WD 2004/ 085648 PCT/ US2004/ 008323 NOGO RECEPTOR BI NDI NG PROTEI N Fi el d of
the I nvention [0001] This invention relates to neurol ogy, neurobiology and
nol ecul ar wia Whogse48 More particularly, this invention ra@reRotsmos2Becul es
and nethods for treatnent of 5 neurological diseases, disorders and
injuries such as spinal cord injury. Background of the Invention [0002]
Axons and dendrites extend from neurons. The distal tip of an extending
axon or neurite includes a specialized region, known as the growth cone.
G owth cones sense the | ocal environment and gui de axonal growth toward a
neuron's 10 target cell. Gowth cones respond to environnental cues, for
exanpl e, surface adhesiveness, growh factors, neurotransmtters and
electric fields. The gromh cones generally advance at a rate of one to
two mllinmeters per day. The growh cone explores the area ahead of it and
on either side, by neans of elongations classified as |lanellipodia and
fil opodia. When an el ongati on contacts an 15 unfavorable surface, it
wi t hdraws. \When an el ongation contacts a favorable growth surface, it
continues to extend and guides the growh cone in that direction. Wen the
growt h cone reaches an appropriate target cell a synaptic connection is
created. [0003] Nerve cell function is influenced by contact between ‘
neurons and other 20 cells N@E%$%&#ﬁ%ﬁ@§§ ate enV|ronnent (Ruti shauser, et
al ., 1988, Physiol. Rev. REEEReci al i zed gl al
cells, oligodendrocytes in the central nervous systen1(CNS) and Schwann
cells in the peripheral nervous system (PNS), WO 2004/ 085648
PCT/ US2004/ 008323 2 which sheathe the neuronal axon with nyelin (Lenke,
1992, in An | nficddiufthiednvention Mol ecul ar Neurobi ol ogy, Z. Hall, Ed., p. 281
Si nauer). [0004] CNS neurons have the inherent potential to regenerate
after injury, pago1]t feeys mif@atiolﬂhbllate%@&néﬂr@l@?%eﬁﬁ)biﬁog)\/ aﬁd‘ﬂfopa'chﬂf 1510‘1)6%%)t eins
present in nmyelin (Brittis et . 5 al., 2001, Neuron : 4; Jones
2002, J. Neur odiqre poicolagy, thggyentionglates & maleculze ond ma:thods for treatment of
Neur osci . : 22: 3 I I|n i nhi_bi roteins found on
oI|godendrécytﬁéﬁﬁﬁéﬁgggg%gg%ﬁ§?§§¥§%?5 RmbRﬁséggﬁ%Vgé @thyelin
i nhibitory proteins include NogoA

Background of the Invention

[0002] Axons and dendrites extend from neurons. The distal tip of an extending
axon or neurite includes a specialized region, known as the growth cone. Growth
cones sense the local environment and guide axonal growth toward a neuron's

10 target cell. Growth cones respond to environmental cues, for example, surface
adhesiveness, growth factors, neurotransmitters and electric fields. The growth
cones generally advance at a rate of one to two millimeters per day. The growth
cone explores the area ahead of it and on either side, by means of elongations
classified as lamellipodia and filopodia. When an elongation contacts an

15 unfavorable surface, it withdraws. When an elongation contacts a favorable
growth surface, it continues to extend and guides the growth cone in that direction.
When the growth cone reaches an appropriate target cell a synaptic connection is
created.
[0003] Nerve cell function is influenced by contact between neurons and other

20 cells in their immediate environment (Rutishauser, et al., 1988, Physiol. Rev.
68:819). These cells include specialized glial cells, oligodendrocytes in the central

nervous system (CNS), and Schwann cells in the peripheral nervous system (PNS),



(Chen et al., Nature, 2000, 403, 434-439; Gandpre et al., Nature 2000,
403, 439 10 444), nyelin associated gl ycoprotein (MAG (MKerracher et al.,
1994, Neuw@n200d@&s8B5- 811; Mikhopadhyay et al., 1994, NewaamuskBo4/HF32367) and
ol i godendrocyte glycoprotein (OMgp), Mkol et al., 1988, J. Cell.
Bi ol . 106: 1273-1279). Each of these prot & As "has been separately shown to
tc);ra adllgand ff)r t he neuronal (Wang et al., Nature 2002, 417, 941-944,
andpre et a I 00,
403, 454- 439 w@ﬁ%ﬁésﬁw%ﬁ%&wﬂ’ﬁ ﬁééf’%ﬂﬂavée%ﬂ T e oA e
2002) . [0006] M@l@cﬁl@ﬁ@aﬁtﬁbmlogyl\@m)dh&l,ap GBI > &mam) ed nmenbrane protein
400 341-346) | UBMT 1 oS maEPS etk BRSTSHRDPRISR YA 3P stesh e (R o5 MO B

: - ) i ( MAG
and OM gp), th NORL X GEDitsHdtBletnst | Radydln @Rt b cone
col | apse and i n o] tf%ﬁblom(%\rgupﬁg?agﬁ}ﬁgr 0\1/\/t h. Oogﬁéé'l@ﬁe%gﬂl S agﬁunrrgtt
neﬂj for mydechm eBO(HnldNelIﬁiniﬁﬁﬂlsl 1 4 Joneshéthal, 12008, J\@Rurosmazaﬂﬁwé%\@mm@@ne
col l apse and the resulting inhibi neurite outgrowth. Summary of the
lIog?/entl ;)nd25d[(§?®6]8 t% ha¥ ‘émﬁ’ﬁdg %L‘f‘p%ff’fso)di scoveries regarding a y

ypepti de de 3 : i Q- et
for Sp35 incl uiem ﬁé%pr E‘géhnﬁﬂlilﬁ(%& ?%’k&%%& Ifd| scog\?éeﬁrg?ggﬁ%rﬁ(él ude@te %teaerpns
fol | owi ng. SpSEchbrantémzedJ Ko®im egpoigles of myielin iphitioer promnsalnh@ﬁ@i\@&
i nteraction. p35 Fc usi ein. i S tion

nedFBRe 5 0BE B R0 oo st B ARG B S5 59"

in granular neut onal

survival i} botfay t}ﬁ Jlﬁﬁbd's%o‘fa[iéd‘ cbpratein Mcl[{(éﬁabﬁﬁrléf 3.,modé| Neurdnt he
Opth nerve transsect|0n nodel %Iy gfretr%ﬁg i nfected Cortlcal prl mary

cell's, WD 2004/1385543l PMMHBSE@@%@@B&SWI Neurqyn &3y 76%175%41@@11&%16@@?%@

cord-i njured ra resul ed n

tubul i n staini rﬁg YT %&%‘n@ gwﬁ@f E%@gl ??\ﬁ \c?’olé Or?tli?og%gf gg@eé l

part on these C{hés%g) YokiRhas bl sepraRly Qi@\xfrﬁatljéraﬂﬁgaﬁﬂ forsthé agednal NgR ki ¢ aci d

contai ning a nucl eotide sequence encodlb_ﬁgﬂa pol ypeptl de wherein: é?%% 5 the
n

{)ol ypeplt i de i ndWiahgset @l. )N@mr@ﬁ@g 1 RR% nGrangdpe &4 gl Sainra 30049
B e
domai n. The Sp%ﬁlbhgilfgd@m% Tuw§adB8, 2002)ai n a carboxy-term nal LRR (LRRCT),
[0006] Nogo receptor-1 (NgR1) is a GPI-anchored membrane protein that
contains 8 leucine rich repeats (Fournier et al., 2001, Nature 409:341-346). Upon
interaction with inhibitory proteins (e.g., NogoA, MAG and OM-gp), the NgR1
20 complex transduces signals that lead to growth cone collapse and inhibition of
neurite outgrowth.
[0007] There is an unmet need for molecules and methods for inhibiting NgR1-

mediated growth cone collapse and the resulting inhibition of neurite outgrowth.

Summary of the Invention

25 [0008] We have made various discoveries regarding a polypeptide designated
"Sp35" (our designation). Alternate designations for Sp35 include "LINGO" and
"I INGO-1." Our discoveries include the following. Sp35 binds to NgR1. Sp35
binds to itself in a homotypic interaction. An Sp35-Fc fusion protein induces or
promotes fasciculation in granular neurons. An Sp35-Fc fusion protein promotes

30 neuronal survival in both the rubro-spinal tract hemisection injury model and the

optic nerve transection model. Sp35 retrovirus-infected cortical primary cells,



an am no-termnal LRR (LRRNT), or both. In sonme enbodiments of the 10
invention, the encoded Sp35 polypeptide |acks the cytoplasmc domain. In
some  enbwd 208085648t he encoded Sp35 pol ypeptide i ncl udePCamis?00420833
residues 34-532 of SEQID NO 2 and | acks am no acid residues 533-614.
[0010] The invention also includes a nuctePc-aci d encodi ng a pol ypepti de
wherein the pol ypeptide includes an Sp35 I g domain and | acks an Sp35 LRR

15 domain, an S‘%}?B Cf)ﬁslg%{l 1@ [ Onal &I%Crﬁﬂlsgqg@rl%m Qog&h&eg%gmﬁcfgy\;lggl asmc

domai n. [0011] es a nuc ei ¢ acid encoding a

pol ypepti de wWhgdrgisad BTEl tnsthpmm@a)ﬂamhs;d@@mfeas@BﬁyaﬁRcmj n and | acks
an Sp35 Ig donmin, an Sp35 basic region, a transnenbrane donai a

cyt ogl asm ¢ i2d06119dm]ﬁase{1@w@} orTHhese dgeaiterish g ScRtRn %Efégesé‘nﬁffg"i‘t@?c aci d
encodi ng a po y

including all ﬁﬁ ?dc@ﬁ%%ﬂ% ﬁgp%%ﬁﬁ %&ﬂ@%¥%¥k8@&g%ﬁgQgg@ggighgg%ypept|de
coul d incl ude am p@lyp@p izllslﬂdﬁd’& (OfanSHQS IBR Mnaid, (u)ran(ﬂpBﬁCmagcm@ang of

t he signal sequence). 0013 In s odl ment s t he _i.n entl th

-?—RCOded golc%/periﬁméallt@ t%? RBS@%W%&P@E‘@M%B%W&P% 151 (ﬁ@rfy rml et;e/
e non- Sp e

noiety, a targg ﬁéalcrr[g?%{)@am Ifeglon rte ﬁlm@ Mf,ghg?lagkya tr%éx?érﬁﬁ?h@é bum

purification-f awidadid. aThmsps'ﬂ)LRRwonﬁnpcaef@mtamanambo&?pwmmﬂém(IsRJ&GT) g

noiety, e.g., an Fc noiety. 30 0014 ucl eoti de ,sequ an be
operatively | i rAecanipe:termigal ]Q%ky%ﬂN' ﬁPﬁﬁﬁgéaﬁﬁﬁ@g’%ﬁB in an

eXpr essi 0'1nggpﬁ&eqn]weme%Mgﬂfea@gsaﬁbaﬁpéfiﬁd%(i%s%@%&pﬁ@fc%%ﬁ%/ ﬁios%%?e? -4

i ncl udes a trans a vector that expresses an Sp35
pol ypeptide ofenibodimensgrhé emodpOSAS] pdlyleeptndvamlmm aplisoadifedsidres 341938p35

pol ypepti de encode above- des cleic acids. 5 [0016
The invention aﬁé%“?ﬁ%?ﬁﬂé%mgHﬂ%ﬁé®ﬂB%PVHéﬁ¥ l%ggr’?ﬂggated to a ponLer, ]
e.g., a polyal Mbﬂf]e Bhey ﬁl@!:ntlcﬁi AUOREIRS YAReic adid eﬁc&ﬁhg’ QEQI}@Q}QM@A
preferred pol is a poly yl ene glycol, e.g

éFESZragrs ?ﬁgm?ﬁﬁgrﬂep@@pqmdsmmﬂwhganéb35égdmn@niwddwkﬂapggggég§¥CO|

15 domain, an Sp35 basic region, a transmembrane domain, and a cytoplasmic
domain.

[0011] The invention also includes a nucleic acid encoding a polypeptide
‘wherein the polypeptide includes an Sp35 LRR domain and lacks an Sp35 Ig
domain, an Sp35 basic region, a transmembrane domain, and a cytoplasmic

20 domain.

[0012] The invention also includes a nucleic acid encoding a polypeptide lacking
a functional cytoplasmic domain but including all the other Sp35 domains. For
example, the encoded polypeptide could include amino acids 1-576 of SEQ ID
NO: 2 (prior to processing of the signal sequence).

25 [0013] In some embodiments of the invention, the encoded polypeptide is a
fusion polypeptide containing a non-Sp35 moiety. The non-Sp35 moiety can be,
for example, an Ig moiety, a serum albumin moiety, a targeting moiety, a reporter
moiety, or a purification-facilitating moiety. A preferred non-Sp35 moiety isan Ig
moiety, e.g., an Fc moiety.

30 [0014] The nucleotide sequence can be operatively linked to an expression

control sequence, for example, in an expression vector. The invention also



nol ecul ar wei ght of the conjugated polynmers is from 20,000 Da to 40,000 Da
per 10 Sp35 polypeptide. [0017] The invention also includes a nethod of

i nhi bi ti ngyosioghedse4sr ansducti on by NgR . The net hod i nclradess2eenoss2ti ng t he
NgR1 with an effective anbunt of an Sp35 pol ypeptide. Preferred

pol ypeptides for use in the nethod includefthe following: 15 (a) an Sp35
pol ypepti de, wherein: (a) the polypeptide includes (i) an Sp35 LRR donai n,

ool obul i n rGI R beTel PAPRRRLYAR 51 \ef L cERBRE my SRS DN IR, P

pol ypepti de | agkthedanten@ibamenbr ane domai n; and (b) an Sp35 pol ypepti de that
i ncludes an Sp35 I g domain 2 | acks an_Sp35 LRR domain, an S&)E,Fﬁ%basi C

0 d ,
region, a tran$tfdabr die i@%ﬁ@ﬁpﬁﬁﬁgé%u%séytsééﬁQQW@WW%W

i nvention al Soaﬁ&%l-&%qgﬁbe%ﬂ{ﬁé“ ;§f decreasing inhibition of axonal growh
of a central néervous system neuron. The nethod includes contacting

t he neuronswi t oG] eflfhe ¢hvendonaisurnclodesan $pBy pelypeptalesuonfugatddn appBsnas

pol ypeptide, an anti-Sp35 antibady, or an antigen-bindj.ng fra nt of an
anti- Sp35 ant EBedypolyadioene atieol; f3uedt p F-$8% 300 WBéd‘g ‘ﬁé’ff%g’%e‘ﬁ)f
inhibiting gro : a (&) Hy9dhe oI®] @EGPATRAOC] udes
contacting the\ﬁ% urgn?seﬁﬁlk&lggge?g%??\e/%g%unt ofgg&pglf%/pgpti de such as an
Sp35 pol ypept i gelypeptidentah bSpahjugated botly2, 3ar 4gwlBoeranPrafenably, thitoig! f r agment

of an anti-Sp35 antibody. [Q020] The invention al sq.ipecludes hod of

treating a Gﬂsﬂml%cé‘é?%&el%h@g?}%fe‘lom‘&atqdrﬂoﬁwﬂﬁhsﬁorﬁgﬁn@ﬁﬂﬁ'ﬁed'@mﬁper

i ncl udes agm nisﬁﬁf?i)l??eﬁtﬁet he mammal a WO 2004/ 085648 PCT/ US2004/008323 5
e

therapeutically e i've anount of a pol ypeptide such as an Sp35

pol ypepti de, af001dht ithSpd&ndint alsodysludes aamethod phiahibbiimgisigepl trangfwetion by an

ti-Sp35 ti . ) di t i i . th i ,
o cor aor or | A e m3RPE e hidgs pertraimadye NIRL WHEH bk Mo e
admi ni stered | @ggﬁabﬂypéﬁicﬁpﬁe_ _@J"P@l%éﬁi@[’é§f&fusé hemhewidiias inthede 8 35

a

pol ypeptide is ni'stered initially within 48 hours of a spinal cord
injury. For | o¢alovadgi ni stration, the therapeutically effective amount of

the pol yp%%t Ide preferably is (fa)r Oma:rl'l%peg/plég/p%&id]é(gwﬁgg%elﬁg '(a)Ft?l{a polypeptide
includes (i) an Sp35 LRR domain, (ii) an Sp35 basic region C-terminal to the LRR
domain, and (iii) an Sp35 immunoglobulin (Ig) domain C-terminal to the basic
region; and (b) the polypeptide lacks a transmembrane domain; and
(b) an Sp35 polypeptide that includes an Sp35 Ig domain
20 and lacks an Sp35 LRR domain, an Sp35 basic region, a transmembrane domain,
and a cytoplasmic dorhain.
[0018] The invention also includes a method of decreasing inhibition of axonal
growth of a central nervous system (CNS) neuron. The method includes
contacting the neuron with an effective amount of a polypeptide such as an Sp35
25 polypeptide, an anti-Sp35 antibody, or an antigen-binding fragment of an anti-
Sp35 antibody.
[0019] The invention also includes a method of inhibiting growth cone collapse
of a CNS neuron. The method includes contacting the neuron with an effective
amount of a polypeptide such as an Sp35 polypeptide, an anti-Sp35 antibody, or an
30 antigen-binding fragment of an anti-Sp35 antibody.
[0020] The invention also includes a method of treating a CNS disease, disorder

or injury in a mammal. The method includes administering to the mammal a



system c adm nistration, the therapeutically effective anount of the

pol ypeptide preferably is from1l ng/kg to 20 ng/kg. 10 . [0021] The

i nvent i onwal Mo4/0836dsudes an ex vivo gene therapy nethod dfiCTvusetdmg2a CNS
di sease, disorder or injury in a mammal. The nmethod includes (a) providing
a cultured host cell expressing a reconbt nant Sp35 p-ol ypeptide; and (b)

i ntroducing the host cell into the manmal at the site of the CNS di sease,

di sord | i
e ger rved t r o d g HamRve Bnplhiol aspbiferiar T S eh S5 OBt n OO
net hod, the re‘a@%dzs?ggaﬁub%a%or Mig&ﬂ%lmgﬁﬁglﬂ@t@fﬁmhlhti-IS@thhtl‘tSpQSIn

pol ypepti de. The invention also includes a nethod of, pronoting
nyel i nati on at seie egibodiments afiiae TSNS EieseNS dissaieg disorsier P]h]niﬁry 1s g Fi@n#et hod

i ncl udes contactin the r ury with
an effective aﬁ%‘iﬁiﬁ'ﬁ in gﬁ%"gﬂc%ﬁ%%fiypepﬁé %ﬁﬁﬁ%’ter.g{l %%ﬂﬁ hpgé)f)ﬁ é|1jcle d

cont ai ni ngsan %ﬁﬁédﬁﬁﬂtm hetiiod, theSpi I5pApepGISE ddguﬂxstmadnmt&uhly&aﬂﬁn basi c
region, a transmenbrane domin, and a cytoplasm c . i #0023 The

i nvention al so48hesdds spial @PfdlmdéTXyeE’fE 1‘?%?%9“%@63%'%&6? negticdly & ons
e ot o0 dhbe e i Y BY pbpE IR SEREHHPRIARN 10 [ARIBIIATARC Flles

t_he 25 stepsg ORI Stert n nea Ssite

di sease, fllh s?r @sasrtergfc adhﬁmgfr%tlon’;lt}?el thalapateichidy eﬁfm’mlvalamomgt af the pbb}ptptctb
sequence at encodes an Sp35 po e so that the Sp35 pol ypeptide is
expressed frompreferahlydp &om Hae/ks é@ﬁ@%&gn the manmal in anloarr)[/)gnlto

suf fici entlfo ; hg@ﬂ&iﬁe ’fh’%}ﬂrﬁ AnkibR legflncﬁﬁ%aah ex%eg%ﬁé %rii)\y rﬁ@t‘ﬂf)@ B8 trédtinfa Near

the site o e viral vector can be, e.qg. an adenoviral
vector, a |entiGONS aiseaseodlmrderaarbngmm mvd maﬂnmaécher meﬂdep@ué&sn(aBam‘Vldmg al
vector, a papovaviral vect a vaccinia.vir gp ct.or e aad(tg)gr pes si nmpl ex

viral vector. a‘FHH“Wﬂé’@%FS“(—?ﬁ IPEETIRS A IO} POLEREP gl inal cord
injury or opti Gnt u%ﬂ%%@ﬁ&@é@ll lja@%éﬂé%ﬁ&lﬁ&!apé}%ﬁe?éte & thé‘@NBedl'séhlsé'rcﬂsora_é}e

viral vector can m ni stere a route such as topical
adni ni strat i on or itjtyaegykpinaland irijetyr dthieonltupdhesitaetabn hddenyst fremiton,

i ntrat hecal d t b | .ad b
i i Str 46 on ML DrEAcHy RO U S ET Oae B o e G BT ONBEP ng
survival of a ﬁgégﬁ’g&l&tcan%eralﬁh lgﬁ%tggbglgpogg@tﬂ@t hod i ncl udes contacting

the neuron wt effective anmoun p35 pol ypeptide. The Sp35
pol ypepti de carf0022]a Belindntion etsminfludsasnetbodof promoting myelination at the site

of the CNS disease, disorder or injury. The method includes contacting the site of
the CNS disease, disorder or injury with an effective amount of an Sp35

20 polypeptide, e.g., a polypeptide containing an Sp35 LRR domain and lacking an
Sp35 Ig domain, an Sp35 basic region, a transmembrane domain, and a
cytoplasmic domain.
[0023] The invention also includes an in vivo gene therapy method of treating a
CNS disease, disorder or injury by in vivo gene therapy. The method includes the

25 steps of administering to a mammal, at or near the site of the disease, disorder or
injury, a viral vector containing a nucleotide sequence that encodes an Sp35
polypeptide so that the Sp35 polypeptide is expressed from the nucleotide
sequence in the mammal in an amount sufficient to reduce inhibition of axonal
extension by neurons at or near the site of the injury. The viral vector can be, e.g.,

30 an adenoviral vector, a lentiviral vector, a baculoviral vector, an Epstein Barr viral
vector, a papovaviral vector, a vaccinia viral vector, and a herpes simplex viral

vector. The disease, disorder or injury can be, e.g., spinal cord injury or optic



an Sp35-Fc fusion protein. The neuron can be in vitro or in vivo, e.g.
a manmal with a neurodegenerative di sease disorder or injury, e.g.,
mul ti pl e waxdoes/ess48, ALS, Hunti ngton's di sease, Al zhei meCTBEUSIIGHASE3
Par ki nson' s di sease, 10 diabetic neuropathy, stroke, traumatic brain
injuries and spinal cord injury. In sonme-efbodi mrents of the invention, the
ﬁp35 po: ?/pepti de is admnistered indirectly by: (a) providing a cul tured
ost ce expressin reconbi na t S : i oducin
the host col | PHYE OHE nEfare: 460 bR Rt oS RRR O Eipufil e thfibdioduct no
enbodi nent s of jfRmistANRRAL indRocul idpehiy P&, farehisradamitisttioadintbtheodi rect | y
through in vivo gene t her a LE I n such an enbodi nent, the nethod includes
adni ni Ist ering, adminagtratienr subkurab pdraingsragine and siphsHiangousi AdEHLGEEIB conpri si ng
a nucl eotide t.hat 5
pol ypepti de ii&feﬁg 2@3&%@%@ %fﬁeﬁd c egff ég@@ég@%g%ﬁ@gglsﬁ& a'i'%?ah@&oﬁ'l%@
amount - suf &i ci ek of §Pinpr TABhR IS Méluass @htdctisg tieutearon @it bﬁ)@ﬂ‘édtw,éammmd
herein, "full length human Sp35 pol ypeptide" nmeans the o} ype whose
ﬁm no acid seq9§m§P3%P@1b‘i)%1dﬁciT§ Bg Bqldpﬁ?tldSE@PBaﬁ@Ubg? 0 (‘}’8 ? A8 used
erein, "heter a t resent in
a full =I ength %16 gggglcﬁéelplwrc?taﬁ ggi%\n@%&%ﬁf‘gtr}g?)gwgggéo?rlgcagptor 1"
nmeans the pol ypepimaevitheseusécgeaactve disedss d[mhiarotmjm\yae kalhdtiplader
Genbank accessi on no. AAGH3612. [0028] A}g sed herein, f 35 agta oni st

pol ypept i de” ms@lf®sisnAEgzHuntiRgtoRediscase. ]ﬁﬁ?mﬁr% legase; R S?%S 5P

20041 05648 Pt DEBbOARORHAS3 o8 ety Ogin IR Rp RGN e vo

rN(e_)gi Z)n r&’ein\s/ E&ﬁefeﬁibbdﬂmm @ithe mventich, thﬂ)$p3f§ po@p@pﬁdﬂsladmlﬁ)sﬁr&d (SEQ I D

V K E K R (SE LRLRDR 6) R
R G R G R D R fadixsedly by N@PP?%dD 178 @C‘F“‘Qe%gﬁt E)e%he 1?%%’@%@"‘&%"%&% )
row of am no a@bﬂ% }gnl}l] & BRd gﬂ Fé%g'oBgNﬁ% hésk b1 irftd eheth &hR1al fAnSERSo @S] C

regi on sequenc vari owng optional substitutions shown bel ow
( SEQ | neuron. In some embodiments of the invention, the polypeptide is administered

, in

15 indirectly through in vivo gene therapy. In such an embodiment, the method
includes administering, at or near the site of the neuron, a viral vector comprising a
nucleotide sequence that encodes an Sp35 polypeptide so that the Sp35 polypeptide
is expressed from the nucleotide sequence in the mammal in an amount sufficient
to promote survival of the neuron.

20 [0025] As used herein, "full length human Sp35 polypeptide" means the
polypeptide whose amino acid sequence is amino acids 34-614 of SEQ ID NO: 2.
[0026] As used herein, "heterologous moiety" means an amino acid sequence not
present in a full-length Sp35 polypeptide.

[0027] As used herein, "nogo receptor-1" means the polypeptide whose sequence

25 is publicly available under Genbank accession no. AAG53612.

[0028] As used herein, "Sp35 antagonist polypeptide" means an Sp35
polypeptide that blocks, inhibits, or interferes with thé biological activity of

naturally-occurring Sp35.



10 ID NCs: 5, 6, 7 and 8). [0030] As used herein, "Sp35 fusion protein”
nmeans a fusion protein that includes an Sp35 noiety fused to a

het er ol ogews2000085648. [ 0031] As used herein, "Sp35 | g dorriTUS2n®Z00832an No
acids 433-493 of SEQID NO 2, provided that the sequence can contain up
to five individual amino acid 15 insertiong,-del eti ons, or conservative
am no acid substitutions. The following substitutions (nunbering based on

o i on 204 PET AR Rt iR rSeaesiiblet pBndRe AR PB iy §1F] Gosp)

As used herei ngqtiPp35 LRR domai n" nmeans a domain that includes 10 to 20 14

of the leucine rich repeat seguences, i ncl udi ng the LRRNT and LRRCT, listed
in Table 1, provi de®R tRatA UB oK iBeRadfno adPHUIRN: #bns, del etions, or

conservative amino il 3ULKtM K iBnK dan apd€ERQ M NRI:A) t he aggregate 10-14
| euci ne righ repeat & ROD33R As Risbdhédfei n, (SBRID NO:€)y" neans a

bi ol ogically activeR rRgme® of R D2R fll | - | ggEOHTENBH 7pol ypepti de. [ 0034]
As used herein, "Sp3 polyyprpi de" preank an IpB6 mMpNerg)or a fusion

protein that includes an Sp35 noiety. [0035] Unless otherw se defined, all

techni cal and %le?(g;%)f\xj 6f dBHhBBcids g Hag;?gg lnﬁm 4)H'§th%%¥@f§ﬂ‘é‘@ﬂbmb@$c

commonl y understood by one of ordinary’ ~in the art 0 to which the
i nvention pert asgisn sdquens withfvadamt hating vhiéonml eshstitutiope shdwe belpwr{ SEQ

i ncl udi ng_definitiopns Ll ntrol. Al publications, patents and ot her
ref erences? rreﬁpmgds’ﬁ\&é?ﬂ%gre i ncorporated by reference. WO 2004/ 085648

PCT/ US2004/ 0083@30] 8 Ad 223 8kreA, t'59350fs TR thhetem" andn SR @b tdh fak ar  or
equi val ent to those described herein can be used in the practice or

testing of theinohwesthdp3s nimdetyfefed to electortlognys maed.- naterial s are

descri bed bel o e materials, , ds_and, exanpl es ar. b | }

only, and are mqgiit]]nt%sn‘&fgﬁhﬂ?ubegﬁﬁgﬂ% T APRES HEE? ﬁ?@%‘%én_éggé\f/g%pa@es 5
of the inventi .V, &o@@e@tﬁ@ﬁh@@équ@ﬁﬁﬁaﬁ&@nﬂﬁi@ {oefivedagividuat bamoadedt f rom
the clains. Brief scription of the Drawings [0037] FIG 1 is the

nucl eot i de 5seqirsadimnsf dedetfons) or|conggryative Amincpas sepintionsEGe Hliqwying
substitutions (numbering based on SEQ ID NO: 2) are expressly included: Vto M
at position 6; S to G at position 294; V to A at position 348; and R to H at position
419,
[0032] As used herein, "Sp35 LRR domain" means a domain that includes 10 to
20 14 of the leucine rich repeat sequences, including the LRRNT and LRRCT, listed
in Table 1, provided that up to five amino acid insertions, deletions, or
conservative amino acid substitutions can appear within the aggregate 10-14
leucine rich repeats.
[0033] As used herein, "Sp35 moiety" means a biologically active fragment of a
25 full-length Sp35 polypeptide.
[0034] As used herein, "Sp35 polypeptide" means an Sp35 moiety or a fusion
protein that includes an Sp35 moiety.
[0035] Unless otherwise defined, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the art
30 to which the invention pertains. In case of conflict, the present specification,
including definitions, will control. All publications, patents and other references

mentioned herein are incorporated by reference.



