast,
sections at the same | evel receiving sNogoR310- Fc
treatment di splay many BDA-1| abel ed RST fibers in both
gray and |te mat er c tralateral t acer
A o TR i A P FOCE A - & BVERETg Saicdeh g &
seen |n t he gr ay natter i psilateral to BDA injection.
ﬂ@lW0243] Ruphespi nal spinal fibers were al so exam ned
in

3. The nucleic acid according to claim 2 operably linked

to an expression control sequence.

4. A vector comprising the nucleic acid according to claim

2 or 3.
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sNogoR310- Fc treated spinal injured rats.
| mmunost ai ning denonstrates the density of

waershorss gi c fibers 11-15 mm rostral to | esiPeT/UbzEN4/002702
is simlar between vehicle and sNogoR310-Fc treated
groups.hddr t 'Epln§s- < | O { '
t he seroton %Eiglb:zfcg&?n sh%%%%ﬁé&BF@%é%ag%&$%é§é%rgng to

| { i.n the control oup., These,

érjégsu t%so egﬁc*%? E?@Jh%t%%e hﬂel{]er eSponsd vaecnce%lgijtrbé)l\*b o Taim 4.
receptor-1 inhibition by sNogoR310-Fc protein is not
limted to CST fibers, and that the other descendi ng
tracts, such as 20 rubrospinal and serotonergi c axons,
are al so responsive to Nogo receptor-1 antagonism

am| e Loc Treat ment with sNogoR310-Fc | nproves
s PG i8] P EARRF THH Feltss RO ey AR nS. to
dm ni strati on of sNogoR310-Fc protein stimulates
élﬁﬁ?‘ﬁeééﬁ%ﬁ%ﬁ%%ﬂ?it%mééﬁ%mgﬂ afescendi ng pat hways
after traumatic spinal cord injury. W tested whet her
the protein also inproves functional recovery in the
i nj ured 30apigvditugsmd. the2dBistArcel lweekorafiter tichelaim 5;
hem section, the | oconotor BBB score in
apghicl e-treated rats reaches a stable level of 12
(Fig. 14A). At 4 weeks after lesion, nost of controls

(6 85 WO (2003228 nBCEHES20044,802702 U @he’host cell

have frequent-consi stent wei ght-supported plantar

o%t eps rand flequent - consi stent forelinb-hindlinb
coordi nati on, but they have a rotation of predom nant

paw position when making initial contact with
surface. In 5 contrast, in rats receiving sNogoR310- Fc
protein treatnent, the |oconotor score continues to

i nprove between 2-4 weeks post-trauma. At 4 weeks

ften Lpiury -all 9.of .the sNo 0- Fc_treated
7 i EORHGY, o beBaleahdl el RBESHPRd) PABPES1PnsProAtePs

o%nd a parallel paw position at initia

(a) immunizing a host with a polypeptide according to
claim 1 or a host cell according to claim 5; and

(b) recovering the antibody.

8. An antibody produced by the method according to claim 7

Oor an antigen-binding fragment of said antibody.

9. An antibody or an antigen-binding fragment thereof that

specifically binds to a polypeptide according to claim 1,

89



10 contact with the testing surface. [0246] Gid

wal ki ng has been used to assess the deficits in
waoelewsondshg fine notor control after spinal copPdI/ug}o04/§02702

(Metz et al., 2000). This performance requires

feeebiabenbi get ilﬁ&(jlj‘#j 00& dhpat £ 190 ABGoNDLHAT ALyt ﬂBMQ?Eﬁioduced

control 15 nedi ated by ventrol ateral, corticospina

PSR PLASg PaL | DL ML DO RPN o, o

hindlinbs on the grid bars. At 2-4 weeks post-injury,
£o%Trol rats nmake 8-9 errors per session wth only

m ni mal i nprovenent over tine. In contrast, the 20

rats treated with sNogoR310- Fc exhibit a progressive

I mprovenent on grid wal king and make significant fewer
errors (4-7/session on average). The mpjority of the

i mprovenent occurs at 2-3 weeks after injury. Analysis

of . hi Tidkpaan £ Doddy | ot San i gemnt i 0hd DI Upr Siaehaysceébading to
stride 25 length is significantly decreased and

stanes et d, iwhetdth easeds @t i Yodeeks

post - hem section, conpared with ‘uninjured rats or

injured animals receiving sNogoR310-Fc treatnent

(Fig. IR f hese t [ )

t est s(%é%rh%lt%]%r% %ﬁ?t%l ockatr%glolfa%l\%%g&%qzééerg%%cfri'
functj.on 30 Wi al injection of-antagonist protein

i mpr o{/kge))s és?%%%ogn% %&Cl?eeclor\lr}lé%lta Fred nrjlelﬁ‘%?c%@%%ro‘”th and
2005/.016955 PCT/ US2004/ 002702 Bi ol ogi cal Deposits
RPAH Y orT o e B 7Y ( ATCC accessi on No.

