WD 2004/ 085648 PCTI US2004/ 008323 NOGO RECEPTOR BI NDI NG PROTEIN Field of the
I nvention [0001] This invention relates to neurol ogy, neurobiol ogy and

nol ecul ar biology. Mre particularly, this invention relates to nol ecul es
and net hodsWe a4 nent of 5 neurol ogi cal di seases, &CIAISYWH8083Kd
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, growmh factors, neurotransritters and
electric fields. The growmh cones generally advance at a rate of one to two
mllinmeters per day. The growth cone explores the area ahead of it and on
ei ther side, by neans of elongations «classified as |anellipodia 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 in their imrediate environnment (Rutishauser, et al.,
1988, Physiol. Rev. 68:819). NQGKI BECEPTOR BINORYG BROTERN i zed glial cells,

ol i godendrocytes in the central nervous system (CNS), and Schwann cells in
t he peripheral nervous system (PNS), WO 2004/ 085648 PCTI US2004/ 008323 2

whi ch sheat he the neuronal axon with nyelin (Lenke, 1992, in An Introduction
to Ml ecul ar Nepiedifled@Ventién Hal |, Ed., p. 281, Sinauer). [0004] CNS
neurons have the iInherent potential to regenerate after injury, but they
are inhibited frmooHoi Tis B ektioni rBliehtd Wbl ,ﬁaﬁmo@gﬁ@@ﬁwk@ulmbiogy.
(Brittis et 5 al., 2001, Neuron 30:11-14; Jones et al, 2002, J. Nedrosci.
22:2792-2803; G VRfrepartiqulasly, thigpyention relates to sagleouies-and mettwds 6y trepoBo6If
Several nyel En i nhidkd; . k . | : ave been
characteri zeg. é}%}mﬁb%%ﬁnggéesgg’ﬁgaﬁdy%ﬁo#ﬁﬁ%ﬁ?s%ﬁlklg%%g%?%?ﬂ%@ i“ncl ude NogoA

(Chen et al., Nature, 2000, 403, 434-439; Gandpre et al., Nature
2000, 403, 439 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),



10 444), nyelin associated glycoprotein (MAG (MKerracher et al., 1994,
Neuron 13:805-811; Mikhopadhyay et al., 1994, Neuron 13:757-767) and

ol i godendr o¥ft W04/856a8oprot ein (OMgp), M kol et al., 198BcT/lsz06ilob323
Bi ol . 106: 1273-1279). Each of these proteinsg has been separately shown to be

a ligand for the neuronal NgRI (Wang et al?,"Nature 2002, 417, 941-944;
Grandpre et al., Nature 2000, 403, 439 15 444; Chen et al., Nature, 2000,

403, 434-439; Dor@iihsheith€the dburondNQNsOWitR @02lin (IMkNe, $5920i08h iR ddeR 148,
2002) . [0006] Nog/(g‘J r%&%% or-1 (NgRligl s a GPl-anchored nenbrane protein that
contains 8 | euci ARLlES euprbinlagy, FotalhiGd Reg8hSinaue)o1, Nature 409: 341- 346).
Upon interactio 4t D N R k : é\%ﬁﬁlﬁ‘ gp), the
NgRI 20 conpl ex mogﬁgd_uces %&Eﬁgﬁ&?ﬁgﬁ {&g%%&%%mlgtr(%@mﬁl@%gne co %&et and

i nhibition of né¢heyiareinbibited HemnidoingsoGylintibitory pracinnpresamein mypsdioh (Baittis et

nmol ecul es and net f.Qr i nhibitil R - Lated grqwt col | apse and
the resul ti ng’ in P’?n%ﬂblﬂe%?n E%Ei‘ﬁ%&ggé\ﬁlgeé%wJM?;%%?'%&’%@R on 25
[0008] W have megls, 02| DWNeufbssicR¥-8144e51 60Rgar di ng a pol ypepti de desi gnat ed
"Sp35" (our desi ion). Alternate designations for Sp35 include "LINGO

t
and "LINGO 1." ?ﬂrh%shi Sevsralnekin iphibitprs profeans fermdion eligodepisscyissiigre besingR! .

Sp35 binds to i%ﬁﬁgét?ﬁﬂdﬁmpwﬁkyﬂl@eg SRR LBk tor B roRl RO mERds gﬁ%&& protein
i nduces or prom)t es ascli cul ati1 on n granul ar neu ns. An p3 -Fc fusion
prot ei n pronot es (Gienret ak,Aethres200i 403, 43434 3b CGrandpee staby Nators 2080, 403a439-

hem secti on _i_nj ury,.,nodel and.th opti.c. V. sectia aLOp35
retrovirus- iNf ec ’Elg?lﬁ &5 m?)tﬁ?%?(é})“ tS‘F‘RgAM%%%%Q@@%’U 4/ 008323
3 when del i ver ed3i305-81 s;Nitlclopadiydy edlyI1%94, Natudn 18 FSRI767) ahdeligadendebeur on
survival, increased 13,111 tubuljn i ni ng. Q and increased nyelin

st f _axons

content. [0009] BWseRroiein (CMepyMikabele -d19§§0I/93119%191'1%137%]@39]-oﬁf“’*‘@ﬁtur es
an isolated nuchelc.aed i Jai i i a . ,
pol ypepti de V\herg%'rsl?pl?gé)u% I‘Egtﬁﬁégl Sp %5%69{’1‘3%%%ﬁ%@gq‘?ﬁ?@g%&%%g?gﬁ% domai n,
(ii) an Sp35 bas(Wangef abnNaure22nél7, p4l-04k GrRpdostal riatared2000, 408, 439-Sp35

i nnnunogl ebyl_in (lg)~domai.n.C. term e basi.c r.egi.on; an t he

pol ypepti delilsac kgmg qk}eﬁggﬂeﬁ}gp‘gﬁéo%or@gi ‘i?%'#%el)gﬁﬁ%mfﬁﬁg%lﬁ%a’l"ﬁon?g&%ont ain a
car boxy-t erm nal phﬁﬁhéd_aﬂgajune zg)2a0p)no-term nal LRR (LRRNT), or both. In

sonme enbodi nents of the 10 invention, the encoded Sp35 pol ypeptide | acks the
cyt opl asni ¢ donaif06] nNegpreceptor-1 (NgR1) is a GPI-anchored membrane protéin 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
"L 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,



enbodi nents, the encoded Sp35 pol ypeptide i ncludes am no acid residues
34-532 of SEQID NO 2 and |acks am no acid residues 533-614. [0010] The
i nventi on aMb20p4edsedes a nucl eic aci d encodi ng a pol ypeptirdeooddagizgi N t he
pol ypeptide includes an Sp35 I g domain and | acks an Sp35 LRR 15 donmain, an
Sp35 basic region, a transmenbrane domain” &nd a cytoplasnic domain. [0011]
The invention also includes a nucleic acid encodi ng apol ypepti de wherein
the pol ypeptide ivwheh del@fere in@RPmal E3R1-GGIRY Patd Rebultas KShaABedSRERM Grvifi@MaI N, an
Sp35 basic region, a transmenbrane domain, and a cytoplasmc 20 domain.
[0012] The i nventicseesed & 51 fubulin sleining of guensi nd-dnerdased ouwglingonterdol ypept i de
| acking a functi 1 I i I: the_ other Sp35
i%’?i: %%éﬁégﬁgﬁgxg‘gg ét&jegg%%e»%? s th@%}éﬂ &gfe%ul%e G5 thlf

domai ns. For ex I de cou I nc e am no aci ds
1-576 of SEQ | D nhileic2cidponaminga micdmotids saquemst ehdvairgy apulypeptidereherein: (a5
[0013] In so enbodi nent.s of. the.in Lqn,,the enco ol.ypeptigde is a

f usi on pol ypept i Q?hﬁﬁeﬁ{i% gl es@ﬁ“éﬁ@étﬂ'&wwsgﬁﬁ%gﬁ% Y can be,
for exanple, an hﬁmﬁﬂhﬂﬁiﬂemmﬁiﬂ,%h@ﬁﬁ}ﬁhms%mﬁgkaﬁlﬁﬁﬂg)%lﬂﬁmgy, a
reporter noiety, or a purification-faci |tat|%gi noiety. A preferred

non- Sp35 i ety ftam fathe hpsieregiongang (b) the prlyperiidedarks atrapmeemiyranene
nucl eoti de Seque'aSSFfen?r’tihg%gé’PERRtdo\é%kx}'cah'c[}}ftﬁ& J&%yﬁﬁﬁgﬁiﬁﬁ%@%o'

sequence, for exanp n- expression vector.
2004/ 085648 PCT/ dbafiw-teAniaalI RR (LRRET)) deboth. hosimecsmhbodimanséftheed with a

vector that expresses an Sp35 eptide. of the inventjon. [0Ql5] The
i nvention alls?opi AR, Mn%g%gg QM?HW%P%R@BQﬂOW%ﬁBth@SJ’me
above-descri bed pugb&ifenRACihg encoded SP3olyHRFLASHENEUMiA Ad tfdubRssBN Sp35

pol ypepti de conjugated to a polyner, ‘e.qg., a polyal kylene glycol, a sugar
pol ymer, and a pef§BegbiNe: 2 mdeeksamieaiacigissigines 533614. pol yal kyl ene gl ycol ,

.g., | yet hyl : : I [ . ' dto1l, 2,
3 ot 4 pol yor s. (g8} L8 el ol fclp B KRR LR GRALRE BOBPARE TC, |0 1
pol yners is fromwlereiDihe palypeptidis ifidileban §E35 [gomatbpaid lpadds yp&p33 HRR [ 0017]

The invention also inclu f inhibiti Canal tr Lo '
15 domain, an 1%55 baas{g?'gglhgnq a%ranalamenllbtl)‘largr-:l (Po%lasull,%ng a cgrtop a:-‘s.r(rju%ctI on by

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, é 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 SEQID
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 is an 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



NgR1. The nethod includes contacting the NgRL with an effective anount of an
Sp35 pol ypeptide. Preferred pol ypeptides for use in the nethod include the

f ol | owi ng: %@@ﬂﬁ’“séﬂSSpSS pol ypeptide, wherein: (a) the potysepiioss
includes (i) an Sp35 LRR donmain, (ii) an Sp35 basic region Ctermnal to the
LRR domain, and (iii) an Sp35 |rmunogl obul$m (1g) domain Cterminal to the
basic region; and (b) the polypeptide | acks a transnenbrane domain; and (b)
an Sp35 pol ypept indmdedlkost b8l R forBd WtB 3 veeoPBPdBresdd aARY3S Bk SerRle SP35
LRR domai n, Sp gg basi ¢ region, a transnmenbrane domain, and a cytoplasmc
donmai n. [0018] ¢ FY&MI9Mon al so i ncl udes a method of decr easi ng inhibition

of axonal grow [yopk a R@f?ﬁ/ Hhe hod
i ncl udes cont acpjl e neﬁ@gﬁ@%ﬁ‘iﬁ@dﬁéﬁ?gﬁé%@gn@ee&{c%ﬁ?d 8’”3% ptide
such as an Sp35 ﬂ@vpdbgqmbpdn@téelcamdantl - Sp35 anti body, or an anti gen-bi ndi ng

LS 0T PO s A A

i ncl udes cont actegga‘pb@amyuﬁ@glymnﬁls &1 heby fille OA f&%(ypeptl de
such as an Sp35 poI ypeptide, an antll-%afo%gﬁgntl bo ﬁg’? a?l 38% nti gen- bi ndi ng

fragment of an abR! YmgplBS PSWPH‘BB’&? ghrolooe) Pqiblﬁfh]flﬁ%ﬁw@ﬁ?ﬁﬁho'fhmcl udes a

met hod of treati £ e The
met hod i ncl udes g%?'n&ﬁl ster |bn%g&?%gfa[ﬁaé&ﬁfﬁ%ﬁ%?r gﬁwg%O?f%qu%ﬁmm
PCTI US2004/ 00832@01e5111a1t\heigh1p1fmhd @ajuggted hblyniersie framrG00dda @ 40¢00pBRQick de such

as an Sp35 Iyp até anti-Sp35 anti body, or an antigen-binding
f ragnent of E@% q’ﬁl body. In sonme enbodi nents of the invention,

the CNS di sease [b morwm%nnbﬂjaubyndhﬁie@a sieihdalof inhHifing ﬂgl&m&ans‘ahshoiw
pol ypeptide can be adm nistered locally., In some 5 enbodi nents of

net hod, the Sp 3Yehbl ?%tp@ﬁhaémc@daaeﬁnﬁﬂcgmﬁiewduWnﬂm ﬁfwmmnoumt@fwours of

a spi naI cord i o) &gﬂ i Fm%ﬁ |y

ef fective amun%ﬂgfsxﬁoﬁgg%m# y%@%fte &Wg@gb s’em@ro c@ﬂﬁ!}i&&é@% 10 no/ kg.
For systenic adfsllowagr ation, the ther apeut i caIIy ef fective amount of the
pol ypeptide_ _preferably is fro 0 20 [k 2 The .i nvention
al so incl udd® an ex vivo gene Rherggﬁgﬂ%{wel? P"g‘ﬁf é‘I’)atg ?Al@e@ilg Base,

di sorder or inj Unyluiles (5 MEPIRILRRIENANE (IO Sp36 Ibbde Fegloh) CRérAA td e LRR

domain, and (iif) 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 2 mammal. The method includes administering to the mammal a



a cultured host cell expressing a reconbi nant Sp35 pol ypeptide; and (b)
introducing the host cell into the manmal at the site of the CNS disease,

di sorder oM@ H0HP8p648e o,  spinal cord injury. The cul t upegubasinmesl can be
derived fromthe 15 mammal to be treated. In this ex vivo gene therapy

met hod, the reconbi nant Sp35 pol ypeptide-can-be a full-length Sp35

pol ypeptide. [00221 The invention also includes a nethod of pronoting

nyelination at tRgrsiel N TN ' [ la R3] . .e_met hod
i ncl udes contacti ng@tehlgcag]?tg of eq?lﬁ'eﬂ dﬁ%ﬁﬁ?@%@%ﬁ%?%&%c@rﬁ rgf}%ﬁ?thdrgym}m th an
ef fective amount 28-Sp35 BP®SAREr po Aytigspiimding feagment of guoinyiEgy3Siadibaiyn @i ni ng
an Sp35 LRR domi

cki.n n. Sp35 | in, apn Sp35 basic¢ region, a
t ransnmenbr ane dors?(r’ws}}1 %?ﬂg%"gmgmgfzﬁﬁﬁ"a?gﬁ?”c o(ﬁﬁgﬁl.seaf%ﬁ@r&)eﬂ?éwwm fiiralal so
i ncludes an in viwd igjane THesSpaPyolypépidd caf be dddahis®eddocdByS18lbsgase, di sorder
or injury by in viyo, gene erapy. The nethod includes the 25 steps of
adni ni stering toe%‘g?@%‘ﬁﬁ P%ﬁw%@g%ﬁw Spris nelypeptisie is pdminisiasd witiallysothier or
injury, a viral yg salni ] | SenisE C es an Sp35
pol ypepti de so tha?aﬁgfg%%gg@ggggi er?%l expr eggte ’ Fg%&%‘%egﬂgu | eoti de
sequence in the nffentart ainquetrof Sreqotitpeptidelprefermbly is fomelyogfkd whitahg/kgnFef

axonal extensio .neur on t or near the site.of the ipjury, The viral
vector can be, e%P%fmga&i‘gwl%ag%%ertﬁﬂae@ﬁﬁw ef{fcﬁl‘éﬁﬁr’ilw SF!W:BEILYB?P,M&
bacul oviral vect prefersbly sl indRg fo 20hm@kg, vector, a papovaviral vector, a

vaccinia viral vector, and a herpes sinplex viral vector. The disease,

di sorder or 1Onj uflP2thnTheinvention alsodngludes ap exivive peneythasepsomethed wWhiratiog 085648
PCT/ US2004/ 008328Nstisea&. MRoided M i¥iurs JH ] . I 1) ﬁi‘i‘ﬁred by
a route such as topi é%l ’ad(r)n' Eil stlr']gpi”(lf)i(ra?,rﬂl nt %]é\g?g}rﬂ;e:thogg%lg?egta&gﬁbon,

parent eral admi nisultwed kst céllhaxpeastiog atecomblivantiSp66 avlypeptideyddi(bal

adm ni stration an ubcut anequs,. adm,ni strat.i on. [ 0024 e..invention al so
includes a net hoalgrgﬁu%%ﬁ;sﬂpﬂ@elggﬁ@ éﬁl%?alé?ﬁ’&ﬁ’{t%ﬂ&&% C-l[g 4lf‘e§ﬁesg¥so Ing. The
met hod i ncl udes gaiafuag teigd) Gplrabed?@ U@y, Whé bulaRedtidsEEdlli 4B ba BN frddh HRNSP35
pol ypepti de. The Sp35 PO ypepti de can be a soluble formof Sp35, e.g., an

Sp35- Fc fusitén premaiahto berfesaipdy i thitervitsesena therapy snediod; theveapmbinany$p3si n a
e i o GNRICE L
di sease, 10 di a@é22c Tevinegaivhy]sostohaleea ntethad i promdding nfyelintiohi o theaftel
spinal cord | U Es R TR B 8 O N SN o T s 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



indirectly by: (a) providing a cultured host cell expressing a reconbi nant
Sp35 polypeptide; and (b) introducing the host cell into the manmal at the
site of theWhua4/e85648l N sone enbodi ments of the inventi opctrAiEopekpEPti de
is adm nistered 15 indirectly through in vivo gene therapy. In such an
enbodi nent, the nethod includes adninisterfényg, at or near the site of the
neuron, a viral vector conprising a nucleotide sequence that encodes an Sp3
5 pol ypeptide southainibhe TR ReloY Basd ﬂsmsém%gra%&t%quémr{bpéibﬁ

nucl eoti de sequence in the mammal 1 n an amount sufficient to pronote
survival of the ndumingsiratiog iftt@eslhr abninstaidieparenteral ddmihistratiogt ntfatheeal Sp35

pol ypepti de" nean he .pol vpept.i de.whose am n cid seguence,.i s am no aci ds
34-614 of SEQ | D%&‘.{“’%aug‘fﬁé%ﬁ?l aﬂ?"ﬁ%@ °’F‘n%‘?r9e“i“ﬁ?‘%a‘f?8l‘%?‘ﬂ%“6‘b“§6§°‘}mi ety” means
an anino acid segyeafeThe inveiticdSAst intlided afmdthod EM@éHotREraed] VP e REIrde at