[0038] FIG 2 is the am no acid sequence of a full-length human Sp35 10
pol ypeptide (SEQ ID NO 2). [0039] FIG 3 is a schematic illustration of

t he Sp35 darmmn4iosst4suct ure and del eti on mappi ng to i dentRdTyus3p@iH08323
sequence(s) that bind to NgRI. [0040] FIG 4 is a histogram sumari zi ng
data on SP35 binding to COS7 cells transf@cted with an expression vector
encodi ng rat p75 or a vector control. After 15 48 hours, AP-SP35 or AP was

i ncubated with cel,ls. d AP ec i ol
detection r eaggm&%] [ Oﬂﬁnﬂugﬁﬁ%@h@%@w’%ﬁm glﬁsosglrrng% %t%%%e%tﬂ &l(gmggﬁe&agsgrﬁ dl ndi ng
of AP-QOmgp, an@eARr caNagarsed it he Gfetice 61 lesting @fithé aveadonyithdpreferex mebsison
vect or encodi ng NgRl; ~NgRL an_dq;i)?S; N%Rl, p75, and SP35, or a vector
control . After angmataniels arppeseoibes helpw. Abemerierads mpsthods apd<sxpmplesatced with
the cells. Bou AP.. el ac US| [ i t.
[0043] Fia o MUsHEERuarkh e HRLAM GTARARE: BIRY (PRUEELERIARGET
activity ef mgeltiennvenbioRivilins apparogufidrh eheadetaitedwleberiptioniatd dron\erdldims.

| engt h was neasured on postnatal day 7 rat cerebellar granul ar neurons
expressing DN-Sp35. ful | -1 er%th 25 .5Sp35, or controls cultured on

i robol i zed subgiet Begcrmyon ol fa #d Nogo-66. DN-SP35 transfected cells
exhi bited di m ni shed resi)onse to inhibitory su SE ates. Neyrite length was
quantified frot0B3bo FAeu éﬁ@eﬁéFle?ﬁl@aﬁeﬂWeﬁ%g‘ﬁ ie,ngﬁﬁ fgpan e‘g%lﬂgent
experinments (pES%Q%)NO[l 043] FIG 7 is a histogram summari zi ng data on
reversal of inhibrtory activity 30 of nyelin inhibitors by SP35-Fc.
Neurite | engt h[@i38podUGar & thdayino scdd se@eedeaiflagill-lgnghbhbsian $e85 ons (1000
neurons) cultured on, jnophbilized substrate Ovgp, Myelin or Nogo-66 in the
presence &P ab®elypertyi @5@5&@0@3’35- Fe reduced the neurite WO 2004/ 085648
PCT/ US2004/ 008 9 u i, nhiki i +fP and MAG
Neurite | engt h%(?\/\(/)a?'sgl g&gh%?%?i%g?{? gﬂl%g%%@eﬁ@giggiggo%ﬁrﬁg{%?@ agl;n?ioup from
t wo i ndependentelctisparappimgtts idgns0SEBD)seqid0d@) thiet Bnd8o NgRd. gr aph

summari zing data fro n experiment show.ng that e

i ntrathecal - ad Oit ?ﬁ@d‘l %ggl-spérq%‘fn&’??@%mﬁ% ﬁﬁtﬁio&%%rbé’&‘éwgﬂlcgfgg éfn%lor sal
hem section inygy f@ﬁed%aﬁ%ﬁf@ﬁ@ﬁ vBER Seodifg MR3TYRY \R8toR coRfl! AGRy Of
time after dorsal hem section in control (Ig%a) or Sp35-Fe-treated rats (8

ani mal s pen 48 hours, AP-SP35 or AP was incubated with the cells. Bound AP was detected

using chromogenic AP detection reagent.
[0041] FIG. 5 is a histogram summarizing data on binding of AP-Omgp, and AP-
Nogo-66 to COS7 cells transfected with an expression vector encoding NgR1;
NgR1 and p75; NgR1, p75, and SP35, or a vector control. After 48 hours, AP-

20 Omgp, AP-Nogo-66 or AP was incubated with the cells. Bound AP was detected
using chromogenic AP detection reagent.
[0042] FIG. 6 is a histogram summarizing data on the relief of inhibitory activity
of myelin inhibitors on neurite outgrowth in vitro. Neurite length was measured on
postnatal day 7 rat cerebellar granular neurons expressing DN-Sp35, full-length

25 Sp35, or controls cultured on immobolized substrate Omgp, Myelin and Nogo-66.
DN-SP35 transfected cells exhibited diminished response to inhibitory substrates.
Neurite length was quantified from 1000 neurons per treatment group from two
independent experiments (p< 0.01).
[0043] FIG. 7 is a histogram summarizing data on reversal of inhibitory activity

30 of myelin inhibitors by SP35-Fc. Neurite length of postnatal day 7 rat cerebellar
granular neurons (1000 neurons) cultured on immobilized substrate OMgp, Myelin

or Nogo-66 in the presence or absence of SP35-Fc. SP35-Fc reduced the neurite



group). Treatment was initiated at the time of spinal cord injury. [0045]
FIG 9 is a graph show ng individual animal BBB scores at week four in 10
t he experwoenb4/esimasari zed in FIG 8. Detail ed Descri pti acTafS200ue008328ent i on
[0046] Naturally occurring human Sp35 is a glycosylated CNS-specific
protein containing 614 anmino acids (FIG 2;-SEQ ID NO 2). The hunman,
full-length wild- type SP35 pol ypeptide contains an LRR domai n consi sting

of 14 | eucine-rich at s a I

donai n, a trangﬁgﬁ%‘?{ti‘r’@ﬁgﬁlé’lnoﬁgseﬁ%ﬁgg gﬂﬁ o gé;?ﬁlc%wo@aﬁﬁeh 1%31%@1 5 v?a@ g
cytopl asm c dogmfifledTdth 160RnORBWPE Meatnicnt gHiup &raph 68 haleptmichon si te. I n
addition, the naturally occurring Sp35 protein contains a signal sequence,
a shortbba5| C m@qrmnerb%(nﬁéé% Xhe LRRCT and Ig domain, and a transnenbrane
regi on etvveen The
human Sp35 gen kt %’Ig}sm EP%[% ﬁgtsktl@%a& g%ﬁ%tsflmbﬂr\i aﬁt% gﬁ&iﬁz}é& g&;\gﬁgggﬁtt hat si x

addi ti onal sam ﬁkﬁra@l@dc@ﬁadrhmﬁ;terem&( Qv e YuNCYiorfh) rermye@rafterrd(yrsadot be
present at the N-term nus of the Sp35 signal sequence. Taple.l ljists the
Sp35 donmi ns ahgmisepiEan Megiabnkhe ]é?é%@?‘ﬁr ﬁgBt %O%mﬁ%f'u%]iac? 3f PR er |

l|:)>?:'sr/e 352884} Bgség%u&rga%‘e&rig%n%@ Q&?H@?ﬁs 'F°2 8%%%%%?%@@?%& Endi ng

Tgii dEeRR %gnal SPUUERGENnt 3315 1hiREINT aBtheGidne d).ﬂ%@lrﬁlﬁc&@ inuRR 90 113 LRR 114
161 LRR 162 185 LRR 186 .209 RR. 2
258 281 [0045] FIG. 9 is a graph showing 1nqu1dua ammglOBlgg?écorlésR |a:,\>t v%g Ai( Izour m LRR

10 the experiment summarized in FIG. 8.

Detailed Description of the Invention

[0046] Naturally occurring human Sp35 is a glycosylated CNS-specific protein
containing 614 amino acids (FIG. 2; SEQ ID NO: 2). The human, full-length wild-
type SP35 polypeptide contains an LRR domain consisting of 14 leucine-rich

15 repeats (including N- and C-terminal caps), an Ig domain, a transmembrane region,
and a cytoplasmic domain (FIG. 3). The cytoplasmic domain contains a canonical
tyrosine phosphorylation site. In addition, the naturally occurring Sp35 protein
contains a signal sequence, a short basic region between the LRRCT and Ig
domain, and a transmembrane region between the Ig domain and the cytoplasmic

20 domain (FIG. 3). The human Sp35 gene contains alternative translation start
codons, so that six additional amino acids, i.e., MQVSKR (SEQ ID NO: 9) may or
may not be present at the N-terminus of the Sp35 signal sequencé. Table 1 lists the
Sp35 domains and other regions, according to amino acid residue number, based
on the sequence in FIG. 2 (SEQ ID NO: 2).

25



LRR 282 305 LRR 306 329 LRR 330 353 LRRCT 363 416 Basic 417 424 1g 433
493 Connecting sequence 494 551 Transnenbrane 552 576 Cytoplasmc 577
614 [0 Ownloo/esseus di stribution and devel opnent al expr exgiusr0@f00$235 has
been studied in humans and rats. Sp35 bi ol ogy has been studied in an
experinmental 5 animal (rat) nodel. Expresdi®om of rat SP35 is localized to
CNS neurons and brain oligodendrocytes, as determ ned by northern blot and
i mruno- hi stochem cal staining. Rat SpSS% Pl@ expre55| on |level is regulated
devel opnental |y, peaking shortly after bir e., ca. postnatal day one.
In a rat spinal cord transection injury nodel , Sp35 IS up- regulated at the

injury site, as determned—by R-PCR 10 ”‘"481 Fhe—nventors ave
di scovered t hat f@?mpwwejﬂ?gww | di B¢ %‘EHISB%UBF‘MS t|dEndiggResidys) yp| e
derivatives of SpB& gﬁ e as SpBS ant agpni st pollypepti degg by WO
2004/ 085648 PCT/ O’)")’) 1 bi-rreh §39) t+o—Ng i

i nhi biting, or i ntb?\mé??l ng with ifs functiddn, thereby reli%ving thd
NgR1- nedi ated i nh@mgl on of axonal ext en3|6@n that normally 8t9akes pliace in
CNS neurons. Thi s+s—benrefHeial—-f—situati-ons—wherg—axonal—extenston or
neurite sprouting ¥8Rneeded in the brain 8P spinal |cord. Spihal corg
injury, 5 includinggpartial or conplete ciysh or severance;sgxenplifiies a
situation in whi ch—axenal—extensi-en—+s—neededi—but—s—nrermaly—+nhibited

t hr ough operation BRRt he Nogo paf hway. EX¥npl es of| di seaségl or di sgrders

i n which axonal e sion and/or |neuriteygprouting in thegyain would be
beneficial incl udte]téﬂi_poke, multiple—scl nlé?c- s—and—oether nglS!’-rm*mmreratl ve
di seases or disor/deRR. 10 [0049] “In met hot#s of the present 2¢hventi on, an
Sp35 pol ypepti de o];imgn Sp35  blocking ant)fody (or [antigen,bynding ant i body
fragnent) can be mnistered directly a': a preforimed pol ypeptide,—or

indirectly throughLBRnucl ei c aci d|vect or 2340 antadoni ze NgRL functijon and

TC U oog T 9Tt

permt beneficial Axenal—out growt . 258 281
LRR 282 | 305
LRR 306 , 329
LRR 330 - 353
LRRCT 363 ‘ 416
Basic 417 424
Ig 433 493
Connecting sequence 494 551
Transmembrane 552 576
Cytoplasmic ‘ 577 614

[0047] Tissue distribution and developmental expression of Sp35 has been
studied in humans and rats. Sp35 biology has been studied in an experimental
5 animal (rat) model. Expression of rat SP35 is localized to CNS neurons and brain

oligodendrocytes, as determined by northern blot and immuno-histochemical
staining. Rat Sp35 mRNA expression level is regulated developmentally, peaking
shortly after birth, i.e., ca. postnatal day one. In a rat spinal cord transection injury
model, Sp35 is up-regulated at the injury site, as determined by RT-PCR.

10 [0048] The inventors have discovered that full-length, wild-type Sp35 binds to
NgR1. Soluble derivatives of Sp35 function as Sp35 antagonist polypeptides by



[0050] In sone enbodi nents of the invention a soluble Sp35 antagonist 15
pol ypeptide is admnistered in a treatnent nethod that includes: (1)

t r ansf or nimapoowesseasansf ecti ng an i npl ant abl e host cel | walwszoowmB®3c aci d,
e.g., a vector, that expresses an Sp35 polypeptide; and (2) inplanting the
transformed host cell into a mammal, at- tlHe site of a disease, disorder or
injury. For exanple, the transformed host cell can be inplanted at the

site of a spinal_ gord Ji.niur | n .somne, - dj ts . ] L i t he
ol ant al o hodtndiB {0 ERF i pisBa PP R e Rt ol A b R F G
transforned or réleixaf e Nk whntdia®q ihtgbitiah od axeiel extendcn thaenaanilygals

sol ubl e Sp35 pol ypepti de, and inpl anted back into the sane qamral_ from
which it was DéaseveENSmrarens| Thesin bpeeficklin siguagigns Waggiaxes! €3oheon Pk mpved

fromthe sane it Leh it 18 4 : Eﬁﬂﬁ?ﬁi soneti nmes
known as ex vi \%u}itg Sg%)rlll\ém% ﬁge]‘%éé"%?! ﬁlctg%%a?géf énagldglglht I nuoﬁgﬂg}d%la’y of the
Sp35 pol ypept i desluding phitiabek coatplétherush be soferaict eexefmpiifits osituation imwhiaki t ed

period of time. WD _2004/085648 PCT/ US2004/ 008323 - 12  [0051] T

i nvention proviadersl gKicgepe prneged, fus @pﬂg@l?}fﬁg&ptg@g}rgugﬁ Oﬁﬁgl‘%p%fgﬁe
interaction w o€ A £l j tides

i ncl ude the fom% ‘gﬁdr?o%% g@%%&%%&g gﬁgﬁ%&@&ﬂ?&%%?%&%%? 51 T
P K R R ( SEQ Dahor fdyrite dprGuithginHh&b{aSERohId e@endRgial WcIBdSsFOUE, MultBHE) | D

NGO 13) [0052] The top row of amno acids.(in bold;, SEQID NO 10) is the
preferred seq@seasts. dpd pthenquegegenegryic dicasrs S SSHEFS subst i t uti ons shown

el ow (SEQ, D ﬁ]{ﬁgﬁlgg% g&%lmqﬂséggl{%&éh invBRRA], aYBHBOYSIyBHRIRI RGN SPRSS

pol ypepti des, s and antibody “fragnents, and iethods and
materials for oldcking amjibbihebe anigachihdingfantibglyatagneényycantbeeadpriistened

15 [0054] Some ORHBURLHEL DR PRB PRSPt BHIP bR B LA 670 S G
o ¥ heed to o BB B %5 Tusion
protein. Sp35 f0850n Inpomt embedicamtde the éuventionesolpls Si3 Svantdgonist
obj ectl Vess & %blypielgt%eei(’si% gilﬁgtgrlég] h? aaltrfeétmeﬁt method that includes: (1) transforming
or transfecting an implantable host cell with a nucleic acid, e.g., a vector, that
expresses an Sp35 polypeptide; and (2) implanting the transformed host cell into a
mammal, at the site of a disease, disorder or injury. For example, the transformed
lost cell can be implanted at the site of a spinal cord injury. In some embodiments
20 of the invention, the implantable host cell is removed from a mammal, temporarily
cultured, transformed or transfected with an isolated nucleic acid encoding a
soluble Sp35 polypeptide, and implanted back into the same mammal from which
it was removed. The cell can be, but is not required to be, removed from the same
site at which it is implanted. Such embodiments, sometimes known as ex vivo

25 gene therapy, can provide a continuous supply of the Sp35 polypeptide, localized

at the site of site of action, for a limited period of time.



life, inproved bioavailability, in vivo targeting to a specific organ or
tissue type, 20 inproved reconbi nant expression efficiency, inproved host
cel |l secretmn4ossesse of purification, and hi gher avi di tRCT/Bepemdsizg on t he
objective(s) to be achieved, the heterol ogous noiety can be inert or
biologically active. Also, it can be chosé® to be stably fused to the Sp35
noi ety or to be cleavable, in vitro or in vivo. Heterol ogous nDieties to

acconplish diff ectives._ar r
alternative to [@(53? sﬁ}édﬂv%]ﬁlog pg)vé% %Y;%r# tﬁ? %Pgﬂf@l & mo%@%té%%ﬁﬂet oI ogous
noi ety can be Qﬁt@xfa@ﬁ@iedqtﬁw%mhﬁm Spﬂslslmnﬁmyplugaézedtlctm tThe ofigdpeptides ety. In

nost cases, a chosen heterol ogous noi et will function simlarly, whether
fused or conj ugmhetbifﬂ@ﬂ?lhé"flsgwmﬁﬁ 100 n1"'herefore in the follow ng

di scussi on of heter o o] ids ess ot herwi se noted, it
is to 30 be underst § LF %{fg&erol E@E E@}’q? e can be joined to the
Sp35 noi et in the’f on pr chem cal conjugate. WO
2004/ 085648 PCT/ USZGAEM 0 ng 3% I ogically active

pol ypepti des such as’ Sp35 oft ek ellni b| t 1vo clearance,
necessitating |arge doses to achi eve ther apeut| cal I eff ctive

concent r at i ons [0962] heltisday row af aménoackks, (inden Ing’reHrﬁf&He‘ébout 60
kDa potentially under r il to
nephrot oxi city. g%leﬁusl‘%%lgirr%g%n&u Elts’{n OtplE ?{IM% g%tl ve (ﬁﬂ 9rr‘gﬁtb\%pol ype t| des

such as Sp3b fnaggent 92ead 13pe errpl oyed to reduce or avoid the risk of such
nephrotoxi city. Various heterol ogous anm no acid sequences,

pol ypept i de noil8@3Hs VGarious gxpmplesy SP3fS(ﬁ°1YHe&?EF1%Sa§F%&Pg’ﬁénﬁlwc\ﬁs\?@délpgb‘?qﬁ ty,
i.e., serum half-| 7]
Due to its Iongé/"ﬁrlj?ef(1 § al?({ m%&%gggfdékét%gg@ %(12(?@%1 H%S[h@srquonlg ack %%"{éﬁgg matic
or i munol ogi cahe prepgitivrnties serdesalblest belokl. - | engt h hunman serum al bumi n
(HSA), or an HSA fragnment, is a preferred heterol ogous noiety. Through
application of _ nethods. and r&at eri al uch.as those taught in Yeh et al.,
1992, Proc. Nathusioadzat . ategg:01PERU9SHg and Syed et al., 1997,
Bl ood 89: 3243- 3252, HSA can_ be u ed to forman Sp35 fug gl?g otein or
conj ugat e *hat (8934 W%%P%&%P@@E&ﬂm ROV VHICHST PLER he Sp35
moi ety while di I: Q ﬁg@dfold
6)%@%})%%&? ? ga%r%é%aaﬂtalg){m'sﬂﬁgﬁ?e%ﬁqe Whdlein an]SCbeS %dfietgf s

hi gher, in viv era C-term nus of is fused
to the Nterm nus hefercblbgoﬁwypephmmmesj tocforthiSA Sps 5 dusian plroadm ySB?eﬁcﬁJetoed

proteins can be used to accomplish various objectives, e.g., increased serum half-
life, improved bioavailability, in vivo targeting to a specific organ or tissue type,

20 improved recombinant expression efficiency, improved host cell secretion, ease of
purification, and higher avidity. Depending on the objective(s) to be achieved, the
heterologous moiety can be inert or biologically active. Also, it can be chosen to
be stably fused to the Sp35 moiety or to be cleavable, in vitro or in vivo.
Heterologous moieties to accomplish different objectives are known in the art.

25 [0055] As an alternative to expression of a Sp35 fusion protein, a chosen
heterologous moiety can be preformed and chemically conjugated to the Sp35
moiety. In most cases, a chosen heterologous moiety will function similarly,
whether fused or conjugated to the Sp35 moiety. Therefore, in the following
discussion of heterologous amino acid sequences, unless otherwise noted, it is to

30 be understood that the heterologous sequence can be joined to the Sp35 moiety in

the form of a fusion protein or as a chemical conjugate.



protein, the HSA signal sequence can be exploited to obtain secretion of
the Sp35 20 fusion protein into the cell culture nmedium when the fusion
protein iwQonoodessess in a eukaryotic, e.g., mamal i an, eqIERsM4NOSERFStem
[ 0058] Sone enbodi ments of the invention enploy an Sp35 pol ypepti de wherein
an Sp35 noiety is fused to an Fc region,- il3e.-, the Ctermnal portion of an
g heavy chain constant regi on Potenti al advant ages of an Sp35-Fc fusion

i nclude 25 sol | it in Vi I|t mul :
di neri zati on. 6L )f’h@‘&’il%’ﬁ Ogbcsa ﬁes Suc%‘ ggl%?[elbg}f'—lgbﬁ SRR
(hi nge- CH2- Gﬂ»zvo%héaﬁin@atﬂe\é@dsﬁanﬂgt laﬁg%rﬁos&ﬁo%@hlbg&t}@fapbgﬁﬂa'ﬁ@ elfﬁgﬂl‘&n
(hinge- CH2-CH3-CH4) . An 1gG Fc region is preferred,

regi on or | g@cmenégllm in feethodyal a@diﬂom@@h@@ﬁt@%rsm%]éh@l@ﬁ@bw
expressi ng DNA enc f
applied to obt 8?@“@%@5‘%}({; ooégh%@%aﬁﬁaﬁﬁg&hlée}{;sﬁ)%lnngéﬁ?e OnﬁQp&%ﬁ@xRﬁy.

enbodi ment g of Fyfien bﬁy@?agmn@fw@wveaﬁsﬁﬂspoﬁyp@tms snucchtaelsp3§ defgneststdanse
described in Capon et U S. Patent Nos. 5,428,130 a,nd 5, 565, 335. WO

2004/ 085648 PCh¢ bispboad toednee or avpxl thegisk of suhicehpriaicite Vg i s a
pol ynucl eot | de gt £1EQES, 84 ATRRACH . ARIBREOGRL oL RdiakoSor

transport of a n across 'asm ¢ reticul um

Si gnal sequenceasrétsiigtthe fovive sability ¢k, 9@-uﬁ1rhalﬁ=mli¢n0f ﬂnsra!peuudmdlmh@tldm arbody
| i ght chain signal sequences, e.g., antibody 14.18 (Gllies et.al., 5 1989,
J. I'mmunol . Me&ROWI125:191-202), antibody heavy chain signal sequences,

e.g., the WC%@%@?%E%C{QX% ot alfﬁ?e' Rid nRbo (ﬁ?ﬁﬁﬂﬁﬁ&? 2 PMERN? eflyridtic

1980 Natur e atlvel’ ot her  signal Sequences can be used.
See, for exanmplenmWasisgical fhfiédn, Esmmmlb/ mmleigtﬁehsman sérufiPalbumb) (HSPeor

si gnal tid [y cl d he | f .asni
et cul U by i.a'giga A'Fefelia oot et fl. (e COCRBLT R OH o
| munof usi n pr 9& ﬁ@&ﬁt\ﬁia@s&cﬁ% ffost 81 gﬁﬂnaﬂéil etfahel@3§rdEDN%£1)’Aca[@060]

In sone enbodlne sequence encodes a proteolytic cleavage site
bet ween t he se@t:ettjm aldDet 1988 and Sgrbcbe&ba,w%iBé@gd 8N3 24340 &S cam be

Cepar at i ng o he Upel HOHBABSA'S O HE A et P O e G pRotear Ot i ¢
e 1 L qmaicey g pd 4
10- fold to 100 fold higher, in vivo stability. Preferably, the C-terminus of the HSA
is fused to the N-terminus of the Sp35 moiety. Since HSA is a naturally secreted
protein, the HSA signal sequence can be exploited to obtain secretion of the Sp35
20 fusion protein into the cell culture medium, when the fusion protein is produced in
a eukaryotic, e.g., mammalian, expression system.
[0058] Some embodiments of the invention employ an Sp35 polypeptide wherein
an Sp35 moiety is fused to an Fc region, i.e., the C-terminal portion of an Ig heavy
chain constant region. Potential advantages of an Sp35-Fc fusion include
25 solubility, in vivo stability, and multivalency, e.g., dimerization. The Fe region
used can be an IgA, IgD, or IgG Fc region (hinge-CH2-CH3). Alternatively, it can
be an IgE or IgM Fec region (hinge-CH2-CH3-CH4). An IgG Fc region is
preferred, e.g., an IgG1 Fc region or IgG4 Fc region. Materials and methods for
constructing and expressing DNA encoding Fc fusions are known in the art and
30 can be applied to obtain Sp35 fusions without undue experimentation. Some
embodiments of the invention employ an Sp35 fusion protein such as those

described in Capon et al. U.S. Patent Nos. 5,428,130 and 5,565,335.



[ 0061] The secretion cassette can be incorporated into a replicable
expression vector. Useful vectors include |linear nucleic acids, plasmds,
phagem dsywocms#isdess 20 and the i ke. An exenpl ary expreiTors20@cn0es23i s pdC,
in which the transcription of the inmunofusin DNA is placed under the
control of the enhancer and pronoter of - tife human cytonegal ovirus. See,
e.g., Lo et al., 1991, Biochiin. Biophys. Acta 1088:712; and Lo et al.,

1998, Protein idheer : - i an be
transforned or 'ﬁj‘r%adis%ﬂg&%&\%ﬁeﬁqﬁé%é%p%tﬁagég%yg?%ﬁoi%% a%ghlﬁgﬁgpept i de,
and is used foreqitacethat Bsifiteytranpors ef4 ptotan aabsd the nEpRrapoofthept i de.

Preferred host cells include imoprtal hybrido cells el oma cells, 293
celI's, Chi nesénfeniateie reficaiuyn.( igop! segénges feppqnstructing apoRIEw@Iafesin

[0062] Fully infacie an%bgy g%@%gggleﬁ@g&egéa,lﬁeﬂae§,p4£,y?ﬁfbfoegtmnsf(@m%g gng, t hat

normal |y are unnecessar S n an usi oh protein according
to the present 1389, InltemuhanMeciihgt 25 1020 parttdiody beawyi ahginsiigred sgruehesabl y

are deleted fromthe_ Fc egi o urin he constructio f the segretion
chssette. For iy Morg (BB Bod hradaiah SHeh e grFnar b 10
unnecessary, t g\gdg!&’e ?@g %97@'. t}?lté(rgéti\;ghﬁ oﬁﬁ?g%néﬁ@e%%éé%%sed. See, for

PCT/ US2004/ 008 chai n bindi'ng protein, Bip (Hendershot et al.,
1987, | mmunol . eXadple, Balsbh; 1984) Nucieg: AeileResbafahol: 114e).ChHae signalipspvde ishe Fc

regi on of IgE, hat .t hj ite e 0 i.nterfere. with the _.efficient
segr etion 019 tﬁ‘é‘lljaﬁ Ph& .‘%hirlflﬁlé @‘ ?en&qyiasg'%{%}%@m Pslémé’igaﬁlé%epﬁﬁﬁsfénlt in
the Fc regigons M chuaris tesprash b 8§ ihRunbiusRi f#8tetPcdnfBnink I Fordzad shdof

t he i mmunogl obulin should be deleted or substituted w th another "am no
aci d, such t hathd $g¥emotit ei ne residues do not interfere with the proper

folding of th region when. it is ced as an_ i.mmuno n.

Tr ans mgnbr ane ZQ@J n%géglaﬁgwg’(ggljme&fctﬁg?ﬁ# RELEpT %%08%%?8 afwoffeg)i)lfmsﬂ%adﬁ%e be
del eted. [0063kitd BorwestheRecrefEh Oikséthe dHdaheBpETmoRd. & BRbVALeIsite ptdieddse
region of the other 10 subclasses of inmunogl obulin gamma (gamma- 2,

gamma- 3 and garfemtha prateniytiecleaisge of Heteneodsddpson protansthes searafing thelm Fe

regi on of _i_mmunogl obul i -1.1.s ref erabl v u in. ret.]on
cassette imcl u@88“‘%@“!%3’&%%%@8@6?@(%{?efﬁl 2t eobxélrc t e%gaé%sétte%ﬁ&ﬁfde\éga?%h? and
the CH3 regi on.acildl s&bBce LA b prétbslyi ie@RueH as trypstneglsebyl i n
gamma-1 is a Gﬂ%l-dg?%t ed-%i ch§|pacl u%lfg‘gerggrg% o:‘l t?\se mg 15 regi on and

the CH3 regi on, thibmbimdacteinéa, Okenicedlinpic KA CH2- del et ed- Fc has been
descri bed by G[Mdﬁs ﬁxte s@érétio&&%@étte‘éﬂﬁ‘b‘e'?irl.'ctolr;?oqgted '1_%9 ra'rgﬂﬂﬁﬁle el‘(i)éeésiohn SOme

vector. Useful vectors include linear nucleic acids, plasmids, phagemids, cosmids

20 and the like. An exemplary expression vector is pdC, in which the transcription of
the immunofusin DNA is placed under the control of the enhancer and promoter of
the human cytomegalovirus. See, e.g., Lo et al., 1991, Biochim. Biophys. Acta
1088:712; and Lo et al., 1998, Protein Engineering 11:495-500. An appropriate
host cell can be transformed or transfected with a DNA that encodes an Sp35

25 polypeptide, and is used for the expression and secretion of the Sp35 polypeptide.
Preferred host cells include immortal hybridoma cells, myeloma cells, 293 cells,
Chinese hamster ovary (CHO) cells, Hela cells, and COS cells.
[0062] Fully intact, wild-type Fc regions display effector functions that normally
are unnecessary and undesired in an Fc fusion protein according to the present

30 invention. Therefore, certain binding sites preferably are deleted from the Fc
region during the construction of the secretion cassette. For example, since

coexpression with the light chain is unnecessary, the binding site for the heavy



enbodi nents, the Fc regions of 1gA 1gD IgE or 1gM are used. [0064]
Sp35-Fc fusion proteins can be constructed in several different

conf i gur awnviconee4/0856480ne configurati on the C-term nus of tHEI/(Bp8&GHMRI2GLY S
fused 20 directly to the NNterm nus of the Fc noiety. In a slightly
different configuration, a short polypeptilde,~e.g., 2-10 anmino acids, is

i ncorporated into the fusion between the N-term nus of the Sp35 noiety and
the C-term nus pf. e,. Fc . ety i hk FQVI tyat i gnal
loxi bi 11Ty, T eR OGS SRGE B B trthar LUl Tos PR GRE SRR RUTR 0% e
I f a sufficients@éted @onothe OH2 domge of €@ o rep®nrof (gl rsech that thiesigbddes not

noi ety, the Sp35-Fc fusion will dinerize, thus form ng. a dival ent pol ecul e.
A hompgeneous IpeereaTifioie Hicign serpiion idhe iamynatugin Fikgiseqthesysismeci £ c,
bi val ent di ners..; ' [ i j

di fferent spez?s%ﬁgﬁg&%tﬁ?%ﬁ% & Igg}g&‘gﬁ%?&ﬁ@%@@@ﬁﬂgg@m{eg élg] Any
of a nunber of chiia®$tldimver®gtdbatin chmtldba deletedrar ssistindedgyithranntheBmimmact i ve

group and thiol reactive group can be used to |ipk Sp35 to serum.al bum n.
Exanpl es of suifidpush|thaiilagse cysieipg frsidies E% nP@&@E‘F%WEﬁMIPPWk@%% ?rgt
insert a thiol | Vesml:eim : NS,
SVPB, SMPH, oo SRRl SR Bl Bt 7 %8%%fzﬁsMEH;é-mﬁggﬁﬁ?@%%ébrﬁoevss. Ot her
sui t abl e | i nkessquensasr such at thask preseadtin VeMhslomatlet ddleted.gr oup, e. g., SBAP,
SI A, SLAB. Linkers that i de .a protected or nan-protected thjol for
Ceact ion wi th <01y dtyiBGT bstuits Rmeitier ANeaRigi R Gertrage of HEwe
SPDP,  SMPY 4 S,Algtfcg%e@b[@%ﬂiun%g%uﬁﬁg%ﬁfa gﬁﬁﬁlacgg%hﬁtﬁhﬁ&gmalmh@bée- 9.,

5 Pierce Chenic 0066] Conjugation does not "have to involve 'the
N-t ermi nus of asedSp3be sqoitypepssetde T Ighé Hehiegilon wbinemyneglobdmuganamblris n.

F l e, Sp35- in, i .obt ai ned. usi ng. i
engi neer | ng' t cBFAADRASeE ST st iffgh iy Binay St B I by m
al bumi n gene athd EE2Nedi6h Tl WS CIF3 rESiFh NHSson erPYdimerks, th@@_@?&%i??@ﬁ

pol ypepti des can be fused to heterol ogous peptides to facilita _
purification oimenglobuliaginomadfis ekd15delsteddice pichHoeludssarapl &f thahiigst i di ne

tag can e fused to ol ypepti de facilit rification using
conmmer ci al !5y e\ gﬁf@e%@f%g&éﬁﬂq}?p%ﬁ%Te%l%&?iﬁﬁ&i%[ﬁ%%g%%g?eﬁlent s of
the invention, dagribedby3iBicobt QQ@@Q(D,QEImJAnt&tﬁﬂdH%/Bﬁddrﬁaﬁmmﬂ(Iﬁ sbie

production of an Sp35 noi eth in bacteria. In such constructs a
embodiments, the Fc regions of IgA, IgD, IgE, or IgM, are used.