PTA-4587), ~HB 1H2 (ATCC accessi on No. PTA-4584), HB

3G5 (TCC MEdidss NP NG e A5 86)b i ngE BB 1P (ATCmand.
accession No. PTA O 5 4588) and HB 2F7 (ATCC

accessi on No. PTA-4585) were deposited with the

Anerican Type Culture Collection ("ATCC (D "), 10801

Uni versity Boul evard, Manassas, VA 20110- 2209, USA,

on August 9, 2002.

11. The antibody or antigen-binding fragment according to

claim 10, wherein the neurite outgrowth and sprouting is

axonal growth.

12. The antibody or antigen-binding fragment according to
claim 10, wherein the neuron is a central nervous system

neuron.

13. The antibody or antigen-binding fragment according to

claim 8 or 9, wherein the antibody is a monoclonal antibody.
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10 [0248] As those skilled in the art will appreciate,

numer ous changes and nodifications may be nade to the
w@e@soreesl enbodi nents of the invention w t houPCT/US2004/002702

departing fromthe spirit of the invention. It is

intended that all such variations fall within the

scope of the invention. 87 WO 2005/ 016955

PCT/ US2004/ 002702 C ainms: 1. A polypeptide sel ected

T4 omTihe HHOUR-EPNSTE ST T, DNAQLR; 4

(SEQ I D NGO 26) : pLDLSDIIII\IA &{(SEQ |% H%;E%‘E tng to
dIRLSP0RA |

310) LD%%SD?%% F{J!é()lsr[f;lggE |%9%ﬁt§ ﬂsgl%f%%[%&r&d%‘% ?@E’%ﬁ’@

NO  32); LDALSDDAELR (SEQ ID NO 33); LDLSSDNAQLR
(SEQ ID NO  34): LDLSSDEAELR (SEQ ID NO 35);
DNAQLRWDPTT (SEQ ID NO  36); DNAQLR (SEQ ID NO 37);
ADLSDNAQLRVWDPTT (SEQ I D NO~ 41); LALSDNAQLRWDPTT

BSEQSQEQEW\F\% LDLSDI%A R\Q/L?%ET J%rﬁEQ I l?9,I\Kv)vheAfJ:?,(e):Ln the

qgﬁbg) QLAWDPTT (SEg%!D NO 45). 2. A nucleic acid
g ® FAAASER %&é}%&@% caglsdighing R Ehe

nucl eic acid according to claim?2 operably linked to’

Sindribhesitr 6l dqeenice antibAdyectot acanpidls rthain
the nucleic acid according to claim 2 or 3. 838 WD
apaHoely6955 PCT/ US2004/ 002702 5. A host cel

conprising the nucleic acid according to claim2 or 3
or conprising the vector according to claim4. 6. A

met hod of producing the pol ypeptide according to

claim1 conprising the steps of (a) culturing the host
cell according to claim5; and (b) recovering the

1pol ypepetaedt bgmibhe heshgCRbbo receptor-1 binding to a
ligand, comprising the step of contacting Nogo receptor-1
with an antibody or antigen-binding fragment according to

claim 10.

17. The method according to claim 16, wherein the ligand is
selected from the group consisting of NogoA, NogoB, NogoC,

MAG and OM-gp.

18. A method for inhibiting growth cone collapse in a
neuron, comprising the step of contacting the neuron with
the antibody or antigen-binding fragment thereof according

to claim 10.
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or culture nmedium 7. A nmethod of producing an
anti body conprising the steps of: (a) inmunizing a
whoms/0wosh a pol ypeptide according to clai m 1PCF/US2004/002702

host cell according to claim5; and (b) recovering the
anti body. 8. An antibody produced by the nethod

according to claim7 or an antigen-binding fragnment

of said antibody. 9. An antibody or an anti gen-bi ndi ng

14 agmee ey eQfr tdiare SR8 fidl Inh BiNdSSE &8 neurite

pol ypepti de according to claim1, 89 WO 2005/ 016955

TR s S 0 s o
Cg??iﬁ?%%tclf';}"(%}c %tr?eagﬁ%?%:%}}%ﬁﬁp%ﬁﬁomcﬁé %ﬂ%‘f%l-binding

claim8 or 9, wherein the antibody ggg inhibits growth
LY |HEEF A GRAGH () dddt ddses the

inhibition of neurite outgromh and sprouting in a

neuron; and (c) inhibits Nogo receptor-1 binding to a

ligand. 11. The anti body or antigen-binding fragnent

according to claim 10, wherein the neurite outgrowth

and sprouting is axonal growh. 12. The anti body or

2dnt i gére bietdiawy dacavbdntg decarldiing 1% wHesdehrlG;he neurite

wherein the neuron is a central nervous system

dieigrawthl dr Brerantidepdys eixcali garowdimdi ng f ragnent

according to claim8 or 9, wherein the antibody is a

nonocl onal anti body. 90 WD 2005/ 016955

PCT/ US2004/ 002702 14. The anti body or anti gen-bi ndi ng

fragnent according to claim8 or 9 wherein the

anti body is a murine antibody.