[ 0027] As used herei q&gq receptor-1" neans the pol ypepti de whose

sequence 255 s ﬁéleF‘bﬁg'BrTa metbedinglydes coptagtingthe apwran withan giectvsasmgd
00281 As d h i "P%E.ﬁ% i ige'
Lol ypept i dgstehat %E%{o%?(?’ss, RAENY fgﬁﬁo@’]ﬁ? R?lgé e?gé%%@%ggﬁ%&lo(?gﬁg%le'g“

activity of nat un8p35FofimionmiretginSTB5 ned 20kt i 86 iPCRbSE0MM 008323 7

[ 0029] As used herein. "Sp35 basic region" ans, the follow ng.amno acid
mtif: RR AR |“ﬁ“’6“4§e“k&(”§§8‘1%ﬁg‘f{ﬁa%g? S%%@“\PW@%%%@E@B NO 5) 5
RRL RL RD R KIléoHS AILS,NRinti6toRRESEEDR kel AidNake, Phrkiloffs Hiskasé R D R K
(SEQ ID NGO 8) The top row of amno acids (in bold; SEQID NGO 4). is the

preferred Sp35 béighetic nesgpathysttpkesframaiie bRInaririsherd spiraheord lipti- dnal
substi tutions shoyn, Bel.o e%ﬁ?@f@%%eﬁ}i%ﬁﬁg ?819’%?‘%@ i?&dmihf%%?&ﬂ As used

herein, "Sp35 fusion pro ans a n that "1 ncludes an Sp35
noi ety fused to indivettbyroy: 0@ psovidingd yultjr@liRk cellsxpsesing @ reebmpinaBoRB 51 g

domai n" neans am acj ds -493 . of I rovided that.the

sequence can co nPgli?’HeﬂPﬁlet %‘ﬁfm P%f%%??&?&)aﬂf\%@ tﬁ‘é F@mﬂfﬂ iaﬁtg‘g P %t;{be

del etions, or copa@byatd dehedMbodinkditschiIhtiabdritioh, tROSolyddpeidé & ddarhis@red
15  -indirectly through in vivo gene therapy. In such an embodiment, the methed

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 polypeptiqe" means an Sp35
polypeptide that blocks, inhibits, or interferes with the biological activity of
naturally-occurring Sp35.



substitutions (nunbering based on SEQ ID NO 2) are expressly included: Vto
M at position 6; S to G at position 294; Vto A at position 348; and Rto H
at position 419. [0032] As used herein, "Sp35 LRR donain" neans a domain
that incl ud®9 2848864820 14 of the |eucine rich repeat sergmus2syosns! uding
the LRRNT and LRRCT, listed in Table 1, provided that up to five amno acid
i nsertions, deletions, or conservative an’l no aci d substitutions can appear
within the aggregate 10-14 leucine rich repeats. [0033] As used herein,
"Sp35 noi ety” Ne0I9R Ak Qbdadietsi, 'Y Mdsi%QeélélﬁgH%Etﬂéffoﬁo gaﬁﬁﬁd adigngth Sp35
pol ypepti de. [0034! As used herein, "Sp35 polypeptide” s an Sp35 noi ety
or a fusion profé ifi that includes an Sp35 noi ety [0035] Unl ess ot herw se
defined, all technicah gnd SR qntﬂ f]bc t ms u ). have the sane
meani ng as conmonly ulegrs‘;ro d or di I5 inthe art 30 to
whi ch the inyention r{ai ns nlfaﬁe o conf 6g)r esent

|

Iﬁ
specification, inclu n publi cati ons,
patents and ot her ref n &ﬁg% erel 3 por at ed by
reference. WD 2004/0 6 '8 t hough net hods and
materials siml r equi alent 1.0,those e herein can be used in
the practice oraflé%tf’? ¥‘“PWQ af”r‘?t?é‘ﬁﬂ’f"@nsgéﬁﬁ 8 géﬁﬂ’éd’r‘?fé?%&“b&ﬁa
materials are deﬁ:@foh@&ﬂwﬁ@é emhvlﬂsmmxigaépﬁonﬂ%hmcﬁg%h o ES

illustrative only, and are not intended to be limting er eatu s and
advant ages 50of %qunﬁeﬁaﬁla@ﬁ% || be apparent fromthe detailed description

and fromthe cl g hr@pe?ﬁ: : ' EIG 1 is the
nucl eoti de seque ce of ah{éi 8 %ﬁfﬁ%fﬁog}gﬁ%ﬁﬁg%@% 1) [0038]
FIG 2 is the aninclndescindp3saquusety dused tcea arblogeusghdietyuman Sp35 10

pol ypepti de (SE 0039] FI.G. 3 is a schematl tr on of the
Sp35 donai n stra’)btﬁl %ﬁaged@%{eg}, %1?135 & IpmAY P’(ﬁ’a’ilsoeé‘i’fp?ﬁ?} %ﬁ%‘sh‘@e‘lfg@&

that bind to NgRko: £.GR¢Aledhe thésegﬁe@elamﬁédﬁwi@ﬁib BHEBIL AN 4508 290 SP35
binding to COS7 cells transfecte an expression vector encoding rat

p75 or a vekbor ipenmtiens) delaiqnssor comsentivioamiso anp sapsitions. APrallowingubat ed
wth the cells. Feuidiil MRTsaE$%a% SEQ ID NO: 2) are expressly included: V to 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.



usi ng chronogeni ¢ AP detection reagent. [0041] FIG 5 is a histogram

sumari zi ng data on bi nding of AP-Onmgp, and AP- Nogo-66 to COS7 cells

t ransf ect edWM A0PH8A648x pr essi on vect or encodi ng NgR ;  NgRtT/eswognéss2zs NgR! |
p75, and SP35, or a vector control. After 48 hours, AP 20 Orgp, AP-Nogo-66
or AP was incubated with the cells. Bound A was detected using chronpgenic
AP detection reagent. [0042] FIG 6 is a histogram sunmarizing data on the

relief of inhibi{oey) agtth¥ighymetBbdsane afbriaRRindildrOF quPalBR Y iHoSe QUEHAW h i n
vitro. Neurite length was neasured on postnatal day 7 rat cerebellar

granul ar neur onshe&gigcas be uepdpntimpractics o testing g§ the insnpashe prefastsd tmettiosls
| d i i , i - 606, SP35
cul tured on i Mohoy ﬂ:ﬁtlﬁxg?.l? g%ﬁfgﬁéﬂb%d Qﬁﬂévg. Y flateBiaR ”&Mgél’%}%fexm%s

transfected cell s exhi Imnis respgnse toin ory SUBSt rat es.
Neurite |ength wilsstpiemetonly, entl 4re oot itRAdedrie be hmstinge rOtherefastors tndjadamaggsom t wo

i ndependent experinments < 0.01). [0043] FI.G.7. 1s a histqogram sunrari zi ng
data on revegsal °%£§Wﬁ?ﬁnt%$vcé%’??‘%?t%?n‘l@Gdgfll?ﬂ/‘iqsﬁlpq%ﬂ“gi%io&@%&?@%- Fc.
Neurite length of postnatal day 7 rat cerebellar granular neurons (1000

neurons) cul t ur eBriefDésoHiptinn dfaReDvligdsr at e OMyp, Myelin or Nogo-66 in the
presence or absence of SP35-Fc. SP35-Fe reduced the neurite WO 2004/ 085648

PCTI US2004/ 00832039 BI@. griptieihutlobtideisbqeAcecsfusiall-1npti iR HI6QHA and MAG
Neurite length vv('as ua%i fied from 1000 neurons per treatnent group from
two i ndependent S&QJ&?N sHts (p< 0.01). [0044] FIG 8 is a graph summari zi ng

data from an expRYMERICE QURGiNlcid Sl dich BF DRAM TS 5g5£d SP35- Fe

i mproves functional recovery after dors em section 1n a he
| oconot er BBB scplypeptds (REEIIRN 2).unction of time after dorsal hem section

was i 1 at ed o IOBRY TG 335  EEaFe 1EhEoR bRy Sp S ahepimetudilsng '3 Gr aon
showi ng i ndi vi duddletivninigpirgBb a6 feSH3akedtide(s) it bind to MERiIhe experi ment
sunmari zed in FIG 8. Detailed Description of the |nvention [0046] Naturally
occurring huran 8889 i KIG, 4gs g bistogram wepreigingglets q BF 3 eding to €8T allsi ng 614
ol ypept | de. cont S RL ot N AR R ke Sr e s ra er AL ey, T Cars
(including N andB @ursAR-BR3S aaidldivas iacublagpdddtiethe cells. Boand dPrimsaletectedgi on,
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-Sp335, 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



and a cytoplasmc domain (FIG 3). The cytoplasm c donmain contains a

canoni cal tyrosine phosphorylation site. In addition, the naturally
occurring Sp35 protein contains a signal sequence, a short basic region
bet ween t he %Q%Pséﬁa Ig dommin, and a transnenbrane reBCHHSIeK0MERE the | g
domain and the cytoplasmc 20 domain (FIG 3). The human Sp35 gene contains
alternative translation start codons, so that six additional amino aci ds,
i.e., MWSKR (SEQID NO 9) may or may not be present at the N-term nus of

the Sp35 signal segteenk tnhibitidl €auded bysOBghH, Mo goHEIRAMIAT. NSeitslcRfthS/as I €71 ONS,
according to am ngmage(g res]i&gﬁe nunber, based on_the sequence in FIG 2
(SEQ ID NO 2). Gony 1§88 sagopther biegtmeny yowsfiam twoindepsndene 1 Domai n or

Regi on Begi nni nge,aﬂcﬁhﬂﬁ@égﬂdjo@g Resi due Signal Sequence 1 33 LRRNT 34 64
LRR 66 89 LRR 90 113 L 114137 LRR 138 161 LRR 162 185 LRR 186 209

LRR 210 233 LRRI0#344] 2BIG. 8liRRarpd smemariziRRd#8 Fo80M exipRiRndiithd@g thaRR 330 353
'Il_'nggng?rt?;r jﬁg 5?%1%{3%(%&-&}?%%%%%8@?%?@ igg’wa\%% n%?i%hﬁ%ego%g%ea%ceredérga o5l
hemisection in a rat. The locomoter BBB score measured as a function of time
after dorsal hemisection in control (YgG) or Sp35-Fc-treated rats (8 animals per
group). Treatment was initiated at the time of spinal cord injury.
[0045] FIG. 9 is a graph showing individual animal BBB scores at week four in

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



[0047] Tissue distribution and devel opnent al
studied in humans and rats.
(r WO 20P4H188448 Expr essi on of
ol i godendr ocyt es,
i mmuno- hi st ochem cal
devel opnent al |y, peaking

5 ani nal
brai n

In a rat spinal
injury site,

derivatives of Sp35
2004/ 085648 PCT/ USZ

birth, i.e.

ca, postnatal

Soluble

expression of Sp35 has been

Sp35 bi ol ogy has been studied in an experinental
rat SP35 is | ocal i zerC1os20MBossesir ons and
as determ ned by northern blot and
stai ning. Rat Sp35 nRNA-expression level is regulated
shortly after
cord transection injury mqtej ,
as determ ned by RT-PCR 10 [0048] The inventors have
di scovered that full-length, wld-type Sp35 binds to

day one.
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[0047] Tissue distribution and developmental expression of Sp35 has been

studied in humans and rats. Sp35 biclogy has been studied in an experimental

oligodendrocytes, as determined by northern blot and immuno-histochemical

animal (rat) model. Expression of rat SP35 is localized to CNS neurons and brain

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 antagoenist polypeptides by



site at which it is inplanted. Such enbodi nents, sonetinmes known as at vivo
25 gene therapy, can provide a continuous supply of the Sp35 pol ypepti de,

| ocal i zed WO 20p#088¢48e of site of action, for a |limted pery9dmbsks ne. WO
2004/ 085648 PCTI US2004/ 008323 - 12 [0051] The invention provides

ol i gopepti des useful as nodul ators of the $B35 interaction with NgRL and
Sp35 honotypic interactions. The ol i gopeptides include the follow ng am no

acid notif: L S UN(gﬁ ACP
HHK (SEQ ID m?miaiﬁlét v SE%%Q"%Q“% st%bm%g NE)IIPB%‘B[%%@’E% ﬁ;h&dt}gp ?ej‘%@

amino acids (in rbieding 8RR -Meriated yoliilstiomef gxoedlexteasion ﬁfaqnmmaﬁy takie h
variants conpris nal t.i.t t ns sh bel ow (SEQ.ID 10 NOS: 11,
12 and 13). [005@?9?}9%%%16“0 nﬁésr 8%1815%%&6’{58’2‘&” XAt e@ﬁ%%‘ma?ﬁl bodi es
and anti body fragmmmutmgdsnaﬁbmﬂﬁhmnrmts ihhledosd. f SyinfRbAI i these

nol ecul es for practicing . the prel,sent i nventl on are described bel ow. Fusion
Prot ei ns and>Con}™ apial goeamanlele srushsor ssye AncesexAmplifiss  FitsHor ipyhich e

invention invol v dnBfexdsRionfis Alddedd B&: i H?ﬂn&éﬁ I?BQE nt agoni st
pol ypeptide, wherein an Sl|5)35ls nol ee%ltgy |l§ usegmﬂtﬂgf\e’gtﬁr&g@l} g%ﬁs%%o ypepti de

moiety to form aNong@thblexmmlestoé'mseasWisfomdﬁmim wipiclotainakextansione used to
acconpl i sh various, obj ectives incr d.serumbhal f- |ife, roved
bi oavai | abi I ity, *%° \ﬂe%te SEroyting Wg'h? braip V%‘f}@‘iﬁ? P?Peﬁf%g]ﬁfie fq@@ﬁu@n%

i mproved reconbi sulibsi€ snd 6thst RrdlekinetaBRE VisedsePerQiRBddost cell secr eti On
ease of pur| fi Ci’;ltl on, _and._ hi gher avidity. Depending on the objective(s) to

be achi eved10t hel008%: clngnehedsof Htﬁlgﬁsfmdﬂﬁ‘fmﬁ@nﬂaﬁeﬁ?ﬁ oprlypersidsgr amPp3f acti ve.
Al'so, it can be ghaag aﬁtﬁod?ﬁ)r%lﬁj%nymﬁdﬁfﬂﬁbg r%l agmrth caq‘yeea@ﬁlrﬁ{telreﬁ be

cleavable, in vitro o In v t er ol ogous to acconplis
di fferent object dtmﬂyas eptaﬁumdumlyptrélda,rqrmdnzsﬂﬁﬂm@fgh aAsiceic azid ectwattbve to

expression of a 35 fu fein [ heterol 0 noi ety can be
preformed and ch %ﬁ??&r{ﬁﬁ%ﬂl@aﬂ%nﬁl}’ §E § ‘ﬁ%"%ﬁ nost cases, a
chosen het er ol oges0]TOinGkheWbbdimenttor €t - iveatloara smublefw@tsfmfagwaed or

conjugated to the Sp35 npiety. Therefore, in the follow ng i scussi on of

het er ol ogoud5 ani PRIYREBHAE Sadmanversd in miresimens methas) thed ingdudes: (1) ragsforming

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 exam‘pie, the transformed
Host 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.



30 be understood that the heterol ogous sequence can be joined to the Sp35
noiety in the formof a fusion protein or as a chem cal conjugate. WO

2004/ 085648_PCTI US20041008323 - 13 [0056] Pharmacol ogically active

pol ypept i ded&IWH0856485335 often exhibit rapid in vivo cPEBUSHEMNS323
necessitating |large doses to achieve therapeutically effective
concentrations in the body. In addition, ‘p&lzyﬁepti des snall er than about 60
kDa potentially undergo glomerular filtration, which sonetines |eads to
nephrotoxicity. P005Upi Uhe Diveftiud p1oANEsUligOepti@ésalstft® hymd AhtorsRANPHAL! des
such as Sp35 fragnents can . be enployed to reduce or avoid the risk of such
nephrotoxi city. VARG WlﬂbeéRB F‘g@ﬂé homohpiciategrciiens cHeedigopepides

pol ypepti de noi et e i o :hncreasing the in vivo stability,
i.e., serum hal f?ﬂlcﬁ%ﬁeef%eof‘ﬁtaﬁ{eﬂrggd%m?Jé@%gil{}pepti des are known. 10 [0057] Due
toits long half-l1ifel W dB il W v8 di st ($BQIDAMO: H)d | ack of enzymatic or
i mmunol ogi cals functi oh, TedseKkt il IRy ful | (SEQADINOUIAN serum al bum n (HSA),

or an HSA fragment, As( Prdied ek het e(SEQEDMONMD)ety. Through application
of methods and mater¥valSs Bu@ & Hhose b NO: 1¥gh et al ., 1992, Proc.
Nat|. Acad. Sci. USA, 89:1904-1908 and Syed et al., 1997, Bl ood

89: 3243- 3252, HS[00s2 The (bp row o adnthofla0ideiaboRp SEQI WENON 10 iRipRefBitedc ONj Ugat €
t hat di spl ays pharnmacol ogjcal activjty bt\l( virtue of the Sp35 noiety while
di spl ayi ng si gni FTRERFE SyLth Menaniscegnpriging optionphsubsiitytiens shownpelow GEQHBY | i n
vivo stabilhly. ROt ¢lablyngshe Ctermnus of the HSA is fused to the
N-term nus of the Sp35 noiety. Since HSA is a naturally secreted protein,
the HSA signal sH§63hc¥ateus dxemplepi 3536 edlypeptales,ainti-3pa6 aatibodies afid tittbo®pP35 20

fusion protein ipto the cell .cylture nedium,when the fusion protein is .
produced in a eﬁﬁ%? ?’iaB‘?mthﬁ.Hs, ”@P{Wﬁ%ﬁf OBS?’EF&%WP ?rf’gr PRHSEE Sone
enbodi ments of t e pradeRihvedtion aeldeyrided &sH, pol ypeptide wherein an Sp35
noiety is fused to an Fc region, i.e., the CGtermnal portion of an I g heavy
chai n constant regio Pot ent i al . advant ages, of an Sp35-Fc fusion include 25
sol ubility, in vivsorseroiemsang Cogugated Polypeplidesy e, g., dimerization. The Fe
regi on wused can_he. an_|gA, G.Fe region (hinge-CH2-CH3).