[0064] Sp35-Fc fusion proteins can be constructed in several different
configurations. In one configuration the C-terminus of the Sp35 moiety is fused

20 directly to the N-terminus of the Fc moiety. In a slightly different configuration, a
short polypeptide, e.g., 2-10 amino acids, is incorporated into the fusion between
the N-terminus of the Sp35 moiety and the C-terminus of the Fc moiety. Such a
linker provides conformational flexibility, which may improve biological activity
in some circumstances. If a sufficient portion of the hinge region is retained in the

25 Fc moiety, the Sp35-Fc fusion will dimerize, thus forming a divalent molecule. A
homogeneous population of monomeric Fc fusions will yield monospecific,
bivalent dimers. A mixture of two monomeric Fc fusions each having a different
specificity will yield bispecific, bivalent dimers.
[0065] Any of a number of cross-linkers that contain a corresponding amino

30 reactive group and thiol reactive group can be used to link Sp35 to serum albumin.
Examples of suitable linkers include amine reactive cross-linkers that insert a thiol

reactive-maleimide, e.g., SMCC, AMAS, BMPS, MBS, EMCS, SMPB, SMPH,



bacterial protein normally expressed and/or secreted at a high level is,
enployed as the N-termnal fusion partner of an Sp35 pol ypepti de. See,
e.g., Sm ™o ®b4/ad5648 1988 Cene 67:3 1; Hopp et al., 198&cT1Aiszh@iossBogy
6:1204; La Vallie et al., 1993, Biotechnology 11:187. 20 [0069] In sone
embodi ments of the invention, a fusion cod$truct includes an Sp35 noiety
and a second human NgRl - bi nding noiety, e.g., an oligodendrocyte- nyelin

gl ycopr ot ei n (%@%van Ehbs, aggﬂémgdbcons{ekeh%gM@f}gﬁ&f\eihmo% e Moiety,

or Nogo66 noi e suc ructs i1nc e 1 ncreased NgR1l

bi ndi ng af fi ni gyoupégl, @@KH STAeSTAR | Lirﬁalgtthat(ﬂk@\pdampftﬂecaedokmqmemmdl S
known in the art (Genbank accession no. P23515). Specjfi¢ exa es of
Sp35- OMyp f usi el foptgagien Wi suklaydrylgrages to U_Pt gpesicid é%lhl@iﬁgsg%l | gGL Fc

+ Ovgp (am no A
Owgp (am no ac?gb?ﬂeg/%{}céjs%?g%@ %@@?O%&%?&Eﬁar?ﬁe?’aﬁﬁ(eg%tﬁﬁa%@%ngeg a:',‘.-l
sequelnce |];5 gngéaﬂmghirhﬁaﬁyt (Gelnbgnkt hacceSS| on no. A61(2)861)4/ Spgm fic

exanpl es o usions inclu e

PCT?ESZOOM oogé@ﬁﬁl CP?lJuqagel?ﬂ?eSsm YR 1@‘210(1 gﬁe&?@ﬁ@“ﬁ% an ﬁ%g% (am no
acid resi dues 12nBARe @tk akA3Ak AR AAIRY: ahiBh SpYBGILATNO aci d

resi dues 12-350 gth Nogo ami no aci sequence is known
in the art (No@m&ons@enbarmbtaamdesmgcgmnctm en!g‘ﬂ‘ldeﬁﬁg ®chnigpes; ivhiereie ket 3ds  of
Sp35- Nogo fusions 5 Iﬁélide the fol + IgGl

Fc +Nogo66 ( Nog¥actiAs Eﬁt&eﬁ%@%?dé iy Lﬁl%z]ﬁ)te 16‘6973? ?%31%%‘553%1)1’ D 532)

+ HSA + 066 o] I 35
34 597 +iges OO TR pB e L NS Merghoked pervact iPRedenty (72

[ 0080] Sp35 (apulficdd)ortdddEficaticanafithe Spigi)mpmsgoﬁoraaxamleaalh@stldwtd&e@ 1-

949 1
sui % abl[ 208 I'B efﬁ,lljsséh St gp%) poslypepu%te% Blirfelie pur n}icaguon us1r§:gacrol1)1%)r§¥rc1a?lr mni of a

available chromatography media.
[0068] In some embodiments of the invention, an Sp35 fusion construct is used

15  to enhance the production of an Sp35 moiety in bacteria. In such constructs a
bacterial protein ﬁormally expressed and/or secreted at a high level is employed as
the N-terminal fusion partner of an Sp35 polypeptide. See, e.g., Smith et al., 1988
Gene 67:31; Hopp et al., 1988, Biotechnology 6:1204; La Vallie et al., 1993,
Biotechnology 11:187.

20 [0069] In some embodiments of the invention, a fusion construct includes an
Sp35 moiety and a second human NgR1-binding moiety, e.g., an oligodendrocyte-
myelin glycoprotein (OMgp) moiety, a myelin associated glycoprotein (MAG)
moiety, or Nogo66 moiety. Advantages of such constructs include increased NgR1
binding affinity.

25 [0070] The full-length OMgp amino acid sequence is known in the art (Genbank
accession no. P23515). Specific examples of Sp35-OMgp fusions include the
following:

[0071] Sp35 (aa 34-532) + IgG1 Fc + OMgp (amino acid residues 25-400); and
[0072] Sp35 (aa 34-532) + HSA + OMgp (amino acid residues 25-400).

30 [0073] The full-length MAG amino acid sequence is known in the art (Genbank

accession no. A61084). Specific examples of Sp35-MAG fusions include the

following:



15 fusion partner, bivalent or tetravalent forns of an Sp35 pol ypeptide can
be obtained. For exanple, an Sp35 noiety can be fused to the am no and
carboxy wWern41085648 an | g noiety to produce a bival ent rROTOUS20040008323

pol ypeptide containing tw Sp35 noieties. Upon dinerization of two of

t hese nononers, by virtue of the 1g noietly/ a tetraval ent formof an Sp35
protein is obtained. Such multivalent 20 forns can be used to achi eve

[ d bi ndi ffd ni.t he_t : ivalent f I
can be- obt ai ned0gy piser i <38 hen BEnXbhntfy R0 ren RS Tanbortg, < °°
whi ch can be eg@d} edBisqae3 530 s e AL 0 VA GYanald fbid tRRIiesUZHOAs | g or
HSA. Conj ugat ed Pol yners 1(10t her than pol ypeptides) 25 [0082] Sone

embodi ment s of [007]i rbherfulldengthiNsize emarp BB squensais supwe nHisrasi Nogehe or
| i t ed | I tide.
St T AT R

(di scussed saboygdudestig lidvahyners and pol yal kyl ene gl ycol chai ns.
Typically, but not necessarll rrEr is conjugated to.the, Sp35
[

,. a_pol the,
pol ypepti de fol0@7é p3n3éd%347§§%b+ 18t B itdlpeohe (RJpeod pruns aqithEesidyies owi ng:
solubility, st ?}%Eéllﬁb .or bioavailability. [0083] A preferred class of
pol ymer for conjuga |o)h to an Sp35 polypeptide is a polyal kyl ene glycol.
Pol yet hyl ene gljgeT8] (SPBG)(ad 34532} + E18lAa+ NogpbE (s goe'damPioG il e2iddd DBH648
PCT/ US2004/ 008323 - 18 noieties, e.g., 1, 2, 3, 4 or 5 PEG polyners, can
be conj ugat ed tld2¥ach Sp35 polypeptide to increase serumhalf life, as

conpared to the 5 Qalsy i ﬂa%&pp +REGIRIES (€S54 S addtdsBgRt ¢ and
essenti al |13/’ bi g?(?gﬁca %5 (Fﬁgjftsgg)PE HD}F(:Gt iagls usgd'(llqng%empra%dt??ces of the
invention may heddMpamehed or unbranched. 5 [0084] The nunber of PEG

noi eties attached to the Sp3 ol tide. a th nol ecul ar . wei ght of the
i ndi vi dual PEG[Q‘P\%Q]nssng’ér{a%eé‘?r’?g%%%é%ﬁﬁaﬁﬂ}o iy ﬁﬂ%@?& A0 ac eé@ﬂ?% -

wei ght of the P mer, the fewer polynmer chains attached to the
pol ypeptide. Preferably, the total polynmer mass attached to the Sp35
pol ypeptide i §00819mBROfse ancSpB0 thdaty af thesymind and earboky teemirng lodi suitable

attached, the preferred 10 | ecular wejght of the chain is 20-40 RDa. |If
two chai ns-Sar e TAYPRBHEFT RIKEentyF deigp/plept %’HP&B&?%?%@@WP@G gan e chain is
10-20 kDa. 1f tRE&EICHR:R3aRpR, arfShBGREy dadh®eRhfdah iRfaiRbead abowei ght is
7-14 kDa. [0085] The polyner, e.g., PEG “can be linked to the Sp35
pol ypept i de t hrtemghi of an Ig moiety to produce a bivalent monomeric polypeptide containing

two Sp35 moieties. Upon dimerization of two of these monomers, by virtue of the

Ig moiety, a tetravalent form of an Sp35 protein is obtained. Such multivalent

20  forms can be used to achieve increased binding affinity for the target. Multivalent
forms of Sp35 also can be obtained by placing Sp35 moieties in tandem to form

concatamers, which can be employed alone or fused to a fusion partner such as Ig

or HSA.

Conjugated Polymers (other than polypeptides)

25 [0082] Some embodiments of the invention involve an Sp35 polypeptide wherein
one or more polymers are conjugated (covalently linked) to the Sp35 polypeptide.
Examples of polymers suitable for such conjugation include polypeptides |
(discussed above), sugar polymers and polyalkylene glycol chains. Typically, but
not necessarily, a polymer is conjugated to the Sp35 polypeptide for the purpose of

30 improving one or more of the following: solubility, stability, or bioavailability.
[0083] A preferred class of polymer for conjugation to an Sp35 polypeptide is a
polyalkylene glycol. Polyethylene glycol (PEG) is particularly preferred. PEG



any suitable, exposed reactive group on the polypeptide. The exposed
reactive 15 group(s) can be, for exanple, an N-term nal am no group or the
epsi | on awiomogesseys of an internal |ysine residue, or baddr/U2Rnodzwsizgat ed
pol ymer can react and covalently link at any free am no group on the Sp35
pol ypepti de. Free carboxylic groups, suitldbly activated carbonyl groups,
hydr oxyl, guani dyl, im dazole, oxidized carbohydrate noieties and nercapto

f the Sp35. (if  Labl i
Por pol yrer at EAURISHT . [ obebft Pares BePy<TF b TSRl SRAR KR 0 rom
about 1.0 to abelpedilidmlingeat segt halplifdapainysaeed Pethe 8P Lpolfypgnidepbpie de,

dependi ng on pol ypeptide concentration, is, enployed. Usuall the ratio
chosen represe moptien Aedopeanfigeric apdsssertalpielRgicAlby tierlod ﬁmméeﬁes

m ni m zing side_r ' (0 : = RN Lfrpair the .
desi red phar _mag% cﬁ%ﬁféggﬁg%{? %/f’tltﬁ g lﬂégﬁ?%gﬁgﬁ%@%?gﬁggﬁbg%&%ﬁy, at | east
50% of t he sbi oljeag4¢alTirGiumbet wf PBG eistiessittasliceico tiee $p35 polypepyidetnd the assays

descri bed herein or _known in the art) of the Sp35 pol ypeptide is.retained,
and TSt pr ef GRS Enep 0 ek PG hains P B Thohsaty e bk Ot
conjugated to I i aﬁg@é h&eioshey. For
exanpl e, a pol yaq?cc?%}g}']eg&g%g?g%ﬂ)cﬂg?gﬁ ;t/ﬁégfgﬁ,gﬁg&%gﬂ%e tttéaea Iygt%u?\e epsi |l on

am no group of pbhpeSpRS Rrefeyqbéptthal®tal pblyksyenasoattdvbed to/thierdp3 S pdypepialen can
be perfornmed wi.th an N hydroxyl succi nim de (NHS) activ 004/ 085648
PCT/ US2004/ 0083280m_201ig)d 940D u@HJSa’sf OPEEC Ph?lﬂilwfacg\g% MHRCEICES- PEG)

and succi pigni olgaeu?ag'v?é?g{t%ftﬁé&éufﬁ@b-4o§mé. a2k o PRANELIKkERRIINCO

noi eties include, ., —carboxynet hyl - NHS, norl euci ne- NHS,
tresyl ate, al dehfeecd mplxilkeweighapberthilchaindai®@R2e kDandf PR dantsanat e. These

reagents are co rcially 5 avail| abl e. Addit] am ne reactive PEG
linkers can be agt%’:?gi &Pt erfeff mp ulaEYYE‘&gﬁ]isr#'g‘yﬁB?m! ety. These include,
e.g., isothiocygmalesrheHolyRRNERY e, RABL BSlked tERBXSSIBSpo1RPtRE BABESH azol e

Y
carbonat es. Conditions pref erabf@y are chosen to nmaximze the selectivity
and extent or mrenstiabie, eSushd opictivg ga@tp on thef palwpeptiden The explised taastives wi t hi n

ordinary skill in the art.. 10 [0Q88 l. at i b i ed t b
of “the. PEGH at BRI ZEE Pbriot RHONG T rriag eniag &%ug Sy T et oy o b
Factors, 3: 4- g%ugéogl%%;in@%ﬁ 1R A0 BEBMN. R@%@ﬂba@@@biy‘ﬁ%ﬂc@rﬁ‘ﬁea@ﬁrﬂ 154

316 and EP 0 4 4. PEGyl ation may be carrie ' _
covalently link at any free amino group on the Sp35 polypeptide. Free carboxylic

groups, suitably activated carbonyl groups, hydroxyl, guanidyl, imidazole,
" oxidized carbohydrate moieties and mercapto groups of the Sp35 (if available) also
20 can be used as reactive groups for polymer attachment.
[0086] Preferably, in a conjugation reaction, from about 1.0 to about 10 moles of
activated polymer per mole of polypeptide, depending on polypeptide
concentration, is employed. Usually, the ratio chosen represents a balance between
maximizing the reaction while minimizing side reactions (often non-specific) that
25 can impair the desired pharmacological activity of the Sp35 moiety. Preferably, at
least 50% of the biological activity (as demonstrated, e.g., in any of the assays
described herein or known in the art) of the Sp35 polypeptide is retained, and most
preferably nearly 100% is retained.
[0087] The polymer can be conjugated to the Sp35 polypeptide using
30 conventional chemistry. For example, a polyalkylene glycol moiety can be
coupled to a lysine epsilon amino group of the Sp35 polypeptide. Linkage to the

lysine side chain can be performed with an N-hydroxylsuccinimide (NHS) active



out using an acylation reaction or an alkylation reaction with a reactive
pol yet hyl ene gl ycol nolecule (or an anal ogous reactive water-sol uble

pol ymer) . wolHo§/@388] PEGyl ati on by acyl ati on general | y inomolSzesi/aoexsti ng an
active ester derivative of polyethylene glycol. Any reactive PEG nol ecul e
can be enployed in the PEGyl ation. A preflérred activated PEG ester is PEG
esterified to N-hydroxysuccininde (NHS). As used herein, "acyl ation”

i ncl udes W|thout on the follown I' t he
t herapeutic pr 6¥& ch]ﬁﬁlﬁg C%&’tn@]ldy %ﬁcﬁlﬂlﬁ% (% éﬁ&gﬁa&%ﬁ%ﬁﬁgge
carbamate, ure{SEAPE® n@u‘itﬁ@le'ﬁog@lky@@ glydai ﬁib@éiie'slﬁﬁihﬁiegagm 5. 133- 140,
1994. Reaction paranet'ers should be chosen to avoid tenperature, solvent,

and pH condi t i caboxyraethyloNHS, demerséncoNHSnSetBR attessylate: aldghwles sPqxidnt i de.
[ 0090] Preferab t.he. c

|
05% 25 of t he PERBYHTIfGE ‘ir]?:each .gafﬁééf%c,e osé ?eﬁ%ﬂtg‘i{ggéy hELARLY. \Agf/e'reaSt

sone speci s Wilibl. dafitised ket RhctREGH@ihks saybdeabburedor theamount s
depending on the specific reaction conditions used. CptloBaIIy, purified

PEGy| ated spec swnarredyls@patNatTé\éserm@lﬁfiwﬁg #%@W@an%@r mtophemSATpaieset ed
spectes, by comyentl onal vo ELLAEALANLIE! POt ACIADucion @ 21 VST .

sal ti ng- out, |0n I ON- excnange cC mat o rap ge

filtration chr mﬁ@%@@%leoﬁﬂﬂy eﬂl@ébttémm@dsaeﬁbﬁ SudtDffithiz i@y datadionby
al kyl ati on generally invalves reacti.ng term nal al dehyde derivative of
PEG wi th Sp35 icandifiensis adibwe ardgrary skidy et agent . I1n addition, one WD

2004/ 08563@;% O I0ERR A e 64 PP B PR AAELIRRSGRORAL | ons

to favor antially on e N-term'nal am no group of
Sp35 (i.e., a hpthe-aESyd, atg,CquumbﬁﬂmiothFacmri; I3er-10; 4992 ; plubhstred-HREGHHaat i on

or poly-PEGyl at the PEG f I { .hdt th tei
via a ycHzGKmile pafeBapp RS i | S O sieBHEP GRE e St oPEReToE b i o
type of i nkag% 1§snl¥]?1¥v£l:a?a% %r}eac"l’loh%kanlﬂkglﬁﬁgﬁ TCE{CQQI?%JIth%rGhM% zation via

reductive al kyl'a uce a nono- PEGyl ated product exploits

differential reabeilwidy ghfcotifolentr(br sy pedogvius practias yatmisolobgrpmlysen)( | ysi ne
versus the N-term naa}) (g}/all bIe or deriv tlzailon The reactio

perfornmedi& alfi¥dn RO %t@ntgﬁﬂga WYAEEE ECaGHRS AR adRe e&f]eff erences
10 between the d@ﬂ§dtr\%%g%0 fy'%ﬂl R oPT AhPRoabiivd PEGHESILEUE Sarfbélerh ?l@@e@fn t he
u

N-termnal amno g e protein. By such selective derivatization,
attachment of shoRE@ylation. A preferred activated PEG ester is PEG esterified to
N-hydroxysuccinimide (NHS). As used herein, "acylation" includes without
limitation the following types of linkages between the therapeutic protein and a
20 water soluble polymer such as PEG: amide, carbamate, urethane, and the like. See,
Bioconjugate Chem. 5: 133-140, 1994. Reaction parameters should be chosen to
avoid temperature, solvent, and pH conditions that would damage or inactivate the
Sp35 polypeptide.
[0090] Preferably, the connecting linkage is an amide. Preferably, at least 95%
25 of the resulting product is mono, di- or tri-PEGylated. However, some species
with higher degrees of PEGylation may be formed in amounts depending on the
specific reaction conditions used. Optionally, purified PEGylated species are
separated from the mixture, particularly unreacted species, by conventional
purification methods, including, e.g., dialysis, salting-out, ultrafiltration,
30 jon-exchange chromatography, gel filtration chromatography, and electrophoresis.
[0091] PEGylation by alkylation generally involves reacting a terminal aldehyde

derivative of PEG with Sp35 in the presence of a reducing agent. In addition, one



sol ubl e pol yner that contains a reactive group such as an al dehyde, to a
protein is controlled: the conjugation with the pol yner takes pl ace

pr edom namwd 3004085648 N-term nus of the protein and no SWi20ez008323

nodi fication of other reactive groups, 15 such as the |ysine side chain
am no groups, occurs. [0093] The pol ymer @¥ ecul es used in both the

acyl ation and al kyl ation approaches are selected fromanong water sol uble

pol yners. The pol }ﬁgﬁfpulﬁee h%%atecﬂoﬁ Ia&qulgor%ec?o 1t lﬁtﬂ)n%‘tﬂ?taﬁtlﬁ }{Pyhiée for

reactive group, Ive e tron or an a

al kyl ation, pr efeNabininalsminé gtouphud SPas (iee, alfnoﬂ@PEGyj{at‘ai pddin)o Mnreitiiebe
controll ed as pI’OVI ded for in the present nethqods, exenpl a{y reactive

PEGbiaI dehyde i §aS§cﬂ mr}?yll’%ﬁélagwewolb?@&y(%ﬁ&nd%ﬁ@ gmpé re preteraii e
stable, or ti%l %c?th% gl‘fx%}ﬁ W4 aaé e o a%%hgv%'tﬁ’ iEhgr ﬁ?%eﬂc%% fthqtj' S.

Pat ent 5, 252 7 ymer d or ranc For
acyl ati on 5eact-(i:HISgrohbetllmwmmrﬂ&agssllmmmsahda]kgﬂ"rimmlga single reactive

ester 25 group. For reductive al kylatio th d should
pave a s o Thoal i iy b Brodie ey PGy e "
pol ymer will g} e cﬁ%tcgffexfeﬁt‘?ﬂ‘ré‘&hvft?bfé(ﬁﬁ?éh‘t' E}yeglaf m%gsaﬁmaeg%@ges

si nce these ar more conveniently I'i @n reconbi nant
expressi on sys{lgsme v[eﬁﬁ@th]e Nvbdrimirats) veilale épaterivgtizetiPEGThatedti@pB5 general |y

i ncl udes the steps of actln Sp rote o) 0 eptide with
pol yet hyl ene gP?& ‘@§E@WEQ@-BM q9§m@§§¥¥ﬁ tﬁ%ﬂgﬁgigﬁgﬁgﬁtive of
PEG) under gcongp eeﬂ%hef\gﬁﬂ&%nidbe SFGHE %sﬁﬁ@%@&s%&ﬂ%%@tﬁe%—@é}ﬁnﬂﬂ nor e
PEG groups, and ining the 2004/ 085648 PCT/ US2004/ 008323 -

reaction pr oduamﬁmo) grolip ofjegratkin. thesuabtselnaﬁver@mailmonmtthmmomsoffaowatt:me

paranet or's and StHBI® POLERT i SCR e A TROTIYE R R AR RAP Gl PPRUERE o
PEG protein, thenediRat #k cbhR g CERNHRIRRheRAks PRSP ralReinMiBOMGhe 5
[ 0095] Reductlve al kyl ati on F produce a substantiall'y honpbgeneous

popul ation of I\h@nmnup@lfﬂmmmte@p@ﬂ Wﬁﬁmy modgfiqatien of pdcsteagisvendroupsa)

reacti ng Sp35 ro e with a reactive PEG nol ecul e under
reduct i ve al kyFE B ﬁﬁ%f}'ﬁ]&ﬁe d(%r?bxr% agx}m%gbqqu,bﬂcpér& e to pen-nit selective

nodi fi cation ofogol I‘fhte%gmalmcﬁsam @E@HPb&h theSRIRitioaAAd aikylibhai ni ng the
reacti on product(s 096] For a substantially honbgeneous popul ation

of mono-poly neapprggé@s aterﬁ@lected from among water soluble polymers. The polymer

selected should be modified to have a single reactive group, such as an active ester
for acylation or an aldehyde for alkylation, preferably, so that the degree of

20 polymerization may be controlled as provided for in the present methods. An
exemplary reactive PEG aldehyde is polyethylene glycol propionaldehyde, which
is water stable, or mono C1-C10 alkoxy or aryloxy derivatives thereof (see, U.S.
Patent 5,252,714). The polymer may be branched or unbranched. For the
acylation reactions, the polymer(s) selected should have a single reactive ester

25 group. For reductive alkylation, the polymer(s) selected should have a single
reactive aldehyde group. Generally, the water soluble polymer will not be selected
from naturally-occurring glycosyl residues since these are usually made more
conveniently by mammalian recombinant expression systems.
[0094] Methods for preparing a PEGylated Sp35 generally includes the steps of

30 (a) reacting a Sp35 protein or polypeptide with polyethylene glycol (such as a
reactive ester or aldehyde derivative of PEG) under conditions whereby the

molecule becomes attached to one or more PEG groups, and (b) obtaining the



reductive al kylation reaction conditions are those that permt the

sel ective attachnent of the water soluble polyner noiety to the N-term nus
of Sp35. Bucivo4/essedst i on conditions generally provide forpqikes2didfooeszences
between the |lysine side chain am no groups and the N-term nal am no group.
For purposes of the present 15 invention, 2tthe preferred pHis'in the range
of 3-9, preferably 3-6. [0097] Sp35 pol ypeptides can include a tag, e.g., a

noi ety that can be subsequently rel eased b roteol vsis. T | ysi ne
moi ety can be S@PEY P P?/t(asljrrg?l g%/r?eé%’ %‘? op “?l%%egcétéoélt ?Oﬁéﬁg’nﬁif%rnﬁ%a&rlr%?ﬁnfi ed

with a | ow nol eculigds Wal S etéhIK&T casSb§ Basd Hadddeatt kisow gRbtefFindrthe) whi ch
Wil react with both the lysine and 20 N-term nus, and then rel easing the

his tag. The pdesyedpesudie Korlekamplenthe davgeithe eatiorafddiGprajeiputhe grrater dith be
selectively nodified with,a ontai-ni.ng a thiol reactive head group
such as a nal ePFﬁcﬁlgtaé‘?B{n%qu%@Figﬁ gﬁé group, a hal oacetate group, or a

free or prat ect[msﬁH.Re[dQQ@&] alifylatién 1 préageatsubamibdlyleplaesebusipbpulation
linker that will set up a specific 5 site for PEG attachpent, For .
exanpl e, Tr aut o§moaagedlymeHiSpaé seegsrlbcimgludpy Hestspp of: (a\Msctingserpp3 Sprotsarp

(Pierce). Simlarly one | d r t ' ' i >t L ve

[ nker that 1 nsorv P Eihe wefrep bt el 4 RTRE SRR s
SWMPB, SMPH, KMy SpHGuitsNBS pertni sdloase naddifigitionpf t{eSBABRMiBA/ AmMiSo ARYup adr a
vi nyl sul fone group and react the resulti ng product with a 30 PEG that

contains a fre8p$H anddbpolsaingerba wapicon POSWIE) 008323 - 22 [0099] In sone
A " I , : _ .
TRl A R Ao p S

of the Sp pol'yp can~be e usi ng, a naleimde
group, a Vi nyl ssdubonealgytipn ractial cadéiak ergihosgpthaopermitithe sélegiveup. [ 0100]
Optionally, the Sp35 polypeptide i s conjugated to. t ol yet hyl ene_ gl ycol 5
moi ety through aﬁaqhgpgﬁn!t af é@ﬁ%ﬁtefﬁﬁ@b?eamﬂlylée%ﬁ@%@ﬁhﬁgﬁ @F@Hﬁ'@&%ﬂfyes%h

bi ochem cal h¥9a%{g{n¥ §6r§d&ti&{s8%e§191:a}n'l§ \';;?ovi&ef foﬁ ykfa %?ﬂér;xﬁce;g;b%t%%ﬁ%he. KR &Rl e,

t he bond can be eaved un I1vo (physiological) conditions. [0101]
The reactions rByintakeo ploape ald/tha Nrtesmirtah bhenongrvhp dFuspupdsss of tiaerésegt

b1l ogcally sctive Lot Sl it L AT L BOLITEr S st argbly ot about ph
gg‘t {'3agggugoﬁty r[rgdrb%ﬂ dstp%vs HolHeptidR1EH flchetah8e R QCLEDidt Rk ¥ASHET eparing an
subsequently released by proteolysis. Thus, the lysine moiety can be selectively
modified by first reacting a His-tag modified with a low molecular weight linker
such as Traut's reagent (Pierce) which will react with both the lysine and
20 N-terminus, and then releasing the his tag. The polypeptide will then contain a
free SH group that can be selectively modified with a PEG ‘conteltining a thiol
reactive head group such as a maleimide group, a vinylsulfone group, a haloacetate
group, or a free or protected SH.
[0098] Traut's reagent can be replaced with any linker that will set up a specific
25 site for PEG attachment. For example, Traut's reagent can be replaced with SPDP,
SMPT, SATA, or SATP (Pierce). Similarly one could react the protein with an
amine reactive linker that inserts a maleimide (for example SMCC, AMAS,
BMPS, MBS, EMCS, SMPB, SMPH, KMUS, or GMBS), a haloacetate group
(SBAP, SIA, SIAB), or a vinylsulfone group and react the resulting product with a

30 PEG that contains a free SH.



thereafter reacting the protein with the activated polyner to produce the
soluble protein suitable for formulation. Vectors 15 [0102] The invention
provi des wec1oo4/e85643mpri si ng the nucleic acids encodi ng Pep3Es2pelopgept i des.
The choi ce of vector and expression control sequences to which the nucleic
acids of this invention is operably |inke@&2depends on the functional
properties desired, e.g., protein expression and the host cell to be

transforned. 2 0 Si,.on tro &eElatin

t he expressi on?%(#g% ﬂ&%?%’l Odlln? ecpobjl){"lﬂgﬁ'gﬂee i Cnécizggalgté/ %< \XL a?he grt
Exanpl es i ncl udggteibigradpef tlﬂkQSpjﬁl p’ﬂly@tﬁl@ Conslitgi dah decpffeomt @sing, e.g., a
constitutive pronoters, secretion signals, and other regul atory el enents.

When an i nduci biadeipridmgrpep, 4 wnyiselfone) growm i heloacetalstarenn, @f 2 tiohgroupy 5

change in nutri stat.us |

medi um [ 0104] [%@ St {5) alégi ﬁﬁ#jﬁaﬁﬁﬁ%épgg % aryot L?%de dftg t*é%&lﬂ&h}d%ﬁe El%él A

sequence havi mnétbem@bglh auabﬂtecboﬁdren& labile bamctmalllsbercﬁadvedam i, lanchemlcal

mai nt enance of the reconbi nant DNA nplecul e e a- chri) X n a

bact eri al host hydiolysisspedieolyah|or spiiydaylelspupge. XH'ERS eknﬁ“@qé’ﬁl c lilh

addi tion, vect of s, Lglgel ) lzz%iﬁ) c%lf% tnﬂﬁloﬁg repl icon may also include a
c

gene mhose expression con ers e mar such as a drug
resi stance. Exgonigs Te roastions nm_ky mkrquadeebg/l amlyamrtéolgma@mdarsed férasectinghat

confer resistance to anpicillin or tetracycline.

PCT/ US2004/ oos@zéogwalbsactl[vem?ﬂ Wi erk YmPrﬁcLPf\é\gé?‘g f%@gf 91%& % &&pl i con
can al so i)ncl u%ﬁl.‘? PHOK3E YPlk GeacBle gﬁ%&?ﬁﬂe%qﬁ@%pﬁﬁgﬂﬂ{@ 10 ?'ét fnect i ng
expressi on of ’c6di ng 'gene sequefic a bacteri al cell. Pronoter

sequences conpagririhes. \/(A}éﬂerdibzdheproabsshm@ﬂsesqarqoarmgpamcaatwye@pd\‘m@ednd n
plasmd vectors containing convenient, restrict site r Syl n &Hé‘rl on of

a DNA segnent tlereateagsictagths pr@?ﬁ‘rﬁﬁﬂéglecﬁc 1Y p (ﬂp]i? foig s
pUC9, pBR322 a got&%@%ﬁgblé%lggﬂﬁﬁlatl&PL and pKK223 (Phar maci a) Any sui tabl e

prokaryotic ho t can be use express a reconbi nant DNA nol ecul e
encoding a protein of the invention. [0106] Eukaryotic cell expression
vectors are kndXstdre the art and are 10 comercially avail able. Typically,
such vectors contain convenient restriction

15 [0102] The invention provides vectors comprising the nucleic acids encoding

Sp35 polypeptides. The choice of vector and expression control sequernces to
which the nucleic acids of this invention is operably linked depends on the
functional properties desired, e.g., protein expression, and the host cell to be
transformed.

20 [0103] Expression conirol elements useful for regulating the expression of an
operably linked coding sequence are known in the art. Examples include, but are
not limited to, inducible promoters, constitutive promoters, secretion signals, and
other regulatory elements. When an inducible promoter is used, it can be
controlled, e.g., by a change in nutrient status, or a change in temperature, in the

25  host cell medium.