21. The method according to claim 18 or 19 wherein the

neuron is a central nervous neuron.

22. A composition comprising a pharmaceutically acceptable
carrier and the antibody or an antigen-binding fragment

according to claim 8 or 9.

23. The composition according to claim 22 further

comprising one or more additional therapeutic agents.

24. A method of promoting survival of a neuron at risk of

dying, comprising contacting the neuron with an effective
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15. The anti body according to claim8 or 9, wherein
the antibody is selected fromthe group consisting of
w@200500@85 zed anti body, a chimeric anti body anpPCEHUS2004/002702
single chain antibody. 16. A nethod of inhibiting
NGO ESE PO ardt DINEEH Ord Qe dt o 1 Paeh 1 SQURPr ST g 1 e
step of contacting go receptor-1 wth ‘an anti body
' - hi ndi t, ac ' cl aim 10.
%ﬁ%%%%%%a%érél ng otcglcgf%dr%? %egr'ei n the
ligand is selected fromthe group consisting of
NogoA, NogoB, NogoC, MAG and OMgp. 18. A nethod for
inhibiting growth cone collapse in a neuron,
conprising the step of contacting the neuron with the
tibqdy or .anti gen-Dbindi fragnment thereof accordjng |,
B o R R 0 S0 Aout U OO ATD oS 1 v tro.
A nethod for decreasing the inhibition of neurite
outgrow h or sprouting in a neuron, conprising the
step of contacting the neuron with the anti body or
antigen-binding fragnment thereof according to claim
10. 20. The nmethod according to claim 19, wherein the
Zfeur it Wittt G idpridut il e raxdivaineynsa His 2 a
The nethod according to claim18 or 19 wherein the
is a central nervous neuron. 22. A conposition
conprising a pharmaceutically acceptable carrier and
the anti body or an antigen-binding fragment according
to claim8 or 9. 23. The conposition according to
claim?22 further conprising one or nore additiona
t herapeutic agents. 24. A nethod of pronoting survival
20f. aTheunethatd Kifsklefim dE, Ngheg@IRr itSieNhag@iA1acigid ays
the neuron with an effective 92
signs or symptoms of multiple sclerosis, ALS, Huntington’s

disease, Alzheimer's disease, Parkinson's disease, diabetic
neuropathy, stroke, traumatic brain injuries or spinal cord

injury.

28. A method of promoting survival of a neuron in a mammal,

which neuron is at risk of dying, comprising

(a) providing a cultured host cell expressing an anti-
Nogo receptor-1 antibody or antigen-binding fragment thereof
according to claim 8 or 9; and

(b) introducing the host cell into the mammal at or

near the site of the neuron.
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WD 2005/ 016955 PCT/ US2004/ 002702 anount of an
anti-Nogo receptor-1 anti body or antigen- binding
wo e@goeqss according to claim8 or 9. 25. The nethos2004/002702
claim?24, wherein the neuron is in vitro. 26. The
met hod of claim 24, wherein the neuron is in a
mamal . 27. The nethod of claim 26, wherein the nmamal
di spl ays signs or synptons of nultiple sclerosis,

2 LS, A Hutd NGLORL Sy H SI8R$ Cor ADZHRLIBES S @h-$ERSE, of a neuron
Par ki nson' s di sease, diabetic neuropathy, stroke,

cLePMORLE BR3Pk o Bt 1o
j ch [ t risk of dying, I Si .
LSS AP 8 AL e 108 0P T SRS, viras

Nogo receptor-1 anti body or_anti gen-bindi ng fragnent
VeHet B FOMREESFHY Ny PCEERAT B rIeengpdtppy encodes an

i ntroduci ng the host cell into the mammal at or near
ante-Noge ovécepieonelr vt LI93iME R 005! taewssinding fragment

PCT/ US2004/ 002702 29. A gene therapy nethod of

tipsoemf | axgestdimy ato oflaimediran 9 atwhesdinftiyi agti-Nogo
- which neuron is in a mammual, conprising admnistering

réte®foRERl ah HELSHY EoBf at hBgdeUs Did Bny | FRAGMYREL D expressed
conprising a nucl eotide sequence that encodes an

i | = NOGO, £ £ESPL QL - de G DOdYn O aNnkd genr bl AdhA%amount
ragnment thereof according to claim8 or 9, wherein
the, anti - 0 tor-1. [ r I.gen- bi ndi ng
S ﬁgﬁ%%%?tP€8é§%§@§§§d§£¥%%nw H%Pﬂﬁggégggﬁggéequence in
the manmal in an amount sufficient to pronote

survival of the neuron. 94
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