Al ternativelly, i [0%5% S‘B‘ge

g
L‘?‘E@"ﬁ% O*Rgﬁ/ﬂfl’!&mf%msﬂvf ﬂﬁeh@%gi’cﬂzﬁ@ﬁez CH4). An
Vater 1 al s and mePobe py b any0s andfrk By b o) Rl (R mblty Rt
fusions are know® aheterplogeustpolipeptBis neeiety e foamni $p3 5 thesiarbpratein. Sppd5 fisimi ons
Wi t hout gnd ue ex&%@m%ec% %E th’&- to §90r5%1p1ish various objectives, ¢.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 fised or conjugated to the Sp35 moiety. Therefore, in the following
discussion of heterologous amino acid sequences, unless otherwise noted, it is to

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

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



enbodi nents of the invention enploy an Sp35 fusion protein such as those
described in Capon et al. U S. Patent Nos. 5,428,130 and 5, 565, 335. WD
2004/ 085648WPCI4485E84/ 008323 - 14 [0059] The signal sEOUE0®R/0S28

pol ynucl eoti de that encodes an am no acid sequence that initiates transport
of a protein across the nmenbrane of the -ehdoplasnmic reticulum Signal
sequences useful for constructing an i munofusin include antibody |ight

chain signal seq esSp I ' deGch : ; 9, J.

| munol . Meth., tioggé]wl-ag%l%o, O%ér}{l %8%)’3/3 %@%@n (gze%ag+ér1# agfs ﬁglc}ﬁg%a}bhélﬁ%é&% me. g.,

t he MOPCl41 ant i Wealgletranogynechssitating lgrgsldosss duashtmye tiBaspmnticadly effiectjivel 980,

Nat ure 286:5774) . Al:ter.nat.i vel ot her..signal seqguenc an be . See,
for exanple, WarBSFraligE,n tﬁfu%qdé’i EI’ ﬁ%jlltb@ P@%‘?ﬁgﬁ Sf%aﬁ%'iﬁ’g ?geﬁtuga g‘f’@nal
peptide is usuapdiyntizlipanésgd gloiseuldrfitefionf whidk senetaRéaIsstisGo h&ihtatonibieg. by
signal peptidases. .10 This results in the secretion of a inmmunofusin protein

. e ,
cont ai ni ng t e PRusiGnprsanRgafonafgclagiyely smallpolypepliessych 3 Spdadragmpearaent s
t he DNA sequenc @g}g%] ) ' kdtExi he secretion
cassette and thgb Sp an%itg{f/lfu Ag‘g%")é’?v%‘ég%?ﬁ’%ﬁ?ﬂ%@é‘%‘ﬁ%@ proteol ytic
cl eavage of the kateroldgousfamino acid sequenaes, iteh pelypeptiale audietips toh EcaFiderd, Sfatomai n

fromthe target protein, Useful nteolytic,cleava sites include am no

aci ds sequences 1?‘8‘88%?&@8&’ Bye f)t?@i@of'fft %ﬂh@{fﬁgﬁs Ogﬁlﬁf"pﬁ%“ﬂ?‘ 56’§P‘i1|‘%‘86feasm n,

t hronbi n, factorknén. or enteroki nase K. 10061) The secretion cassette can be
I ncorporated intg a re}gl | cabl e expression vector, Useful vectors include

linear nucl éPc al00¢E Bhstodisdens balihtenyids in wye distibution apd dack pEenzyragtic An
exenpl ary expresgi; ' CocebliaWicG1N b AR S S

i mmunof usi n DNA &s’ﬂ%f%gfeb un e?@hgssglglr#?gtﬁﬁﬁa?#e en%ancerm%?%?%??gtrer of
the human cyt onegdiiBAifragmentSisey preferyed héterobigoud moiety9 ThrovghapplicatioBpHphys.

Acts. 1088:712; d,Lo.et ,al.., 1998, Pr.otein i neering,11: -500. An
appropriate hoslflgtﬁg‘l'lﬁ ang%at?}—éalsi ’?‘%ﬁgﬁ @P?‘Petau%ﬂl “if@ﬁ%%@ciéedé’ Rﬂ’fﬁéf,ﬁﬁﬂt hat
encodes an Sp35 g4&. ID_S’AWD?WOMI@OS&H@S ﬁdﬂ&l%d%@,@lbsbt%%ﬁ@%empﬂsm%dnB;ECF etion
of the Sp35 pol ypeptide. Preferred host cells include inmortal ~hybridoma -

cel I's, nyel dfm césefl & fopyanSpp§ Susiongriptrase CWHM%@aWE?l?YS(I@P@aCE@BF%[ Hel a
e o o e, AV OB ST bR et )
fusi on protein atEfidtondOtfold ligheprie yonistaBidity. rRrefetably; thelGéerafimns ®f thedfSAi n
binding sites pr ﬁfﬁ?sre&% the %—%rrgn%uggf t(ljzle g{)%n mEnQ:?y. Féince 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 Fc region (hinge-CH2-CH3-CH4). An IgG Fc region is
preferred, e.g., an IgG1 Fe region or IgG4 Fc region. Materials and methods for
constructing and expressing DNA encoding Fe fusions are known in the art and
30  canbe 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.



region during the construction of the secretion cassette. For exanple, since
coexpression with the Iight chain is unnecessary, the binding site for the
heavy WO 20W4Y98H8a@8 PCT/ US2004/ 008323 - 15 chai n bi ndrawmusomtoesns Bi p
(Hendershot et al., 1987, Inmunol. Today 8:111-114), is deleted fromthe
CH2 domain of the Fc region of IgE, such't H&t “this site does not interfere
with the efficient secretion of the i mmunofusin. Likew se, the cysteine

resi dues present [0089} h®h&sighi gbquencesh Prﬂ\ﬁ@edhﬁ@ﬂ&ﬂ&idahé’s dr0dmilb RNy to the
l'ight 5 chain of the |m*runQﬁI obul in should del eted or substituted with

anot her amino af§ayence s ifiates Tanspat elapratemacrass theuaembrgnsefthe nt er fere with
t he proper foldi mid}8 e \égqf'eﬂ f usin.
Transmenbr ane do?rll%} Eiasse utéﬁguelg Si% %?g%ﬁl@éggﬁtﬁ%&@%ﬂw
del et ed. [0063] mbndeg@lbdda lightgibeim mglabseqﬁmceaedg Ahm!mdlydﬂll\SE(Gylhei dtal. Fc
regi on of the ot su e ama (gamma- 2, gamma- 3
and gamua- 4) %can?%geg Jlljlggﬂmg ll\?%ﬁ i 19e1t' g‘%"sﬁﬂi‘e %ﬁ@ﬁ‘gé?sﬁﬂee%&@. on of
i mmunogl obul i n gagn&xeMOPClpr aitibbaphsavyskdn blgnilheqlféﬁ@er Sk 4id e@ﬁlssi%é)e

| east part), . the CH2 region, and th

i ncl udes the hin eqi on e
region. In sonme ﬁ%‘ﬁ%&f’éﬁé) Altgngtye Ye@’ihﬁfrﬁlg’fal S%H?H&’ﬁ%@ﬁ“chi}lsﬂh %eﬁnf?ﬁ 1 is a

CH2- del et ed- Fe, whingile, WS 858D Blub1eRIA ﬁﬂf’R 8171514559 ‘gﬁkﬂ Etfgi 32'6
regi on, but not the CH2 region. A CI§I2 d(;l t Fc %as %egﬁgm esct,’rr3 & by
Gllies et al., uselyclewed imtheilbwen offideiddplamaic rétichifum by sivoalgpeptdisedi ment s,

br ot cins. eafone. SeRSEH Ak teiuafara PR RE b torvsighe s Hhresion pne.

configuration th&e@pBEfdﬁﬁdﬁjﬂS of the Sp35 noiety is fused 20 directly to the

N-terminus of the Fc npiety. In a slightly different COI’lfI?UI‘atIOI’l a short
pol ypepti de, e. gl0068l 115 sqmiesmbadiments %D ﬁcﬁ?ﬂ%ﬁﬁ?’é‘& £ Rrofeabytie glepvaebet ween
the N-term nus Ofitet HeBweaR 3 JEBieBb a oﬁl&i Such
a linker provi dels conf or mat i gna c1 | I it 55;,95\% ‘QEIGE Ei?v%%\&ﬁ% ogi cal

activity in sonfortiemrotaslyincleavage bf &e snn‘oﬁchfuemn ppoein tbns s:dpanaheg thefge regi on

i i ned the 25 h | 1, h
form ng o dfbar i din /et R el oot JIRET kbt Swibe s ”ﬁghéﬁr@t Fo
fusions will yieiddsseneapaaeiigized by prvkdhitic @A suéh éﬂﬁ(fpdfneFﬁﬁ

nmononeric Fc fusions each having a different specificity w yi el d
bi specific, bivalhEmebin,fagpcXa,ongatsokmase bf a nunber of cross-1inkers that

contain a CorreS@ggg' eh AL 0B sl 8 BEind PRl W Helcab RALHelRordr OUP can

be used to link to serum a
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 Fe
region during the construction of the secretion cassette. For example, since

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



Exanpl es of suitable linkers include am ne reactive cross-1linkers that

insert a thiol reactive-maleimde, e.g., SMCC, AMAS, BMPS, MBS, FMCS, SMPB,
SMPH, WD 204 WSS PCTI US2004/ 008323 - 16 KMJS, and evBGs20@vdogns suit abl e
linkers insert a thiol reactive-haloacetate group, e.g., SBAP, SIA, SLAB.

Li nkers that provide a protected or non- pr&@ect ed thiol for reaction with
sul fhydryl groups to product a reducible |inkage include SPDP, SMPT, SATA,

and SATP. Such r eluyebingingpeoteia)Bipr(Bleaddrshotdtal.| BIB7€ThBukb], Tocﬁ Bianca ),
Chem cal s). [006@](’&?}0 gati on_dges not have to invol ve the term nus of an

Sp35 pol ypeptid IPH?*’CFFH%B?@W‘ OSHW%"F%BWWHBE: fich et this giterslogs not
Sp35-al bum n  fug IsB&H iﬂﬁﬁ\ﬁ{o ni ques,
wherein the Sp35 tﬁnﬁ%ﬁﬁﬁléﬂﬁfﬁgé Sto t serum a hg&npi%egﬁ%rg{&y%tgﬁg
N-termnus, Gt erﬂmdnmpre@nt isgh&rFe m@lop@%ibp am&mmbk;fepbmdmg tathe light f used to

heter o1 0994 PPt AAATIE LAY A6 BBl TR B s 1

pol ypepti de to fadd,sutlahet theveicyiteiat raiussdd bt GREMRE Wlﬂ’i'thé’ ro@é&qbidﬁigl
chr omat ogr aphy dia. [0068] ln some enmbodi ments of the |nvent|on an Sp35

fusion const ruct Hedeaegion w 9“%”5941-5’%&3 PHEpmedisEt  AnssrenhramsRmaini ety in
bacteria. In sucgagonss rsh'&fa% ﬂ@ose? %%Mgﬁﬁlm5gdag{epl |y expressed and/ or
oye

secreted at a hi gh level is' term nal fusion partner of
an Sp35 pol ypept [0§63] S@be Igé}l@c regom isrpreferred. Altﬂ%ﬁrely%e@c&é'glaﬁpfﬂiepmeet al .

1988, Bi ot echnol | e et chnaol 1.187.
20 [0069] 000 ekl P Tmintbeld %Pir\‘ég‘f‘PR}%ﬂ%aFB’ha' i S SR dERm B o s
an Sp35 noiety w&dlﬁith%@e@adnmﬂe NngIg(Bl Fdi‘dgﬁ)nmihﬁhl‘imogoﬁlﬂm ghkhma-1 is

ol i godendr ocyt e- el in glycoproteln ( nmoi ety nyelin associ at ed

gl ycoprotei n” ( MARFIeTHRY ¥ pieg I the sREefimTaRss %%1’591“ ﬂfd‘hﬁh-tnﬁgé@%"f(aél?éﬁpéﬁhstructs
i ncl ude increasefhcigh reEiBhnﬂl'd'iﬂe ]E§ 'r%ﬂg&i’ I&éé%g %&wdlm-gﬁt@ the'El 7 OMyp

am no acid sequence I's Known in t accessi on n 3515) .
Speci fi ¢ exanpl eknrodnoghdsliopgpmalss aﬁ.‘éﬂ-chxl&tedalﬁc tthich iholuespartof tlﬁfﬂﬁﬂge] Sp35

(a5 34.532) 15 ¢ereioncnd o= G 16 Por oL e CERLSHER AL SledBompeopms "
full-length lvAG dextiitsed s/ Gillke gt/sl) €990, Hukh Quibbd) Hybgiderhbs, @ Ganpasdme
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  Fcmoiety, 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,



accession no. A61084). Specific exanples of Sp35- MAG fusions include the
foll owi ng: WO 2004/ 085648 PCT/ US2004/ 008323 - 17 [0074] Sp35 (aa 34-532) +
| gGL Fc + MAQe8h@8aci d resi dues 12-500); and [0075] mpdbs@mossds 532) +
HSA + MAG (am no acid residues 12-500). [0076] The full-1ength Nogo am no
aci d sequence is known in the art (NogoA~ &nbank accession no. AY102279).
Speci fic exanples of Sp35-Nogo fusions 5 include the follow ng: [0077] Sp35
(aa 34-532) + | gRAMUS, ahdenBS. ONRS 9ABIE 1Rerd Gt 4Si - skd22) ;. [0078]
Sp35 (aa 34-532) + HSA + Nogo66 (NOGOA am no aci _ﬁq@gg{ég‘%‘e"g%g%%lzz); 10
[0079] Sp35 (aa 3&“B?$}sSB$-€yC§JlAF§JAlBCaW@S Krsgproyide gmtotastedor maimoteetsi dues

1-949); and [00 - + ' NogQ. 0A am no acid
resi dues 1- 949?&?%@??04@@“%}%5&%@%#%T%%ﬁﬁaéﬁcwg%ﬁ%% Ccar boxy
ternmini of a suiSBDP,SMRTE, SABAandS#Th Such biagalteme comntepdinlayaapible f@gns of
an Sp35 pol ygept#ﬁge rC(Egln be. .obtai ned. For exanple, an Sp35 npoiety can be
fused to the am NEFENE TS dxy ternmini of an Ig noiety to produce a

bi val ent nononer j0066J0! CaGREALRE d6QHoRhiVe invbWe tRPRReiih&l draS Spipon
di neri zation of two of these nononers, by virtue of the Ig rrgl ety, a
tetraval ent for riddypeRtidespribe phiejmagietyios serpmalbrsein. Bovtxamplle, Sp3i-elbtm0 f or ms

can be used to A i Mgl £ f P

Mul tival ent fo?%%log%/@agp%?bai soqlglglﬁrk‘gfé&%g?gl}h%@(?@é?&g{%%gEvéite%p“g%%l%?set ies in
tandem to form moietais fdmed & thekérain aftamib gerengp ite JWeidrmainos € -timinus,ed bbth. a
fusion partper s as,.| r . nj ted Polyners (other_ than

pol ypeptide£§ 25[%%‘682?93%&?&55%@8@%#@9 to?‘ﬁt@mil SR PYROTY Y WB‘Pl{;@tean Sp35
pol ypept i de whergirfficaiitCordBerdtic iR YHESpS 5 M ety ORMUSALBE, § AAMANE B ¥y | | Nked)
to the Sp35 pol ypeptide. Exanplés of polyners suitable for such conjugation

i ncl ude pol ypept? te @n Spds pelpapbide o) faciblatpamunifisatioreusinganothentighy kyl ene
glycol chains. T igﬁ%}:ﬂm{nﬁf&ra hleglgcessari ly, a polyner is conjugated to
p%"!g&e or € pgir}g (

t he Sp35 pol ype ose of 30 inproving one or nore of the
fol  owi ng: sol ubfioDég]y, Instalbicinbbyiments o thediantiamiahiSp$5 fusion construct is used

15 to enhance the production of an Sp35 moiety in bacteria. In such constructs a

bacterial protein normally 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] Insome embodiments of the invention, a fitssion construct includes an
Sp35 moiety and a second human NgR 1-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 Fe + 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:



[0083] A preferred class of polymer for conjugation to an Sp35 pol ypeptide
is a polyal kylene glycol. Polyethylene glycol (PEG is particularly
preferred. WOGAMX3®4/ 085648 PCTI US2004/ 008323 - 18 nmimeesemo082g., 1, 2,
3, 4 or 5 PEG polyners, can be conjugated to each Sp35 polypeptide to
increase serumhalf life, as conpared to-tRé Sp35 pol ypeptide al one. PEG
noi eti es are non-antigenic and essenti all y biologically inert. PEG noieties
used in the prac o] ethg

[ 0084] The nun‘oewog@l %%;%?g??sgg}tt ac ed to tf%ﬁiﬁg@%g%m gg??@e and the
mol ecul ar wei ght [§75k h&p3n@s 3#-433) + HES thﬂa’;&@xmmamérqsldubmlgéﬁlér al, the

hi gher the nole t 0 he fe
attached to the ﬁg’gﬁbpepélﬂl@éﬁ@gzg? D ")‘I',aqdﬁsa'fegf% \?%‘81‘"@%?1‘ s@fg’ﬁ?‘gached to
the Sp35 pol ypepGestaukiasccbsiamE WRIR219). Sfecieexabiyiss ofiSh3oMegpelscmr chai n

i s attached, the p g@reﬂ 10 nol ecul ar wei ght of the chain |s 20-40 kDa. |If
two chains aPe alCHgh MIDHr ef erred nol ecul ar wei ght of each chain is

10-20 kDa. If thfge h BE i r wei ght is
7-14 KkDa. [0085][Th7elcp ﬁea? 53? nglgfétglﬁgo 108 (ﬁ%ﬁ%ﬁﬂhﬁ i A(’Eﬂééag
pol ypeptide throl@fi$-1123% suitable, exposed reactive group on the

I tide. Th i be, f I
N1 ermnal - am no @ Buoses EREHSH T BRATIRHEST 068 RRine I BRALR 367 ne
resi due, or bothi122h activat ed polyrrer can react and covalently link at any

free am no roup n th peptjde. Free_carboxylic  groups, suitably
activated ¢ Pbon 7%]r oglﬁ%sp i)y it 12y Jgnt agino N%P&%IQ%?‘%MWCH&E%@ES

car bohydr at e noi F_Tgu and rrercapto groups of the Sp35 (if available) also 20
can be used as reactlve groups for polynmer attachnent. [0086] Preferably, in
a conj ugation r el¥80lonSpF5r(eaBs4ia2)x+ HSA 4t amiad diego (Mogra aminofacidaetidueat ed

pol ynmer per nol e &g‘) pol ypepti de, dependi ng on pol ypeptide concentration, is
enpl oyed. Usual I?/ the ratio chosen represents a bal ance between - naxi m zi ng

the reaction whi[oesI] NByifwsinpoansSpds nicieéte bi thésm{nofahe RaboXy HAGRI fJfaCéulfhlSlat 25
can inpair the desired pharnmacol ogical activity of the Sp35 noiety.