[0104] The vector can include a prokaryotic replicon, i.e., a DNA sequence
having the ability to direct autonomous replication and maintenance of the
recombinant DNA molecule extra-chromosomally in a bacterial host cell. Such
replicons are well known in the art. In addition, vectors that include a prokaryotic

30 replicon may also include a gene whose expression confers a detectable marker
such as a drug resistance. Examples of bacterial drug resistance genes are those

that confer resistance to ampicillin or tetracycline.



sites for insertion of the desired DNA segnent. Exenplary vectors include
pSVL and pKSV-10 (Pharmacia), pBPV-1, pM.2d (Internati onal

Bi ot echnowagioes)85648pTDT1 ( ATCC 31255), retroviral expresxiTors2oeonss23pM G
adenovirus shuttle vector pDC315, and AAV vectors. 15 [0107] Eukaryotic
cell expression vectors may include a sel é&table narker, e.g., a drug
resi stance gene. The neonyci n phosphotransferase (neo) gene (Southern et

al., 1982, J. Anal 1. 1: 327- ] e e ne.
[0108] 7o expr S0 hoPetert AR el s A oRitbdud Rp LSRR Splig® ol e
partial or fuldbh@adghaké phinaadohersyingkaprssia of ihesedingdehdiduendes &ssi on
vectors such as 20 plasmds, retroviruses, cosnm ds,. YACs,  EBV-derived

epi sones, and thacierirlhostrerll. Brpretas seatcpessicormpaibleayif Backstish hegnptco)
sequences are . i i -1 L.Qn. : used.
The ant i boay | 1A DBy REL EOMREA ebtor nbibilE fRERE LARIART el L2
inserted imto $epaiold MENAMegment tobrexprebadi Bxatmpleshdistich plesneisl ver®rs

inserted into the sane _expression vector. 25 [010 A caqonveni ent vector
one that encodd& RUERHRYE d@ﬂ?z@é‘ﬁ'ﬁﬁ&%%ﬁﬁﬁ#ﬁﬁo@nd@% Sgretidi n
sequence. Pref wﬁtﬁ%@ﬁfg%g@ dh®R 8RPH0 fe%ga%f&omamwAml e/t

sequence can be nserted and expressed. "I n such vectors, splicing
usual 'y occur s eheddigeemptdien sptliecevahtioor site in the inserted J region and
the splice acceptor site preceding the human C regian, and aJ so at the
splice 30 regi (5&15063 h?ﬁ%@@ﬂ? C#F?ﬁﬁﬂ%ﬁ?%?‘ifeéﬁqog@dﬂéhe %11 Henyl ati on and
transcriptigon cbeh{gdafy fhiasey Wﬁ)g{calg%ts'u}!@vé‘&&@@@ﬁt%{@éon%ﬁi%& QWSS eam of

t he codi ng regi ons. WO 2004/ 0856 PCT/ US2004/ 008323 - 24 The reconbi nant

expr essi on vecties oamsattvo of teodtsirad BNghsdgnpapt Exenplant vdcses inctuiegS VL
secretion of the_ apt.i chain fr h |]. [.011Q]. Preferr.e
regul atory seq&@ﬁ@ggk}gﬁ(?&@mql?)aﬂgm’ pﬁ%f@tﬁp@bgp%l?ﬁlogﬁ%ﬁ%e iral

el ements that %iTTﬁqt(tAﬁi(ﬁtf'Bl%J 28l ird QP REFoLVRIGSNIAD, ddensRrEBhi@e 5
cells, such as pronoters and énhancers derived fromretroviral LTRs,

cyt onegal ovi r uge¢tOMMYCB Yy @hd @AY IvectoV pr onot er / enhancer), Siman Virus 40

SV40 h V40 pr. /enh d ' . .th
Saenovi 1 od® ot o kg BE Pl ShOEE ectobt R3S T ek manieit e
pronot ers such aafug Refstanbe EéHeNUNRAeoRYLinphosshodGhdBrabd QI¥B} Sére. (SE@heiWt t her

description of viral 10 reqgulatory el enents, and sequences thereof, see
e.g., Stinski @L.598al. MploAnal. Genet. 1:327-341) is an example of such a gene.

[0108] To express the antibodies or antibody fragments, DNAs encoding partial

is

or full-length light and heavy chains are inserted into expression vectors such as

20 plasmids, retroviruses, cosmids, YACs, EBV-derived episomes, and the like. 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 vector. In some embodiments, both
genes are inserted into the same expression vector.

25 [0109] A convenient vector is one that encodes a functionally complete human
Cy or Cp immunoglobulin sequence. Preferably, restriction sites engineered so that
any Vy or Vi, sequence can be easily inserted and expressed. In such vectors,
splicing usually occurs between the splice donor site in the inserted J region and
the splice acceptor site preceding the human C region, and also at the splice

30 regions that occur within the human Cy exons. Polyadenylation and transcription

termination occur at native chromosomal sites downstream of the coding regions.



5,168,062; Bell U S. Pat. No. 4,510, 245; and Schaffner U. S. Pat. No.
4,968, 615. [0111] The reconbi nant expression vectors may carry sequences
t hat reguival mo4/083pisi cati on of the vector in host cells (PRETQUS200wG08328S Of
replication) and selectable narker genes. The sel ectabl e marker gene
facilitates selection of host cells into B8 which the vector has been

i ntroduced (see e.g., Axel U S. Pat. Nos. 4,399, 216; 4,634,665 and
5,179, 017). For.e - ' :

esi stance to daseongu S E oS R LBF AR LR FpottRnadRNLEES

cell into whi cRedrbforvefthetntitadlykhsin fiomh bddstaet, Preferred sel ectabl e marker
genes include the di hydrofol ate reductase (DHFR) gene (for use in dhff
host cells wi t HOD®] netrpistpd xeautatery| sequanssy DR panEneln hosh e fIPFaIECRe0 gene

(for 418 sel ect . - o] C: 86 | E .
pol ypepti des a?\%hg%zeraé%%é’gealasgwgdé%}:gggﬁgérillgg\%f?? %Hralglse():( %%p%gfsl %61 t eélean
nucl ei ¢ acisd nekls;yhesss pramotees amsleghhfiorers daraved flonnetiosivaldf TRs,sui t abl e host

cell. Transformation can be b ny. sui t ah| met hod. _ Met hods for .
i ntroduction ofYersgalogies &»M% thﬁam?aa‘fM_anpr@@}q@%aPéWg: SERESRABRAO n ¢ he
art and incl Ud%s%%tsmmﬂé 326 8}&&&%&&%&19&), aﬁé’ﬂcﬁz‘iﬂd@l (eRheBPAR S virus

preci pi tation, "pol ene-nedi ated transfection, protoplast fusion,

el ect r opor at i omajeria@psohater GhdMLP)hpolyoinyrand stotg vlefs)alian prampatscreesh aand
direct mcroinjectjon of the DNA into nuclei. | ddition, nucleic acid
mol ecul es nmay B&1v§ WB‘EHE&‘&’&II%MP@) aﬁtéthﬂ@moéﬁs'cgﬁ@“g? SF%H’tI%‘E,fde .30
[0113] Transt 0%@&4@3 MRS tang 8¢ &n@&nhcf}leoigggeféﬁgl SEhes TRy, menyant i onal

nmet hods suited toO t vect or and host ce oyed. For transformation of
prokaryotic hos$t168gl6RsBelkUstthabpédo. a3 lorR4ananda¢hafineedthr®at. Needjpodd1éan be
enpl oyed WO 20 4{1(8@5 8 PCT/.US2004/ 008323 - 25 %&ohen et S\% 1917 , Proc.
Nat | . Acad. ScildlllEa '8 -recomppisant sXprepsign vaciors Tiay Caty iSeHchres /ap e Al
cell's, el ectropgiirbfi@oef thEVEAHI i HokPdells gé.g.§§ﬁgin§ beRe4ton) AR baesatian be
enpl oyed. See, e.g., Gahamet al., 1973, Virol ogy 52:456-467, Wgler et
al ., 1979, Promarkatgenesacig.selSelablelysakacgens facili@reselegiqroafiwst sgiswaioi an

LT1i i I.ahl host s f i iR .the, . d
ncl ude iy | TG GF FRUE TASHeCR IR FabF e e Rat Nir Faaigne
Cul ture Col | ecuimn doATEEs;179MRSE FaIxufBle, typidllyahd flectdbl@atkehap®kd er ovary
(CHO cells, NSO SP2 celi's, " Hela cells, aby hanster kidney (BHK) cells,

nonkey ki dney ecebfers regtag)ce thulegs, siwpas 6¢dBl iyspmyein or mothotisgplesof ahgst, Hep

&) cell into which the vector has been introduced. Preferred selectable marker genes
include the dihydrofolate reductase (DHFR) gene (for use in dhft” host cells with

20 methotrexate selection/ amplification) and the neo gene (for G418 selection).
[0112] Nucleic acid molecules encoding Sp35 polypep‘tides and anti-Sp35
antibodies, and vectors comprising these nucleic acid molecules, can be used for
transformation of a suitable host cell. Transformation can be by any suitable
method. Methods for introduction of exogenous DNA into mammalian cells are

25 well known in the art and include dextran-mediated transfection, calcium
phosphate precipitation, polybrene-mediated transfection, protoplast fusion,
electroporation, encapsulation of the polynucleotide(s) in liposomes, and direct
microinjection of the DNA into nuclei. In addition, nucleic acid molecules may be
introduced into mammalian cells by viral vectors.

30 [01 1.3] Transformation of host cells can be accomplished by conventional

methods suited to the vector and host cell employed. For transformation of

prokaryotic host cells, electroporation and salt treatment methods can be employed



10 A549 cells, and a nunber of other cell lines. [0115] Expression of

pol ypepti des from production cell |ines can be enhanced using known

t echni quewO Jos/08388npl €, the gl utam ne synthetase (GS) SCIVESWI40826rmMONI Y
used for enhanci ng expressi on under certain conditions. See, e.g.,

Eur opean Patent Nos. 0216846, 0256055, an@30323997 and European Patent 15
Application No. 89303964.4. Host Cells [0116] Host cells can be

prokaryotic or karyot i Pref erred, eukar.yoti.c.host | s I nclude, but
are not Iim'teéé? P%@L’s_fwgm Oﬁéﬁﬁ@l%‘%ﬁﬁ' S%‘r %A%&gﬁo%ﬁﬁhegg hanst er ovary
(CHO cells (ATGhsfOERAR STV ePebrafeefid Jelecopbraribs Tatibnis eiprlorea iicatneal | s
Nl H- 3T3 (ATCC Accession No. CRL1658), and baby hanster _kidney cells (BHK).

Ot her useful ewmetlrodstcae bhowplayed.| Sed, gl fahimseek, 194B) ¥iralegy Spi%aAt4odel | s.

Exenpl ary prokaryotic -h N | . ces.
Formul ati ons [%%%r eg%l”ag:?,&?r8%§\l%%n cgg'm&(r?\'gﬁ%%% '%’?F?%Z%Wdes, anti - Sp35
ant i bodi ess or [0A%] aNTiERALIM 8l MibsTak AGENISh@REs foNEipr&Rdm @0 kidediethenay

contain suitable pharmaceutically acceptable carriers. For example, they
may contain exeitgndiadudemarioimmentalized c¢lb §nesayeilatde fiiom the Aperi@BsSPRg of

e et e SRR on PREAR) 2Lh QS dER, INEAP L KERUC SydiDe 51t

of action. Suit irons”’for arenteral adm nistration | ntl ude
aqueous sol uti OB fcelld) VST, IIPRe el TS s babS Bamatee kidaoy (RIHK) telisny f or
exanple, water-soluble salts. In addition, suspensians of %%Zggti g
conpounds as appmépy kKisney e¢lis(COY)eimanhepgioseiieppsiecinea sells o s 99% 5648
PCT US20041,008385 o112 8nd A3hBLPOFAEL ocfidiregD! © | ipophilic sol vents or

vehi cles include fatty orl's, for = exanple, sesane oil, or synthetic fatty
acid esters, f@o11sfamxpesssiohhypolybeaaides fiom protgdtionarcildmss cAcheedsnéad ect i on

suspensi ons may contain substances that_ increase. the _viscosity of the
suspensi on i nclgas knpyp t@%&’fﬁﬁ%,F@%?@H%&P@R@Wﬁwm@taéé(@a %@?,m Yor bi t ol

and dextran. Opbhanal, L QBssERY i Rles Qer AN E Rdtions! 8Bk d 2T S.

Li posones al S(C)Qéan %y%gggggf%ﬁgﬁcgg%gm}astse t%eemﬁlecu% es (1)?‘ the” if’%ﬁ/enti on
for delivery i Mugopeeh Patenr Nont02i 6346t 02060Spaaels)32B¢hpidaiyroptrar Frdedut i cal |y
acceptabl e carriers are _physi gically conpatible solvents, dispersion
medi a, céati nd@,l’h&ﬁfqnt}g‘&-t%lspgé&a%d antifungal agents, isotonic and

absor pti on del ayi ng

Host Cells

[0116] Host cells can be prokaryotic or eukaryotic. Preferred eukaryotic host

cells include, but are not limited to, yeast and mammalian cells, e.g., Chinese

hamster ovary (CHO) cells (ATCC Accession No. CCL61), NIH Swiss mouse
20 embryo cells NIH-3T3 (ATCC Accession No. CRL1658), and baby hamster

kidney cells (BHK). Other useful eukaryotic host cells include insect cells and

plant cells. Exemplary prokaryotic host cells are E. coli and Streptomyces.

Formulations

[0117] Compositions containing Sp35 polypeptides, anti-Sp35 antibodies, or
25 antigen binding fragments of anti-Sp35 antibodies may contain suitable
pharmaceuticaily acceptable carriers. For example, they may contain excipients
and/or auxiliaries that facilitate processing of the active compounds into
preparations designed for delivery to the site of action. Suitable formulations for
parenteral administration include aqueous solutions of the active compounds in
30 water-soluble form, for example, water-soluble salts. In addition, suspensions of

the active compounds as appropriate oily injection suspensions may be



10 agents, water, saline, phosphate buffered saline, dextrose, glycerol,
ethanol and the like. In sone enbodi nents, the conposition conprises

i sot oni ¢ wges98s648r exanpl e, sugars, polyal cohol s suclrcagusraswmoszs,
sorbitol, or sodiumchloride. In sone enbodinents, the conpositions
conpri se pharnaceutical |y acceptable substfances such as wetting or minor
anounts of auxiliary substances such as 15 wetting or emul sifying agents,

reservatives or_buff i : 1 . i f
Phe active | norartnpSa” syt ReSRIA0SRyidcos Ml inbhf Billichy vETeos ©

variety of forggampRciedaneeil, drasynthedarmiyecid éstpus,dox exagple, ietliyéoteatsl @ and
i nfusi bl e solutions), dispersions, suspensjons, sem-solid a%ﬁsol id

dosage forms. Theypeieer AGHETUSIRHFGPEHERISINE HE‘yﬁBB@l%?“%ﬁ@n%F& i"SEFECi on
and therapeuti egxp Q‘%O!gﬁg%? %3P£s%églgh i} e?%?%blegébc%\?ﬂ Aok phemhated as a

solution, mcr T rsion, posone, er ordered structure
sui tabl e tg hi ghihdbstg sebitceaidrdikiran. OpSomedly] theisnjpeosiabeysddoutontms can be

prepared by incorporating the active ingredient | he requir anount in
an appropri at e SBHizem I%P‘?%?H%?ﬁélsﬁrca%b%%} 'tﬂg_fl?aé’ﬁulé‘% t%%n*o_ﬁueé‘_ﬁge io_gﬂles

enuner at ed aboyg,.as, (§UL& ’int%%kgét’%@ﬂte?éﬁti‘a! bgRE£ dnadn@l byl phfrh RRutically
General |y, dispersions are prepared by Incorporating the active ingredient
into a steril acosphibid ertibatarcphysailogcalyrasipetitiespbesisodispaspumedind t he

requi red other ingredients fromthose enuner.ated. abgve. In t case of
sterile powder $O3H}st ?"F@%aﬁfﬁ’éﬂ taPBﬁmeﬂ AgeRS; @%topﬁjaé@taﬁﬁqrgn &%Wl%s, t he

preferred &faset hg %gﬁwag%@ tél%fn%} ﬁ}ﬁﬁgﬁa&;@b&@ew%ﬁ{a Qo8 Mrdll @BARy] dhd g

that yields a p e active ingredient plus any additional desired
i ngredi‘ent frorika frsmoesbydisteetsj the chmpostien ceropuises ayptonie agenty; dper

fluidity of a solutjon can be i ntai ned, for exanple, by.the of a
coating WO 2004‘?7‘%8%4@1% P%éélﬁ%qﬁ%%% m@% ’ S%%@HE% S‘%/dééérftcﬁroﬁﬁeb?/nt he
mai nt enance of chhe FRQuinigls, B ddnslRitRing BothPridd ¥hae@sceutitallyicsggaisieon and by
the use of surfactants. Prolonged absorption of injectable conpositions

can be brought salbartcedsuchrasvweadiimgon minphemewitp 05 puxibay sALHYEAS SUchaE  del ays

absorption, for exanple, .nmnostearate salfts an | at i n. 0

active ingdredi é‘YF?tHégan‘% vty I%P%%%pﬁﬁs?waév%?ooﬁ%}%%se h {r%gleglggéneée%ﬁ%?h-r%u ation
or device. Examplgse@ctiviedis bomeukaid apredane. devi ces include inplants,
transdermal patches, and mcro encapsul ated delivery systens.

Bi odegr adabl e, [6118¢ orfranpasitonsoif fheansensian niry hesia@ varigty ehdarmps: éncledipg fehe

vinyl example, liquid (e.g., injectable and infusible soluﬁons), dispersions, suspensions,
semi-solid and solid dosage forms. The preferred form depends on the mode of

20 administration and therapeutic application.
[0119] 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 the active ingredient
in the required amount in an appropriate solvent with one or a combination of

25 ingredients enumerated above, as required, followed by filtered sterilization.
Generally, dispersions are prepared by incorporating the active ingredient into a
sterile vehicle that contains a basic dispersion medium and the required other
ingredients from those enumerated above. In the case of sterile powders for the
preparation of sterile injectable solutions, the preferred methods of preparation are

30 vacuum drying and freeze-drying that yields a powder of the active ingredient plus

any additional desired ingredient from a previously sterile-filtered solution. The

proper fluidity of a solution can be maintained, for example, by the use of a coating



acet ate, polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and
10 polylactic acid. Methods for the preparation of such formulations and
devi ces aw® 20k41a88648 N the art. See e.g., Sustained and GEMrus2I@HSRRE| ease
Drug Delivery Systens, J. R Robinson, ed., Marcel Dekker, Inc., New York,
1978. [0121] Injectable depot fornulati ontan be nmade by form ng

m croencapsul ated matrices of the drug in biodegradabl e polyners such as

Bndt o nat ur o B TG SO yRehe BREREYEEE o RE stk GiCy-f e tR3, e
control l ed. Q QepeRiArmdadthe DiosprReaRk e PRAYIMEIDs@DaoR 6l nfectdbiest ers and
pol yanhydri des. paot injectable formulations also can be prepared by

ent rappi ng t he campgsitiony Gapdsdreaghs pboutby iedwding ibhe coppopition ap agent that

Suppl enent ary tiyv ﬁg@ u be | rporated . the conpositions.
In some enbodi r?riél_r%ﬁs?osg %Sg’q%%)(?@glgpﬁohgsﬁ&éﬁtg isg1 p%g %%a?mbody or fragnment

t her eof i s scoadqi20] stkedtivé ngrakierdoin bdNpRhubindd Wby controlésd-@ivakgen-

bi ndi ng fragnents thereof, or soluble NgR1 pol ypeptides qor NgR1l fusion
protein. [ 0128mmdaiggeordsyicresemplonel s &gﬁ@iﬂtw@s prddedesstiAdudht i mum

desired 25 respan §%HE ! 1Nl st ered,
several divided “c%gtéssg%r?&g e g@%esgfiz(lti ggggelgb\%%{ﬁ%t?@né?ﬁ%ﬁ?ﬁé%se may be
proportional | y Bietbgesidblel biocsrapatitdegolgmersndinbatuset], fyr dxaenpdx icgsisicasnydf t he
t herapeuti c situation. i.s . advant agleous to _fornul ate parenteral

It 3
conposi ti ons i ACHSRMYMYErdess Relyglyealissarideollagemy ROLYOHBRGSEES: 4R uniformity
f d anS : ) ' I L b.
of dosageé. QSRO%%&C _ﬁ?g%&? gératﬁg ?{ WBGEHA b &lch3BrmehEOEEH d(dBeks %g

Co., Easton, on to the active conmpound, t
i qui d dosage koowmimtheaonBed ag., Snstrined agyd Edntesiiesl Reledse Ayrugdtediveryet hyl

PCT/ US20041 00583935 RaReBHSI: BerdyraiRatksates- SrosRHend 8l ycol

1, 3- butyl ene gl | ! il | : 2 Qi1 ur yl
al cohol , pol yet[%?ﬁlnemjggt%%g?é E&Oﬂrgﬁg gﬁsyﬁgg? én %s?t gr 58%1 gtsr%:c{)clﬁ? gﬁ).rsgléene
Therapy 5 [ 012hjatdees §f8fk drof wpkiptlegtedabnpdipmprscdcic edpalplaviidespolpglycotateral |

e.g., a human atient, using a.gene therapy roach to treatnent of a CNS
i Sense, dPaor BEpersfint prligie At (iEen bR BHGE G T e B ERbnal
ext ensi on woul dpbeykhahapay bt @algl¥lease can be controlled. Other exemplary

biodegradable polymers are polyorthoesters and polyanhydrides. Depot injectable

formulations also can be prepared by entrapping the drug in liposomes or
microemulsions.

20 [0122] Supplementary active compounds can be incorporated into the
compositions. In some embodiments, an Sp35 polypeptide, anti-Sp35 antibody or
fragment thereof is coadministered with an anti-NgR1 antibody, or an antigen-
binding fragments thereof, or soluble NgR1 polypeptides or NgR1 fusion protein.
[0123] Dosage regimens may be adjusted to provide the optimum desired

25  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
advantageous to formulate parenteral compositions in dosage unit form for ease of
administration and uniformity of dosage. See, e.g., Remington's Pharmaceutical

30 Sciences (Mack Pub. Co., Easton, PA 1980).

[0124] In addition to the active compound, the liquid dosage form may contain

inert ingredients such as water, ethyl alcohol, ethyl carbonate, ethyl acetate, benzyl



beneficial. This involves admnistration of a suitable Sp35

pol ypepti de-encoding nucleic acid operably linked to suitable expression
control sequenoesse4sPr ef erably, 10 these sequences are i rROAVER@I®E323Nt 0 a
viral vector. Suitable viral vectors for such gene therapy include
adenoviral vectors, lentiviral vectors, -b&8ul-oviral vectors, Epstein Barr
viral vectors, papovavviral vectors, vaccinia viral vectors, herpes

sinplex viral vectars, and adeno associ at e LLu AA ectors. The viral
vector can bea];(’]lt’@pﬁ‘?n@é{ Wﬁ’ﬁ&f%@?ﬁ%‘e giy?‘gi Y’&L’}‘é’&”?%%ne él'f)éllef erred adenovi ral
vector has a 1gfgh@tdrRinlifle,iciis, HYcasNRnanyESngRMA alddheN palyedeayi r al
vector is used, preferably 'the nanmal is not exposed to a nucleic acid
encodi ng a sel ghtals) mdnfattik ecidgsises of seafepl es [0126] The invention is
further illustrated by the follow ng experinental exanples. The exanpl es

are provided f@ 'll"’ u%trative pur poses only, and are not to 20 be

construed as | e scope or content of the invention in any way.

i asties wad ov AT eattby RAFTHHCE Pt o Biea e o Byl ednd e
containing 12 gh't'i@ﬁ el géﬂe&ﬁelbtg%y %Jpréébhhb“ﬂf@étme@f\l&’é CBBLdiSeasg rdisdaydrrar di zed

overnight at 68C with P32 | abel ed Sp35 probe 25 (nucl eotides 150-450 of the
Sp35 cDNA sequéne)in whieh tsidueing whikitign ohaxpnal extersion wpyld bethesapeutigaliy, Sps,

then 3 times wth 0, 5x..55C, Q. 1% .SDS. . Tk of - e . X-Tay
filmand the %M#é@'e?gls\}%lgogg?s’l %@H%B"ym }fﬁ} %Iraa%'ll%@?asgggighﬁ%%ﬁ Qgtﬁ)ggéwas
hi ghl'y expressagclbi aclieogesabanlibied to shisdbleetpressichamntrol sjatwieal Prafersblye,

colon, thynus, spleen, kidney, liver, smal| intestine, placenta, |ung, and
30 peri phdPal Biesoerquendes 6y @sorparsl ikosa ekl vaeleB dS Wb YirHVapiers fos sirbs
tested, WO 200 /eoe8t%§é1§ Iﬁ%ﬁ&é%%ﬁé%%@%é&&s l'enﬁ\%ral LRGhHdbRdSdise YeGoisSO! at ed
fromfrontal c&rt ex, Ysterior cor ex, entorhinal coriex, hippocanpus,

ol factory bul bEpsiein Birtiraltshatoasnpapoveeirebelclousyvacdinib vadahesctgsyisrpesnedul | a
and spinal cord. A gradient of ﬁene expr essj an qughthe rOf%raJ/cordal

axi s was obser vEeplppyirayssorsypnd adgngreaciaied arus (A heectss « TRaVIEsEE% and
| ovest 5 |evelg, lb(?a]f ‘ﬁcﬁt?drﬂ@éfe&ﬁ’eg‘ir L%@@r} A hﬁ%ﬁ&ﬂﬁiﬁvﬁ&br £4sHO)

stai ning was used to determ ne | pf’ IS expressed i n specific brain
cell's. 4%qpar afieletioh telyHE gériex@did gdneb Vahensan «lphondtal wectdr isswed, iposfssablyr

primary granul ar neuron. cultures_ were incub%ted Mth pri Ly
the mammal is not exposed to a nucleic acid encoding a selectable marker gene.

Examples

[0126] The invention is further illustrated by the following experimental
examples. The examples are provided for illustrative purposes only, and are not to

20 be construed as limiting the scope or content of the invention in any way.

Example 1: Sp35 Expression Pattern

[0127] Expression of Sp35 in human tissues was evaluated by Northern blot
analysis. Multiple tissue blots containing 12 human major tissues or 14 human
CNS tissues were hybridized overnight at 68°C with P** labeled Sp35 probe

25 (nucleotides 150-450 of the Sp35 ¢cDNA sequence). The blots were washed 3 times
with 2x SSC, 0.5% SDS, then 3 times with 0.5x SSC, 0.1% SDS. The blot was
then exposed to X-ray film and the mRNA levels visualized by autoradiography.
[0128] Sp35 was highly expressed in the human brain but not in heart, skeletal
muscle, colon, thymus, spleen, kidney, liver, small intestine, placenta, lung and

30 peripheral blood leukocytes. Sp35 was expressed in all brain tissues tested,



anti bodies to Sp35, as indicated, followed by secondary anti bodi es
conjugated to 10 Al exa 480 or 590 (Ml ecul ar Probes Inc.). The sections
wer e t henwonand/esdedsn  Vect ashi el d and vi sual i zed by fl u@cascene08323

m croscopy. The anti-Sp35 specific antibodies used for I HC were generated
froma Fab phage display library using -M&®Phosys technology. [0130] Sp35
i's expressed specifically in neurons and ol igodendrocytes, but not in
astrocytes. ThIS et erm in ri nts i.n.which Rat |ssue
Sectoms. - wer o ItUtAE BT oG bthe TEBERPERAN. hor Bt e ehiab P Bge s ker
GFAP, an anti baghpobnpis, 8lfhaedends, Q@ryét@nnmisﬁfus(&ﬂabeuamdnﬁabram' y to the
neuronal marker "Bl | tubulln al |’ counterstained with an anti -

antibody. O i gedeHaeodsnied card Angadisnsofgene exmmmlyn&t@rﬁ@talmtdalt he

n' | ndopendent SBA AT EhIBRPEha il pel R AT RS e g v S

performed sem |Searihithadping citth PCR usi ng mRNA ext ract ed (Anbl on kit) from
rat primary cell cultures of purified astrocytes, oligodendrocytes, and

cerebel | um gr &M2% Imsumehistockenigat dHED stinn QneEoRIAGUACOTTFTT 8IEGA ( SEQ
D25 N0 14) a0 LeuSt SRR En IACTOCATCROATCTIGTRATL (3RS LR NG 19

wer e used. FoII served in

from neurons, @edﬂioﬁ’é ldmhnﬁuy ghhﬁﬁlﬁﬁﬁet&b@ palturéea®eftdhatiagd with pliingsdendr ocyt e
nMRNA, and no band was observed_ in astrocytes. Exanple 2: Sp35-Fc Fusion

Protein 30 [01312‘]lb0ﬁéesst9§@§5at4§én<BP%5P<b§P’é‘§Ye¢ltbh%qCP’éﬁﬁfbﬁméﬁ{”ﬂses ceupgateaiect was

made fusi th 31) to
t he hi ngeagnd %éep?ﬁéi&foioﬁ%gp (%%Cu&??}%%ghg) Zﬁ%f 3yng segﬁenc%d or) human
Sp35 was obt ai N&dtabMeE@RdW@uﬁﬁM/l@Bﬁﬁ#BscEﬁEﬁﬁﬁ?&ﬁéﬁ;@Oﬂ%ﬁ SpRDspetifiem cl one

227.2 (Incyte) using the forward prinmer 5 CA CGC?GC
CGCATGCTGGOGGGaRETes usphin THE e gf@raf&ﬁér%@ & Fﬂ% ghage iggplay library using

5' CAGCAGGTCGAC%]‘W%%& (SEQ ID NG 17). [0133] The blunt end PCR
product was su oned intot Srfl site of the PCR 5 SCRIPT AMWP vect or

(Stratagene) t (0130patSp3PERXPEREEETspabECS|NBH naﬁrm“ﬁlahd oligadpmenicytwasbutsot at ed
from PCR SCRI PT AI\/P-sp’giﬁJéand ubcl.oned into the. AVP 1 g vector .
(derivativé of 28fqc¥tey BTG ST PTANIVHEP SR brath Hssue Sections

were stained with various agents, including anti-astrocyte marker GFAP, an
antibody to an oligodendrocyte marker (O4), and an antibody to the neuronal
marker BIII tubulin, all counterstained with an anti-Sp35 antibody.
Oligodendrocytes and neurons were intensely stained with the anti-Sp35 antibody.
20 No staining of astrocytes was observed.
[0131] As an independent confirmation of the expression pattern of Sp35, we
performed semi quantitative RT-PCR using mRNA extracted (Ambion kit) from
rat primary cell cultures of purified astrocytes, oligodendrocytes, and cerebellum
granular neurons. Forward primer AAGGCCCAGCAGGTGTTTGTGGA (SEQ ID
25 NO: 14) and reverse primer TACTCGATCTCGATGTTGTGCTTT (SEQ ID NO:
15) were used. Following 26 cycles, a strong band was observed in the mRNA
from neurons, a distinct but weaker signal was detected in oligodendrocyte mRNA,

and no band was observed in astrocytes.