Preferably, 18t fugiveparosy, jyalenor U@V@@téwsgéw§P¥§/pf(1&chaéﬁmer ated, e.g.,
in any of the asg@ged, %%Cewﬁﬁl@ ihes;@.s%o@a Kaparm&a th g aﬁﬁﬁﬁ;a&&caﬁﬂﬁ(ﬁp35

pol ypeptide is retai ned, and host prefer ab nearly 100% i s retained
[ 0087] The pol ynierminaof aselgmpttsrgamduqeca hlmerepwomanypelupmmde gmtmgmso .

conventional c hel.[pvo épS% mmetmse)t%nﬁ ldunenzatri) c}lfz%wlé %k i 1%01¥o Onj:rs,rg?/ v%Ye ofHE be

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 2
polyalkylene glycol. Polyethylene glycol (PEG) is particularly preferred. PEG



coupled to a lysine epsilon am no group of the Sp35 pol ypeptide. Linkage to
the |lysine side chain can be performed with an N hydroxyl succi ni m de (NHS)
active WO 2WOL0@48848 PCT/ US2004/ 008323 - 19 ester SuciCTass20EG08323

succi ni m dyl succinate (SS-PEG and succinimdyl propionate (SPA-PEG .

Sui tabl e pol yal kyl ene gl ycol noieties incldfler e.g., carboxynethyl-NHS,
nor | euci ne-NHS, SC-PEG tresylate, al dehyde, epoxide, carbonylim dazole,

and PNP car bonat goichibe £, 1e2.0E Atey 5HEG ?ﬂ’(ﬁ‘é,(‘daﬁlbla)f & foalkPsp33ddi ti onal
am ne reactive PEG |i nk%rs can be subsﬁ1 uted for ?lﬁ‘elgéfsugci n}?n}\) yl noiety.

These incl ude, ePyypeptidetorneregsssamuashalilife.ras sormpsred to the Sa8 epolypaptidscaldas, and
b triazol : i f s ar e. t i.ni ze th
enzotrLazole caphoalas S HhARBALER IR BLEEITRRR, B MR 20 the

selectivity and extent or reactlio za
conditions is wi tdedin thegracticeoftke inventiontnney terbiranched $10GB8IncREdSy| ati on can be

carried out a f the P | atian r.eactions, kn n.the art. See, e.g.,
Foculs on uGrog/%/ h &éﬁ‘ﬁor ,G%FHE"% ?§ﬁ§m9n%ﬁ%cﬁ%@£&?mwwﬁ § angkthe °
appl i cations EP Roftbsladw@ighttt thRinBivilRaB8G clERdaa V9D HRYRSaICRE hight thoUt

using an acyl ation reaction or an _al kylation reaction wth a reactive

pol yet hyl ene gl y@elecw weightof tia palymerntie &y solyase ehajis atiackad ta Sieubl e
polynmer). 15 [0 O ot ' ' I ng an
active ester de]?(ﬁ %P ﬁve’ o@fcﬁ%@%@ﬁgﬁ%%%%%‘%& ?%%g)ts?#/ée/s%@ﬁtﬁ)% ecul e
can be enpl oyed istiront 20ekIPE@4 ek rThud, i owef prilyreet chainiiy attaeleHS peofered | s PEG
esterified N- hydr.oxysuccini m.de . As._used herein, "acyl|ation"

i ncl udes wi ﬁﬁoutmo%f"f]rﬁ‘é?lglgr?f&%cwlg E@%ﬁ@?yﬁuﬁ%bﬂw Wﬁé&é@egél‘?/veen t he
therapeutic prot glefrddthofecdlir Waight oSAbhEHaf: BADVIRDaS YEhr@hEEareaM de,
carbamate, urethane, and the like. See, Bi ocongﬁgate Chem 5: 133-140,

1994. Reaction piteahads heprefpraed molseuleiveigh is 514 5Pai d tenperature, sol vent,
and pH condition at appg r.d {4 I I de.

[ 0090] Pref erabl @0 é%]heT%%l&%%f %g" ?Fﬁk%a&e%?%k%‘ﬁgo% %@.5 @?@%@ﬁg %PO,% at | east
95% 25 of the rasshititlg epparedd edactive groupoon e polgpeptide.- Phéytmbaikeadtvever ,
sone species_ wth higher degrees. of | ation may be formed in anmunts
dependi ng oh%t heSOUHBIGAE PESERI, aegﬁgﬁma@la% Ppéf)fl}ec?ﬁﬂfqnﬁmlb‘hrified
PEGy| at ed speci egofy §f arSigRAaRlyaferéRifle! (1DofH. MrticBivate@ hblyaidh 84 péaddBREACT €d
speci es, by conventional ©purification nethods, includi ngé)lﬁer. g., dialysis,

ce

sal ting-out, ul teoplently hnk @rny SGe ppmoake pantbe Sparrdyrsgt grsboylict rat i on
chromat ogr aphy, @'&gps?élﬁﬁf)ﬁ/%laﬂ%{tgééa?bonyl 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



[ 0091] PEGyl ation by al kyl ation generally involves reacting a term nal

al dehyde derivative of PEGwith Sp35 in the presence of a reducing agent.

I n addi ti onWQHe+/a8$48004/ 085648 PCT/ US2004/ 008323 - 20 pcpOs20®Nogdzkat e t he
reaction conditions to favor PEGyl ation substantially only at the
N-terminal amino group of Sp35 (i.e., a moA8-PEGyl ated protein). In either
case of nono-PEGyl ation or poly-PEGyl ati on, the PEG groups are preferably
attached to the t ceto
the 5 - G- oot L i Sisiiipial e ey b0y ahPlcbBtpR0| AEpEREECC.

[ 00921 Derivatiz BASREG). asmlwlﬂcnqlwékmnh)gﬂ}@plmmetms mcloﬂfu@g Aa rmno PEQy| at ed

product exploits_ d Ctl Vi f t mary amni no
groups (lysine v%k%@%%%ﬁ@? Lhcﬂcjﬁﬁ§’g$qg§b Fsg f?ﬁosﬁlﬁ ?D’ﬁl . The
reaction is per tabomlinidazalepihd PP cbéraws Thes: fespehttloge eshitabicaitle of the pKa
di fferences 10 bet ween t he epsi | gn- am noﬁgroups of the Iﬁsi ne residues and

that of the R-tepyAladlp Additionalgmangyreagtive REGinkersican bigubstipyedsler Bet i ve
derivatization, gltaeh f'lrnoﬁi aI‘hW?é ﬁEludé 9@”%&9&3&%&% nf&li}hflﬁ@%&@dnﬁt%s,a

reactive group such as an ehyde, to a protein‘is cont
conj ugation wt hepdxalep,cﬂnglﬂmlzmgb cptbasdes rienaditionsipitefayatdy aterohoseN-to er i nus of

Such as the | ysi RBHAR: ERiTRA bR by lon, SheFpb BRSO BR v, T

nol ecul es used i ébﬂdﬁidﬁsid\elﬂﬁﬁ)ﬂ'diﬁarpﬂqﬂlﬁdthabkw ation approaches are selected
from anong wat er | ubl e %Ihrrers The polyner selected should be nodified

to h?\éehadsrlﬁgl e[qog@ctm@@ ?ﬁn@l?éﬁleQ@taW apgrof the Rigvation isactias knawron or
an al dehyae Tor ﬁJtﬁ%HtSeQ{k}.%Fffgg\%ﬁ‘@rM?%cthﬁaﬁ 4?@1? ﬂrp%ﬁhgﬁé:ﬁt ropean.

pol yneri zati on may con as prov for in e pre

exenpl ary react i paerPBfplidatieinZR0 i $4 pid and(BR0 @}1838@1 ?@ﬁqu:umpnayrml waiedde,

which is water sttabl e, no 0 q %ﬁﬁ ﬁ‘?f?ede“ vatives thereof
(see, U. S. Pat efit ugm§§§a7)ﬂﬂt)‘°nrﬁféloﬂ8f%@‘§y %’“B%c a8 unbr anched.
For the acylati pﬂyétﬁﬁeﬁd £9co] role@uRqbydRmebrosatative dathaulblepaltmed). si ngl e
reactive ester groug@qFor reductive al k%l ation, the polyner(s) selected

shoul d havel& SI Yetignbyacybaipn gengr Uﬂﬂv‘@#ﬁéﬁ?aﬂmg’an?ﬂé’e\ﬁﬁ?’ér sol ubl e
| |1
pol ymer wi not 4 Qﬁ/gﬁfé @%ﬁ%&%&n‘é@ﬁ@f\%@ﬂd EPRG m@@cﬂ% ¥4 P50/ dm Cﬂlﬁﬁd‘iﬁ'es

since these are usu con |ent y manmalian re nant
expr essi on systeﬂmPE{G}z@@m}l Wotrbfertsd amvaqﬂdgﬁﬁraswglsd’ﬁiﬁiawrdﬁ@doSpSS general |y

' ncl udes the st e@grr %{%gwcg%\'}lgle%ﬁﬁ% nﬂs useg@leremp r‘acy a.l’ugn'pr cﬁxﬁesy\%‘%ﬁ)t pde with

pol yet hyl ene gly
' 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
aveid 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  ofthe 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  ion-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



reactive ester or al dehyde derivative of PEG under conditions whereby the
nol ecul e becones attached to one or nore PEG groups, and (b) obtaining the
WO 2004/ 0859 4020IBFad2004/ 008323 - 21 reaction productgcyushenoggnasral , the
optimal reaction conditions for the acylation reactions will be determ ned
case by case based on known paraneters and?fhe desired result. For exanple,
the larger the ratio of PEG protein, the greater the percentage of

pol y- PEGyI at ed pggHatipniate HORAioRe ' ' g@ﬂfﬁ%‘
substantially hono ene%ys popul at i oﬁﬁtﬁﬁé‘#ﬁ%ﬁg@%’gﬁ}@r@ﬁ&gg{ g né*?ya‘ﬁ y

i ncl udes the st eﬁs%bfe.nnpa) ammaEupf8pSHE 5., pmunet BEGdateg ptojpeptindethani t h a

reacti ve PEG nol I un ' ti ditions, t H

suitable to pen-%ﬁfl!“J oglé]f)gg"? Wgﬁaﬁﬁﬁﬁﬁ@ﬁ Fg;&iagi‘fm’ﬁﬁ%ﬁﬁat%?"rﬁsﬁéq prﬁ’%farli’g" I(f;)roup of

Sp3 5; a_nd (b) o#tashed toghé ﬁEtdmﬁﬁhi-Oﬂzmwp(. sWith particORP flferbie té the _

subst anti al I\é ho [_gzeneous po&gl aé i.on of _nono- polyrrer/ Sp35, the reductive
a i

al kyl ation react 1CR2-ceHp thipiyge g Wﬁ%@@’?ﬂ?s%rﬂﬁiﬁ" finageel ective
attachment of t hgyugt epediisRidh ROl ve Ay RE¥n &;ﬁ{%ﬁ@pel\iﬁgﬂo-ﬁﬁ@y%teﬁf Sp35.
|1 rovidé for pKa di

Such reaction condi'tions general 0 ) fferences” between the
| ysi ne side chapmadegtienplolis difforsntial deacheitNef differenttypesif pongrycamino Eomppur poses

of the present 15 j.nv i .prefenrned.pH s .. in t range of 3-9,
preferably 3-6. ?%fépéﬁ%%%%]ypeﬂ %vglé{sb?%tgﬁd?rhv@flﬁﬁgma SEEAROYS A noiety
that can be subpeafinesd bya SIEktaaslksvdamne b5 akeadwiaiage offfis pKaldiferénceé ne noi ety
can be selectively nodified by.first reacting a Hi s-tagl}rmdified wth alow

mol ecul ar wéPghtbq.t'W & eRsyiep- mms-@mé&awsiéwwé atphtheN-{Frminal eact
with both the |yghing ﬁ?cg@ A b RITTBHRch 8l D 8L ivRL AR %Egcfgfﬂ t%%ﬁvaareg- The

pol ypeptide will the ntain a free %I—_I group that can el ective
nmodi fi ed with a fhdlepelyaenihairoataitsiagbactivegiotp suchias au aljebyds, ®ucprotin ia

mal ei m de group, .a, vioylsul fone.qgro a hal oacet ate Qu. r free or
protected SH. [Owg]‘)helar{é%tco&%%%%e‘ﬂtﬂp@ﬁﬁoﬁgef F%@&%F %Q{%mﬁmﬁrl tHCer that
Wil setup a speNitéintinusXy thd fréteimindmoGigiifcashiBdificatioflof ot@nith&ive Brdliph, S

reagent can be replaced with SPDP, SMPT, SATA, or SATP (Pierce). Simlarly
one coul d réact 6B apihsEsing side (haiRAming,grEps: BEMS- ve | i nker that inserts a

mal ei m de (for e I %Hﬂ : . %}“ﬁ Ikﬂgﬁ KMUS, or
GwBS), a hal oace@ﬁgt S?o égqig?cuée?%?éépxgﬁmgr a“@?%&?u o[r;}% group and
react the resul tappgaphascue selsviddfroom adGng Eaiet dohitblepaliaens Tae polgmeSH.

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



WO 2004/ 085648 PCT/ US2004/ 008323 22 [00991 In sone enbodi nents, the

pol yal kyl ene glycol noiety is coupled to a cysteine group of the Sp35

pol ypept i deWOCHMB5G48 can be effected using, e.g., a net@EWS20R008304P, A

vi nyl sul fone group, a hal oacetate group, or a thiol group. [0100]
Optionally, the Sp35 pol ypeptide is conjugadted to the polyethylene glycol 5
noi ety through a | abile bond. The |abile bond can be cleaved in, e.g.,

bi ochem cal hy [ t IS, L exanmpl e,
the bond can be "ouCa PRy B, T8 B, O bebLrA Y Corf R M Alee B 0T N)
The reactions nexpagtigne vipll he deteyynined,casa izt cabt easad ol boowis patametersrand ¢hel ng

bi ol ogically act} lals W th tnert pol yoer referably at about pH
5-8, e.g., 10 p g?([%%ﬁg,%orrex%ﬁ ]Ie’fth? ﬁ.gch g’f@%?%%ﬁgﬁ(gﬁbcgmﬁft eéwaf[eh@eal pha
am no group at teecehtdge bipsly<PEGyEaet mbdyet.t he process involves preparing an

activated polyner d _thereafter reacting the protein with the actjvated
pol ymer to p?odu@@gﬂheR%‘E‘Pmﬁ dkylafiqnta prpducs & swestanyally hogoganesus pepulaliset or s
15 [0102] The i nysadd i (Sl ST 34 .t i '
encodi ng Sp35 polyﬂeogp?lggﬁgﬂ#?gggﬁg%l@reﬁ%f vec%%%ﬁggﬁ efg#fei%%i r?gi%cﬁ Tol
sequences to whirgelyphptideueities teagiivedREGinolehils under eeductive alkyletier aintliyiohs, nked

depends on the funeiional .properties desi..e €. rot.ei.n_expression, and

t he host cell toat%é&-f ‘Jlu“rltgﬁlgft @P?TIE%F S%ﬁﬁff)%%ﬁﬁ‘:%&c’p cggge; %‘ﬁe‘z‘f}ﬂ?‘r“-&m“g%%%‘fs

useful for regul$3i5ngnd (b okixipinghe actidh piaiucer abl y |i nked codi ng sequence

are known in the art. Exanp]es jnclude, but are .not_ limted to, inducible
odg s

promoters, &®nsth beensially horaogeagqus porylgtion of mefieapolynersSprI%ethel at or v
el enents. Wen ' ' ! ' rolled, e.g.,
by a change i 1 oty aaplQleBoREAMRontRolSa okt HaARrR EMLRY | 0% )5 Post
cel | medium [ 0l0Wthidens of thetveatersalublepolyube mpigly tikthe Poterminuenf $p36n Sutte. , a
DNA sequence having the.abilit o_dir.ect t pponous.replicati on and

i ntonance of | CHETOR SERiRH AP EHE RurR ARRPRRGA PR Y S
bacterial host ceainanBH6 Broupeid theNStehtfiifal\Wiliho KROPNForpuiiiedstithe prdsaneldi tion,

vectors that include aégrokaryotic_ 30 replicon may al so_include a gene whose
expr essi on £dnf dR¥eniionne prefesied pibis ppthe range pf 39, prefFrally 8¥si st ance.  Exanpl es

of bacterial drugesssi GisBHoRpASIRS o ifclllioPRe, S oM Bt ETeSt ance to

anpicillin or tetracyclin
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 ,contz;ining 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.



WO 2004/ 085648 PCTI US2004/ 008323 - 23 [0105] Vectors that include a
prokaryotic replicon can also include a prokaryotic or bacteriophage
pronot er f oWV QI0PHER5648g expressi on of the codi ng gene S eqpeiBSMod/fds32s
bacterial host cell. Pronoter sequences conpatible with bacterial hosts are
typically provided in plasnmd vectors cont&?nirng convenient restriction
sites for 5 insertion of a DNA segnent to be expressed. Exarrpl es of such

plasm d vectors [¢une) p%@m&ﬁ%% “@’Eﬁm@cgﬁh J:dt%rld pKK223

(Phar maci a) . Any swtabl e prokaryotic host use to e ress a
r econbi nant DNA ﬁrﬁtmgreup ibe 8paypelypeptidei Goupling ban bewfbtdadoning] 4.06]

Euk t |1 Kk t da 10

cormet i al 1y avaiT e ol 8 SRRl G Bptelatf hn, & driveheahe
restriction si t{aﬂiot}pr Optisealllyj the Sp35 polgpeeiad is@dnj@lﬁe@m%ﬁ& eth{BREEIG60Y
vectors include pSVL _ and l%g ﬁqr naci a) I\/?_(

(International Bt hrgiesgilaule b‘mﬂT labilerlyend @E@hsylea\r@tmm@ rlapchemésm on
vector pM G adeRaubiis, prbidblykis, or\é@%yafyle 3 gaigsﬁaﬁ@ o?,ﬁ% g [0107]

Eukaryotic cell expreéssion véectors na e mar er e.g., a
drug resistance demlﬁwmmlotﬂmbmmﬁamf erase (neo) gene (Sout hern

t ., 1982, J 341 f h
FOlOg] To expres %E%lf)m ﬁgg{a ¥ I??a%%ogly }%?dééhﬁﬁ?egﬁo fc&ﬁ?ﬁ%ﬁﬁ a gene.

partial or full bxbmggiahy httgjetmaﬂihlmﬁwywﬂbalyﬁ&rsapfbﬁtrﬁﬂﬂ?ht @di)ut a- Ssé@r ession
vectors such as Bﬁ% E 3 é retrow ruses, cosmds, YAGCs - deri ved
el

epi sones, .afd th the spactivs gﬁ“ﬂﬁ@éﬁ%m&ﬁ@@%%%aﬁbﬁﬁ ol
sequences are chpagmu. %%rﬂ%@ﬁfo@éﬁlnvm%pp%gﬁj B 2B %&gﬁrﬁlﬁ" used.

The antibody light chain gene and the antib vy C ene can be
inserted into sefhareafter roasting the proteionith iberbeitiated polyme ta prodg}ertbsscézﬂﬂel nserted

into the sane exﬁn%ﬁé"?ﬁbl\éq&@mﬁl t5011 0109] A convenient vector is one that

encodes a functi y conple ufan CH or CL i munogl obulin sequence.
Preferably, restriction sites engineered so that any VH or VL sequence can
be easily insert¥ectansd expressed. In such vectors, splicing usually occurs
bet ween the splice donor site in the inserted J region and the splice

acceptor site pra6z] nfhe iheerhiommv@l‘es @gitars corapudsing the natleichueids phdoding30
(29 ons, Lhal occrtt R e U, O Srrey DO LSeny Lot S o o
the coding regi W&ch%ﬁ@m%%m%ﬁwﬁe%@ﬁﬁwd depends on the
functional properties desired, e.g., protein expression, and the host cell to be
transformed.

20 [0103] Expression control 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 medivm.

[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.



- 24 The reconbi nant expression vector can al so encode a signal peptide
that facilitates secretion of the antibody chain froma host cell. [0110]
Preferred re uIator sequences for manmal i an host cell expression include
vi ral elenéwgémyﬁﬁi Yirect high levels of protein expredTdis2iosmarmal i an 5
cells, such as pronoters and enhancers der%%ed fromretroviral LTRs,
cytonegal ovirus (CW) (such as the CW profiot er/ enhancer), Siman Virus 40
(SV40) (such as the SV40 pronoter/enhancer), adenovirus, (e.g., the

adenovi rus maj ofo1054t eVaatmﬂiaetnc(uﬂd MpR)k)LryoﬁGi'épﬁﬁal adhchlaﬁilh@lﬂﬂb ar%ww(
pronoters such as, nat.ive |rrrruno& |in and actin_promoters. For further

description of VPybartespPhage RTOMalst foriEssiing epressian oEWe adiag senrsegwmeesdae
e.g., Stinski U Spactial h&l@gegl @r&ﬁété’[ ued%%é J:ong:aﬁble ith bddferiafhore4>: and

Schaffner U S. Pat. : reconbl nant expression
vectors may car rVP@éﬂﬂHﬁE@gd mslasmégmt@nseontmapl@coawnmtnefstnchen siestfar i n host

cells (e.g.,corigins of Jﬁﬂfxst%g{ne&%b ”Sqr?se%fcﬁm ples of 5 vq@%ﬁﬁ@eé@%?ch t he

sel ect abl e mar ker gene acl es se

vector has been axapUO)ﬂupIed9 (pemzeagdp]am (BibFad), PP anldgGKK2233PRardh6ia).
4,634,665 and 5, 179, 01 For eXﬁn§§a@typ| cally the sel ectabl e marker gene

confers resista yyita e gsed 3 passy dreropibingt Ry melsewe on a

host cell into wb@hg EE&,&{E%}'%M tigeen introduced. Preferred sel ectable
mar ker genes include the di hydrofolate reductase (DHFR) gene (for use in

dhfr host ceI | s 9106 @Jhmphgpelbm@smwg@@mwmmmﬂmﬂemd)amnd the neo
f 1 I
gglnsp(ept(:) |r des anz&lrﬁﬁérb@f%gvaﬂ%@% i %&%‘L\Mg Slcg(yg&é‘%t%??%c%ﬁg?srpgl}q%% f‘wgge nucl ei ¢

acid nol ecul es, sremfdﬁénssﬂmd of dte deklf@lﬁlfmrs@ﬁemnliﬁémﬁaw&ﬁbd iBclagspsee! | .
Transformatlonc P%e%ﬁ{?ri? su ti%ﬁé rrethqcfl Met hods _for introduction of
exogenous DNA i A gﬁ”ﬁ%ﬁlqsp 1 {Infermaiianal Biptgehnglogieshd i ncl ude
dextran- medi at edyfrypn BPZBS &dlﬂimsx ffi’b@ét@r aBIsﬁcRrFqu&utﬂe
pol ybr ene- nedi at ed tran ect o prot oplast fusio €l ect roporati on,

encapsul ati on ofvemep}SGB%aadéqW dw@) inli posorres and direct

m croi nj ect n,addition. . nuc m)l ecul es
maybe int ré)%ucg@l{)ﬂt (o) %ﬂlﬁgf F%}Eexggfsggn B?F‘?}F P&y W&qeoarsgiec 1‘3[]’('531‘.' %r]
Transformati on of diagsdsiseabe gexﬁarrhbaeca@ﬁ;mmﬂds dlbi'as‘dlﬂimé@)rgme(&:lutheﬁﬁéthOdS
suited to the vector_and host cell H&YO%I{H For transformation of
prokaryotic hostiled?§%]. l\éPIeéPF]OQSP"éth dise exampleof sush 2 $88€hods can be

enpl oyed WO 200449641 Més%%ﬁﬂ%%? antibody fragments, DNAs encoding partial

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.



- 25 (Cohen et al., 1972, Proc. Natl. Acad. Sci. USA 69:2110-2114). For
transformati on of vertebrate cells, electroporation, cationic lipid or salt
treatment MR WBHBS¢EN be enpl oyed. See, e.g., G aham et Pei/us20042008323 Vi r ol ogy
52: 456-467; Wgler et al., 1979, Proc. Natl. Acad. Sci. USA 76:1373-1376f.
5 [0114] Mammalian cell lines avail able as Zfosts for expression are known in
the art and include many imortalized cell |ines available fromthe

American Type Clhé tcombiahtesdpieasion #dtd)lcan 1166 eolid 8 kil peptidcAhatdhdiBatehi nese
hanster ovary (CHO), cells,

NSO, 2 cells, Hela cells, baby hanster kidney
(BHK) cells, nof%& %ioéﬂwngé?dys"%e@@)m, 2 hogtepll.nepat ocel | ul ar car ci nona
cells (e.g., Hepyg®dly PR ARATHR4th f@.“ﬁm%h | ] nes.
[ 01151 Expressi or_[1 of] p(_)%ypept ie%lgs rsgﬁhg?% uctron aggeﬂﬁéngtﬂle%‘%%:éasﬁmge enhanced
usi ng known t echimicieyiraFdementsithipt direct igh lpivels afiproteis gxpr¢ssiohds mafGR)iasyst em
s comonly _used for enhancing expression, und certain ditions. See,
e.g., Eur opésap g?allise'fﬁ °ﬁﬁ%2¥°%%%§%’§?"%6%§d’§§Y“§fW6§§§’é@%f§ﬁa Eur opean
Patent 15 Appli caytbmegdioviri 9GNBHGduch as tHICNIVGRbhotel/ShhRlerI8shiak &lidus 462N be
prokaryotic or e;{‘gﬁs?t ic. Preferred eukaryotic host. cells include, but are

not limted to, el as g w40 prometpy ephancey), adeapyifss .2 headegpvinisar y
(CHO cells (AT | | : S

NI H 3T3 (ATCC Pl ?%ﬁﬂﬁo%t%&ﬁﬂeasg%@f bﬁﬁ%ﬁ?@#@?ﬁ?@ﬁaﬁ ﬁ“e@&’é‘%@ A(SBHK) .
O her useful eukaatiMstimmunoglobulinldnd acticproveters Ster furttek Hesceipiion ¢fivimi cel | s.
Exempl ary praokaryotic host cells are E. .coli. and Str.ept ~ FOrmul ati ons
[0117] Corrp&@iti %EiaEO&?I:?Fﬁ?tﬁgﬂﬂéﬁ%‘eB%ﬁS%eéi?fiS&S&-F@HP&%&?@M-mm es, or
25 antigen bi ndi Bg68,068]BRAITES OPat NG, 14;530335 PemidiSeRsTERS UIRPat Y. 308 gUs.t abl e

pharmaceutical ly aciept able carriers. For exanple, they may contain
exci pi ents and/ B11ELxiThe EeperaRing SKPmESHqn Yoplgrangy e sslvgcetthatresudate i ve

conpounds into e ' ] del jyer bt ' Action.
Sui tabl e formul ati oﬁagfo ?F%ﬁgggﬁ%ngﬁgﬁegggﬁégﬁsr% at‘%fér{ﬂllcn%%agié& geéé&féaggé;
sol utions of themadker gehes ofiroseiadtablemBBengane facHitdtesdelecliar of hobeellekdop| e,

wat er - sol ub salts, Jn addition, .suspensi ons o Lve ounds as
appropri at ehgi I ywﬁ’ﬁ}l&eﬂ% rbg@ggﬁg}%ﬁﬁceﬂigpe&g-M&t%@ﬁ,@%é{%gﬁ&ﬁlé
PCTI US2004/ 008323,634,68%and 5,179,017). For example; typically the selectable marker gene

confers resistance to drugs, such as G418, hygromycin or methotrexate, on a host

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

20 methotrexate selectidn/ampliﬁcation) and the neo gene (for G418 selection).
[0112] Nucleic acid molecules encoding Sp35 polypeptides 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



adm ni stered. Suitable lipophilic solvents or vehicles include fatty oils,
for exanple, sesane oil, or synthetic fatty acid esters, for exanple, ethyl
ol eate or WOP48sdBdes. Aqueous injection suspensi ons FEYUSMAL8E383
substances that increase the viscosity of the suspension include, for
exanpl e, sodi um car boxynethyl 5 cellul ose, 28orbitol and dextran. Optionally,
t he suspension may al so contain stabilizers. Liposones also can be used to
encapsul ate the meiest) 49 10f2 bR NuVEAK! 98 TOK 91 0 8Tyni BLO cells or
interstitial spaces. Exenplary pharmaceutically ~accep 5%1e carriers are
physi ol ogi cal | y s@sfumaborotertemtesells clspoporaionneationic lipicbartsalt grsatment

anti bacterial an i al ent LSO ic an of,ptjon_delaying 10
agents, water, sgjﬁﬁﬁgg éa{é%sep g 88’b§?ef 8‘%@3’9}% %é’,ﬂ’ @3{&8’81&&’ agéégﬂg ]
et hanol and t he Wigleeet al. N1 50 Proe Yot AREd) (881, USRE76 D3BORI76E.0N conpri ses
i sotoni c agents, pl e, sugars, Eol yal cohgl s such as mannitol,

for exam .
sorbi tol, or%od[%i’ﬂc%@iﬂ'ﬁ@?‘n?ﬂl Ines ailehlsa hostn{os exprrwiangrplrgvwn ke
conpri se phar mcguiddatihye ﬁﬁﬁfﬂﬁ@tﬁze&&@ﬁhﬁ@ﬁ@ﬁlaﬁl@%n@&e‘ﬁﬁﬁ@cﬁﬂ g M nor
amounts of auxiliary substances such as 15 wetting or enulsifying agents,
preservatives orColtte Eolsctioni(ARCENMNEhrse inchde ghtet hlia,| Ginese harestbemairweness of

the active ingreg [ Co Ftions, af .the. inventi eina
variety of for mf&lf@ﬁﬁsealaﬁIﬁ%é,ﬂPgrceﬂg%%lcgl?s, Pz‘ﬁ, L}?aglsteé. acy k%ﬁi%% e and
i nfusi bl e sol uti moskey kildiepeelis (OUS), Ruspdrpitodtdiular 62dihode kéll (22d Frpldy), dosage
forms. The ?ref err&d form depends on the node of 20 adm nistration and

t herapeuti c Qppl qeélﬁ,an[i@mberwfé)ﬂg%ﬁ%ggqs, on can be fornulated as a
solution, mcro RIS cssﬁl,h%@ﬁ;%h%des% ﬁcﬂ‘ﬁ?ﬂﬂﬁcﬁ&fceﬁtl S clehfishesd ructure

suitable to high drug concentra erife 1njectable solutions can be
prepar ed by i ncousigkuiommgechngues t Forexdmpje.abié gntaminesynthetase (56 )rsystemrivunt i n
an appropriate solvent w th one or. a combination of 25 i.ngregients

enuner at ed abov ec,:onggorpg Hfﬁd?g{f"i?‘%qufl%mﬁéswn P‘T“ief 8?1'@3611 %‘t“éi?tfq%ns-z _g?q’ & _
General |y, di SpeEsiopéda Patfedt Nb€ 0216846 00256055) biD0 B30I Dard Burdgdah Patengr edi ent
into a sterile vehicle that contains a basic- dispersion nmediumand the
requi red ot her ArRjicalPENe LR8P hose enunerated above. In the case of
sterile powders for the preparation of sterile injectable solutions, the
preferred met hodgeglceps eparati on are 30 vacuum dryi ng and freeze-drying that
yiel ds a powder of tﬁe_ active ingredient plus any additional desired

i ngredi ent from @1pslevize etk cah 88 Pfoﬁmfybﬁé & @tarSBlid!t | IR8Ferrdd BukaBfoliBGbst! | Ui dity
of a solution can _bé maintained, for éxanple, by the use of a coating WO
2004/ 085648 PCTI ¢olls ighydesn are not lipifted to, yeast and mammalian cells, €.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
pharmaceutically 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



such as lecithin, by the maintenance of the required particle size in the
case of dispersion and by the use of surfactants. Prol onged absorption of

i nj ect abl e WORAPAS5a48 ons can be brought about by i ncl udiweraigoideesszs
conposition an agent that delays absorption, for exanple, nonostearate
salts and gelatin. 5 [0120] The active |ﬁg?§drent can be fornulated with a
controll ed-rel ease fornulation or device. Exanples of such fornmul ati ons and

devi ces include adniRistRéds  SufitaBiB$ig ﬂ@h@%%m@@%&lﬁé%}%ﬁ%& ated

delivery systens. Bi odegradabl e, bioconpatible polyners can be used, for
exanpl e, et hyl enexapipif; sesgietod @fsmféip%fﬂﬁymld aﬁgrs ﬁgbbwg}wthyd:ola@tp@;
col | agen, polyor f or
preparation of s&%ﬁﬁg %‘?Jr?u P@ﬁiﬂq}g&% h§h®%§:§é§m§§%ﬂw{? ?eﬁéhaté%ntc?eaéeee

e.g., Sustained madlseonmyruﬂthmsﬁahmﬁmhﬁe,tfgr aatnp\leesgﬂluﬁwsﬂae etlyl R

Robi nson, ed Mar, c Dekker, lInpc., w, YO k, 1978. [01211 Inj ect abl e depot
formul at i ons5can® %ﬁ’ﬁﬁég%{m‘%‘ﬁ 'ﬁ?ﬂoa PREDEIAN MO CRRIABY t he dr ug
in bi odegradabl esiglixi®r BipSddts afso B8 vd @eatdﬂ&cmhmw rxeaio'lééﬁ}es ofltﬁeDepend' ng
on the ratio of drug to polyner, and the nature of the polyner enployed, the

rate of drug relnzemionder diveryrintoseliscat intastial spacesrpExamyplatyipbatogeadinhlle

pol yners are pol .nj ect abl

formul ati ons al s%g%@§§&§%§£$é’dg @%/&égcﬁp¥gc§ﬂ1 %glet%gﬁ%grslj%l 1+ S Iﬁgso’mas or

m croenul si ons. @Atihgx] 2tibaSerigll aatentifangal agﬁltsyﬁomﬁmmdmﬁﬁnpt&m detayingcor por at ed
into the corrp05|t|ons In so enbodi nent s 35 pol ptlde I - Sp35
ant i body or 19f ra@ﬂ?ﬁﬁtw?tﬁ]érs%% MF@ISQP%d trase, =|eﬂ?~@F€1m§ré“? body,
or an antigen- blﬂ&dllﬁ'go&é%&B&ﬂﬁént"shﬁé@&ﬁposf%n%@ﬂrlgﬁé£1 pept i des or

NgRI fusion protein [0123] Dosage regi nens maybe adj uste prow de the
opti mum desi red @gmpies pleﬂﬂﬁepolwpowwghesmmﬁOhgp@ltbbpwdrmcmnde In

adm ni st er ed, Q’ﬁ{ ?éon%d?ﬂ;g’ﬁggﬂ’ osﬂgﬁ's c18§1 L&l"_l a%cfpgébigteh or the

dose may be propor I ncr as |n
exi genci es of t hmbﬁtbmeapwlulasmmtmgmhmm arﬂotm’ls&fawdha'msﬂlgmmns stuoh dornul ate

parenteral conposit.ions i Qs e unit formfor se of dm nj st I on and
unifornmty &P do¥ Bg"‘s%‘ﬁs'gy‘ﬁg SREnPIRSA TRV Es @Wé‘%ﬁﬁc‘é{&ﬁp mﬁ@“‘@éﬁéﬁces
(Mack Pub. Co. ﬁg%}gﬁwg@ngsgg%ca&g,@gﬁgmdlgh@ddut|on to the active conpound,
the liquid dosage ormmay contain inert ingredients such as water, ethyl

al cohol , et hyl clib¥naCempesitinns obthetinventionyay e mmamﬁwfd@a@meludmg, for

PCT/ US2004/ 00832§xam%§e liquid (e.g., injectable and infusible solutions), 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



al cohol , benzyl benzoate, propylene glycol, 1,3-butylene glycol,

di met hyl formam de, oils, glycerol, tetrahydrofurfuryl alcohol, polyethylene
gl ycol s, andOf2eq4085648i d esters of sorbitan. Gene Ther aowcTajRdidbdsstn Sp35
pol ypepti de can be produced in vivo in a manmal, e.g., a human patient,
using a gene therapy approach to treatnent2df-a CNS di sease, disorder or

i njury in which reducing inhibition of axonal extension mnuld be

t herapeutical l'y I abl e Sp35
pol ypepti de- enco%u?ﬁgﬁe%%glﬁe?ycﬁggﬁjdtgh\égére @%ﬂ%&?@%%% a éé“’%g%{? essi on
control sequence@spemi@!f@‘rdehﬂfiwu&@ftsmfmam%cﬁxehnw@septlmoﬁpmcabbd into a