Example 2: Sp35-Fe¢ Fusion Protein

30 [0132] To study the biological function of Sp35, a construct was made fusing the
extra-cellular portion of human Sp35 (residuse 1-531) to the hinge and Fc region of
human IgG1. A partial coding sequence for human Sp35 was obtained by PCR



the Fc gamma sequence is subcloned as a Sall(5) to Notl(3") fragnent),
fusing the Sp35 signal sequence and ectodomai n sequence (codons 1-53 1)
i n-frame waiod@sssquences encodi ng the hinge and Fc regamusebodmnosas | gl .
Correct isolates were identified, and a Notl fragnment enconpassing the
Sp35 Fc fragnent was subcloned into the Sithgle Not | cloning site of the
293E expression vector, CH274, a deri vative of comrercial expression

vect or REP4 (Invitr.oge ,
Lot o Pt R e Te PR e AR RGeS
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Fourt een days i@%ﬁ) %%ere%%@ elgé) :E%gnl?ljoc %%\Reﬁ?%b?ﬁdﬁlﬁ%ggpﬁngg% g h%o Screen
for cells expr@ERIRY AMBSecioe (Sifdthgene) tosrems PCRABER A AAMHasﬂBﬁyoéoSalyt hr| n
(PE) - | abel ed goat anti-hunan | G Jacksaon Labs) and subjected t
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expanded in cu?Jt ure @%gt%rgerlﬁﬁgﬁe é%t‘}%] e%g& dlb sorte .‘!V%eg}gﬁs
expressing thetty ]ghgﬁilmbev@ieﬁc@]fs sﬁ@ca&addgaswaél(ﬁ'};m thé@')afsag’mmht)y fuchired the

clones in 96-wel | plates. These_cl ones were gro for %ﬁv\eeks and then

fed fresh nmediSa3 6ﬁ@néﬂa§‘?QW11cé ang ECthlaﬁea‘l‘&?‘g?% cedorhlse R DriBrTaEHME.si on

| evel s nes anded,
and f rozen%cel Ise({)%ﬁéesegﬁ%@gg g{sétﬂlgﬁ iﬂg@&%gﬁg%\gekﬁl ﬁﬁ%lggé %g&e légg%%t ‘ggﬂet o]
grow in suspensdantified) dndraNoth fiapeediGnsempassingahe §pdfi Bc Bajhent \irérsesubblpee:d of

Sp35- Fc produced by these cI o S was et i ned by | i nes at
37dC ff)r 4-5 pé@@é%}e@ngl{alli\@ﬁ § ngrr“@tetolﬁg" c?ég epr%SIQBg/e W 811 density
and cul turing r -

Ao Ce2004 06 S5 PR Brtrfa fodiesdl v %&kﬁygm\g@%@%m W e,
the cul ture medisomercedbdby drtred, vectirc@HB /o3 B¢ | wanenhfigetsd by IBYA
centrifugation, and the cg}étu 8 ig ernatants titered for Sp3 5 -Fc levels
by Vest er A-5bl ofCHIFRFPEas P T“H{J dh%&nti - human 1g antibody (Jackson Lab) as
the probe. 5 [(félﬁ]] Sﬂ%g‘oﬁe Eéu leés'e%Brd%lili% EE@S Yesu sﬁ’é&{ jélfo't&ﬁiwfef&g@n%f'ﬁe@ﬂ)ﬁ“ fied

cul ture nedium-as was added to 900 m of
condi ti oned r‘redlemmporatlon of CHO host cells DG44 w1th plasmld GT123. Transfected CHO

cells were cultured in alpha minus MEM in the presence of 10% dialyzed serum
and 4mM glutamine to select for nucleoside-independent growth. Fourteen days

20 post-transfection, cells were fed fresh media. To screen for cells expressing Sp35-
Fc, CHO cells were labeled with Phycoerythrin (PE)-labeled goat anti-human IgG
(Jackson Labs) and subjected to high speed flow cytometry sorting in a FACS Mo-
Flo (Cytomation). The cells that expressed the highest levels of Sp35-Ig were
selected. These cells were expanded in culture for 7 days, then re-labeled and re-

25 sorted. Cells expressing the highest levels of Sp35-Ig were isolated as individual
clones in 96-well plates. These clones were grown for two weeks and then fed
fresh media one day prior to FACS analysis to check for expression levels. Clones
that expressed the highest levels of Sp35-Fc were expanded, and frozen cell banks
were established. The cell lines were adapted to grow in suspension culture in the

30 serum free media BCM16. The titer of Sp35-Fc produced by these clones was
determined by growing cell lines at 37° C for 4-5 passages, then growing the cells
to 50% maximal cell density and culturing them for 10-15days at 28°C until the



The nedi um was batch | oaded for 3 hr at 4C onto 3 nml of Protein A Sepharose
(Pharmacia). The resin was collected in a 1.5 cm(l.D.) colum, and washed
four tinma® wnd/bssassnt PBS, two tinmes with 4 m of PBS c@uTaismongo82d mnivi
NaCl, and 10 then again with 3 nL of PBS. The Sp35-Fc was eluted fromthe
colum with 25 nmM NaH2PO4 pH 2.8, 100 mM3NaG in 1.5 nL fractions and
neutralized by adding 75 L of 0.5 M NaH2PO4 pH 8. 6 Peak

pr ot ei n- cont ai ni fra by.. ab rben 30
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Prior to |oadi ggardiefeteN@snEdtibed bgt@eﬁﬁ@lgwa@r@dlﬁe HERES sigfdratntd Btebddl MM
The col um was washed twice with 600 L of 10 nM HEPES pH 7.5, 1 M NaCl,

and then with forfip3SE%; legpgby Fesis bt analysis neRg B HBti-demamie antitedys mw
NaH2PO4 pH 2. 8, | ecting 0.5 nL fractions, and neutralized
by addi ng 25 L(J&F]P%“@A%%%ﬂfﬁ&?b pH 8.6. Peak protein-containing fractions
were identisfi eg)lQE] alzpes Rasionprot§a widpafitded Gohethe CE@lfBﬂ cﬁRﬁlMQhﬂﬁum as
SDS- PACGE, the 35-1 grated as a single band §>95%? .. .With an
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appar ent mass &1109’05 gmal oI SFERPH dfuvpsitglded FuPPG Bv e filegesdPan as
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vector Notl site to create DB002. Exa Hi s- AP- Sp35 Fusion Protein
[0136] To st udyumdvnhs%néﬂ’@& ﬁ@ﬁ@(@%mtbr"' ng@f Rp3sontaimen st eMnNagh and
expressed i t 3

(Hi s- AP) 1‘185| o?ﬁ&%wﬁ?# l&f §5C%§$%@e5§01ﬁﬁ?oﬁ%ﬁ§%%@%§

extracel | ul ar @M&um@b Ai@{ §B3ﬁod1ﬁl\@Na@Fm5139)n]}/\ﬁ50tRﬁRaﬁﬂfnblitfdlﬁéd bgi ng
prinmers (forward) 5? - AATTAAGAATTCACGGGCTGCCCGCCCCGCTGCGAGT-3' ('SEQ | D NO
WO 2004/ 085648 aftiTg 052300 ©D 3B DaH,POgpH 81® Peale pipteinwpniginare Faeiond Wereavage

site (underlin

5 - TATATTTUA@%@?W@%&W&?%@eCt?dsté’é”ftBer%“ﬁf@Bm
contai ning an Xha Il mtimataga cdlhingn. (Pritas ldadad) NaUh@zaE’éRledFtb@OOﬁaﬁMvmﬂ
cl eaved wth Xba theresultlngﬁtlcky end filled.in wt

pol yner asép t h@fEP(ﬁ%%@ﬂe%tOvﬁqrﬁl\@ ergoluihry Wge I aghgd tf"‘il%f'dmeIqQO &Ld?sfslpéElM
pr oduct was o DEEPERDAMSR 1MNRY, bhd aleh Wiftth bt/ PESOKp s Fh A BukiépgomNt 11 om
the column with 25 mM NaH,PO, pH 2.8, 100 mM NaCl, collecting 0.5 mL
fractions, and neutralized by adding 25 pL of 0.5 M NaH,PO, pH 8.6. Peak
protein-containing fractions were identified by absorbance at 280 nm and pooled.
20 By reducing SDS-PAGE, the Sp35-Ig migrated as a single band (>95% pure) with
an apparent mass of 90 kDa. Under non-reducing conditions, the protein ran as a
dimer with an approximate mass of 180 kDa. The purified Sp35-Fc was aliquoted
and stored at —70°C. The NotI fragment of GT123, which contains Sp35 amino
acids 1-531 and human IgG1 Fc, was subcloned into the PV90 vector NotI site to

25 create DB002.

Example 3: His-AP-Sp35 Fusion Protein

[0136] To study and isolate the receptor for Sp35, the protein was expressed in
COS7 and CHO cells as a His-tagged-alkaline phosphatase (His-AP) fusion
protein. The plasmid was constructed as follows: The extracellular domain of

30 Sp35 (a.a. 34-5325 was PCR amplified using primers (forward)
5"AATTAAGAATTCACGGGCTGCCCGCCCCGCTGCGAGT-3' (SEQ ID NO:



1.1 vector (lnvitrogen). The Hi s-AP -Sp35 fragnent was digested with H nd
1l and Eco RI, filled in, then ligated into the Not I-filled site in
vect or p\Vo@ 20041e85648NA sequence of the insert was confi r red/ig2odabs323
sequencing. 10 [0137] COST cells were split the day before transfection.
Hi s- AP- Sp35 vector DNA (8 g) was used to %4 ansfect 5x106 cells using

| i pofectam ne (Invitrogen). The conditioned nedi umwas harvested 48 hr

post transfecti.gn. ] | L i th
i e AP p3s. 1 udebsopbily af Bod RIEIARES s EHATRARIAD, ohErPAROESE P Doy
(2x106 cel I's) weraTARNBEEAGEN GACTCGTEAGGCT GG TPLEEGNGATORAAGCGA-3'

el ectroporation. Cells were cultured jin alpha mnus NEMin the esence of
10% di al yzed s&PBRIBNIO2M): soritammere Xop LdpawEee fidy ?WEJIIYJ’@S&- dﬂle 119‘-J|:'llfﬂependent

0o SRR S RS SR NSl e

antici pati on of screeni ng sorting. Transfected
CHO cel | s wer e pobinsdresd, thich ki gebied witisBcoihacl geh phirified. i ThedligB886 pdoduet tvasl

2t body- Pe- I aledanogeama gt laas Bt binGaE Tybael Boim BafEeRb i
specific for tnansieat afli6ldn : ’gg@%ﬁMeﬁgkfﬁﬁéﬂn@ﬂbwﬁdi StUEN AL S4Ri AEt ed to

hi gh speed fl ow cytonetry sor t op 5% sel ected. [0139] To
produce condi t iand&do Redfilled ini thien HgsteAitGpBINott Ihiéllekditesntvieeivr pBo@xiheessed

adapteq Lo gr oW h SR el BR TS GoR RIS RPN L HERISE (BOVLE) | The
titer of 2 S-Qﬁ’xﬁ@%é@%awere%gﬁ%ﬁ@éa;bwefaﬁq%s&hﬁaﬁsﬁv@m%tﬁrv@i;ta@d by

growi ng c I'tnes at 37C for 4- assdges, then growing the cells to 50%
of maxi mal cel IDNAgRsig) waanstddalttansfeeidxd fecnlls asing Gipoctayise fnvi®@ewnt i | t he

viable cell densit dr d to 75% The culture di.a were harvested,
cleared of cel s ﬁﬁgﬁggﬁ?&g@@n Wﬁsr‘ﬁwefsffgaﬁgﬁgr{%tatﬁ%}gfﬁ Bulture
supernatants tifheysgd W@rde%wpeﬁ%@H@)‘Scdnqmles;p&xsm%ﬂ&lﬁrsmpi B5 @adrysioteinisi Ng
anti-human AP antibody (Jackson Labs) as the probe. WO 2004/085648

PCT/ US2004/ 0083283g the 3890 prsmd]. EHO-hast @@@@G&s(z@ﬁu ¢allspiweregpnsfeeted with

condi ti oned nedi.um a ol I. 400 il of ndi L1 oned . medi f. cells
expr essi nd&Hi sﬂﬂgﬂgpcg@&%g&)g?lelﬁcgapm&ﬁ% Cz‘f‘gg Y Slfcl)ltum% er glp ri élguf%arﬂr/{o am ne
pH 8.5 was addegt presetiee 6M §%:QaIfzdd Rrivh asd HEkI phchrbine & gt €orvasldositich

| oaded for 2 hours at 4C onto 6 m of Fractogel 5 TMAE (EM I ndustries)

ani on exchange indepepdentawvths Fautees deys pest trasiegiion cplls weps fed fresh media in
anticipation of screening by FACS Mo-Flo (Cytomation) sorting. Transfected

CHO cells were labeled with the mouse monoclonal antibody 8B6 directed against

20 human placental alkaline phosphatase (Sigma). A secondary antibody, PE-labeled
goat anti-mouse IgG, was used to produce a signal specific for transfected cells.
After PE-labeling, cells were subjected to high speed flow cytometry sorting and
the top 5% selected.
[0139] To produce conditioned medium with His-AP-Sp35, the cells that

25 expressed the highest levels of HIS-ApSp35 were selected. The cell lines were
adapted to grow in suspension culture in serum free media (BCM16). The titer of
His-AP-Sp35 that was produced by these clones was determined by growing cell
lines at 37°C for 4-5 passages, then growing the cells to 50% of maximal cell
density and culturing them for 10-15 days at 28°C until the viable cell density

30 dropped to 75%. The culture media were harvested, cleared of cells and debris by
centrifugation, and the culture supernatants titered for His-AP-Sp35 levels by

western blot analysis using anti-human AP antibody (Jackson Labs) as the probe.



(I.D.) colum, and washed two tines wwth 6 nL of 10 mM HEPES pH7.5, 50 nmM
NaCl . The AP-Sp35 was eluted fromthe colum with 10 mM HEPES pH 7.5, 200
mv NaCl | waondodss4sct | ons. Peak fractions were identifi edToyS2oomiosz2si ng AP
activity and by SDS-PAGE. The flowthrough fraction fromthe TMAE col utm 10
was further diluted with 300 mM of water- &¥ 4 oaded in batch overni ght at
4C onto 6 m of TMAE resin. The resin was collected and washed as

descri bed abov | ut ith 10. EP H.7.5, .150,.nmV .. P

fractions agai (rioﬁﬁﬂe Iﬁﬁféﬁg?ﬁ &g’ BW%?‘BE&%@O%&IO&%W? ‘sl/mél%oql?)}”ss%@PAGE.
Hi s- AP- Sp35 f r e, bheonditidne ntedidifronBSHENIIR Uk Sredditly ARs- 3pAp3frvedn difueedsecond
col um was 90% pure. 15 Under reducing conditions, the H s-AP-Sp35 m grated

on SDS- PAGE gelvgthdG0mbief waparleisthapalesinst pt 86 wonaddefite 85 o fomya Quy
terial iate f ' i gat | § ies th
e AP 5p35 wadth A Biealile aghacH RUERAP2 Hol0n 4'C R L AR 12

was added ts0 tPIMAEﬁEi\/pmdﬁmtai@é)i #ish dxchmgdetiesil MiEe réstl wancdliec®aGn el sad 0. 5
Mtriethanol amine pH 8.5 and 1M i m dazole pH 7.0 20 was added to_ 25 nmM and
15 mv respect ilRDygolus apg wesheddaodinen withvasnl shHeeM HifFar 466, $0 MITA

colum. The co L I i 'tgﬁ - ' ifie pH
8.5, 800 mM Nag%l @'1%%%%%?5&%1%5@%%%15- %II@L\)QB%PAMV\EIS e %21 S?r omthe
colum w th 20Q00MMMN«H40Lenlpfactidhs. Pabk frivtNaCiwerenlehfied gndoting AP
fractions. Peak AP-contai ni n% fractjons were Eool ed 1e_arnd 25 _dialyzed

g

|
ovgr ni ght agai ASHViRERARY IS AGHE 1 60eHlP MEPregep fTagtian ropgh Ejcoluny, Clﬁ
and ZnCl2,yer e ;addes & Qihihe Wi ﬁg)g}éﬂéﬁfr %&gﬁa@%@gt%ﬁé&b% (?'V%ﬁf?@ﬁta't & Ynto ;I'ee

final pro&uct was greater than 9 ran-as a sing
band w th mas$ mfofafiyiA@xiesiat dhy rdsiDivBacaltedted ané dvashetgascdendiitiddabsve il 41]

The Sp35 constructs were al engi neered as Fe fusions. An Sp-35 LRR- 30 Fc

construct was 6%@‘8{t]é(]j85‘}1\4§&?]@rgpﬁg7 DriPRend I?‘I‘(glr %&g]a%ragm@p-p@g&\f@e
jezscecescocyric e MBS =eN C 10,6 o

5' GCAGCGGEGEGECGEEA GACE& VWO %%ﬁ%@%g 1%%% ?g%gg%%%BZB -

34 ACTGAGCCT' fifSkEqiuinih Wa 54 pureline ACRpPS doucthe wemndrsbmuedas H% fune Not |

site of PV90 vector. .Sp35 | G- EFc const.r ener. at P sin
L rert L Bor v i A S e S AR D BAC et il a0 s
ID NO 22) and a5 848m8R% o?llﬁrm-fmnaterial was appropriate for most

investigations, for some studies the His-AP-Sp35 was further purified on Ni-NTA

agarose resin (Qiagen). NaCl was added to the elution fractions from the TMAE
column to 800 mM and 0.5 M triethanolamine pH. 8.5 and 1M imidazole pH 7.0

20 was added to 25 mM and 15 mM, respectively. 4.5 ml of the sample was loaded
onto a 400 pLL NiNTA column. The column was washed three times with 25 mM
Triethanolamine pH 8.5, 800 mM NaCl, 15 mM imidazole, and the His-AP-Sp35
was eluted from the column with 200 mM imidazole pH 7.0, 350 mM NacCl,
collecting 200 pL fractions. Peak AP-containing fractions were pooled and

25 dialyzed overnight against 250 volumes of 10 mM HEPES pH 7.5, 200 mM NacCl.
MgCl, and ZnCl, were added to the retentive to 2 and 0.25 mM, respectively. The
final product was greater than 95% pure by SDS-PAGE, and ran as a single band
with mass of approximately 140kDa under reducing conditions.
[0141] The Sp35 constructs were also engineered as Fc fusions. An Sp-35 LRR-

30 Fc construct was generated by PCR using primers (forward) S'CTTGACACG
GGATCCGCGGCCGCATGCTGGCGGGGGGCGTGAGG3' (SEQ ID NO: 20)
and (reverse) 5’GCAGCGGGGCGGGCAGCCCGTGGCCGAGCCTGACAGC



5 CCGAGCCTGACAGCACTGAGCCCAG3' (SEQ ID NO 23). The PCR product was
inserted into the Notl site of PV90 vector. The proteins were expressed in
CHO cel | swanmbopesss{si ed using a protein A sepharose col urnCT/Escamploes24: Sp35
Bi nding to NgRl- Expressing Cells [0142] Fqur different methods were used to
show Sp35 binding to NgRI. First 10 we dg’tected the interaction in a
direct binding assay in which the al kaline phosphatase-Sp35 conjugate

(AP-Sp35) was iy @T@gﬁg@g’%éﬂbﬁ N Rio expr %@!P ﬁ%ﬁﬁ& wafscRbd it thaASsgssed

usi ng a chronogeni c I on reagent. onfluent COS7 cells were
grown on 100 ngitdé bERYR0 Ucdt¢1urﬂ@3dll§kiﬁscmhiu@mgea@‘a@dhMHCPR11 NGRPLIEEPY essi ng

[ ana oot od ColBYRa) § CHICHRRAGHAS B L G e LA GeEE PO u rer, 1

my/ m- BSA, 20 eMdEBES (St I No: 2)end ftevor @@ﬂt@@d@AT@C@G(GC@tc@@G wi th
4 g/m of the AP-Sp35 g‘sgjs?on prot?a]lrrl\ In IleéI()-l e cells were washed with

i ce- cold BBH KFGAGCERGASAGACBGAGLERAR3' Qmﬂ? N3\ The ngRo,groduct

f or mal dehyde in 20 P S,

transferred badfes ﬂ?ﬁe%—? E’G%‘ﬁﬁ%e &Pé;%ggenosa&lﬁ &E?lég‘fe?%eg%%gd m

heat - i nact i vat egydh @&llParldGHkiFicdlusig @ protBRUAdepirsse30lunas det ected by

i ncubation with nitro blue tetrazolium NBT (Roche). Ap-Sp35 bound to COST

cell's expressing human NgR1l receptor, but not to control COST cells
transfected wi Exantpe ¢o5p3F Binding to NeRInExpxessing Gellsng  pattern for NgRL
was observed, reflecting that only a fraction, probably 50% of the 25

cell's, were tr&0fcour different meethagiRivere nsed3p sy Ses b?ﬂdé}lgatﬁtNgPyl bFiEdi ng,

wth s, ity 1o GREReGHE SRR R Rt i o i SRTPUERIARRE | Lo o
i ncubat ed wi t hp ﬂo%ﬂhbfa@@ﬂ? &or@m&p@&t Sp@ﬂdw&ﬁnaﬂiatedlmyh NgRSﬁpﬁadsmglcdls
96-wel |l plate rea ecul ar Devi ces). Fromthese data, we 30 estimated

that the EC50 fbd bmdmﬁ aseesedd ygnshagomezeaisdt dgjretionagagen ISR POy 6 nm
w0 go0s st RSRALINRS 5 o LAt an
with 10 g/m solgril &pNgEh 5casfxﬁdsamng"mgeﬁs B@E@bﬁtsli’Roclm)I Aifter A§ hoats, NgR1
pepti de 35-310 f used t ot ﬁe hi nge and Fc of rat alnkg% and SN)R%44 Fc
cont ai ni ngd5r at tgFEctp BQHSd’éﬁTSB@BhFrﬂ quge eyt BBHHE F‘]@@“)d salt’buffer, 1
mg/ml BSA, 20 mM HEPES, pH 7.0), and then incubated for 1.5 hr at 23°C with 4
ng/ml of the AP-Sp35 fusion protein in HBH. The cells were washed with ice-
cold HBH buffer 3 times for 3 min each, then fixed with 3.7% formaldehyde in 20
mM HEPES, pH 7.0, 150 mM NaCl for 15 min, and transferred back into HBH
20 buffer. Endogenous heat-labile AP was heat-inactivated for 2 hours at 67°C.
Bound AP-Sp35 was detected by incubation with nitro blue tetrazolium NBT
(Roche). Ap-Sp35 bound to COS7 cells expressing human NgR1 receptor, but not
to control COS7 cells transfected with the vector alone. A punctate staining
pattern for NgR1 was observed, reflecting that only a fraction, probably 50% of the
25 cells, were transfected with the NgR1. |
[0143] To better quantify binding, we performed the same experiment but
parallel cell samples were treated with 8, 4, 2, 1, 0.5, 0.125, 0.06 ng/ml of the AP-
Sp35. Bound AP was incubated with 4-nitrophenyl phosphate and AP activity
assessed in a 96-well plate reader (Molecular Devices). From these data, we

30 estimated that the EC50 for binding of Ap-Sp35 to human NgR1 was
approximately 6 nM.



5in 0.1IMNaHCG3 , pH 9.0 for 1 hr at 37C. The plates were bl ocked and
washed w th 25nM Hepes, pH 7.0, 0.1 % BSA, 0.1 %oval bumn, 0.1 % non-fat
dried m | WO Bndof364301% NaN3. AP-Sp35 protein, 4 g/m, waCTaktea t0es328he

pl ate and incubated overnight at 4C. The plates were then washed with 10
mM Tris pH 7.5, 150 mM NaCl and bound AP3detected using 10 g/m of the
chroi nogeni ¢ 10 substrate 4-nitrophenyl phosphate diluted in 0.1 M gl ycine,

1 mMMMwmd 2, 1 C 10.5. The. 10 ¢ i i A d
M 20 L 0 e 10 sl A 5 A T SRR A2
i mobi i zed  sNYRS 3 patbC(AVstarWErelcbgtes MNGR- BL0c/fl splubleaVgR 1-Fodéoeplokng t hat
the I onger version of NgRL was required for Sp35 binding. W were able to

conpet e the bi faVgR3 OFFaepnnpniggzs NeR kpeptizie 455l ONgsed toyheaigegnd Fe of rat

pre-incubating,t A Lt h - f h{gﬁ? - F

conpetition of I%#ﬁa?cgsgﬁggg“ggeﬁonﬁgglﬁ& rgéﬁ%lgggg@gdgﬁsﬁ I'g éﬁﬁgﬁ%rnawg%%pei n as
a rat Ig fusiom QM NaHOW,QpEl 910 fE01KSE 3TPC T Uhe pRitdiSIEE bREkENMmdVbedg Of
Sp35 to NgR1 by co- imunoprecipitati ng Sp35 with NgRI. For this study, 80%

confl uent COSTwitl 25uM B¢pegrmdhi.Opf. 1 YoBS And 1ls svadburning 0186 oo fré griediapk

transfected wth, pl i en i Sp35- | ut i ni 35- HA d

NgR- FLAG usi nga%gé)ﬁzgﬁ%ﬁagﬁg‘gﬁ{gﬁ?%%ﬁ& ﬁgpéglggﬂar I%&]%e;attéﬁ%[@%tﬁs %g? i on,

cel I's were har yeshedd 89entohs 8 THY plhtksiverdaéd ffasHeaQuitihb HiPESs ppi 3. S,
150 MM NaCl, 1.5 mM MgC12,” 1 nM EGTA,” 1% Triton X- 100 and 10% glyceroi) at

4Cdf Olr‘] 30 mn. immmyﬁfllemmedmg deteated iusingdd 1eg/m2 6f the cho@nogegicf or 15 min,
and the supernatants collecte nd. i nhcubat.ed 4 ver nigh i.t.h.agitation,
usi ng ant i*HA é?l?%tﬁ%feténﬁ@&’ﬁ?&yq Pgﬁ%ﬁése.dﬂﬁ‘%él lggﬁpﬁeéy%?’eﬁ%ﬁé@%lél nes
with 1 m of |ysis, hyfibsr ,thefm%p%é 8élerhfihe i WLIBA foAddrA®BIkdulHanpl e

buffer, subjected to 4-15% SDS- PAGE, and anal yzed by imuno-blotting with
Anti- FLAG M2 &evides)dsguimpicd medh thT Reftaax prageamadhPadp 5nli>Qlyldrt@§r1m0deZbgct ed a

30 conpl ex cont gi pi th Sp3s- LAG, NgR, .as..i s, evident by th
presence of Fﬁﬁéﬁ'% QCQ%'QHPBF@? Sﬁg‘%@fﬁé%@ﬁel}?’ﬁhflﬂ?%télfge@mft;qgiﬁn 8?1%?%'1%%
transfections bANeRiwd: reglitedl fHREE3 S bidingd Wé WareISStotdnilerstit Birdling of
FLAG NgRI plasm d al one, or WD 2004/085648 PCT/ US2004/008323 - 36 cells

that wer e 1Go- t PdhEpETIoedNak-FordeR] by SNgRY Rirdnenbping BggdiSedhviBIL0Br ot ei n
that does not bind aRks (ERARLrEPRE B MRfod BilndRe (A5 s Mfusingle SP3S

si gnal sequenc
hedgehog-rat Igl fusion protein as a rat Ig fusion control protein.

[0145] Third, we detected the binding of Sp35 to NgR1 by co-
immunoprecipitating Sp35 with NgR1. For this study, 80% confluent COS7 cells,

20 grown on 100 mm tissue culture dishes, were transfected with plasmids encoding
Sp35-hemagglutinin (Sp35-HA) and NgR-FLAG using Fugene 6 reagents (Roche)
48 hours after transfection, cells were harvested and lysed in 1ml lysis buffer (50
mM HEPES, pH 7.5, 150 mM NaCl, 1.5 mM MgCly, 1 mM EGTA, 1% Triton X-
100 and 10% glycerol) at 4°C for 30 min. The lysate was then centrifuged at

25 14,000 x g for 15 min, and the supernatants collected and incubated 4°C overnight
with agitation, using anti-HA affinity matrix (Roche). The samples were washed 3
times with 1 ml of lysis buffer, then boiled for 3 minutes in Laemmli sample
buffer, subjected to 4-15% SDS-PAGE, and analyzed by immuno-blotting with
Anti- FLAG M2 antibody (Sigma). The anti-HA tag affinity resin collected a

30 complex containing both Sp35-HA and FLAG-NgR, as is evident by the presence
of FLAG. This complex was not seen in lysates from control transfections in

which cells were treated with Sp35-HA plasmid or FLAG-NgR1 plasmid alone, or



extracel lular domain (am no acids 1-531) was PCR anplified using prinmers 5
5" ATATTCTAGAATGCTGGCGGGEEECGTGAGS' (SEQ ID NO 24) and 5
ATATACTACNOTIGTESEBGCCCCCGITGE3" (SEQ I D NO: 25) cont ai raatgus2izdosz2ad Spel
sites (underlined). The PCR product was digested by Xbal and Spel and
inserted into the vector pCGCHA betweentHé Xba | and Spe | sites. The
sequence of the insert vvas confirmed by DNA sequenci ng. The FLAG NgRl1 10
construct was gjft LU

[o147] "Fourt n, “h LioREs piifC IRl iRt B By MR a Pl s

neur ons ( CGN) ‘MﬂtﬁbesaitﬂbﬁﬁBNg\lgRl For this experl rrent 90% confl uent
postnatal day 8 CGN cells were grown on 100 mmtissue culture dlshes Af ter

48 hours, the J:@I“Iﬁls WP & Hid 3R anasls @s follovys. il Indpsignal spgyenagendi ncubat ed

ith 4 15 g/ f |1
mre t hen \g/]va ﬁF §?§[§al?oﬁlg§§5%ﬂ§ legm%afs éﬁ'ﬁ%ﬁ%ﬁt egégggﬂ?@fshgﬁ f?xed
with 3.7% sfor ﬁa&mnyﬁ@ IDGIGNIGGHEIEGGCHE’GE(IIGAGG' (PRQ) MINGaQY) buad 5'15 m n,

heat - nact | vat S A ACIAIA GOTT CRRCHb G KGR EiID BEF 2 septaipine

i ncubat i on wi tg@m 14 e%lxlgﬁe%@an&?lh@%%hy ﬁﬂd}BﬁfroﬁB&%@dl%er‘égegW%H%gEP

post nat al day cere neur ons, which ex

bi ndi ng of AP- SpBmsérted ineo ﬁheurecmsp@ﬁé?HA bétivsen da Xiya I arele8perlgpitthThEGN wi t h
PIPLC (5 units/m) whi c cl eaves chored, pr msrrbr ane
surfaces. Sincé&® ’Fff‘?st II@P“W‘FHR d’[yel?ﬁg Seﬂﬂ?réc“{)geqfh Pn[f‘Am{:‘t I'supports
the notioRot hat,der s ft%rﬂ@ ch HOPNSEN, 68} uso, Rey Rnp

Co-1l ocal i zati on0 of Sp35 E\% th 2 %% %II(\)I det ermi ne whet’her jSp35 and NgR1
are expressed [(4heFsarik, WI@BhOLWﬁSl that\noqa fSprf boureldo aatosrdbetahi gratilan st udy.

4% f | dehyde- f.i 8 prj | ar. | t
ebbated it nogeros L RERLER L RaPRETa ot 20% Gsng {hen
with the appr og bdiAdtSl d%ly@@cﬁ\p&ﬁh %reg@r%%qj?“ooe}ﬁﬁl' el &ﬁttﬁ%@dkﬁ@ ecfiralg

Probes I nc. he cellS were visualized by con-focal fluorescence
m croscopy. Nehoma,sfhmﬂé were aveshéd ok avithed BBybuftes, Bo3bermimduigeliwithtdi bodi es.