I I
atenovi ral vect o EPerek SR LetRGlRE by g AT ER RBRER HUhestl ety por

viral vectors, pmahédzﬁiowﬁﬁteﬂi:ﬁplem&msmm&te\saltﬁénd\/@tdtm[S herpes si npl ex
viral vectors, I{Bﬁi%‘ﬁd associ ated virus vectors. The viral vector

can be a repPica ee???“"\:’/g‘g{ﬁdﬂeﬂc@é@tfﬁ?nulﬁe‘bwghér"%‘ao ledaglsdser al vect or

has a 15 del eti Oy 5‘1ai161§or'-:devﬂ:€ MBxipldsdf Qﬁ‘dﬁefonm&fbng'anﬁeﬁﬂ&\é ifchldevector is
used, preferably the nmammal is not exposed to a nuclelc acid encoding a

sel ect abl e mar k@mmﬁm@ﬁmmebh@mwmgcapﬂﬂmd ddwerjssyfstmr@her

illustrated by t taI a Xa es_ar

provided for |II€§ &agg E%F%)ég lle’o‘l’*ﬂ Wer%lﬁ? r{gezﬁé‘?r me ‘@*"B%W ued as
limting the scogetats p@lgﬁtt}grﬂhd@f péliglyéalicatid) @illlaﬁeﬂl , pollyortidestelsxanpl e 11 Sp35
Expr essi on Pattern 0127] Expres'gl on of Sp3 uman tissues was eval uat ed

by Nort hern1Bl otp"lﬂ %PgIdsMeI‘i}!ﬂdﬁ ItEﬂErF%%ﬂ@nﬁIfé‘E@ f@HWEl&‘il‘Pﬂsr@Q dovieps @ maj or
tissues or 14 hugp with P32
| abel ed Sp35 pr obe 25 nucl gg%l?gegﬁé{%%@g%&gﬂe%‘gé %ﬁseq ence). The
bl ot s were washebys@ms g Rohinson,24., B@&elelﬂQﬁrgﬁJS,Ne\héﬁor% 1978es with 0.5x
SSC, 0.1% SDS. T, expased to X-r m and t he

visual i zed by au@g%ﬂd?%&vg@?ﬁep&%‘ﬁ@%m%@ %&#PW@%W%@%%WT#
human brain but maticésbiigadrig ishieleialable Follets suck hopolylabtydeiolySylotes,

ki dney, liver, small intestine, El acenta, | un%stgnd 30 peri pheral bl ood

| eukocyt es. 1%p35Dw&§d1§&ﬁ¥léI§‘sféHOP drgg fo palymet, ¢iadture thepolpsro 004/ 085648
PCT! US2004/ 0083 2hplonedPMelriE bidhdelbiss BiFse domBORRE DRERLERAR! 21 | o L ex

posterior cortex, hi nal cor hi ppocanpus, ol factory "bul b, striatum
t hal anus, cer ebeljlbdngradalpldlpphmms arppqlgpnhoesters and polyanhydrides, Depot mjectable

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 polypéptide, anti-Sp35 antibody or
fragment thereof is coadministered with an anti-NgR1 antibo‘dy, 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



medul | a and spinal cord. A gradient of gene expression along the
rostral/cordal axis was observed for Sp35, with highest levels in the
cortical cortex and lowest 5 levels in the spinal cord. [0129]

| mmunohi st o¥RPAP486648 | HC) st ai ning was used to det er ni nePCHUBPBH0$333
expressed in specific brain cells. 4% paraf ormal dehyde fi xed rat brains,
spinal cord sections, or primary granularzﬂenron cultures were incubated
with primary antibodies to Sp35, as indicated, followed by secondary

ant i bodi es conj ugasil teRzyl Berfdo8teSprdBRe 1R 1(IVDhioRHS giycbll Obes Inc.). The
sections were then nmounted in Vectashi e%d and visualrzed by fluorescence

nm croscopy. The @ifefhygomamideqiks; glycesel; feseudefinfiugbaleehol,insdyethsianegener at ed
froma Fab phage,displ i r i ~Mbr Phosys technol ogy. [0130] Sp35 is
expressed specifglg%(ﬁgﬁﬁédxgt%@oéré?%%fggrgft%odendr ocytes, but not in 15
astrocytes. This was determned in experinents in which Rat brain tissue
sections were s@enaiBieragvt h vari ous agents, including anti-astrocyte marker
GFAP, an antibody to an oligodendrocyte marker (04), and an antibody to the
neuronal mabPker[0823] AwbpB3 polypptide camhegratugedipdivg itla reammal, .2Spdbman

anti body. 4 igodendr t neur ons re intense ained.wiih the
anti-Sp35 antib %mﬁgﬁﬁﬁggfﬁqﬂ?rﬁ@] %ﬁpr%gtﬁ{\foo‘é‘i?. ;%'—‘%\R,ﬁg bﬁi‘i‘?@éﬁ%‘?ﬁ%ﬁﬁ’] As an
i ndependent conf infurpin Which tedubigg entilis:s bk ofil ek @hdior0voSd I thaMehenpedllyor ned
sem quantitative RI-PCR uysij nq MRNA .extracted (Anmbion kit) from rat primary
cel| cultures ofbssaheiph ddpsiaye B‘E‘:‘)gg%l}lst‘éqti"ﬁé’ﬁ%ﬁ‘bl%@ﬁ}@§ Polypaptidereasedingim

L3, 00 T RIS  SR0 10

and reverse primer TA . . _ wer e used.
Fol | owi ng 260 cy cthess sequestesomgjinbondraieddnto lasasal readtor n StuitablerFird vedtows forrsach ons, a

di sti b ker .Si I d.i l.i gadend TR\ d
band was obser volr Pieaeo b RSl frd 1 R R BT B eeions0 (0132,

To study the bi ofmadic BhrriviraDtdcis, phpovaital vectereNaiktibiatviraBsechtls]dicfpesi ng t he
extra-cellular portjon,of human Sp35 (residuse 1-53 1) to the hinge and Fe
P A

region of humansimglex viral yestors, and adsap assodiatgd sirps(AbY) Yagkan Biarah¥ectdbt ai ned

Wi ng the forar e R e R A st R p AR AR e 87 G |

NO 16) andlBeveddaiopriniteEl gene or E3 gene. When an adenoviral vector is used, preferably

-

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  beconstrued 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,



5' CAGCAGGTCGACCTCCCCCGCCTGGITGE3" (SEQ 1D NGO 17) . [0133] The blunt end PCR
product was subcloned into the Srfl site of the PCR 5 SCRI PT AMP vect or
(St rat ageneWOi280408%48 ¢ PCR SCRI PT AMP-sp35. A Sail fr agravuszoemosisol at ed
from PCR SCRI PT AMP-sp35 and subcl oned into the PCRCAWMP |g vector
(derivative of Stratagene vector PCR SCRrP¥3ANP wherein the Fc ganmmm
sequence is subcloned as a Sall(5") to Notl(3") fragrrent) fusing the Sp35
si gnal sequence ﬁeﬂdﬁ@t@ﬁw%mm%ﬁmﬁmg sthFior edbiRifR] WrdeR 10

sequences encodi hg the hinge and Fc region uman rrect 1solates
were identifi edhlpnmuN@?fﬁctPWatglﬂbﬁmaéméhWQ mgeheﬂiammrﬁus,fploagrrent was
subcloned into i I C ite of t.he 293 n vector,
CH274, a deriva (@lelﬁaoagg 1%%%054 a ér %ﬁ%@}‘%ﬁn@w%%ﬁ alﬁﬁ)&' aen), The
Sp35-Fc fusion mcwdeobsbxyvedftﬁf&péﬁvwidcmgmst ey @/ thp Sdrtit4] cortw&dQGﬂEdtr med by
DNA 15 sequenci s.plasm d GI123. [0134] Stable cell |ines expressing
Sp35- Fc f usi 8n B]%B%%Fﬁé‘ﬁél?’%ﬂ@@%rat ed by electroporation of CHO host cells

DGaa. Wi th pl 2ot @15 2BmdioARSLRGH R @) sl Sitles 6o it gpipha 1 nus

MEM in the presence of 10% dial yzed ser um an | utam ne to ‘'select fo
nucl eosi de- i ndep@mrserd igspestfic brigeelledbo Maﬂ,fgrnmdquéﬁ ﬁxtrdamsbxems;spmal aed| s

werefedfresh S|n CHO cel | s
were | abel ed wi F%%%Iytor}r&? %@B&?Ar{)&ﬁﬁﬁggoa Eh hulrtrhawn'flaré (Jackson
I(_abs) and subj ecamﬂotﬂles hlS;:BS;&&ﬁﬂce&éd)MbWecbmtsé@nsmhnﬂﬂg)dlda canjugsts vb- Fl o
Cyt omati on cel t e _hjghest |evels of Sp35-1g were
sel ected. ThBse ‘&?F‘? gé@@- g%&/&i%&@ﬂﬁ{“g %@P't) u]fge fegtions werg thengpaaateddn | apel ed
and re 25 sort edyediahlend ﬁi&%ﬁﬁﬁié&%fﬁﬁﬁr&éb&'&@ﬁﬁcr&&}ﬂ%ese %@9@5' coffs €

isolated as individual clones in | at es re grown
for two weeks anantibpdies fised foﬂm@s\hermmeaatmmdafabphage displaAitBarynaingsi s t o
check for expre veI (] ones that expressed the highest |evels of
Sp35-Fc were ex;sjlgfn((:]ﬁehals)? &m?lrc’g%en cell banks were established. The cell
lines were adapt[@@i3gjo Sp36\us éxprasainpacificallynhédioms dnd oliBedearosgtes)buf ficten medi a
BCML6. The titer of Sp3 &doduced glg t hese clones, was, determ ned by
growi ng cel +° IeréEO%éfteSS%h@‘f’ e g@ggmeqtﬁ%w@pgﬁahgam&%ep@nst 0 50%
maxi mal cel | deng aﬁi%ﬂmﬁﬂ&'x?aﬂbﬁs"%eﬁt@%&lﬁcﬁﬁg aaﬁl-és%eyté % | the WO
2004/ 085648 PCTI U82004/ 008323 vi abl density droppé to 75% At
this tine, the mhbmd)etorm@ﬂlao@vadl@cmmé@@,amd@aﬁneboabftoctbfbnwrmbl debris by

centrifugation, Aand (i Gl hiPestuPRRRARS uf b85S 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 (SEQID

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-Fc 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



for Sp35-Fc levels by Western bl ot anal ysis using an anti-human |1 g anti body
(Jackson Lab) as the probe. 5 [0135] Sp35-Fc fusion protein was purified
fromthe cl MOY)5EBl t ure nediumas follows: 9 m of 1pdHEBEE/EET. 5 Was
added to 900 ml of conditioned nmedium The medi um was batch | oaded for 3 hr
at 4C onto 3 m of Protein A Sepharose (PR8nnacia). The resin was coll ected
inal.5cm(l.D) colum, and washed four times wth 3 ml PBS, two tines

with 4 mM of PB e %190]1}5@(22 f PBS.
The Sp35-Fc vvassglsgltr%%iegzgﬁ he 21(})/% ﬁ?ﬁewth : ﬁ%ﬁb@gc@%@

NaCl in 1.5 nL fEQ&Am@T@G@GQC&GGQGGﬂBH(S&Q INa: h6) aﬁrbvme}ﬁnﬁerlvl NaH2PO4 pH
8. 6. Peak protei J orbence at 280
m, pool ed, and 29 ec to%%ﬁ?ggepuwm’rf@ﬁg @FW&? rotein A

col urm. Prior to[(]lea]dimljcblhﬂGnd\E&@deh@s@@ﬁm@MrMﬁeﬁﬂ'ﬁE?&ﬁh@?bﬁ- 5 to 50
M\AThecqurrn\Agé tw c Wlth% L of 10 MM HEPES pH 7.5, 1 M Nad,
and then with 1 RHB%‘&:% Ys@tq: Stipiageas G?é’i?atﬁP&RS@RE)%MﬁPﬂA ASgE my
NaH2PO4 pH 2. 8, ivivhia _ tralized
by adding 25 L on%DS M @ﬁﬁaﬁ%ﬁd@@gkr@%‘gm Ié%%ﬁld%gﬁl%?dr}ﬂﬁgﬁ ractions

were identified BYRGBIOR Eam@r&denzsmmf rStraﬁagerpwbtedPCR(SCRIBy‘ AMHB wdtierein

SDS- PAGE, the Sp, rated as

Spparent mass of TBECEARnsRuEReds sBhdotd nfa SR NEHLD dnebbohsnd Bean as a
dimer with an apPsiveighl sequass atd ect&fdnmabiseqidive piodbhd £Y3 Hﬁfﬁaﬁféw&ﬁﬁ
aliquoted and stored at -70C. The NotI fra ment of GI12 whi ch cont ai ns

Sp35 ani no 18ci d¥dyensss crgading thedrngegad Féegl%h%f haimss|Ish eldorrent tsolates Wevo0
vector Notl sit 5y Protei n
[0136] To studyela f;leg’o at%ﬁ%ﬁg@?@%ﬁpt%ﬁgﬁ%ﬁ%gb‘hfﬁ éﬁgrgl“gag\?\g%%&%r essed
in COS7 and CHOnbethk singks NotHickainggiedf the RO3E wq:r@bmap'babaﬁﬂmm AP) fusion
protein. The plasm. d.was. constr.ucted as extr el domai n of
30 Sp35 (a. a. 343%@55‘ A SOPESTA R SEPFIGP YP§*°F.8$% g{’%%ﬁ@%? AATTAAGA
TTTCACGGGCT ew(\REfRY, ICPIIMAYspYYOFE 044 53 F8dh8d by DNA

PCTI US2004/ 008323 32 cont ai ning an Eco R cl eavage 5| te

(under | i ned}? an*“cﬂ(l?llé‘%i’@r@@iasmld GT123.

5' - TATATTTCTAGAT, ( .3 ,
contai ni ng an Xb ]cl eavage Ssi te%mﬁiﬁgm%@&%%m&%

electroporation of CHO host cells DG44 with plasmid 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 ceils 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



product was cleaved with Xba |, the resulting sticky-end filled in with T4
DNA 5 pol ynerase, then digested wwth Eco RI and gel purified. The digested

product wasWOI20¢888into a Hind II11-filled in/ EcoR | HcxdBodsoageent from
the Hi s-AP-pcDNA 1.1 vector (Invitrogen). The Hi s-AP -Sp35 fragnment was
digested with Hnd Ill and Eco RI, filled3&n; then ligated into the Not

I-filled site in vector pV90. The DNA sequence of the insert was confirned
by DNA sequenci ngiar/d Geil Q:3Y afdgda kb AR | PELAS
transfection. Hi s-aAP-e 35 viéct g_dDI\lA/'? g mhgg’g%ghﬂﬁrgq@aé&;ﬁrgéﬁwgﬁi%G

cel I's using |i poflearechod eells pndhdebris by eentrifugativn, awhitie culture supveditants tiversd
harvest ed 48 hr post (9 ¥e]y) 8.\ devel o a cell Iine
expressi ng the rﬁé%ﬁ'@%@gﬁé’i‘gﬁtﬁﬁ‘%g?‘l?lysﬁé'isﬁ‘é apﬁggwﬁgﬁow CHO host
cell's D&AA4 (2x10@adkedd Bib)ae ke gronsf ected with 15 100 g of plasmd by

el ectroporation. Cells_ wer ultured in alpha mnus MEMin the presence of

10% di al yzed®ser @9433ndS B RToEn Pas petfiedframy theplasified sitlinre meditapesndent
wh. F t i [ I
gro our t eengfigys SPRPbE f,M%‘/ngE%%! 23 ﬁ%ﬁ/&d"iﬁ 980 %fﬁémn%%egwg?ect o

antici pati on of screening tomati on) sorting.
CHO cel | s wer e | Heahedlumiwds batvk loadod for G eicd *Chadto AundliotiBebteil B6Saphmesd ed

agai nst 20 human,pl acent al, al kal i ne phospha e I . A second

anti body, PE-|ab @Fmﬁé'akh%???-%ﬁgﬁecf%@ ab&&é"%bﬁhgf’ ﬂlﬁic"éasge‘g{oéﬁal
specific for traaéeriied ndPBSs two AhteFitlFnll 8PPRE REntaimeld SoWRNVENAtPiRCt ed to
hi gh speed flow cytonetry sorting and the top 5% sel ected. 0139] To

produce condfti oeragamwihdvnk af PR Abe 8p3sFc wascluted|fiom thetco ¥ssed the

hi ghest | evel s . | dapted to

grow in suspens?{I)ﬂr‘l/t_i}:](%:{%8?‘3;}:is %%gfe(rﬁu@nﬁf}?égél%néa;ggf? g%lw[flé)a#@%gﬁﬁ% {Elebf of

| hes at 37C for 48 oo ages. T hoh arow 0. the cello &0 S0k ot gae mal cel
. 4- : 0 Of.

density and cul t@?ﬁ%ﬁ’ﬁ{éﬁ?@ﬁ?‘m%ﬁ%@%&h%&g@ aﬁgélctﬂ?ﬁt‘?q to ey pupfication) |

density 30 droppggh | I 7B%eid RRofibthd, Wikt FRIHhANYYNAE HAS YERiad coshapagd of

cells and debris by centrifugation, and the culture supernatants titered
for His-AP-$p35 B pHBYS tomdlsmbdt. nThg|cokurmyieasywashed faviprwiim 690 1y g H0

anti body (Jacks t o] 4 _ 23 - 33
[0L40] i 5~ AP S GRer o AU R A PRRC e ey VR RO e: 200
mL of condi ti onetle oaldinrvith 2HmmSHMK A, HEX D108 snvIN @ seollPetBpIns wds di | ut ed

Wt 400 L of vpler Tok SLRNOLAY MR s SV GafEs B om @ 0.5 M

protein-containing fractions were identified by absorbance at 280 nm and pooled.

20.  Byreducing 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 Notl fragment of GT123, which contains Sp35 amino
acids 1-531 and human IgG1 Fc, was subcloned into the PV90 vector Notl 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. 34-532) was PCR amplified using primers (forward)
5-AATTAAGAATTCACGGGCTGCCCGCCCCGCTGCGAGT-3' (SEQ ID NO:



stock and the sanple was batch | oaded for 2 hours at 4C onto 6 m of
Fractogel 5 TMAE (EM I ndustries) anion exchange resin. The resin was

col l ect ed iWOR0w/0856d$n (| .D.) colum, and washed two ti nesavw2iddofespd- of 10
mM HEPES pH7.5, 50 mM NaC . The AP-Sp35 was eluted fromthe colum with 10
mVl HEPES pH 7.5, 200 mM Nad in 2 nL fracBfons. Peak fractions were
identified by nonitoring AP activity and by SDS-PAGE. The fl owt hrough

fraction 1 om ¢ hes)aink uifhed R USvskHGId GhadHal Sy W00 m of water
|

and | oaded in batch over ni ght at resi‘'n. The resin was
coll ected and wa%ﬁ'é%lr EIB&AM%BA@B@G@C@%CWGTEGGAGAQTMWBS pH 7.5,

150 MM Nadl . Pea ntifi P activity
and by SDS- PAGE @%ﬁ%%pg%%@%%ﬁl g’?"a@&s %“I&S’QDE@%Q%‘E% nd AP- Sp35
fromthe second pmtlmunwd amm&a%%Mbal I, ﬂﬁrhhdiﬁfh g sticliend Bl &R Gt ?ﬂBNAt Ee

Hi s- AP- Sp35 ated on SDS PA e ' n .  apparent mass of 130 kDa.