WO 2004/ 085648 PCT/ 004 3 B I, ns, wer ressed in the
cel | bodi é8 anH&3% (ﬂlf gpéﬁgﬁ’ral%‘ﬁg[ buﬁ??riqrdl ?hourtaﬁggg(lc‘y &B?:&‘F fz‘% P ¥"anal ysi s,
di fferent col O%Qleﬁrvﬁlﬁ?ﬁe%[cﬁHBWuﬁﬁé f&r@emﬁlu%él%%@h Qlflen M&\Qfﬂ%@% Vhen the

stains (red for NgR positive cells and green for
formaldehyde in 20 mM HEPES, pH 7.0, and 1SOmMNaC1 for 15 min, and

transferred back to HBH. Endogenous heat labile AP was heat-inactivated for 2

hours at 67°C. Bound AP-Sp35 was detected by incubation with nitro blue

20 tetrazolium NBT (Rochej. AP-Sp35 bound to postnatal day 8 cerebellum granular
neurons, which express NgR1. The binding of AP-Sp35 to the neurons was
inhibited by treating the CGN with PIPLC (5 units/ml) which cleaves most GPI
anchored proteins from membrane surfaces. Since NgR1 is a GPI-linked protein,

this result further supports the notion that Sp35 is binding to NgR1 on CGN cells.

25 Example 5: Co-localization of Sp35 with NgR1

[0148] To determine whether Sp35 and NgR1 are expressed in the same neurons,
we performed a co-localization study. 4% paraformaldehyde-fixed rat p8 primary
granular neuron cultures were incubated with antibodies against Sp35 and NgR1
(Sanfa Cruz), and then with the appropriate Alexa-labeled secondary antibodies

30 (Molecular Probes Inc.). The cells were visualized by con-focal fluorescence

microscopy. Neurons were intensely stained by the Sp35 and NgR1 antibodies.



positive cells) were nerged we saw a yel |l ow col or throughout the cell
indicating 5 that the two proteins were co-localized within the neurons.
Exanpl e 6wOoNgRILosBs43di ng Sites within Sp35 [ 0149] W usedddelienesmnssmppi ng
to define the specific domains of Sp35 involved in NgR1 interactions. The
foll owi ng deletion constructs were made -usilhg the Stratagene Qui kchange
Mut agenesi s kit We verified all vector constructs by 10 DNA sequenci ng of

the nodified i rt 0150 Hi 35 ich t th i ch
repeat domai n %e“ sp‘i"?@]ef‘%e%f)eg G & 'b\c@ﬂge%fﬂggg%? X @umd;]%l Hgm

the His- AP- Sp3$he(6'b—@cal%t15§ aﬂal%{éi@(%ﬁﬁéreﬂb’coﬁ@ai Ribiem'éﬁe w&e%m& € types of
5' CCCAGCAGGTGITTGIGGACGAGT G CTAGGEECCGCCEA (SEQ I D NO 26) and

F CA]GGGATCCG 26LIREEECEHTA® thmmm@rtmmmmm@m gree SESP3PD NO  27).
0151] His-AP-S

region (a.a 41?8%\%1% ee g"e{ﬁelgl%l%% 83 the l lﬁ%n&:&g tgxai)ugg l?ttg §Sﬂ @%\?ng;ﬁg c

vector by sPCRendPEdwRA o%orb't%ﬁ‘ﬁ WEE eo%m&W@Aﬁmcc&
ATCCGGGACCGC- 3" (SEQ ID NGO 28) and 5' - GCGGTCCCGGATGCGGGCGE 20

GGAATTCACCCGEGT GCECEECG 3! é}gEg | D NO 29). [5‘0152] Hi s- AP- Sp35e, which
encodes only t FxampleiongR1 ingBjtes wifhin §35 ¢l oned from the Hi s- AP-
Sp35(aa 34-532) vector by PCR Pri rrers used were

5' - CGCCGCGCACCHIAEST GAKT Tadalty @m@les‘fpw@séqnamsméspéé) and

5' - GTCCACAAACACCT 7
[0153] A commertioal® ?%eﬁn%tsel s%g? gfzdﬁ%irgo §tcon tg&gsne B eﬁﬁ%ge)

were used to Mﬂ@t@ﬁn@@uﬂ@h@né&ﬁu@fg@ﬁmgﬁglWervenﬁed gll weatot cordtructy band
am no acid 458 S rom histidine tg valine) of Sp35 in the vector

Hi s- AP- Sp3% (3 29quenq1ng %th%@@ﬁe@ ayeiier e
LT L Ly

33). WD 2004/ 0phf4B: B¥s1d M@Q)@Qé/amii was cRBed FOAbHE Hib-2PAS Bp 8ha. dﬂﬂ—m)on

constructs (FIG 3) were engineered in _pVo0 expreSS| on veé s. and
expressed in ZQYSCt@élPYECRTI]i)émé‘TSﬁHi*le%‘ﬁ@é Cr%‘i*@%@ &?ITI@ g%?ﬁ‘e AP

adducts purifi aerdy,EBHEAEERIGATCCIR R SRIDSNBPS6P4hd 5-CAGGGATCCG

15 CGGCCCTAG ATCACTCGTCCACAAACACCTGCTGGG-3' (SEQID NO: 27).
[0151] His-AP-Sp35d, which encodes the Ig domain of Sp35 plus the basic
region (a.a 417-53 1), was cloned from the His-AP- Sp35a (a.a. 37-531) vector by
PCR. Primers used were 5'CGCCGCGCACCCGGGTGAATTCCGCGCCCGC
ATCCGGGACCGC-3' (SEQ ID NO: 28) and 5'-GCGGTCCCGGATGCGGGCGC

20 GGAATTCACCCGGGTGCGCGGCG-3' (SEQ ID NO: 29).
[0152] His-AP-Sp35e, which encodes only the Ig domain (a.a 425-531), was
cloned from the His-AP- Sp35(aa 34-532) vector by PCR. Primers used were
5'-CGCCGCGCACCCGGGTGAATTCGCCCAGCAGGTGTTTGTGGAC-3'
(SEQ ID NO: 30) and 5'-GTCCACAAACACCTGCTGGGCGAATTCACCCG

25 GGTGCGCGGCG-3' (SEQ ID NO: 31).

[0153] A commercial mutagenesis kit and protocol (Stratagene Quikchange)

were used to mutate amino acid 456 (from arginine to glutamic acid) and amino
acid 458 (from histidine to valine) of Sp35 in the vector His-AP-Sp35 (34-532).
The primers used were 5'-CATCCTCTGGCTCTCACCCGAAAAGGTACTGG
30 TCTCAGCCAAGAGC-3' (SEQID NO: 32) and 5'-GCTCTTGGCTGAGACCA
GTACCTTTTCGGGTGAGAGCCAGA GGATG-3' (SEQ ID NO: 33).



Fract ogel TMAE resin and N NTA agarose. The purified proteins were tested
for 5 binding to NgRI expressed on COST cells. The three constructs all
bound weawlo2004/6856335. These results indicated that the PeI3Es20RR082PEeat
1-14 (amno acid 34 to 417) and the I g domain of Sp35 (am no acid 425-531)
both contribute to Sp35 binding to NgR- 3fhe I g domai n showed hi gher
affinity than the LRR domain. [0155] A structural nodel for the Ig domain

f Sp35 US| t , k
Crasmasen: of I S8 nges NN AR P J5elEkiRR RSB 00K
we observed a leepRsdi6esédiore and Rt scd M29H8]ls. Ttk bondifoEke m&RRIKHYasSEQ | D

NGO 34) that m ght be involved in bindi ng. To test  this hypothesis, we
engi neered an SpBsrtechansithe &P adduglspariip@ By semsntral shroprdogaphy-FleRy 058 wer e

changed into E | : IS for
NgRL bi ndi ng, m%&g%%éérT\%%E g&@%ﬂﬁg@’%‘}g%&% ggé;ﬂgfﬁéd%&aéﬁﬁé’f et?g?eﬁ‘%cﬁjf?re
approach t @ t eslindifetoddgR T edpirtdsad oniCQASY ik olhe thegd comsiroctball homy] weekly

synt hesi zed a peptide correspondin o the sequence LSPRKH (SEQ.|D NO 10)
That we ool | JeaPsY Herte Fpoby SOEHRS SIS B N RRASREE Sriih GRILACIE R4 10

peptide. Upon i k(i , E i C inhi.hi

interferes w t%l?ﬂ% B?\gg%gﬁéf()fﬁg?{?@%@Bé%gﬁkg%??b%%%@hpkbﬁectg?pgg CGN
fasci cul ati on Dbiidntd toTdgRiEt Eherigndorhdie shdveddig glhalaffinitycthio thed RBpidMmaim
neurons, we incubated Sp35-Fc w.t ost nat aJ ranul ar neurops to see
if Sp35 can rediRle ‘%étﬁ‘%‘i“ﬂfé{:m%"fl- 8?@’&;&30@3&‘&%égl %ﬁrgsn%fﬁﬁeéé{ém@éﬂw 1)
were coat g¢ w Nt,slzlglcgry%ﬁtme&wa& frhhSiv Bk (](R%ﬁiﬂ?s)en BeSI0B06 POkt SREctOBIo].

Sp35-Fc protein ( protein). The slides 25 were dried overnight,
then rinsed and:388a19%39 WidnhtHiOmgdet, weabserved 4 obdxriduc Gembbesl45dmMS5§r anul ar

f t. nat Lssoci at ed . d, . to. th
brecoated ol | agim s SPHEIEAHE rdaRerh B Guiheatittvay i ihab, deiepior
24 hours. The ghikg tH%Es?vfe%@in%Eﬁéé@niS%?ﬁ%lﬁh%ﬂfiﬂr\ﬂlﬁblﬁjﬁé@iﬁﬁl@s ROk BhOY 20%

sucrose and stained with anti Blll tubulin (Covance TUJ1). After 24 hours,
the 30 CGN showeddEwemrchingadiisiol BxtidbM, respeshivtlygyWhen thisi adesirudsyas estid ng of

Dr ot el - cadt e PIOSHLT UG MERDSTE SobTORSE el D A BOBESY - 30
Exanmpl e 8: Ef f @gfrdat toBs? alebnRMoaGrtMaldopriediBaet biaineOWe synthesized a
peptide corresponding to the sequence LSPRKH (SEQ ID NO: 10) that we
cyclized by adding cysteines at the N and C terminus of the peptide. Upon binding
to NgR1, this peptide blocks, inhibits, or interferes with the function of NgR1.

20 Example 7: Sp35 induces p8 CGN fasciculation

[0156] To determine the biological function of Sp35 in neurons, we incubated
Sp35-Fc with postnatal day 8 granular neurons to see if Sp35 can regulate neurite
out-growth. Labtek culture slides (8 well) were coated with 0.1 mg/ml poly-D-
lysine (Sigma) before spotting of Sp35-Fc protein (16 pg/well protein). The slides

25  were dried overnight, then rinsed and coated with 10 pg/ml laminin (Gibco).
Cerebellum granular neurons from postnatal day 8 were dissociated and seeded
onto the precoated slides. The slide cultures were incubated at 37°C in 5% CO, for
24 hours. The slides were then fixed in 4% paraformaldehyde containing 20%
sucrose and stained with anti BIII tubulin (Covance TUJ1). After 24 hours, the

30 CGN showed clear fasciculation morphology as evident by bundling of the
neurons. The fasciculation was not seen in the untreated cells or Fc protein-coated

sample controls.



[0157] Sp35-Fc induced postnatal cerebellum granul ar neurons to undergo
fascicul ati on. Because the signaling nolecule RhoA is known to be involved
in 5 faswiccwbaessess, we determined if Sp35-Fc can regul atca/B2004/008326t | ons
in neurons. We performed the RhoA activation experinent as follows: 293
cells or COST cells were transfected w+thBS®xpression vectors containing
conbi nati ons of RhoA Sp35 or NgR1 using Fugene 6 reagents (Roche). 48 hr
post -transfecti fS gum starved overnight, then lysed in 50 niM
Tris, pH 7.5, Jﬂljzg R% 5% sodi um deoxychol ate, 0.1% SDS, 500
m NaCl, 10 miv° aﬁﬁlwl hﬂ?%‘f”éﬁ’é‘e i nhi bitor cocktail. Cell |ysates

were clarified r.ifuga a for and 95%
of the super nat[%]\r/ﬁi \%ﬁé FUWBEWBQGSWT@%“ ﬁg—“b@% ag ?ﬁ%?}?sltPil@éer&T Rho ’
bi ndi ng donai nf@sfcfdu tlto){ @Eﬁdsé the(ﬁﬁlféqlﬁﬁ'n{blecli’,l?@ﬂﬁ@AMc%&r?to%thﬁ&lk}Q@hpgw at

4C for 45 m nutes. beads were Washéd times wth wash buffer (50 nV
Tris, pH 755, f%:iﬁulatmn we ﬂaﬁnnmEdnﬁﬂWNdE@ qanl@gulatMR!@@l@ncmrtshn pewoess e

i nhibitors). d fromthe beads heatin 95C for
5" i She. PAEEDEIIE ek Fos Selirling SRATTOar TS o eRh et GOy cel
detected by wesiBt Ralif@iidd WL ¥RprEGIGh VERARE LA @Hommga FREOA

(Santa Cruz). COST and HEK293 cells transfected W th Sp35 induced RhoA

activation, asoelNgRdnsingFugene hesagante (Rochehe4Ghopent-tishsiRtion, Gtk Werect ed in
t he bl ot foIIo tranfectl vvlththe ene f cenent
e Bhon Grp ek ST ahieRh et Vg SR BT Redss f"é?k}ﬁ%%" Ml
the increase ipsoRbeAufalRok h!o%)t‘é m%meQGEﬂMNa\@ltml%MM 197us ;yvhgan
cells were transfected wt Sp35 and NgRl RhoA was partia Iy i nacti vat ed.

Treat ment of 29ratessséntibitersopktath. %E@%smwl@@ﬁed hy Pentrifiatipmalct | vati on

f RhoA. [0158 f d | b
assay . (Mol ecul 20ES FeEITEE 5 Fudb@hamnadvn & BF Pubrderl St Budtoum o
Cat+ flux. We 2@?@%@%@@@1%&1‘@3:@%0 Gaittng Jidiﬁmh@fﬁ?rﬁ{;l BaSXARES &Y Sp35

with treatnent o 35- Fc, but not in the ctontrol cells treated with
Sp35- Fc. The Cheads, Ubstxtev&stechdﬂmgd aBo°Wherd5orinbiest Ahe beald viore washed 3

CO S o L A o NPES AP0, 508 S g,
|| gt ﬁgﬁg{ 'ygI“CW: %?\g'rl\g gz,ongﬂlaﬁ%as@%ﬁﬁﬂbi&ﬁs)L@F}d‘BH&M‘Rh‘ﬂ HadeRd Yo ke bane! ved
by heating at 95°C for 5 min in SDS-PAGE sample buffer. Bound and total Rho
proteins were detected by western blotting using a monoclonal antibody against
RhoA (Santa Cruz). COS7 and HEK293 cells transfected with Sp35 induced
20 RhoA activation, as évident by an increase in the amount of RhoA-GTP detected in
the blot following transfection with the Sp35 gene. A further enhancement in
RhoA-GTP was observed following treatment with Sp35-Fc. In contrast to the
increase in RhoA-GTP following transfection with Sp35 alone, when cells were
transfected with Sp35 and NgR1, RhoA was partially inactivated. Treatment of
25 these cells with Sp35-Fc resulted in further inactivation of RhoA.
[0158] We confirmed a signaling response by Sp35 using a FLIPR assay
(Molecular Devices) to determine the affects of Sp35 treatment on Ca'™ flux. We
observed a significant Ca*™" flux in cells expressing Sp35 with treatment of ’Sp35-
Fc, but not in the control cells treated with Sp35-Fc. The Ca™ flux was reduced
30 when cells that had been co-transfected with NgR1 and Sp35 were treated with

Sp35 —Fc fusion protein.



and we observed that the addition of soluble Sp35 to Sp35-transfected cells
caused an increase in RhoA-GIP over what was observed with Sp35
transf ect wanmoabssoss, 5 we tested for Sp35 binding to i teElfS200H08E8f or m
this test, we used co inmunoprecipitation. COST cells 80% confluent, grown
on 100 mmtissue culture dishes, were trdrisfected with plasm ds Sp35 HA or
Sp35- FLAG or both using Fugene 6 reagents (Roche). Forty-eight hours

T LEPES, p 7 ESanede SR oteln TSR ER ARB C T) Eora S50 i ton
X-100 and 10% at for.3 e.was,then centrifuged
at 14, 000xg fo%f@? Oégca cﬁ%l%élogj&%%?g{lgﬁ{ysare tbi O¥V§§tlgéoﬂlﬁmﬂ%@u%%qg&s at X

C overni ght w thq agi 6baéﬂve@thamﬁemdaﬁloﬁrbtflsolﬁme@‘ﬂsls b 83 5-Mdhstboted BAGRNsedThe
sanpl es were then washed 3 tinmes with 1 of lysis buffer, boiled in

Laenm i sanpl e ahiridrease is BbpAcGER over mhais%s S rpaiarith $nd5 érﬁasfwws Blpnes

i nmuno-blottin nt AG.an The n dy resin
captured a cpn%f V{?St%gqrgggglb&? %%{Oégsﬁgl &%R f%mA}g‘téf[eeSrtﬁlveﬁ%st %§ Weést ern
blotting. This uhﬂiiilh@?!‘e@ﬁ)ltatl@h r €OK7 icBllLIB6 thMucht, cBp@h o100 nirh $igéde. cuidbreal so
treated cells transtected with HA-Sp35 with Sp 35-Fc_and used a simlar

i mmunopr eci pi t disheh vegp frergdertedwith plesetids SHIA- f@ﬁ% Spddrid-Ale ophet peing20

[ 0160] Sp35-FLAG was. nmade .as, f al ul in (a.a.
153 1) vas_ PORTEI Pt b o b Ber SR AR AR Ak BT " ¢
GEEEECGT 3! (SEQaﬂv@st%@an@@se@ﬂﬂlrﬁl K&t PARCGCURITERER GAT GB, 350 (BEQE0D, NO
36) containing Notl sites (underlined The PCR product was dlgested by

Not| and ilfser tiédmMaMeGlnd mdt EGIiA &7 Tfliﬁéc?i'dpo BQ@QO%EECWM § feedfience

of the insert was onflrrred le 1 n_Vviv
Transpl ant ati off'"'o %1;3%%6 W@&ﬁi@%@ 24{68%‘%1'5{ 48 %I}dnlilll éugeﬁgatants
bi ol ogi cal funghjiQRePindIAdebakdd, a4 Gfﬂveﬁﬁ’g}ﬁ with 1ﬁﬁoﬁ aifﬁh an ¥W&i-BN eGihad
cortical primary cultured cell$ (mxed cul tures retrovirus 30

expressing ful hndtlemglfxbnthBBhe)sar@lcseWﬂe\thammaSb@ﬂlﬁ rtmiIE;S Wldr 1 adlofVystsbuffero t he
[piured ent contor, of, L SRLNGL SOLS, 2010 peLlsoner dptradicer., e
par af or mll@ehy%m\ﬁgom&ﬁﬁg 8\5&%@@4@%&9&&&0 883%3Anti-I antibody resin
captured a complex that contained Sp35-FLAG, as determined by Western
blotting. This indicated a direct interaction of Sp35 with itself. We also treated
cells transfected with HA-Sp35 with Sp35-Fc and used a similar
immunoprecipitation approach to show that HA-Sp35 bound to Sp35-Fc.
20 [0160] Sp35-FLAG was made as follows. Sp35 gene extracellular domain (a.a.
1-531) was PCR amplified using primers SAATTAAGCGGCCGCATGCTGGCG
GGGGGCGT3' (SEQ ID NO: 35) and 5'AATTAAGCGGCCGCTTTGTCATGT'3
(SEQ ID NO: 36) containing NotI sites (underlined). The PCR product was
digested by Notl and inserted into the NotI site of vector pvV90. The DNA

25 sequence of the insert was confirmed by DNA sequencing.

Example 10: In Vivo Transplantation
of Sp35-Transformed Cells

[0161] To determine the biological function of Sp35 in spinal cord injured rats,
we infected cortical primary cultured cells (mixed cultures) with retrovirus

30 expressing full length Sp35 or a retrovirus control, for delivery into the injured
epicenter of rat spinal cords. 2x10° cells were introduced, and the rats were

sacrificed at day 10. The spinal cords were fixed in 4% paraformaldehyde



overni ght, then dehydrated in 70% followed by 95% ETOH. Ti ssue sanpl es
were i nbedded in paraffin. Sections (10 m crons thick) were used for

i mmunohi siwaclvesisseds st ai ni ng. Rats that received Sp35- expuTeisRDoigposaBl s, in
conparison to control, show |less axon retraction and nore -13111 tubulin
staining 5 near the epicenter. Increased neurenal survival in the injured
rats receiving Sp35 was observed [0162] The Sp35 retrovirus construct was

AT T ACT ConCR e i B AR o8 uutdt 5 T e by b T sk Stmilesg an
Xhol site (undeydrb ﬁﬁgéddeérh@pél@ffﬁl %%MM%I&I%%I%IGAACTTG 3

(SEQ ID NO 38), containing an EcoRl site (underlined). The PCR product
was di gested wiimmuxoebistochpiicab ssmining. Rragmthpi ngaezledd SlnﬁiaexmeSSRgtqeﬂs',lmus vect or

pM G (whi ch contains | RES- i ch was rev wi t h.Xhol and
EcoRl . The newS7&®fg° Onﬁglr'ré%o%\%ﬁwret (ftlo %tg %ﬁfw%% Nt ai ned
i nadvert ents poinRhyr the epiébdl. OMSreasd ﬂemnhls@lmwlsm@ﬁe EMYE@ ?a‘is ys%él%lﬂgl gased

toget her. pMMX078.6 was cut with Xhol and Accl and pMMC078.7 was cut with
Xhol and Accl. WAs@bserveomb fragrrents were |igated together to make the final

correct plasm DNA sequence of .the.i ser onfirmed by
DNA sequenci ngcf g}i ﬁle'?ﬁ ovf?iiﬂ%‘/lr%acgnﬁgﬁgw%m&ggg? f% ;5%%’%5;56{“5 WEr e
split the day mmampnﬁemﬁs‘lﬁg H®8rs ﬁ@&ﬂﬁ@@@eﬁe@@@@@@@&@@@@@@w to
transfect 5x106 cells %@I i pof ectamine (lnvitrogen). The condition medi um

was harvested &AEE-Y2S M@o%?% containiRen: Xl sitvfendsdingidd.isoded medi um was

centrifug at o 35
et ovi rag st odk oA R ATR T CARTIBRACT O (559 B30 38
mont hs. 25 Exarpht@inldg arBesFl S1Mﬁiﬁierlﬁfed§pTE@PC@q{rﬂdddﬂwaﬁ Wi deSk6 $lithAKhol
surgi cal procedures are perfornmed usi Eg@aseptl c technique. For 1 week

prior to any s@RgEeaRl ntﬁﬁlil Heatad o theR FapvEugy ectoraldl e dwhishsprtainsiIRES-
100nmg/ kg SC t
o/ kg SC 1S AT BhEhGEEG ARV RS H%ﬂXh(?[rén(arEc%%l[ gggg%wect%y hgery to

reduce the in e of ction njur Anrmal’'s™ are
anest heti zed ushmgd MM@OV&I’TAHHS@&‘[ES o MYIT (7 8i doncadingdlingdieptant paiiith

| sof lurane 2-3%in. 02 to deep anesthesia as neasured by toe pinch. Animls
VO 2004/ 0é§648n%@t;qg§mpdg<§3tggo? 078 were ligated together. le\F/)[CO78 6 was

cut with Xhol and Accl and pMMCO078.7 was cut with Xhol and Accl. These two

fragments were ligated together to make the final correct plasmid, pMMCO089. The
DNA sequence of the insert was confirmed by DNA sequencing. Sp35 retrovirus
was made as described. 293G cells were split the day before transfection. 8 ug
20 Sp35-retrovirus DNA was used to transfect 5x10° cells by lipofectamine
(Invitrogen). The condition medium was harvested after 92 hours post-
transfection. The conditioned medium was centrifuged at 5000g for 10 minutes,
and the supernatant used as a Sp35 retrovirus stock. This stock was stored at 4°C

for 1 week or —80°C for 6 months.

25 Example 11: Animal Model of Spinal Cord Injury

[0163] All surgical procedures are performed using aseptic technique. For 1
week prior to any surgical manipulation animals are handled. Ampicillin
100mg/kg SC is administered prophylactically prior to and after surgery to reduce
the incidence of bladder infection injury.

30 [0164] Animals are anesthetized using Midazolam at 2.5 mg/kg IP in conjunction

with Isoflurane 2-3% in O, to deep anesthesia as measured by toe pinch. Animals



are maintained on a circulating water heating pad for the duration of
surgery and recovery. Ccular lubricant are used to prevent corneal drying
and At r opwoe20000936489/ kg SC are given to reduce excess sadves2o@mosiisnal |
incision is made in the skin and the nuscle retracted to expose the
vertebrae. A dorsal |aminectomy at 5 thefdpinal level L6 (and L7 if

pl acenment of an intrathecal catheter is necessary, see below) is

performed, L6/L7and the adjacent i r Fab Qs i 4 a

Coi nal 1 ane AP R AT PP oo et IO W S LB AR B
at L6 with flepsvery.iGREirQaMiR6T 8 Akl o@Iprent edmeilntrgng apd Atigpidee mai n
dorsoredi al and the minor dorsol ateral cotjcqospinal liract (CsM), .
conponents. FbPFmgikas e givep to tefvca pxqespalvationgs SppbmelIQLSEhEE Wi th a
protective ri-al i | yi &t ur ed
with 4.0 ch?g&rﬁgéfﬂgfp aﬁ%?%%lié?&%%g%ei os%yégvgt%g%& %gpﬁbﬁ?& §fﬁljrlle %EI&I’I IS
sutured and whpepinwl tehelliet @nd ey i€ plastment. of[ad i6fGdthdoahcathaeral neeassarEr sge of
animals IS eval uat ed using ch[f,}Baaso %gatti e.and Bresneha &BB@ scoring
met hod conmortgjouss@etigrmeh Ledy @nA AiesaUgqeBt SREUSRATOEE E1BY iU Thi s
met hod quanti f i i QN ¥ tighb@enaddadiy sl s of
j oi nt rmverren{plnga?]g‘ta \%%l(?ﬁ? le%%ﬁggtﬂg%%ﬂltigt?goﬁgaa?g&g%e(;tg%al Eat ed the day after
spi nal  cord vith finy itideetompsddsprstdoenpdetélyenteriptigsthe naie dpisomiediahfndihe CST

transection, adenovirus expr.essing, Sp3 GFP _or conptrol virus {1010
particl es) ar@ll}%jd@@?ﬁ’éeréﬁ(copﬁ%sl’é‘?a?ga%f(atgﬁéﬁ@@e?]?%lﬁs‘gﬂgo‘iyg&i Sb‘f'%ery’ﬁge
| mredi at f@ y Cﬁ-fﬂ@écac?gfsﬁ@éfcwére& Qithh&rbREEFYmaieligt subhbDakaflin, 464 thef Adv

are injected at erent sites (4ul/site). For the intrathecal
adni ni strat i cowenlyifgp@6sclpsustreil mithad.8 rllomin ghtetoipsotaeidbe prrased sndur a of t he

spinal cord at _2mm caudal .to th lLesi on L7.and. an J ntrathecal catheter is
inserted int oc‘{l‘r‘fé‘ns&g‘ﬁlsgieﬂ?ﬂftﬂregﬁﬁégﬂ%‘? hVA b%ﬁgmgg?fﬁlgl{)%'r is slowy and

gently slid a@%q t benctRIBkcSREFo BRAMbIs 18Ty Slasdalusing tREB4s6 Beattieand The
portion of the catheter lying outside the intrathecal space is firm

sutured in pl Bosnéont(BBR scormgdethgd commealy yrepio meduate Fits igmspingl ¢y

(Al'za corp.). contai.ning the test erd.al, S I .

protein)lPs cGHHE 8“fegh(’dt%ngé‘fjsotgghmgr}ﬁn%guﬁﬁgn gfj?a?i@}g%%%%elﬁg&gﬁ@lsi%serted
into the Schﬁﬁlﬁmeﬁpﬁfcﬁwdgﬁ%éaﬂﬁ%ﬁgﬂiﬂdmMe ctileated Micnkytadiny simhiles ar e
covered with a protective material 30 such as Durafilmand the overlying
muscl e sut ur echrdiimjbiryithen siseldiritleerepftert o protect the exposed spinal col um.

The skin i s syhueed and sl Reded s REAREHAE o300 BrpRROGH RS

or control virus (1010 particles) are injected at the site of transection and regions
20 immediately caudal and rostral to the injury site. A total of 10pl of Adv are
injected at 5 different sites (4ul/site). For the intrathecal administration of Sp35
protein, a small hole is made into the dura of the spinal cord at 2mm caudal to the
lesion L7 and an intrathecal catheter is inserted into the subarachnoid space at L7.
The catheter is slowly and gently slid above the spinal cord about 1mm caudal to
25 the lesion. The portion of the catheter lying outside the intrathecal space is firmly
sutured in place to the surrounding tissue. A primed mini-osmotic pump (Alza
corp.) containing the test material (Sp35 protein or control protein) is connected to
the exposed end of the guide cannula and inserted into the subcutaneous space.
Following surgery, the laminectomy sites are covered with a protective material
30 such as Durafilm and the overlying muscle sutured with 4.0 chromic gut to protect

the exposed spinal column. The skin is sutured and wiped with betadine solution.