Wil e the 90/0 ﬁ’a’P Qg‘gﬁhéﬁ%@ﬁ%ﬂ’“ﬁﬁﬁ The digested geadrefves f or
sonme st udies thehé‘d'te%rﬂa aihd I]ZIﬁﬁleH%ﬁE&@RI@% Al it ﬁ%m'\ﬂéﬂm%ﬁb@ﬁ]ﬁures' n

(Q agen). Nad was added to the elution fractions fromthe TMAE “columm to
800 mM and 0.5 M. veeet{AmatreganheTheHisgAB-3p34 fiepmient wesabgestadiwith Hind MlIwas

added to 25 mM p, he .sanpl e oaded
oo a 400 LN~k EeR B Rl ERPRG i e dnd N EBited 918 i3 SRS VR ThS 2 o

Tri et hanol ani ne ]DNA&eEuenS@GfimiMrNaﬁwas &&ﬂﬁv{bdﬁybmk uediek t he Hi s- AP- Sp35
was elutedfrom h 4: i th 20Q, MM | mi dazole pH 7.0, 350 nM Nad ,

col l ecting 280 LI01 ?H éﬁgce é@ieﬁﬂh‘(%rﬂa&i’ﬁfpwfﬁ’ﬁgéwfbn@svﬁ -8p}owcol and 25

di al yzed over ni fa6 p"?{g’z

MyCl2 and ZnClZgbwfeJr Z‘gz{%e s?%ﬁtt gh%g%ﬂovﬁs%g%ﬁﬁf% nﬁﬁmgg)%pectlvel y.
The final produ&emélﬂgn%mﬁlumhmhsﬁ%twwsmsm and ran as a
single band w't | 140Kk er..r e conditi.ons.
[0141] The Sp35 oL, H&t %E%@CSIXB’F%‘E‘@E&%‘ RERT A SRR GR°  o
3 0 Fc constr uctusmgSthngQCD plmdﬂmﬂf@ﬁomelng)@zm (mms;6 4eﬂleywae@k)anﬁec€éamﬁCACG

GGATCCGCGGECCGCATA GGCGGGGGGOGT (S NG 20) . .and (reverse)
5' GCAGCEREEEBEEAAE g ‘ %mrema@mﬁnhwmmgezs -

34 ACTGAGOCS (tﬁgﬁeg&lc%@f )b)diaI)TﬂES SR BB F Lok RERIGPy b Geldie Mot |

site of PV90 vector. G—FC construct was Qgenerate usi ng priners
G 0 NCROATGETEEOBERTAE cells were 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 cytomeiry 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.



GTGAGE3' (SEQ I D NO 22) and (reverse) 5 GICCCGGATGCGEECGCESG 5
CCGAGCCTGACAGCACTGAGCCCAGS' (SEQ ID NO 23). The PCR product was inserted
into the NoWO 2p448sé8 PVO0O vector. The proteins were exprersswodons326HO cel | s
and purified using a protein A sepharose columm. Exanple 4: Sp35 Binding to
NgRl - Expressing Cells [0142] Four different3met hods were used to. show Sp35
binding to NgRI. First 10 we detected the interaction in a direct binding

assay in which t g 40| k?ﬁé—ﬁ?rsr?g?g%???iﬁéaﬁﬁdﬁgﬁﬁ d&ﬁg&iﬁw@éﬁe& -é@égo)wg%o

i ncubated with NgRL expressi ' ndi ng assessed usin
chronogeni ¢ AP datleefidooditiveedyuedivmI®m CHOX dellpetpresSing His-AH-Spifewss djluedn on

100 t] . ' t f ect ith i l.asmi d
using Fugene 6 r SABOBE B RuE e Flaziely s Wae pddkeo B i 030 T s
wer e washed once sttit ndBEisddrlewas biteh RadRFos2hburbuf 4°€rontd 6 nllBf FacBpd, 20 mM

HEPES, pH 7.0), n.incubated for 1.5 hr at 23C with 4 ng/m "of the
AP- Sp35 f usi &n pﬁm EgMﬂnﬁEH!eS on-@ichangaaesin. wHsHeHn Wies Rollested e all § qaBH

buffer 3 tines fop3chifnCaiivashEERd 4 Y %)nglgr ' mvi
HEPES, pH 7.0, 196 21‘\% NadCl ﬁglorasrl% moﬁm‘gﬁ’gﬂﬁ%@ff erre @%&Pﬁ?g w&ﬁg@o

buf f er. Endogenod@Chedhe ARES1136 wil elwier fraa thei columin with ¢0 M HBEPRSQH 8.5at 67C.
Bound AP-Sp35 wa . Lncubatiqn wth nitro.bl trazoliu BT
(Roche). Ap- Sp35§%(g%?1v§&%’§glctf%tgfe: E%ns‘eg S?ke\l%%cltlﬂﬂs Wﬁfﬁé&“@ﬁigy BB Abut  not
to control COS7 aetvity ahd BpSDSRACEWThOI6WahsREE Bictidh GRen the TWMAE kakugnst ai ni ng
pattern for NgR M\agg 8b${§rved, reflect] n% that only a fraction, probably 50%

of the 25 céll's, Hdgdwatle 40Qunt of Witer g teaded tmbetgh ovsriightabd Coumimt i f y
bi ndi ng, f ; .

Proatod wn g Gt TNDERFAIR AR FRfoiliby afftN Rrbf b SSLIEMWRIGRI AL o
i ncubat ed wit h 4elutedvahhidmM BEBED bHt %S5, 400 mMPNacl.i Réakyfractiomagamdvdrel a ‘
96-wel | pl at . | ices), F f ti mat ed
that the EC50 f R BN NamOHoABE QASEE frittar B Chad I aahaid FeBdy o
WO 2004/ 085648 PEH LiHaA04/4086%3ure and3eP-sh 5l Adth tRAREAH colinflWhestRduld ndi ng

of Sp35 to EgRl in_an EL] SA agigroach. ) | SA plates (Costar) were coated
with 10 pg/ AP solugderaedusing cerditipnss fedhis- AP moiguteoncY S DA Eheels with Ry R1

o, 3 210" Lt B LS, T 080 5 AP AOHRSr
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 friethanolamine 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 pL 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 NaCl,
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 NaClL
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 Fe fusions. An Sp-35 LRR-

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



5in 0. IMNaHCO3 , 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 |k WOR904085843% NaN3. AP-Sp35 protein, 4 g/nm, wascpdshochdosszs he pl ate
and incubated overnight at 4C. The plat es,yere then washed with 10 MM Tri s
pH 7.5, 150 nM NaCl and bound AP detected”tsing 10 gg/m of the chronogenic
10 substrate 4-nitrophenyl phosphate diluted in 0.1 Mglycine, 1 mM M( 2,
1M ZnCl2 pH 10AETGAGCOR4SBQUBSNOEL1Yr TheBORiplodudt ¥hd iBéerted aste the Wt ecul ar

Devi ces) equi pped, W t he Sof ogram . AP- Sp35 bound_to inmobilized
sNgR- 344- F? Nglélt ﬁ&°f5{1{’e9 ?G %@é@%%ﬁ“ﬂtwﬁﬁg‘?ﬁ @g@b%;ﬁm%@ﬂmwtgerth
version o S dr @B CTEAALNCHRIGAT ete the
bi ndi ng of 15 APY% 35to sl\gR344 Fc NgR1 bGUé%g% éAWQ%(grl ncubat | ng@fhe AP

Sp35 with 100- f@ﬂ@ﬁé&@éi fméi@@anct(fevw)é GGGMWG(WGGC@%S seen

(0145 “Thi'r o we RO TR AraGr GARGOERGE GBLBHIOLTHC e PR RoaRl O 1
i munopr eci pi t at ivaginSg8a indotthe WotRbite chcB’VS\Omestoﬁt'Dlﬁbfproﬁﬁ%\wmé &8¢d 057
cells, 20 grown_on 100 sue, culture dis were transfected with

pl asm ds encodi n8%§b‘§gl ﬁ%‘ﬁ&s ‘ﬁsﬁgﬁp(‘%‘%ﬁmgar&%c QYRY-FLAG usi ng Fugene 6
reagents (Roche) 48 hours after transfectl on, cells were harvested and

lysed in Im |ysisalp fef@rs ®Bin Ri-Biprésshg daig ™ Nad, 1.5 mM MC12,
1 nmM EGTA, 1%Tr|ton X- 0 and %g ycerol) at 40C for 30 mn. The lysate

was then centrifmgg) aFmﬁ‘%fl'&erﬁ%tﬁbdg WeR usd®tddhow 39 birdMn St MEIRNARRE S

col l ected and incubated 4 C overnight wth agitation, using anti-HA

affinity maffix Wé@ﬁgﬁdmh@e@aﬂﬁﬂ1@§‘W@P"é’%§&@éa)8mwhlﬁb§w hing of Iysi s

buffer, then boi K _ I
4-15% SDS- PAGE, &gp}féaﬁéﬁe‘%?g% @%&@W S %%H%tﬁwwﬁgﬁl © ‘%%‘%Eé Cant | body
(Sigma). The ant and-lﬂndmgaaés‘sed\umggzelﬁomogmﬁd ABﬂetdctmnaﬁa@anO%cmﬁmem ni ng

bot h Sp35-HA and R, as is evjident. by the presence o Thi s
conpl ex was not gggﬁcf" §Fe Srova 1 LA e fissus cuftpog Sf%@ %"'ﬁte Witch celI's

were treated witfy pidk &Ing'iiu@&e!\dgi%& MARBcEe)2 ATRE 48 Rbur¥ehe
2004/ 085648 PCTI U 200];;2;p Oog%gﬁfrﬁ cells th % were co-transfected wi.th the

Fl ag- \gR1 ai8 a tusfestpgadllcwere rvcﬂshqdrcmpewrth %mmgaalm@edtﬂahdwfﬁgseﬂ (0146]
PR BEVER A SREE I SR R
‘ pg/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 pg/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.



5 5' ATATTCTAGAATGCTGCCGGEEEECGTGAG3' (SEQ ID NO 24) and 5°  ATATACTA
TGTCGITTGCCECCCACGITGE3" (SEQ ID NGO 25) containing Xbal and Spel sites
(under | i nedYVO 29p4088@R pr oduct was di gested by Xbal and SpeEt/usiengossasert ed
into the vector pCGCHA between the Xba | and Spe | sites. The sequence of
the insert was confirned by DNA sequenci ng33The FLAG NgR 10 construct was
gift fromDr. Zhigang He (Nature, Vol 420, Nov 7, 2002). [0147] Fourth, we

showed that Ap- Spia408adnd Qvd ek RREAS HHRB5ANGRY in ASH d%é’a whi ch

express NgRI. For this experinment, 90% confl'uent ~postnata cells
were grown on 10BLHinplaies §Gestar)iweneceated with40 pafrolesolub® NERLHFS rectterscel | s wer e

hed i th . ' ith 4 s, tg/m, of AP-Sp35
o RBH bufer fofNERAMNES Sbueaig SN RRHREMEE it ip e bBe i of i or col o
HBH 3 tines for RGT audisDigRA& e comaning irat @R peptide T9844 ﬂ&éﬂ%dﬂw@mz‘;o m

HEPES, pH 7.0, and 150 oM NaCl for 15 min and transferred back to H.
Endogenous h8at MdbiMNaE Qo8 faridet 3176 dchemiatesawern blackedaandamshedBound

AP- Sp35 was det ' | bt [ 20 tetrazpl i um NBT
(Roche) . AP- Spsﬁ‘*‘t&foo%%@‘% HREAOP TR L L8 i T BRER PR

whi ch express Ng&id 0.00180 DiaNeli AB-SpB5 potBinAcugd/ml, twes adéudrtotise plas and nhi bi t ed by
treating the CGN wi.th PIPLC (5 tH’ jts/m) which cl :aves _rrns%dﬂtGlgIIl _anchored
proteins from nefbiberd Qgmig atd ?ngiﬁ)@é)kﬁjmer? then weshed, willk Bympt SriepH 7.5, hi s

result further sisppai RadngdtelnAp HQ@%tecggsg% %\?g%ﬁﬂl\g}éﬁg[cg%@%%con CGN

cells. 25 Exanple 5: Co-localization of : 0 determ ne
whet her Sp350 andsukigtRite Amitraphemd phesghate difiied ek Mhglyrine,sl, mMglis fnMred a

co-localization d % par nnal d de- f.i. xed 8, primar granul ar
neuron cul tures %@éﬁ{r@(ﬁbgﬁb@gﬁ%lqﬁasa%P%E-BﬁF&%ﬁgﬁﬁ%a%%Mzﬁ%l%m (Sant a
Cruz), and then Dévikes) Buigearadthassimberogaab A dpsehandas imamiiikadi es 30
(Mol ecul ar Probes_| ng\f@ﬁe cells were visual i_ze_dpby con-f ocal 1fll uor escence
mi croscopy. Neur DYER-i#4-Ee pinohthe shieR 34 P profging mdicapyrthatibe Iogeer varMdmodi es.
WD 2004/ 085648 P, éﬁZQ = d‘lf%Ot ' I 0. in the
cell bodies and %Egns o%@%?%@sl!%%;? 'nwe%egé%égﬁo%p??a %ﬁ&gggfysi S, -
di fferent cdbor efP{5pdHessNgRB4tFedipR1dry 80ebe pteyipabatifig thatH Spddiveith 100ken t he

rer god e saw a §8 PRRRASFIERIRR G RO treAon ef foRaras R guBEenat 1 he tvio
proteins were Cohedpétrlglraelt] FisidH profeltas A@EHTR MSsion 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 fransfected 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 MgCl,, 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



Exanple 6: NgR1 Binding Sites within Sp35 [0149] W used deletion mapping to
define the specific donmains of Sp35 involved in NgRL interactions. The

fol | ow ng d¥Deot4osseadNstructs were made using the Stratragaseccidegsshange

Mit agenesis kit. W verified all vector constructs by 10 DNA sequencing of
the nodified inserts. [0150] Hi s- AP-Sp35b #¥hith contains the |eucine rich
repeat domain of Sp35 plus the basic region (a.a 34-432) was cloned from

t he Hi s- AP- Sp35 .

5 OOOAww%TTTJ&%%X%G%@M%%a S e 11 %T%E%wﬁﬁ%#@“ﬁg prgeim.

5' - CAGGGATCCG 15h@@@m/h@dM@tTCGTCCACAAACACCTGCTGGG3 (SEQ ID NO 27).
0151] His-AP-S he basi

Eegl o]n (a.a 417@?%1 \gb&?}%ﬂggﬁ%gﬂ?r 1{%»%&?@% SE%?q'(l 7653?)SI Sector
by PCR Priners mlmaoﬁmﬁ@ﬁmaem@wm @@GGGL\CCGC 3'
SEQ ID NO 28 c COCGGATGOGGGECG TTCA

ESESIDNO )ﬂgﬁ PCTA TS @E@AA@E@H%NS @@ér&‘aln(aa
425-531), was cAﬁmﬂcﬁfAmeGHr@ce%c@E@éGwoé% %GTTT%?GGA Cﬁgﬁg ( SEQ

Priners used were -

| D NO. 30) and SXbabaaUmAAneEaiwEin =qu¢-‘;h'ti" M@Q@vwzﬁgmﬁ@@m@@el(SEQ

ID NO 31). [O01 0 nmu t at agene
Qui kehange) aéxh&sgrg %ggctormgéeﬁv%%@ aﬁ?%ﬁ@% %’eﬁ ﬁ%si °glutamc
aci d) and ami no seguence 45ie (Ifsé@mahlb&tﬂrﬂbdlbyDNNﬁquékﬁ:)ngOleﬁmGNnge vect or
Hi s- AP- Sp35 (34-532). The priners used were

5' - CATCCTCTHECT SPasttiebanalficromBrbigrne Hertbamrs ARiAed Nov 1,.8809) D N0 32) and

5' - GCTCTTGGCTGAGAREA _HSTACSH e TG 33). VO
2004/ 085648 PCT/ US2004/ 008323 38 ?? 154 aﬁ% AP- S %elgﬁFgaiIn@rﬁygonstructs

(FIG 3) were engume(@@NI)thh%premdﬁg&hslfayﬂuv@meanmaﬁﬁ%empﬂmw in 293
cells. The conditione col l ecte nd t he AP ad cts I ed by
sequenti al chrorpé’frgéﬁag?)%&dgﬁgfp(gﬁﬁwe eﬁ%@%ﬁ? tﬁsspeéglflﬂ“ {Jar ose.
The purified prdicgtsithe\velEwéRskLEed @te Gith HEH BeFfdrOaligidn ﬁzswaeaa&am pn COST
cells. The three constructs all bound weakly to Sp35. These results

i ndi cated that twemEyEP-SpES edBHibuffer for @érhonbaté’él Zhe ealls were then
washed with ice-cold HBH 3 times for 3 minutes each, then fixed with 3.7%

formaldehyde in 20 mM HEPES, pH 7.0, and 150 mM NaCl 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.



417) and the I g domain of Sp35 (am no acid 425-531) both contribute to Sp35
bi nding to NgRI. The I g domai n showed higher affinity than the LRR domain.