[0167] Hi stol ogical Analysis: Tract tracing surgery occurs at the tinme of
the surgery to induce spinal cord injury. The skin on the head is shaved
and w pedwonobdiosBetsadi ne and 70% al cohol . The ani mal i s puTACR2d04/008123
stereotaxic frane. The scalp is incised longitudinally and the periosteum
is scraped fromthe calvaria. A5 hole i%3drilled in the skull
approximately 1-2 mmin dianeter, and a glass mcroliter needle is

inserted vert| ly. | oc tto ates are
det er ni ned adbﬁg}d ISP goglﬁaé YSBy gllsrﬁ&tg{a]cnqg ﬁ?ée%%g?%%%%t%aﬁ@@stfgfﬁé‘ 1997) .
Appr oxi mat el yalerPfo flacd spifaf661d infate rhelskipeorothe hEacblklsha\demdaMpadn ne ,

10, 000M W) is injected and the needle is left in place for addj ti onal

five 10 mi nutveith Betadinegnd dPY« aleeheoh &he Wiéla]stﬁlnl%qeéﬁn a AferetaXie &’Pf’é Adfoval |,
the hole in the .scull .ca a Ied
cl osed over tsﬁglp % ntfﬂ'sedi r%étuamgnf %eglf}égsa{%% ilag]c?arrﬁegéltcl)\k});(;ercsdan:Ji"ﬁr Z%:e:ove

post - operat i Wﬁ)l&ﬁ&&ll@d%ﬂfelsﬁ@lﬂ aﬁﬁbﬁi\iﬁa’relyﬁcmmrﬁ mdmmeme,exlnd algddssr the aninmal s
are deeply anesthetized (Inactin 100-110 erfused for

hi stol ogy as missditeiegdisds Wﬁﬂ%@ﬁtlﬁ’aé]dtlm{g’g&oﬂ@é?“qné “&gﬁﬁrm 19" 615 ant er ogr ade
transport rrec(hgl&d %es%? télji]rfngdjﬁctcbﬁﬁlll ﬁghé"?:it b}sﬁﬁgﬁlastd}"lﬁa&%staﬂg wawdal  end
of the spinal cord provi de r?s uantify anatom cal conneétivity
Wi thin the cargoryogirtdnatalpsjl oﬂtﬁtﬁ&@ceFmaterrmtm@thﬁmmmamyne

experinments, aninals are deeply anest ,' d. i th. | nac 0-110 / k
I PI)o 2-8 weeks! (4G0M. Vg@#ig’@ieft@%@){lﬂmg I fﬁ?&/m #I‘I?‘F@hf?’barb ‘%ﬁ '@igil"?y i smcg)pe%ed
and the ktfar tminﬁte%%gg ﬁ&l@%&% Eﬁﬁtl&?rﬁf&b?'n%ﬂle ArEARIULARSR in kiRserted

into the Teft ventri c rou 100cc 1ce-cold PBS is pushed sl owy
(a hole will doellcus 1s|p1uggmd W1t}ggeﬂ foremtnd theescilp smpledwldded|0delet§c@1pél)y sitthi s i s

foll db | bu ady d f 4% f | d til
Fixation of ehudrbupe Alones ot BuliccairRar Caraue sre CERUVBHPIROn care
to mnimze dl%% r 8 {e‘ﬁrv@ée'kg t@fthé BGral 446 Mee@%@nesﬁfeﬁmlﬁibumo S@etd/ened,

and processe I m‘runo I stochem str er tissues optional Ig are al so
col | ect ed f orip) atcbpelﬁua@fqrémsfologhas é%pn’afrdsbqi@&‘e"fhﬂ tmg:tér@,emwarugd 1535 showed

i ncreased axon s n s determ t ubu neur on
axon. Exahpl eaniaz %‘%W%aweo%’é@frgfg Slifer ?P(d"%al :%m% iaé:§fow rﬁﬁ% 1géailved
Sp-35 viral Veﬁﬁto(frthé’ﬁﬁnmgﬂ &?ﬁﬂr@%ﬂé’é"@meﬂﬂkﬁo hﬁtlf%rﬂ%ﬂncﬁl@&ﬁle@ﬁditﬁg
sequence was PCR anplified using priners 5 TTA

qunmmﬁmmwmagagg@mwm 37), containing an Xhol site, WO

2004/ 085648 P GHSZIQOrAiérgT%?n% istochemistry experiments, animals are deeply anesthetized

with Inactin (100-110 mg/kg IP) 2-8 weeks after surgery to induce injury. The

20 chest cavity is opened and the heart is exposed, to allow for perfusion. A cannula is
inserted into the left ventricle through which 100cc ice-cold PBS is pushed slowly
(a hole will be cut in the right ventricle to allow fluid escape). This is followed by
a slow but steady drip of 4% paraformaldehyde (50-100ml) until fixation of
eyes/ears/toes is obvious. Spinal cords are removed, with care to minimize

25 alteration of the injury site, frozen in OCT, sectioned, and processed for
immunohistochemistry. Other tissues optionally are also collected for later
analysis. The animals receiving adenovirus Sp35 showed increased axon sprouting

as determined by BIII tubulin staining for neuron axon.

Example 12: Sp-35 Viral Vector Constructs

30 [0169] A pMIG-derived Sp-35 viral vector was made as follows. The full-length
Sp35 coding sequence was PCR amplified using primers 5'-GATTACTCGAGA
TGCTGGCGGGGGGCGTGAGG-3' (SEQ ID NO: 37), containing an Xhol site,



- 44 and 5 CGCGCGAATTCTCATATCATCTTCATGITGAACTTG 3" (SEQ ID NO 38),
containing an EcoRl site. The PCR product was cut with Xhol and EcoRl,

t hen | i gawvexkons108364she Retrovirus vector pM G (Cheng et a@CT/UR061008a8.

Bi ot echnol . 145: 576) whi ch was cut with Xhol and EcoRI. This vector was 5
desi gnated pMMO078. All isol ates of pMVE¥8 contained point nutations, so
two isolates of pMMIC078 were |igated together. Vector pMV[D?S 6 vvas cut

wi t h Xhol andA t wo

fragnents werd %Sﬁﬁmgzﬁﬂigﬁf&#é% RR[0170] Ap Gderl ved

Sp35- HA Vi r alN@egs)0EomasingraEaR] knd. I’Dh\iSPCRpﬁd)da.gmta*s cthlmKd:oHam?g Sp35 -

am no acids 326-614 in frane with the HA seque S obt ai%%dgépy usi ng
S

PCR wi th pri nsoRIsthendizarianethrRet oA Taeior ehierbenecals | D NO

39), containi "
ST ARTCAGOAAC AT A AP T R oo &
(SEQ I D NO 4&)51,gnw6t1Ipl\/ﬁ‘omUIMQAﬁesolamgoﬁlsMM@@Wcmtmed pdintThetafioRiy8® pri mer

Lhe Boom | it isotnies BERVTGRCy e elef et ebhr B Is BatediR 7' O
used to repl %ﬁlzﬁ{ggﬁf Abdl éxﬁeg&Mcfowngd&tcut:%hmaﬁdwckpl Tm@t@@% codons

326-614 in the p ive troviral vector. [0171] An Sp35-bacul ovirus
HA vect or vvasfrar@dﬁtmelfedigia@dﬂo nikfre tiSpdasnkd, PIMGOWhg sequence from Sp35- HA

Cloned | ni o BgLAY | pN-drtedd AN e EpdcasTatbhs “Rafmdbe

(U.S. Patg [Bbe;lﬁf %%g8§%1n@&@ds@2%3@14QQ@amé ik 86 ma sb@&‘e&c@%@ obfaded CW

prom)ter p35- adenoviral vector was made as foll

Sp35- | RES- GFRRHinnBCRgviseprimass' -fG@@H@@@E@ECC@tGMCMC%@CQQG%t with

Xho I-fill d (= &h! I
of C)t he :Aden:)\rkpfag &@@y@h@&m it I ?acgﬁﬁgrm}%%ﬁ:cn%(ﬁ @?r%t er. sttes
Exanpl e 13: %G@EITAWG@,ﬁABGWTMGGTAEQT@T@BMAQ‘G_M@AEWGQ s are

used in all studies. Rats are anaesthetized 30 using Isoflurane and t he
T3/ 4 exposed @G&%@GE%G%MSEQE RES 40DV il P VAL GBRE serving ag RdemRiaic

demyel et n9casnke S eSO Bt rRBUREL s o
spi nal cord Oynd before the EcoR I site. The PCR product was then cut with Sac II and EcoR 1,
and used to replace the Sac II-EcoR I fragment containing wild-type Sp35 codons
326-614 in the pMIG-derived retroviral vector.
[0171] An Sp35-baculovirus HA vector was made as follows. The Sp35-HA
20 coding sequence from Sp35-HA retroviral vector was cut out with Xho I and EcoR
I, blunt-ended, and cloned into Bgl2-fill in site of baculo viral shuttle vector pBV-
CZPG (U.S. Pat. Nos. 6,190,887; and 6,338,953), replacing LacZ gene under CMV
promoter.
[0172] An Sp35-adenoviral vector was made as follows. Sp35-IRES-GFP
25 coding sequence from the Sp35-retroviral was cut out with Xho I-fill in and Nhe I,
then cloned into the EcoR1-fill in/Nhe I sites of the Adenovirus shuttle vector
pDC315, under minimal CMV promoter.

Example 13: Animal Model of Remyelination

[0173] Female Long Evans rats are used in all studies. Rats are anaesthetized
30 using Isoflurane and the T3/4 exposed and a dorsal hemi-laminectomy performed.
The chemical demyelinating agent, lysolecithin (3pul of 1% lysolecithin in 0.9%

saline), is then injected into the right side of dorsal columns of the spinal cord 0.5-



WO 2004/ 085648 PCT/ US2004/ 008323 - 45 1nm bel ow the surface of the cord).
Appropriate analgesic treatnent is admnistered before and after surgery.
[0174] Thweeodagssedsat er, the injection site is re-exposadTus2denoosxof | ur ane
anesthesia, with appropriate analgesic treatnment) and the foll ow ng
therapies 5 injected into the injured spi A& —cord and an adenovirus vector
encodi ng protein Sp35/control proteinis injected into the injury site.
1010 particles

of enoyiru encodi n 35 or GFP.control in.a volunme of
10 Al will be ilﬁ}nég? ¥ ﬁ?lﬁ?"ﬁj":&lﬁ%""@t %%?%%te 8‘6%1%‘3%“%“?% 5 different
sites in and an@WmifsibRe befdr aff attet$@leRH. t hi n-induced denyelination. A
vol unme of not greater than 2 | is injected at each of the 5 10 injection

sites. For his{@l7dyi dairecadrats yaters thefinjspligragitegs retexposed (under isoflurane
denyelination/renyelination 2, .3, 4 or .6 eks..af t rger nimals are
deeply anest hé?%éeﬁlawwt‘% aPB%?@Pf‘?? aP?L]@B%li?mgtﬁjge}ngfuﬁd%le %ﬁ&g’b’gﬁjﬁggi Wit h
fixative visa t igectb®afid the iRfRredphal c6rdreddias atlbieivifue Foneteradingresessed for
anal ysis. The animal receiVving Sp35 treatment showed increased axon

nyel i nation asSté$/epntrel@totein is IGeqtedanipstha dnjamt sitevBP It @eoladeryeay or
| | fast blue, le 14, 3 NAI 75 . . 35
b brai o funct PO Sy PRI BRGNS chee D% SN SR D

CGN cel I's.  Sp3%5piRbAiord if B¢ tesldicRtdns siteadn ahdkioaind thiveditel df égsodseithini-igtiecedr at es
of proliferation than control cells. These results indicate a 20 role for
Sp35 i n regul adFmyelRsianads Yalamp ghnotgyaate) thin? iwhis igiegted 2 cashad i
sequences re.g r toe. fii: S i ‘to use for candidate
ShRNAs. 24 We g%%lnsstg?’ulg reﬂdﬁglyglg%%la%%gdsgﬁllglggdr%ﬁcI eotides LV1-035 and
LV1- 036 and | i gainiysighationiigalelmatdoxdod, idbirgesedd aftpt didgety, diimals are deeply

ol i gonucl eoti des were purchased from MG, The sequences are: 25 | V1-035
(sense oligo) 5H¢M%¥mmm&9@ﬁf@@mﬂgﬁééﬂm TTTTC
TooAGARAARAGAT REFEATECH i i A srdbesy
TCGAGAAAAAAGAT %&i@?‘@%@#@&%&%&?&&%&%@d&%&%ﬁ&e&%ﬁ%ﬂl D NO
42) . 30 [0177] rdeiving Sp3 pirexmentrsowed insreabbdlaxfononygiinbBory andeteandeday e shRNA

in LL3.7 were _cotransfected with ri.ne SP35- tagged plasmd at a ratio
of 5pt o 15 IHC us1rng anti-MBP prote}n antibody or l%lXOPfaSt lue.gg P

Example 14: Sp35 RNAIi

[0175] To address the role of Sp35 in brain function, we introduced the lentivirus
Sp35 RNAI into postnatal 8 CGN cells. Sp35 RNAI infected cells had shorter
neurites and higher rates of proliferation than control cells. These results indicate a

20 role for Sp35 in regulating RhoA activation.
[0176] Murine and rat Sp35 DNA sequences were compared to find homologous
regions to use for candidate shRNAs. CH324 was constructed by annealing
oligonucleotides LV1-035 and LV1-036 and ligating to Hpal and Xhol digested
pLL3.7. The oligonucleotides were purchased from MWG. The sequences are:

25  LV1-035 (sense oligo) 5S> TGATCGTCATCCTGCTAGACTTCAAGAGAGTCT
AGCAGGATGACGATCTTTTTTC (SEQ ID NO: 41)
LV1-036 (antisense oligo)
5'TCGAGAAAAAAGATCGTCATCCTGCTAGACTCTCTTGAAGTCTAGCAG
GATGACGATCA (SEQ ID NO: 42).

30 [0177] Prior to producing virus, DNA from pLL3.7 or candidate shRNA in
pLL3.7 were cotransfected with murine SP35-HA tagged plasmid at a ratio of 5 to

1 into CHO cells in 6 well format. Knockdown was analysed by western blot



1l into CHOcells in 6 well format. Knockdown was anal ysed by western bl ot
WO 2004/ 085648 PCT/ US2004/ 008323 - 46 detection of SP35-HA tag from
transf ect ) WhiDssedsl | ysates as well as by northern bl ;CTofS200t@B32RNA
prepared fromduplicate wells. The blot was probed with a 0.7 kb fragnent
of nBP35. Assays were perfornmed 48 hours gdst-transfection (data not
shown). Viruses were produced fromthe best candidate for use in rat

neuronal 5 culture add ti 0 Vir

producti on Weré1 %gtsorﬁ%@%ggé‘ﬁ %ﬁﬁgbr?{% n?E!edtd?ﬁF)h eﬁ%%)ag%tl VI lésbg'a ortéles stem
y

to functionall pidiof eRGERNGESEFared frpinl dupliyateRAEB| THObLE Was prabeemigel 0.9 and

transgenic mce by RNA interference.” Nat. Genet. 33, 401 6 (2003

Exanpl e 15: Rhéh fagmephed BAP3D ﬁ@s:@yswewf%@leqi 48 bgusposielansigting Maind SP35
showed no Chan%gﬁ{ogvngmﬁsgﬁexjegﬁa ?4 ﬂ‘ol en?%?ﬁ%aﬁ(ﬂggé@@rusgkﬁ ?atﬁgﬁgﬁﬁt ed

t hat the SP35/ ['ex'1s n rating Si

transducti gn by:umméye'ﬂ"hélvd:d‘tmt hddiienal n{eﬂmelog%néwmu@pﬁmubm W@&Sjsbl lity
that a ternary conpl ex of SP35/ ggl?gl 75 . medi at es si %al i ng. _Two approaches

vere used to edgicrRedin Rulinses ¢t pidai-basedpysiem kg Rncenelly Hendsi r st |

bi ndi ng was ev I

conj ugat e. The%ﬂ:@éﬁgg ﬂlrgh{nt?ﬁfagghg% S{v%/geh iﬁﬁa&ﬁdwﬁb%&&%ﬁgg\s@y ng gceI | s.

AP- P75 bound t@ntbﬁ&bn@(pﬁ%sﬁ}mt@s | 461-6 T2@O3Di ndi ng of AP-SP35 to NgR  and
p75 were neasured by ELI SA (FIG 4). Second, binding of SP35 to NgR and

p75 was eval uated ? C -| no%em pitation from COST cells co-expressing
20 SP35 NgR1 a Bﬂé %&nt i body i munopr eci pitated a conpl ex

cont ai ni ng SP35 and p anti SP35 ody..al so i nmunopreci pitated a
conpl ex coft ai hOHS] p fgosﬁ'ﬁfglslcﬁteé‘ﬂ’é?é?lp%&g;ﬂc?ﬂgos ABEE 8P ENHERLN on dat a
provided evi de@&l%A/@*quewlgg%s ofil AN TRRINEEY A= O PIs AR P 75 Ve

used confocal mcroscopy an gal nst 35, p75 and Rl to show
that 25 SP35, cbigRkxdndotrEifficdent/focmbdizting Dgwad lttankbdiies baadnyetionshibitop7 CG

e s o ) O S S Db TR STk RN B MR
o e onal CoRTiaslhayaegen Bl Sny SR Al b se,cene
Ovhp. OwgpSsFc 1SP8stINgRt andip?easied, binding was evaluated in a direct binding assay using
an AP-SP35 conjugate. The AP-SP35 conjugate bound weakly to p75-expressing
cells. AP-P75 bound to NgR1 expressing cells. The binding of AP-SP35 to NgR1
and p75 were measured by ELISA (FIG. 4). Second, binding of SP35 to NgR1land
p75 was evaluated by a co-immunoprecipitation from COS7 cells co-expressing
20 SP35 NgR1 and p75. An anti-NgR1 antibody immunoprecipitated a complex
containing SP35 and p75. An anti SP35 antibody also immunoprecipitated a
complex containing p75. The interaction and co-immunopreicipitation data
provided evidence for a direct interaction between SP35, NgR1and p75. We used
confocal microscopy and antibodies against SP35, p75 and NgR1 to show that
25 SP35, NgR1 and p75 co-localize to cell bodies and axons of p7 CG neurons from
rat.
[0180] Next we showed that the combination of SP35, NgR1 and p75 is
sufficient for the activities of the myelin inhibitor. Non-neuronal COS7 cells were
engineered to express all three components. Using these cells, we showed that
30 RhoA/GTP levels were up-regulated by OMgp. OMgp-Fc treatment increased
RhoA/GTP levels in SP35/p75/NgR1 co-expressing cells, as compared to other

combinations of these three components. We confirmed expression of the proteins



RhoA/ GTP | evel s in SP35/p75/ NgR co-expressing cells, as conpared to other
conbi nati ons of these three conponents. W confirned expression of the

prot ei ns WD D0OMW685648 PCT/ US2004/ 008323 - 47 by Westrrmusbewasizg of
COST cells lysates. The affinity of nyelin inhibitors binding to NgR1L were
not affected by the presence of p75 or p7%7and SP35. The conbined results
support a nodel whereby a ternary conpl ex of NgRI, SP35 and p75 is

(0181 Spas cont AV recH: tRybiBgp bl Sall BRRRT nute #ET: ot bERATOIS b

indirect i nVO*bYrﬁl'i@io N R B ix@rahdt Rffect® b @icSfrdidne bhe73 & 750indtSP85. The

cytopl asm ¢ donai n roduced a cytoplasm c donmain truncati on of SP35

(ami no aci ds 340mbue¢ees<uﬁs sEgort omndel vherebyer feusey p@nplieﬁ of NgBi ABHY and

S onal i ng. Ve ddsyrabie BrREolRRRANE! i Fr en Sl A0 TRl LIGERE " ©
truncations DN; P8 rcofiRistaditoplaadt dv@amRBa)has \gﬁﬁtentlﬁladiﬁeEE@ﬁ i@direct
postnatal day 7(p7 C(Eéneurons WIB;[ h@;ul | -1 ength 251?;5 or DN-SP35, and then
assayed for reefp)@rh‘é%nq i gignalingi Jiotdstspmiedhe fole ehPsrratarda S(Itlﬁréﬁmalrliiy‘éfleln and
Nogobe) . As shougi.0y FL G e EMERAR ik aRsherseds ealLs Laklhad, Lasbespend to
the inhibitory nyelrn c n%onents an owe %Ion e neurlfdle thah con?@ol S.

In 15 contrast JDoad] 3), tdﬁlﬁsﬁcﬁpﬁqecﬁomlhhmtdagatiuelrhaﬂneﬂby forBi?3® ar omsbdwtive,
showed enhanced response to the |nh| bltor%substrat es, and had shorter
neurites as cofpaR¥gomplexcgsanablecs semplingeWsicsiasted hlﬁﬁplm% thects as a

conpetitor o ty i oo in
conmponent s %gttog lg]?ﬁcdd &ﬁaﬁhteégatgﬁo%g@%@s @E‘;@&% SP35 ﬁi—%ld ﬁ? Hlb()gé bi nd
NgR1 and bl ock tiah&fected pestnanil dalyrﬁ(lbi)t@rﬁyieﬂﬁnswhhtfumﬁgth $B3$h10]ml‘i SP8SE G 7

SP35- Fc reduced the neur i tg}out growt h inhibhition Nogo66 an
Exanpl e 16: Ne@ROPIcHRewYPd 1 Ae3OD$e ip t{i@lil@éﬂltoebwphﬁae%@%en&( 38D, gye "

cerebel | ar grapyh ﬁrog%kipo')& MBwnRh & E@d6 PN £ ;S?‘@@ traﬂ@fleet];@t;el‘?s éﬁed"ﬁ)l xjesﬁb%hlto

culture plate inth eSence or absence sp35-Fc 25 proteln
These poly-D-| yhﬂmhlbptb@tmyelha@/can}immentsmnésh@mdeldngdmeedtedmhm]comtrb}s Iﬁ) g

cul tur o5 i o FRRCBICALER BT Ha e L Tephih Sk oot oo °32'r e

heal thy and gr quwRldo it {hhsiBESBeRIEQknIEh SrorRFRABRECH coRlpasRS- FC
treatnment with fB neurite extension [determ ned by neur onal specific

mar ker , controls This demonstrated that DN-SP35 acts as a competitor to attenuate neurite

outgrowth inhibition caused by myelin components. We eXpected that exogenous,
soluble SP35-Fc also would bind NgR1 and block the action of inhibitory

20 substrates. As shown in FIG. 7, SP35-Fc reduced the neurite outgrowth inhibition
by Omgp, Nogo66 and MAG.

Example 16: Neuroprotective Activity

[0182] Equal numbers of rat p6 cerebellar granule neurons was plated in each
well of a 12-well cell culture plate in the presence or absence of 50 nM of sp35-Fc

25 protein. These poly-D-lysine plates have been pre-coated [dried down] with 10 pg
of CNS myelin, or 200ng of Nogo66, MAG and OMgp or control-Fc. The
neuronal cultures were maintained for 1-7 days at 37°C and 5%CO,. The neurons
were healthy and grew well in the PBS control wells independent of sp35-Fc
treatment with full neurite extension [determined by neuronal specific marker,

30 OIII tubulin] as examined after 3 days. In the absence of sp35-Fc, the neurons did
not grow well in the wells coated with myelin, Nogo66, MAG and OMgp. There

was minimum neurite sprouting [short and distorted] and the neurons did not



30 A1l tubulin] as exam ned after 3 days. In the absence of sp35-Fc, the
neurons did not grow well in the wells coated with nyelin, Nogo66, MAG and
Ovgp. Thew® 200&685md8ni mum neurite sprouting [short and dirtTovs2eadoossrd t he
neurons did not WD 2004/ 085648 PCT/ US2004/ 008323 - 48 appear to be
heal t hy, with rounded cell body and condersed nuclear materials. DAPI

stai ning denonstrated that the nunber of neurons detected in these wells

I th that i t BS tral ti [ .1 .
the ' presence apospssoehslbguiihdiee bty SHESET s RRa e hatraRe "
appear ed heal t pyspiidHRL detdh&tkAe] eime shidbeskt reubdiiRtecttaUn aak wiugber in

these wells than those "that did not receive the sp35-Fc. The data are
summari zed in Tabslles thapghanin thefRB$ eomral wvallyesugbessing aewfonghless. Ha the i ed down

substrate: Owp/ Nogo/ c .control elin eurite ex i n | ong
di storted ext e%&e@agcecogﬁ%%E&yloﬂ%P%%Fso%rerptfﬁsﬁa{;@%s%? 83‘%{05%%6%%9 Snr?glff llg?'i al's
condensed ¢l eap AEUiARinBWRRBhstadted HBipBBEndULSHAS BEMBAITR tlasse Gl kiRdn these Of

expt 10 In the presence of sp35-Fc dried down substrate: q*\%g/ Nogo/ MAG Fc

control myel i that digslmdtirecesscttbp spTnEs. dig detsrage exnmatied iaxkabidebelovel | body
nor phol ogy spread spread nuclear materi lé@ ear clear neuron nunber at
the end | ess reduced that sanme as contr of expt control FC These data
i ndicated that a soluble formof Sp35, e.g., Sp35-Fc, possesses

neur oprotective activity.
P In the absenc)e/ of sp35-Fc

dried down substrate: OMgp/Nogo/MAG/  Fc control
myelin

neurite extension short long

| distorted extended
cell body morphology rounded spread
nuclear materials condensed clear
neuron number at the end  reduced same as control Fc
of expt

10

In the presence of sp35-Fc

dried down substrate: OMgp/Nogo/MAG/  Ec.control
myelin
neurite extension long long
extended extended
cell body morphology spread spread
nuclear materials clear clear
neuron number at the end  less reduced that same as control Fc
of expt ‘ control FC

These data indicated that a soluble form of Sp35, e.g., Sp35-Fc, possesses

neuroprotective activity.

[0183] In spinal cord hemi-transected (T9, SCT) rats, B-III tubulin staining of the
15 spinal cord sections showed a substantial loss of neurons at the lesion site. A

recombinant virus expressing sp35 was used to infect the SCT animals at the lesion

site. Histological staining of these spinal cords showed an increased number of

neurons around the lesion site compared to the control group that was infected with

the vector virus. This is consistent with the in vitro experimental findings



[0183] In spinal cord hem -transected (T9, SCT) rats, [3-111 tubulin
staining of the 15 spinal cord sections showed a substantial |oss of

neur ons awda ve4/0836ison site. A reconbi nant virus expresHACTUEPBHsRS used
to infect the SCT animals at the lesion site. Histological staining of

t hese spinal cords showed an increased rud®r- of neurons around the | esion
site conpared to the control group that was infected with the vector

virus. This is con tent wt itro ex

20047 085645 PCiFOSBBAIDeR st goialt b FpEREH B Rt PP RER Vi cat s
neur opr ot ect i vy psoperties associated wth Sp3 5. Exanple 17: Sp35 in

Ani mal Model of Spl nal Cord Inj ury [01841 Since Sp35-Fc reduced neurite
outgrowt h inhibition caused by OMgp, 5 Nogo-66 and MAG in vitro, we
expected the nxemplelT: oSM%mglmald\inddrﬁ pirddLeprddypjwiy CNS injuries in
vivo. To confirmthis, we adnmnistered Sp35-Fc to spinal chord hem sected
rats, i.e., an[fH:&%alSmmc&)BSfifc raduged neMSetouigrersith inbibitsdnosens¢dbFOBIg and

Funct | bnal o1 ecNGBPY0 CONBACEA Lot por ot Henb IR miC RIS [ 01s

5]
Spi nal cord 'nkéébye S DAY vABATY o fiNe s, Fes SanaRtras Shos-Fovs. Al l
surgi cal procedures were performed in accordance with the guidelines of the

Bi ogen | nst i t uspioalathomhhensisectedbratsn tle-Can enimghmodeled acws N2 lRwRg. BFans rats

(190-21 g, Charles. ; 2. 5ny/ kg
M dazol am |I. ah m?Igf/ If'lfflg\lol;ltlﬁlarfe pﬁﬁ Fd%@ ak\ﬁegﬁs%&%%gﬁnﬁ%aeégg 1&&3{\}\%9
perforned 15 aimﬁﬂ@lv@@hmbﬁ&ﬁl rddvarydcdnfparédd thodchabl Reyiragal whh Iy@s perf or med,
corrpl etely interrupting the nain dorsonedial and the mnor dorsol ateral

corticospitfal #1881 Spasiyord dnigonak kehayigfad analyds yerrneaformst as follogeet i on an
h | d
e etal o ekt R AT A SUPBEAEONN, SRRce gt T 1

osnot
t he subcut aneoBso g,&aﬁ&ﬁ@xtutMﬂal AafmtUe aaa memsmﬁﬁtteez d?emhlé-mhgﬁvamwpe

control protein (5 =5,. Pharm ngen), PBS (n=3) soluble Hu 35-1¢g
fusion protei n( 5@ gﬂ)@t ﬁ’haﬂ‘?ﬁ Yerafwl&n}n@f%l’ MAbWEr@ ang etlZP@)IuFIBﬁnZ %/Egger ¥,
the |am nect Omlazléa?am 3Hi S ﬂﬁ&'thﬁx?l%ns(ﬁ A BHAthath ARGty wEk RS
Post operati ve care | nclud anal gesr a uprenorp I ne 1 kg for
days and asti bhidpimal levehT6rand T{ Aypocsal henmséc@ﬁbrrgridsg)esfonmdmcompttmﬂyy) for 7
days 25 after surgery. Bl adders werg expressed I’lUf:l Y tw.ce a 1da for the
duration of interfupting the main dorsomedial and the minor dorsolateral corticospinal tract
- (CST) components. Immediately after CST transection an intrathecal catheter was
inserted into the subarachnoid space at T7 and connected to a primed mini-osmotic
pump (Alzet model 2004) inserted into the subcutaneous space. Mini-osmotic
20 pumps delivered Hu IgG isotype control protein (Smg/ml, n=5, Pharmingen), PBS -
/
(n=3) soluble Hu Sp35-Ig fusion protein (4.3mg/ml, n=8) at a rate of 0.25 ul/h.
Following surgery, the laminectomy site was sutured and the skin wound stapled
closed. Postoperative care included analgesia (Buprenorphine 0.05mg/kg s.c.) for
3 days and antibiotic treatment (Ampicillin 100mg/kg s.c.twice daily) for 7 days
25 after surgery. Bladders were expressed manually twice a day for the duration of
the study (28 days) or until return of function (the time of which was noted). All
animals were blindly scored using the open-field BBB scoring system (Basso et al.,
1995, J. Neurotrauma 12:1-21; Ono et al., 2003, J. Neurosci. 23:5887-5896). Rats
were evaluated the day after CST transection (day 2) and weekly thereafter for 4

30 weeks using the Basso-Beattie-Bresnahan (BBB) locomotor rating scale.

Investigators were blinded to the treatment groups for the duration of the study.



the study (28 days) or until return of function (the tinme of which was
noted). All animals were blindly scored using the open-field BBB scoring
syst em ( Bassmo€osseds. , 1995, 1 Neurotrauma 12:1-21; Ono RET/B82004/@8823, J.
Neurosci . 23:5887-5896). Rats were evaluated the day after CST transection
(day 2) and weekly thereafter for 4 30 weélds -usi ng the

Basso-Beatti e-Bresnahan (BBB) | oconbtor rating scale. Investigators were

blinded to the_t f he,d f
2004/ 035648 PCEAARIIONPOSGuPgar suigfyal i G308 kadReftignf e Hi¥iaThal i axon
regeneration i ﬁr%cﬁéRﬁrEbPHm;ﬁ?cﬁ'&P Infuyry MOGERST) henr - section | nj ury nodel :

[0186] W also investigated the effect 35 treatnent on
regeneration of01 sf%ur\gﬁélsPrlln‘teﬁtég%t%‘i%B gfﬁ?tﬁgf gP?Sa EeAReo @‘FF"&?PFVUOH of

cont i bute 10 Lacaph 80 ol A kscddithdn dramgleopkbuSAb AcuaRBH Y rats

(200-250 g) were anest etize an I ntrapéritoneal injection of
ket am ne (80 nmj0I8y] axihivS-wazk-nkl $Iﬁagt@/-]lag\)fley rin @200- éjﬂgmclatanmjhemzcdoscope,
a dorsal | am nectony, erformed an ent h

: t he. th
vertebra (C7) “ﬂ@rﬁq IPFQRFIP togea J,nquﬁgp, Pﬂﬁ t?‘ﬁ@%%é‘@%@é@ = azmeéﬁ %g)

hem - secti on @5 m&m«, a%fs% {agMBdctdly Wab BorfermRa fndQhe SPT i Ng
10 sci ssors. OV\A n Spl cor em secti on, an| mal's recei ved a pl ece

of gel foam soadmadﬂvﬂqbfacm Sphmﬂ vartdbro(CH 1Qgit1|ﬂedsdlft¢r opening thepldsa meferoy | OL
of a 2g/m solution of human | or 101.P onto of .the |esion
oo 2o ©hethySnictee R Was het e it o5 Png BBat of b or
axonal trag ngsa@s%rs bﬁélﬁ)wlﬁ%%lnﬁ%ldlﬁérﬁl-sem& AR seckRed putelofibEedrAg (N
= 5 for each group) and 15 behavi oral analy5|s (n =7 for each group) were

allowed to survoakedfGth dlthm)ih@wi of a[2ppa8] sohitiwr - 5’@65&% £GL 0rd ozl 2w g/ml

Fl uor ochr one) S .use n ur had re ener ated their
axons across. tfi uflﬂ?ﬂflﬁ} ’%hélﬂg)elﬁs@ 1385 Pﬂ %ﬁtgﬁgﬁm%ﬁltﬁa I Two
days prior to Gh&agHs, Qﬁm{alfsemré@a{ gfomt) WeYe SubdwWided fopakdrhding BBAt h) ,

animals were anesthetized with an intraperitoneal injection of ketam ne 20

(ﬁo my/ kg) and bﬁlsavmh@a(ﬂwnﬁl?h@gl}nmals ﬂmaganallt@mn@é@roﬁ@rm@l gapp) @ out and
the T2 spi_nal fie

manual | y B‘ﬁj ec lqrﬁt%l (?ll SHF r'leigl %r Oug wgrgraél%&véﬁo QJW&S%ﬂ f)n\rllgﬁglyrl nge.
Two days later, omqe &‘lhdfﬁl@old\(\p(ﬁ%%ﬁﬁ/stMﬁbtobﬁﬂ)rr@d)dvasa@éd foi ek tivé RBTa | et hal
dose of ketam ne (150 ng and xyl azi ne ng and they were perfused
i ntracar di nal | pewonstha acéaneg@re@mt%thezsimm Mwe‘d %ww@cwanéfreqqt%{l fige

containing 4% %gﬁcﬁi 9}515@1' c%?(hyﬂ%o 'dgysopr?or%o ﬁ%%nd of the post-injury survival period (1

month), animals were anesthetized with an intraperitoneal injection of ketamine

20 (80 mg/kg) and xylazine (8 mg/kg). A dorsal laminectomy was carried out and the
T2 spinal segment was identified. FG at a volume of 0.5 ml was manually injected
into the right T2 spinal cord using a Hamilton syringe. Two days later, the animals
were anesthetized and sacrificed with a lethal dose of ketamine (150 mg/kg) and
xylazine (8 mg/kg) and they were perfused intracardinally with normal saline,

25 followed by 400 ml of fixative containing 4% paraformaldehyde in 0.1 x PBS.
The brains and spinal cords were removed, postfixed with paraformaldehyde
overnight, and then placed in 30% phosphate-buffered sucrose. Brain and spinal
cord tissue were cut into 30 mm sections on a cryostat and mounted onto gelatin-
coated slides. The number of FG-labeled RST neurons on the lesion side was

30 expressed as a percentage of the total number of FG-labeled neurons on the contra-
lateral intact side. This percentage among groups was compared statistically using

one-way AN OVA followed by a Tukey-Kramer multiple comparisons test. As



The brains and spinal cords were renoved, postfixed wi th parafornmal dehyde
overni ght, and then placed in 30% phosphat e-buffered sucrose. Brain and
spi nal cwo0nd/esseHs were cut into 30 mm sections on a cra@swsEbodanss2aount ed
onto gelatin- coated slides. The nunber of FG | abel ed RST neurons on the

| esion side was 30 expressed as a percent &je of the total nunber of

FG | abel ed neurons on the contra- lateral intact side. This percentage

anong groups co red.s i ti | 1y usin ne-way .ANOVA f ol | by a
Tukey- Kr amer miBeTihf bg?w%a$1?a3t§6 g REed B B AR Rl Bles D o025
- 51 shown i n(H&DJ LeudonsSp35-Fc at 2 gg/m promoted the survival of
rubro-spinal tract (RST) neurons., Table 3 Treatnent Percent Survival of
RST Neurons ( S.EEM) PBS 17.12 Sp35’l]%tbl’6‘39 1.5 Control-Fc 14.5 2.1
[0189] For behavioral analysis, the use of forelinbs during spontaneous
vertical 5 exploration wascagxedti ned 1| pavédt Satties diRSErent (treatnents as
described (Liu et al., 1999) wth m noNemgg(iggMgns. Rats|were placed in
a clear Plexiglas cylindepg S(J.b cmin dipfeler and 30 cm high) that

encour ages use of the fo g 3'5”F’ for—v Hb(_i,cdlsexpl orattonfor 5 mn. The

foll owi ng behaviors were oret—(1r . ent—use—of—the || eft

(uninpai red) or right (i *ngojﬁ? forel Efﬁh 10 cont-actinglthe wall of

the cylinder; and (2 nul t aneou of h forelipbs to contact the

wal | of the cy[qlﬁafa ?FOTh%haxYéqfﬁln%léYS’éx Jrap J‘E?ﬁe B%Wadﬂrmg %&ta@@@@asé@@@a in
term of ELABRLBA % g%garﬁ fnehi §frhord H@ﬁ%g@&ﬂ) irbfRhis d s%rt% ulep the
t ot al | nmpai red, uni npai re use; cent age

use of r | g ht é] JP80) eith mhiavemodificatbdiat Rats weretpieeetl di akleatiPloriglasfeyiingai r ed,
ol at [ ve to thel Xt 2 RIABATRO CriBaR Y Ciage Red eI BOR T nb use.
e 0o enceseE s 155 AR AR ) vt DY
i nproved front indeptndentesemithe BOYunismgred)fawrighb(imphedl fpreﬂxmhsrfmSpBS 1- Fc
treated a% mal gorycgcrtlsn%schel \%(;Afl o%?lge cyfllnder an(f| (2) simultaneous use of both forelimbs to
contact the wall of the cylinder. The vertical exploration behavior was expressed
in terms of (lv) percentage use of left (unimpaired) forelimb relative to the total
number of impaired, unimpaired, and both limb use; (2) percentage use of right
(impaired) forelimb relative to the total number of impaired, unimpaired, and both
15 limb use; and (3) percentage use of both forelimbs relative to the total number of
impaired, unimpaired, and both limb use. The differences between groups were
tested by one-way ANOVA followed by Bonferroni post hoc analysis. Sp35-Fc
treated animals showed significantly improved front limb movement: 30% usage
for both forelimbs in Sp35-1-Fc treated animals versus 10% usage for both
20 forelimbs in control-Fc or PBS-treated animals; 55% left (unimpaired) limb usage
versus 80% usage in control-Fc or PBS-treated animals; and 29% right (impaired)

limb usage versus approximately 15% in control-Fc or PBS treated animals.

Example 19: Sp35-Fc promotes retinal ganglion cell (RGC) survival in the
optic nerve transection model

25 [0190] We further confirmed the activity of Sp35 using the optic nerve
transection model, which investigates factors that affect neuronal function. Young
adult female Sprague Dawley (SD) rats were used in this study. The right optic

nerve of each animal was transected intraorbitally 1.5 mm from the optic disc. A



20 forelinbs in control-Fc or PBS-treated animals; 55%I eft (uninpaired)

| imb usage versus 80% usage in control-Fc or PBS-treated animals; and 29%
ri ght (i mpa 20ed)85648i b usage versus approxi mately 15% i rrcaovs2o@loosx23or PBS
treated animals. Exanple 19: Sp35-Fc pronotes retinal ganglion cell (RGO
survival in the optic nerve transection raddel 25 [0190] We further
confirnmed the activity of Sp35 using the optic nerve transection nodel,

whi ch investigates factors that aff neur unction. .Youn dul t

femal e Sprague PWE?‘%@@ S?aé?é %@E&@H"ﬁﬁkﬁ@ ‘é’%ﬂﬁp.he%#e&‘l@glﬁﬁ’?y optic
nerve of each anhimRledWas richeBaBsd 8 opiit dRediabal th sdrvdyifEtdtiangdn@BoRpt i C
disc. A WD 2004/085648 PCT/ US2004/ 008323 - 52 piece of gel foam soaked

with 6% Fl uor o<€id RGEL) Thasniapals werk dividedontp 6brgupst(pah eeach@aiMe ri ght

behind the optic di.sc t,0 l.a the s vin ! - gangl ion.. cell
(RGCo) . The anfireieTeel B SPoT feuinitleb bR 18 B0 en Biesif). e
receiving @ t hgpluRR3Srdach ilttivBreal BfdctioR fvas Ushl WEBS theylokadelc\ehdl Bfdction
injection. The 5 volunme of each intravitreal injection was 4 ml while the

dosage of eachwasj2augi dhe infgiteahinjectipes Werepsuorpehimmediately Hes thipriic
perfornmed i mredi a\txgrl}/l&fﬁtogr the optic nerve transection. [0191] All
ani mals were aPPowed®6 Slrvive for 1 week. Two days before sacrificing

the ani mals, th@digf tAIDphibGIN€EélleNe®aciurant fad 1 wask. t Twogegd sforend 6% 10
FG were used to | abel the surviyvi n% RGCs to serve as the internalwgoontrol.
Ani mel s were s&esriffoingideaninelaibolpdopss seur olsathammahas Irpmscried ppks”

di ssect ed loh_ $¢ Q@l{gzﬁ&asgﬁ P 0EHE Surv VY RGBS A er U SBB BrlifaloR i Vi de_t he

retinas into rants (superi or, erior, nasal and tenporal). The
reti nas were thgnmplsteré saeificed withha cvariesé didembetal and the hetinmas datante mhey

were flat-munted with the nmpunting 15 nedi um ( Dako). . The sl jdes re

exanmi ned under 4o paratormaldshyds. rﬁo(’:lﬂfé’éagﬁ%tsd’%firﬁala iy VidreafﬁW%’Inéf 11?‘??‘%“&
(excitation wa = - !n?ib@ 'BGGPh : . t he
medi an | i ne of ﬁgg‘?ﬁ%@%’? éﬁ%éﬁgﬁ%ﬂ;?%sﬁlg r o{r%?)lg %ae'opte;/%ﬁ Eilss‘g&jﬁgﬁ %ﬂg’g -BRe

peri pheral bor dethechmetixatiet fard latur b&oratiney nesr flathsountedieithdne wyentiirge gri d

of 200 X 200 mm _ The_percenta of survivi resul ting. from each
treat ment vas W%E@%@de@‘ﬁ Sgg%%?fP ﬁ&@%gﬂﬁ%ﬂwes§ﬁ?‘ﬁ lglicﬁﬁcmn?gn t he
i njured eyes wif *eutré.a]%wt Pt Bitd QT Al AYES= 399-8301ak). 1EbQEXDIRSHE as
mean SEM Statistical significance was eval uated by one way ANOVA,
fol l owed by a Tokmyd Kloagtle median line of each quadrants starting from the optic disc to the
peripheral border of the retina at 500 mm intervals, under an eyepiece grid of 200
X 200 mm. The percentage of surviving RGCs resulting from each treatment was
20 expressed by comparing the number of surviving RGCs in the injured eyes with
their contra-lateral eyes. All data were expressed as mean = SEM. Statistical
significance was evaluated by one way ANOVA, followed by a Tukey-Kramer
post hoc test. Differences were considered significant for p<0.05. Sp35-Fc treated
animals showed significant neuronal survival (83%) when compared to control-Fc

25 or PBS treated animals, which each only showed approximately 50% neuronal

survival.

Other Embodiments

[0192] Other embodiments are within the following claims.



post hoc test. Differences were considered significant for p<0.05. Sp35-Fc
treated animls showed significant neuronal survival (83% when conpared
t o cont r owaFmoL6E85648 PBS treated ani mal s, which each onl ycalseeat 008323
approxi mately 50% neuronal survival. Qther Enbodinents [0192] O her
enbodi ments are within the follow ng cla s W 2004/ 085648

PCT/ US2004/ 008323 - 53 dains 1. An isolated nucleic acid conprising a
nucl eoti de sequence encoding a pol ypeptéﬂ)e wherein: (a) the pol ypeptide
conprises (i) an Sp35 LRR domain, (ii) 1835 basic region C-termnal to
the LRR domain, and (iii) an Sp 35 imunoglobulin (Ig) domain Ctermnal
to the basic region; and (b) the, pol ypef)t,i de | acks a transnenbrane domai n.
2. An isolated nucleic adid co%%spgméﬂgma cHURT 6PN AESIEE 8 nEARldLIEBENCRg a

pol ypepti de wherein t i C ri : i | acks
B 5935 LRR dodlisind A el BeRERA G, HaTRI b BRI R A TSP S IR, 2
cytopl asmi ¢ domeinain, 8ii) ASp3SHasicadgion C-eiminaliodhe DRI d@h#ig, andr(iic) adip e
sequence encoding a poL'Iypepti de wherein the p%I ypept.i de co&ﬁi ses an Sp35
LRR domai n  andmpa@Rsloapusyshdemgaig drigrnmakip the Basip segien; pagilerihe o

t ransnmenbr ane %g%h}gﬁ%ggg(sp%ﬁr%hgmbmcﬁng main. 4. The nucleic acid of

claim1, wherein ypepti de acks a cytoplasm c domain. 5. The
nucleic acid of claim1, wherein the pol ypeptide conprises amno acid
resi dues 34-532 of SEQ | D.NO /A is6latefimeicleircdodd corapiising # naplgotodresegfierckai s

1-3, wherein the ol ypeptide, i s a.fusion pol.ypeptide conprisi a. non- Sp35
moi ety 7. The Shindial £ DBPEPEIe ki PRHEPLI R C TR NS PSS TROTEAY T
sel ected from yhesgn 8ips € RS HhdiA%rp33babig ré@bE Y irardme i dpbdih Bnfwi et y,
a targeting noiety, reporter noiety, and a purification-facilitating

moi ety. 8. The cpiwoplasinic damainof claim 7, wherein the non-Sp35 noiety is an
g noiety.

. 3. An isolated nucleic acid comprising a nucleotide sequence
encoding a polypeptide wherein the polypeptide comprises an Sp35 LRR domain
and lacks an Sp35 Ig domain, an Sp35 basic region, a transmembrane domain, and

a cytoplasmic domain.

4. The nucleic acid of claim 1, wherein the Sp35 polypeptide

lacks a cytoplasmic domain.

5. The nucleic acid of ciaim 1, wherein the polypeptide

comprises amino acid residues 34-532 of SEQ ID NO: 2.

6. The nucleic acid of any one of claims 1-3, wherein the

polypeptide is a fusion polypeptide comprising a non-Sp35 moiety.

7. The nucleic acid of claim 6, wherein the non-Sp35 moiety is
selected from the group consisting of an Ig moiety, a serum albumin moiety, a

targeting moiety, a reporter moiety, and a purification-facilitating moiety.

8. The nucleic acid of claim 7, wherein the non-Sp35 moiety is

an Ig moiety.

9. The nucleic acid of claim 8, wherein the Ig moiety is an Fc

moiety.



9. The nucleic acid of claim8, wherein the Ig noiety is an Fe npoiety. WO
2004/ 085648 PCT/ US2004/ 008323 - 54 10. The nucleic acid of any one of
clainms 1-90 whe€oss648 t he nucl eotide sequence is operati wETyus200aes3280 an
expression control sequence. 11. A vector conprising the nucleic acid of
claim10. 12. A host cell conprising the \wdctor of claim1l. 13. An

i sol ated pol ypeptide, wherein: (a) the polypeptide conprises (i) an Sp35

LRR domain, (ii) an Sp35  hasic.,region C:term nal to. the RR donmai n, and
(iii) an inmmunogl obulin (159) g&?&ﬁ%ﬁfgﬁa{%‘iﬂf%?I]tSOOftc}?érnBéé#é’V%eFeélg?}%@en; and
(b) the pol ypephigdeideackiee iy ieaBrbY Riledde aRetpredsion Ashtios dqakeet.

pol ypepti de wherein the pol ypeptide conprises an Sp35 I g domain and | acks

an LRR domai n, an Sp35 basic region, a transnenbrane donmain, and a
cytopl asmi ¢ domain. 15. Ad- i sd) Heder Goemyisepthe sudlpisasidrfddmpl). ypept i de
conprises an Sp35 LRR domain and | acks an Sp35 I g domain, an Sp35 basic

region, a transnenbrane gomaiipo Qg oGfigR AR EioBFBLfn 136 The

pol ypeptide of claim 13, 'wherein one eucine ric repeats is a
carboxy-term nal |eucine-rich repeat (LRRCT). 17. The pol ypeptide of claim
13, wherein one of the |ddci né\r ischtedrpebgepsdd, sviercianiahthetpetypepade

5935 pol ypept | ABTPTESS @ S SO SRmE U P31 Gesit e G Baberde B cl ai m
13, wherein_ the ROk yRSAL 4 iii)%@ﬁ{rhﬁﬁ%kx%ﬁﬁﬁ?Ig?%ﬁlafne@t%ﬁﬁali’téﬂf@&sﬁf SEQ I D
NO 2. 20. The polypeptide of claim 13, 14 or 15, wherein the polypeptide

is a fusion pokrymeptandcb)tbepolypepigledacksn-tSpSBembiae ylomAd. 2004/ 085648

PCT/ US2004/ 008323 - 55 21. The pol ypeptide of claim 20, wherein the

non- Sp35 noiety is selecgted fyom oup,.consi st | of an. noiety, a
serum al bunin noi ety, a qﬁar _g«fﬁ ﬁ&fa{:@glipgﬁmegté&r‘g W%tﬂg%fygfé}}degcﬁglpﬁlseg
purification-fagishss & d61HaiARLEYAks an LRR domain, an Sp35 basic region, a

transmembrane domain, and a cytoplasmic domain.

15.  Anisolated polypeptide wherein the polypeptide comprises
an Sp35 LRR domain and lacks an Sp35 Ig domain, an Sp35 basic region, a

transmembrane domain, and a cytoplasmic domain.

16.  The polypeptide of claim 13, wherein one of the leucine rich

repeats is a carboxy-terminal leucine-rich repeat (LRRCT).

17.  The polypeptide of claim 13, wherein one of the leucine rich

repeats is an amino-terminal leucine-rich repeat (LRRNT).

18.  The polypeptide of claim 13, wherein the 81535 polypeptide

lacks a cytoplasmic domain.

19.  The polypeptide of claim 13, wherein the polypeptide
comprises amino acid residues 34-532 of SEQ ID NO: 2.

20.  The polypeptide of claim 13, 14 or 15, wherein the
polypeptide is a fusion polypeptide comprising a non-Sp35 moiety.



22. The pol ypeptide of claim 21, wherein the non-Sp35 noiety is an Ig

noi ety. 23. The pol ypeptide of claim?22, wherein the Ig noiety is an Fc

noi ety. 2woO Dheogsedsypepti de of claim 13, 14 or 15, wher @iaT/us2604/008329pept i de
is conjugated to a polynmer. 25. The pol ypeptide of claim 24, wherein the
polymer is selected fromthe group consi 85 ng of a pol yal kyl ene glycol, a
sugar polyner, and a polypeptide. 26. The pol ypeptide of claim25, wherein

the polyner is a polyal kylen | ycol . ..27. . The | ypepti.de of im26,
wher ei n the pol yal kyl enel%gl yS%JI% H%EYPSB‘F el ?I_H’r@&_d‘%i‘t}&%ﬁlﬂ{eﬁé@)'sp 8‘?“01‘?'%%
pol ypepti de of i§ée@éc‘%d214@m‘fﬁbeér%hﬁcbﬁ@sﬁﬁ@'oﬂﬁﬁ@%h@%\%ﬁa sep@latAtifthdigyla 2, 3
or 4 polyners. 29. The pol ypéptide of claim?28, erein the total nolecul ar

wei ght of the pokstiermoiety, &reppr20mEddy.Radtagutidicadon-eilitaidng moiest-hod of
i nhibiting signal transduction by NgRl, conprising contacting the NgR1l

with an effective anmount ,gf an,Sp3 | ti.de,, - 31. .A . netho f .
decreasing inhibition of 22><on Ihe&pg(ﬁ%ﬁu%%)o éjl%gh%]l*é”f?}leh%?ygﬁonégéﬁe%of ENS)
neuron, conpri $d A40IGAGkACtI Ng the neuron with an effective anount of a

pol ypeptide sel ected fromthe group consisting of an Sp35 polypeptide, an
anti-Sp35 anti body, or an_antigen-binding fragnent of .an anti- Sp35

anti body. WD 2004/ 085648 2pCT/ @%ztmlwp@nfe@z@ claym 23 whepcipghegdnQetyiihar BFt i ng
growt h cone co![ﬂoq& e of a CNS neuron, conprising contacting the neuron
with an effective amount of a pol ypeptide selected fromthe group

consi sting of an Sp35 pol ypeptide, an anti- Sp35 anti body, or an

ant i gen-bi ndi ng fragnment 24f amhampbiypSpidde aitflaiboiBy 1433 .15 Avheatindte of treati ng
a CNS di sease, djsorder, or .inju in.a mammal, conprising adm nistering to
the manmal a tH@iryﬁﬁléttﬁeiléé?wgaé?df’é’cztl?%l@me‘érmunt of a pol ypepti de sel ected
fromthe group consisting of an Sp35

25. The polypeptide of claim 24, wherein the polymer is
selected from the group consisting of a polyalkylene glycol, a sugar polymer, and a

polypeptide.

26.  The polypeptide of claim 25, wherein the polymer is a
polyalkylene glycol.

27.  The polypeptide of claim 26, wherein the polyalkylene
glycol is polyethylene glycol (PEG).

28.  The polypeptide of claim 24, wherein the polypeptide is
conjugated to 1, 2, 3 or 4 polymers.

29.  The polypeptide of claim 28, wherein the total molecular
weight of the polymers is from 20,000 Da to 40,000 Da.

30. A method of inhibiting signal transduction by NgR1,
comprising contacting the NgR1 with an effective amount of an Sp35 polypeptide.

31. A method of decreasing inhibition of axonal growth of a
central nervous system (CNS) neuron, comprising contacting the neuron with an
effective amount of a polypeptide selected from the group consisting of an Sp35
polypeptide, an anti-Sp35 antibody, or an antigen-binding fragment of an anti-
Sp35 antibody.



pol ypeptide, an anti-Sp35 anti body, or an antigen-binding fragnent of an
anti- Sp35 antibody. 34. The nethod of any one of clains 30-33, wherein the
Sp35 pol weepbd/adscdiss sel ected fromthe group consi sti ng rET/ES2p@ilopREpt i de,
wherein: (a) the polypeptide conprises (i) an LRR domain conprising 12-14
Sp35 |l eucine-rich repeats, (ii) an Sp35 bagicregion C-termnal to the LRR
domain, and (iii) an i munoglobulin (1g) domain G termnal to the basic

i on; d (b) th I tide | t.r an b [ N
ol ypept | de wner ei n e ol ypebPIE U BHPERE TN adee pTRERE? R 8ha 1 acks

an LRR donai n, ndulasédmpraghObntatting asieuidt Witk af @ABitie aalimaof £yt opl asmi ¢
donmmi n. 35. The nethod of cl ai m 33, wherein the CNS di sease, disorder or

injury is a spipabipepiiteelasiedrijons theagiowp eonsistiae wé an Ap3F polyBetidehan #idthod of
claim 33, wheresj

he. Dol ide s . adg pi . he met hod
of ol ai m 33, whgrernoiRS: SR BLEE A LAk RERS G oty [THh 45

hours of the spinal cord injury. 38. The nethod of claim 36, wherein the
therapeutically effectige. amunietiol dffteathod ¥ ONS diskast,slidardsnol Onjpgy ina 10
ng. WO 2004/ 085648 PCT/ US2004/ 008323, - 57 39. A nmethod of treating a CNS
di sease, di sor &&Eal poRRSNG plminste e hemapmad pARereprtislbi s cHYyC a

cul tured host Gel e G51d008-HEAARLAAAL eo3g IndhAGRLIgiEs and (b)

i ntroduci ng the host c to the mama near si'te of the CNS
di sease, di sor gelypoptidenpmanti-SEBS adtbe dypdrtemchntigercbaidmg¥ea grvdne p & am attire

di sease, di sor&gr or. injury is a spinal cord injury. 41. The method of

cl ai m 39, wher PAS eR&dY| t ured host cell is derived fromthe mammal to be
treated. 42. The nethod of claim 39, wherein the reconbi nant Sp35

pol ypeptide is a full-length SpR5,0RdPERE HR0r4Rimé30BE NGHef BEQEDS I NY
nyelination at the site of the CNS

polypeptide is selected from the group consisting of

a polypeptide, wherein: (a) the polypeptide comprises (i) an
LRR domain comprising 12-14 Sp35 leucine-rich repeats, (ii) an Sp35 basic region
C-terminal to the LRR domain, and (iii) an immunoglobulin (Ig) domain C-
terminal to the basic region; and (b) the polypeptide lacks a transmembrane
domain; and

a polypeptide wherein the polypeptide comprises an Sp35 Ig
domain and lacks an LRR domain, a basic region, a transmembrane domain, and a

cytoplasmic domain.

35. The method of claim 33, wherein the CNS disease, disorder

or injury is a spinal cord injury or an optic nerve injury.

36.  The method of claim 33, wherein the polypeptide is
administered locally.

37.  The method of claim 33, wherein the polypeptide is

administered initially within 48 hours of the spinal cord injury.

38.  The method of claim 36, wherein the therapeutically
effective amount of the polypeptide is from 10 ug to 10 mg.



di sease, disorder or injury, conprising contacting the site of the CNS
di sease, disorder or injury with an effective anount of an Sp35

pol ypept i d@ 20441085448 et hod of cl aim 43, wherein the SpFeTpus2ypapsizde
conprises an Sp35 LRR domain and | acks an Sp35 I g domain, an Sp35 basic
region, a transmenbrane domain, and a cyt &l asmic domain. 45. A nmethod of
treating a CNS di sease, disorder or injury by in vivo gene therapy,

compri,sing adn ni steringsbo a (RINRordkadl; DER H08:01d 604 ot Bunhaease,

di sorder or injury, a vi RIS g a nuclt edtl e seq

encodes an Sp3mapghMpeiRhpens Q) phﬁﬁdlh@e chhded hostyseH Rikprissihs a eocprbdismd f r om
the nucleotide sequence in the mammal. in an ampunt sufficient to reguce

i nhi bi tion of SpXdnelypentidshandole) byradecipgtae hast etll e hempamypk & oppeqrihe
injury. 46. The(,E %éttﬂgq}l\‘fg dﬁ%a%' nalggdervg}qﬁ }p the viral vect or is sel ected
o)

fromthe group i'sting Of an adenovi vector, a lentiviral vector, a
bacul oviral vector, an Epstein Barr vi raI vector, a papovaviral vector, a
vaccinia viral vector, and amrnpmbodscbﬁ'qjdliﬁx394iwlmkeinﬁtﬁdiseasw\@im@t/0®85648
PCT/ US2004/ 008323 - 58. 47. The met hod of cl aim45, wherein the disease,
di sorder or |H}JHI?YVSF‘§P%’Q1%CEE1§BWTYI' omthe group consisting of spinal cord
injury and optic nerve injury. 48. The nmethod of claim 45, wherein the

viral vector is admni SM@redmlﬁem&y&i@clﬁﬁi 9% bathrdif 0B dullRr QI RIPcIPRS St i ng
of topical admnistration, intraocular adm nistration, parenteral

adm ni strati ondemvﬁdrmmehajnammhmb@m?a@d on, subdural adni ni stration and
subcut aneous adm ni stration. 49. A nucl ei c aci d encodi ng a pol ypepti de

conprising an Sp35 LRR 2 gi’ %ﬁo%%teaﬁ%l %2%(? e5e1$?he I'GC(S:IBQ qgﬁt

sequence, and transnenbra unctronar %opl asm c

domai n. 50. Thg %tﬁleqsﬁ%lqil&fgt}f?fall%ﬂ’@cﬂﬁsep%@r e| n the nucleic acid encodes
a pol ypepti de conS| sting essenti al of am no acids 1-576 of SEQID NG 2.

51. A nethod of pronoting survival of a neuron at risk of g
conpri sing contacting thé3 neur%mﬂmoﬂwfﬁfpfé‘ﬂi@cmwléla&%ahfthe(§¥te8 the (39S

pol ypept i de. disease, disorder or injury, comprising contacting the site of the CNS disease,

disorder or injury with an effective amount of an Sp35 polypeptide.

44.  The method of claim 43, wherein the Sp35 polypeptide
comprises an Sp35 LRR domain and lacks an Sp35 Ig domain, an Sp35 basic

region, a transmembrane domain, and a cytoplasmic domain.

45. A method of treating a CNS disease, disorder or injury by in
vivo gene therapy, comprising administering to a mammal, at or near the site of the
disease, disorder or injury, a viral vector comprising a nucleotide sequence that
encodes an Sp35 polypeptide so that the Sp35 polypeptide is expressed from the
nucleotide sequence in the mammal in an amount sufficient to reduce inhibition of

axonal extension by neurons at or near the site of the injury.

46. The method of claim 36, wherein the viral vector is selected
from the group consisting of an adenoviral vector, a lentiviral vector, a baculoviral
vector, an Epstein Barr viral vector, a papovaviral vector, a vaccinia viral vector,

and a herpes simplex viral vector.



52. The nethod of claimb51, wherein the neuron is in vitro. 53. The nethod
of claim51, wherein the neuron is in a mammal wth a neurodegenerative

di sease dwsordeessess i njury. 54. The nethod of clai m53, RadTAUS200W/(0BE23

neur odegenerative disease, disorder or injury is selected fromthe group
consisting of multiple sclerosis, ALS, Hwm#tington' s di sease, Al zheiner's
di sease, Parkinson's disease, diabetic neuropathy, stroke, traumatic brain

injuries and spinal cord jnjury. 55 t.hod_ of, pr.onpti.ng suyviyal of a
neuron at risk of death 4% d dnﬁhmﬁbﬂgﬁﬁh iﬁﬂF%@aqﬁ%%¥%ﬁg ﬁgg t¥ve
di sease, di sor ggrydk sklBited ¥rom HRERSUpSdondistiiay ofpvl dbiitnfr ¢ Hhd si5tRndiost cel |
expressing a reconbi nan ol ypepti de; an i ntroduci n e hos

p g nb t Sp35 polypeptid (b) trod g the host

cell into the myn¥al at the site of the neuron. WD 2004/ 085648
PCT/ US2004/ 008323 - 59 56. An in vivo gene therapy nmethod of pronoting

survival of a neuron at i sk gf. f}A0.r SAIPAS SHSCAYI HLALELLAY Lo 2
(0] the neu vira or

manmal , at or near the site ron, a Vec conprising a

nucl eoti de seqyemngtsttRdtbyenoatasicard fopdhep@byenisisdeg 8otdpivat t he Sp35
pol ypeptide is expressed fromthe nucl eotide sequence . in the manmal in an
amount suf f i ci eARIYgHoEnBirao R AdpHRIsHItion, BasBigra admyystraties, mEeleealof

claim 51, wher %&ﬁlﬁ&%ﬁ%ﬂ?&xbﬁﬂf‘a\{' RERIiHGibS an® QlvdRlafeous administration.

49. A nucleic acid encoding a polypeptide comprising an Sp35
LRR domain, basic region, Ig domain, connecting sequence, and transmembrane

domain; and lacking a functional cytoplasmic domain.

50. The nucleic acid of claim 49, wherein the nucleic acid
encodes a polypeptide consisting essentially of amino acids 1-576 of SEQ ID NO:
2.

51. A method of promoting survival of a neuron at risk of dying,
comprising contacting the neuron with an effective amount of an Sp35

polypeptide.
52. The method of claim 51, wherein the neuron is in vitro.

53. The method of claim 51, wherein the neuron is in a mammal

with a neurodegenerative disease disorder or injury.

54.  The method of claim 53, wherein the neurodegenerative
disease, disorder or injury is selected from the group consisting of multiple
sclerosis, ALS, Huntington's disease, Alzheimer's disease, Parkinson's disease,

diabetic neuropathy, stroke, traumatic brain injuries and spinal cord injury.

55. A method of promoting survival of a neuron at risk of death
of dying in a mammal with a neurodegenerative disease, disorder or injury,
comprising (a) providing a cultured host cell expressing a recombinant Sp35
polypeptide; and (b) introducing the host cell into the mammal at the site of the

neuron.
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56.  Aninvivo gene therapy method of promoting survival of a
neuron at risk of dying, comprising administering to a mammal, at or near the site
of the neuron, a viral vector comprising a nucleotide sequence that encodes an
Sp35 polypeptide so that the Sp35 polypeptide is expressed from the nucleotide

sequence in the mammal in an amount sufficient to promote survival of the neuron.

57.  The method of claim 51, wherein the Sp35 polypeptide is

soluble.