[ 0155] A stwoooesasessodel for the 1 g domai n of Sp35 was maEneneda@ossesi ng t he
10 NCAM crystal structure as a framework (Rasmussen et al., 2000, Nat.
Struct. Biol. 7:389-393). Fromthis nodel 37we observed a | oop (residue
nunbers 454-458, amno acids: SPRKH, SEQ ID NO. 34) that m ght be involved

0B, 20 oS R S TP T

respectively. Wt co-rhtbczalimfoilostanalysis wiafferers solertd Hrotfes wemlﬁed thorrthe Dgypey\af

observed a >10 foI gna Ite nat a o test the
contribution of ‘?Drli'i g F% P%BF‘ “‘mﬁsfﬂﬁqﬁg ivegs Fﬁ’é‘% ?Oé(épﬁipti de

correspondi ng t OpdsiifeTeNd) SREEmbrpERINE sé»SEQen&: BQor t%%ug&lb@tttha\@eu igdichtiped by
addi ng cysteines at the N and C term nus of the peptide. Upon binding to

NgR1, this pépt|@é‘tBFB&ETOtﬂﬂ?HY%PP%IOCBhZGﬁNﬂ@m@PQQWQh the function of
NgRI . 20 Exanple 7: Sp35 induces p8 COGN fasciculation [0156] To determ ne

t he bi ol ogi cal fﬂ%ﬁg% & R@Iﬁ g}@ymﬁl% i ncubated Sp35-Fc with
5

postnatal day 8 gran eur on 0 see | can regul ate neurite

out-growt h. Labt ul dAdr, I I
poly-D lysine (@%ﬂa Wgeug%dr;(hedhg%gtné% tJT) )i%ﬂi%g&e %ﬁﬁg?g}ﬂah?fgsé?w

protein). The slinelye@m Méilelnthmmn&)v”ﬁwrfDng t:lbletmorrcpqmsmbtawereamlbesing/i th 10

g/m lamnin (G m nul ar . neyrons..f ro stnatal day 8 were

di ssoci ated and @ggé%tagé%rﬁ g&thﬁ‘gg pﬁ&%&%{‘e@l& k& Waﬂe‘éenﬁfﬁgmg E‘%&%""BW"& wer e

i ncubat ed an_os7Q3Nn@E{ﬁéﬁ€&gfo(fthelﬁédlﬁmmsertsThe slides were then fixed in 4%

par af or nal dehyde cont ai nl‘%g_§ 20% sucrose and stained with anti 13111 tubulin
P

(Covance TUJ1). Uy Bis- 35b viigh oontatu\the jryaing tieh espeatidomainofl 3985 on
mor phol ogy as eVﬁlQ@i?xEbce?%ﬂﬁ'(h'a@tﬂﬁzi@&s BT HIE Abaggis 'f&h@g@ms not

seen in the untreated Fc protei n-coat sanpl e
2004/ 085648 PCT/ S0 0% POBS FaBiners udd weBx AGOCAEAGHTETTT GRGGHBGAGTRN0A

ar anul ar neur ons 16 G SRR Eer 6 R N 2k i L GRFPRT St ecul e
RhoA i's knows t oCGeO0DTAG 8T GACTEGTESACAN ACACTCTGETGERES! (SEEID NO: 2pR5- Fc
can regulate RhoA functions in neurons. W perforned the OA activation

experiment as fol0lels: Hsgs-8p3ids whichenggdes e [ domain of Sp35 plus the basic
region (2.2 417-531), 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'(SEQ ID NO: 32) and 5'-GCTCTTGGCTGAGACCA
GTACCTTTTCGGGTGAGAGCCAGA GGATG-3' (SEQ ID NO: 33).



were transfected with expression vectors containing conbinati ons of RhoA,
Sp35 or NgR1l using Fugene 6 reagents (Roche). 48 hr post-transfection,

cel I s were wWeeh4#8ss#&ar ved overni ght, then lysed in 50 m¥cCTrus3004p4833. 5, 1%
Triton X-100, 10 0.5% sodi um deoxychol ate, 0.1% SDS, 500 mM NaCl, 10 nmM

MyCl 2, plus a protease inhibitor cocktarl38Cell |ysates were clarified by
centrlfugatlon at 13,000xg at 4C for 5 minutes, and 95% of the supernatants
wer e i ncubat ed D yarialal naffinity
mat ri x' (Rhotekﬂr?ﬁgﬂeg%g M)Ug’fsa%fgét%elé Bi ot g&cﬁfgﬁgfgﬁ %4%%? g%&] tes The
beads were washeekpgession veaters and exprosserhin95 elis. O&@cmhmfrmneslmqﬁﬂuﬂmg 1% Triton
X-100, 150 nmM Nadl

nLQt ease,.l ors P- bound Rho
was eluted from %qr%lect%%gnd{%g@%]dég?t% et%bg' BBPa"I§|Hﬁ] ?%ang@ PAGE sanpl e
buf fer. BoundI anPrattogel TMRAB reght mdaﬂmErAmgaeosdetl‘B@ mﬁéﬂ) \priveidis &lere febted forng
usi ng a nonoc o anti n S Cruz E 93
cel Ig t ransf ect e H%Pswﬁggge’ml E‘i‘&“@&%ﬁ%‘iﬁ iglﬁ Sﬁ?%tr“%{%ﬂib?‘ﬂ’gﬁ‘(
increase in the REpEHL Thése RO ﬁﬁﬁ:aﬁé&%@ih%@pBS‘LRkh‘é &t Qll4f(91Hn%Va\ﬂcﬂ@B4 to

transfection with the Sp35 gene. A further enhancerrent in GIP was
observed f ol | owi 4iJ)endthe igdomain of SghBGmY acidiiSe¥il) heth chtrlbh@ to Sp&;‘-'r ease in

RhoA-GTPfoIIovm Sp35 e N, cel,l ne .
transfected wt h é%nﬁ%ﬁﬁlgﬁ&gﬁ?%%]}/\%gwsgﬁggq#ﬁﬁn%ﬁ *W}l%%fio%%at ment of
25 these cells V\IOIIBS]SDISEﬁ'EﬁuﬂaBmudél%i'th@IgfdﬂhtaJhﬁdsme&@&ais‘gaﬁérﬁth afingiheA. 10158]
We confi rrred a sj |ng fesponse by Sp35 using a FLI PR assay (I\/bl ecul ar
Devi ces) toiBet el crypial sirue k {Rasmiussen et ¢ln 2080, NatsJtrpet. Bigl.

observed a signi at ment of
Sp35. Fe, but ‘nor sat ﬁ?ﬁf’?‘nﬁﬁfﬁ"*‘%‘Qi*"%ﬂ%ﬁii‘55%5(¥é@91“§9%5‘&%*‘5‘4%25%a++ I ux

was reduced 30 wdnaino eeills: SPRIEH; S%Dbé@ﬂébthaﬁmmhfbdnwvwmlbmm AntksSp35
t ted wt 3 Fc f 85648 008323
GRMGAGICN N = RE RTINS

donai ns frequentitysaierd dhdpeddtto Maddonatippétielyn tWhethiswagstructives me@bser ved
that the addition of soluble Sp35 to Sp35-transfected cells caused an

i ncrease i ntf&ho Piings, #e %"M@WHW% Ay ghaltesrativens al one,
5 we tested for a%gﬁo%cigg;ﬂgt i dutibh bt e@%mmﬁg}@ésyuﬂ&u@&sd co

i mrunopr eci pit at 0% cont ue gr own on mmtissue
culture dishes, papadecarreapmﬁmgttedleweqwnm hSPRHE (SEQEIDI-NODIO)MSWFLAG or
bot h, u3|ng

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 fimction 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 ug/well protein). The slides

25 weré 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 BII tubulin (Covance TUJT1). 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.



Fugene 6 reagents (Roche). Forty-eight hours after transfection, cells were
harvested and Iysed in 1m |ysis buffer (50 mM HEPES, pH 7.5, 150 nM Nad ,
10 1.5 nM MyCr@4/085648M EGTA, 1 % Triton X-100 and 10% gl yceruskgos/adss280C f or 30
mn. The |ysate was then centrifuged at 14,000xg for 15 mn, and the
supernatants collected and incubated, at 3#¥C overnight with agitation, with
an anti-HA affinity matrix (Roche). The sanples were then washed 3 tines

with 1 m of Iys%x?#gfs@gﬁecgggg in Laermli sanple buffer, subjected to
nti-

4- 15% SDS- PAGE, : no-blotting with anti-FLAG
anti bodi es. The ‘E&%ﬁf‘ﬂ%‘??f rg%;%? captured a conpl ex that contained

Sp35- FLAG as d 1 By, 1 LS. ndi i rect

i nteraction of ggggﬁvm S%s%&%%gbgs%#égg%?éelg]{ne% @;él{ %@@?tgﬁ@@g@ ed with

HA- Sp35 wi t h Sp3asdiculation. Beeahsatheisignbling moletnleBho A dd friowai tbda imoivedach to
e s o Bhaacair Pat G e Bt | "
prinmers 5° AATTA/’@Q?EWMMﬁW&n&éE@H@ O 3 oraES7 cells

5" AATTAAGCGGCCGCTTTGTCATGT' 3. (SEQ ID NGO 36) containing Notl sites
(underlined). TheerptrRngfedeiwith grpsessign yeepsgonipinige donpinplionseiRiwd, iSpdd t he

Nod site of vectQr 904 ]I.'%\g-\% ie}@! e _'Hrslg firmed by
DNA sequenci ng. &Igéi\n{p‘?%ngl%%e n |g%n? aggﬁl g{ﬁ%ﬁ{j‘%&g# 0 %&%\?&?rﬁgﬁs or med
Cel | s [0161] To stainestaiveé ovdraighi, endysedin $0.und1 Trs) pbf 7. 5pl3% Trikonsxi168] cord
injured rat

S Jnfected cortical prigary cultured ce i xed cul tures)
with ret rpv?‘? usvtgéﬁ’éﬁ Sqoﬁ&hf)l?&l’ 0119)?'1%]5& %Bi’glf{ﬁa(i %M&g@spﬁ‘éﬁt rol, for
delivery into thgolelieUnlfitorRRLIGSINT €8Il Bbatésihers BlafiBkd 6PE&Rrifugiiticel | s were
introduced, and the rats were sacrificed at day 10." The spinal cords were

fixed in 4% par af3ug detiidior f\@ingey poB%E64 f BETINsBRtOYY Yag3mabated wvith
overni ght, then gehydrat.ed in. 709 | | owed 95%.ETOH. .Ti ssue .sanpl es
wer e i mbedded i Mﬁ%%@@@gﬁéf%@‘\ﬁ%&?gﬁ@@ﬁ?@y Wé%@%cg or _

i mmunohi st ochem ads, $ipdiatt BigteclEdicpy) RAPCIHBES iRfltedD Fhe BXAIE Q-7 WaEhEEE| s, 1N
conparison to control, show |l ess axon retraction and nore -111 tubulin

staining 5 hear tires with wesh tnffer (S9onMabrisd pHE, d el riton %1 U150 mM MNaCl.dPur ed
ras 1 ecel Vi NG SRROMaERS kAR RINES i hRF] GTBSBRPRAS Fhl BUld$RrPRRBREC! VoS
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 Sp335 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.



PCR anplified using priners 5 - GATTACTCGAGATGCTGECGEEEEECGT GAGG-3' (SEQ I D
NG 31), containing an Xhol site (underlined), and 10

5' CCCCGGA. AWDCTBAFTRICATCTTCATGTTGAACTTG 3" (SEQ I D NO  3I®r/us2emaibsaeni ng an
EcoRl site (underlined). The PCR product was digested with Xhol and EcoRl ,
then ligated into the Retrovirus vector pM& twhich contains | RES- GFP),

whi ch was previously cleaved with Xhol and EcoRI. The new vector was nanmed

pMMC078. All i sot?grmfs BF}mgﬁm cﬂ@ﬂw&tﬁ%\éﬁ”em poi nt 15 nutati ons,
wer e

so two isolates o gat t oget pMMC078.6 was cut with
Xhol and Accl an W&%gmd{;&%m e}ﬂjf ANLIASS agnment s
were |igated tog@t er to ‘r%aeke t he nal “cor iérgt pllasmhc}iloa-]gm)lg%c#uﬁs
sequence of the andswobsamdmmemdéﬁompfmm&nﬂjdmsmgﬂaﬁgﬁﬁedMIBoausedjs was
made as descri bed.. 293G.cel | e sp ran sfecti.on. 8 ttg
20 Sp35-r et rovi r PEPBERES W&?‘hﬁé‘éﬁ 8YE ™ ﬁt‘?’%sccf s%?%%%’etggpgg T"uﬁﬁsfaé‘&rf am ne
(I'nvitrogen)s Thee tefedifbrd SP35Hadlingouaslf.NBs p@fdrRdhiafiésgwdbellgelr S post -
transfection. The conditigned nediumwas centrifuged at 5000g for 10

mnutes, and thEUBYRSPFESHEHED. u€@87 galls 0% ponilpent, g5oWn g8 189 suk tissyp Faltuse ock
t d at 4 j’g}ﬁ% |
\Al\/lg;els 81[ eSp?nal %oﬁregrvl"%ﬂe\l{}?g&f&% giﬂ?% Iﬁ{sdﬁ?g I ca rbgrsgg g?rAes’ g?%dltﬁ%sﬁlrgd
usi ng aseptic teﬁtgenqﬁeeagﬁnts (Rochele diortyreight hows after tsmsfgetionl, cellsvigoul at i on
i mal h | | C L Ni
B ophyl act | cal | yHBrisse B8 Raeip e e P e EERES T v e T Ak of

bl adder i nf egtions krmamgcb,aom[vﬂﬁ@ﬂ R TREX A8 aﬁaqa%@yde?&ﬁatwscﬂgsm dazol am
at 2.5 mg/kg IP in conjunction with Isoflurane 2-3%in 02 to deep

anest hesi a as neaiuibe lisgtetine tsneeririfuzad atal 4s000e Ao G4/m@58Highe supernatants '
PCT/ US2004/ 008323 2 .ar | ned on a Ci I Iat| h ng pad
for the duration (gf: tgé %n% ﬁg t‘@gb?% Pﬁ’ﬁ?’ﬁﬂg%ﬁn&ﬁi‘éa‘g@@@

prevent corneal ﬂaﬁ'ib;r{aoa@ ﬁmmmwe@e@léﬁrﬁ/am&@uaésamm V811 of Brsik BOHES excess
salivation. Asnall incisionis nade in the skin and the nuscle retracted

to expose the vebailefimbacmmlisimple bpfien subiccisthjo 4tl5% S@&Péﬁmand m}medbs (and
L7 if pl | ow) |
|1 place /Lf%%‘ﬂ[bh 19&{9?%%%@5 A BOdleS fﬁ&ﬁﬁ&ﬁ&’ gréo%@ 131 o a' S

per f or med, acent spi Nnous processes ri
spi nal frame ( Dacapﬂlréﬁ)qnéompisx thatrmntam)ed SA3SST.AM, ahéetemmtd ‘m}nWes.texpler formed at

Iagr s\(,)\nrrtegl ;: n:nhrllgl%e%tgo%s 11 1cat z;.s d1?ecc):t lte?'atlc%oﬁ/ o{‘ §p3 lflfPlttsl‘.e?ig VE/ alsg%eated

cells transfected with HA-Sp35 with Sp35-Fc and used a similar

immﬁnoprecipitation approach to show that HA-Sp35 bound to Sp35-Fe.

20 [0160] Sp35-FLAG was made as follows. Sp35 gene extracellular domain (a.a.
1-531) was PCR amplified using primers 5S'’AATTAAGCGGCCGCATGCTGGCG
GGGGGCGT3' (SEQ ID NO: 35) and SAATTAAGCGGCCGCTTTGTCATGT"3
(SEQ ID NO: 36) containing Notl 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



m nor dorsol ateral coticospinal tract (CST) conponents. Follow ng surgery,
the 10 lam nectony site is covered with a protective material such as

Dur afi |l m awe 2e0ie856¢8/er| yi ng nuscle sutured with 4.0 chramiuszawbesss pr ot ect
t he exposed spinal colum. The skin is sutured and wi ped with betadi ne
solution. [01651 Functional recovery of ani#bats |IS eval uated using the Basso
Beattie and Bresnehan (BBB) scoring nethod comonly used to evaluate rats
after spinal cor v Ry L5t h J & do i ' function
of rats by detai ﬁéﬁﬂ%ﬂéﬁ"ﬁg%yﬁgﬁ’f@Am@é%ﬁya%éf%ﬁgiﬁtﬁﬁﬁgﬁ AR Sbi i ty.
Rat s are eval uat weretimbediey irapareffins Sectmins (Idonrdnsjthick) wdrensededfek| y t hereafter.

10166] Immedi atel y _after T.transection denovi expr essi Sp35 or GFP

or control vi rusl%m%%%wgsg%&e P‘trsijthé‘g'feéﬁwﬁé gﬁée@r?sé‘%]cglsra]nsecti on

and regions 20 ¢dmpRekai Bl contslisivhy BetxbPfstraddon RdiGe LAWY IR dfining t Ot al

of 10gl of Adv are injected at 5 different sites (4Wsite). For the

i ntrathecal &dni#asthegpiceptenfngisasd npyronad fyryival inrthe injuved i rscardde Spit o t he

dura of the spi n@%s%gme&t 2mm caudal to the lesion L7 and an intrathecal
ed Into

catheter is inser t he subarachnoid space at L7. The catheter is
slow y and gent | [9162)i dTlab8pas retoevimp comtruc ovad nasdeus follows CHSY3 5tgenewad he

| esi on. The port] of t.he catheter ]yi ' ' ecal ace is
firmMy sutured #(ﬁﬂmebe‘flﬁs"?mw Fé%ﬁﬁ?ﬁm&%ifﬁéééé%%cﬁmu c
punp (Al za cor pGAG@M(BEQEM\IOhﬁ)}&»‘ﬁ%aiﬁ?ﬂf)@&lsﬁt@@%ﬁeﬂfrﬁh}?hﬁﬁ or control
protein) is connected to the exposed end of the guide cannula and inserted

into the subBut aheOGSERAALTCTENTARGATCEIFAEEY TCGARCT BaisheSRQHY NE: 885 ar e
covered with a protect] Al ‘ C i d ver |l ying
miscl o sut ured v RERHE Rnsdtabdl” e PCR YR DS Reshabv R Kt 1T
The skin is sutumddEcaRdl, thiepéidated inko the Rativvims sredtoit pMEG (WlicR 06144iQ8HRES

PCTI US2004/ 00832 - 43 0167]. H stol ogi ca al ysis: Tract tracing surgery
occurs at the tiﬁgp)of”hﬂtf_é’['aséﬁ?véfé’rsb’ BYY Hﬁ%éﬂég coi{g'r Eﬁ?ﬂ?%Viﬁtorﬂ?é skin on
the head is shavgsheandmiceed. AWildhBeaNvMEoANcbniR%AhsRRAL pbhe ani mal is

placed in a stereotaxic franme. The scalg is incised |ongitudinally and the

peri osteum 1§ scipajgiens; sotfva RelaieapipMME07hwereigated; tegadipar] pMMEOT S Ghwaskul |
approximately 1- D, i i r i it le | S.inserted
vorticaly i nto @ MBES s RS ma BB GO o VS Rha AR Bt bl i ned

accordi ng to thefrdgdienkty aérs lighted o gothertaxiake thedlia] M OPlasmili ZIMMCO089. The
Approxi mately 51_of tract tt( cer material (e.g.. Biotin dextran am ne ,
10, 000M W) 1 i PNAceqeensnaf n dssd s eontsmpd by DNA BONEnsing, SOEERBUIS: onal

five 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 dr —-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



10 mnutes to allow diffusion of the solution. After needle renoval, the
hole in the scull cap is plugged with gel foam and the scal p stapled cl osed
over the i nWQ3P0EP85648 Animals are allowed to recover angct/gSRbdisss
post-operative care (described below). Four to ten weeks |later the aninmals
are deeply anesthetized (Inactin 100-1 loﬁﬁlkg I p) and perfused for

hi st ol ogy as descri bed below. The tract tracer is carried by 15 anterograde

transport nechait gt or Hercafkih Gater BRIAZ pad FRGHe dRWRNGT shdpBryRydal  end
of the spinal cord and provides a neans to quantify anatom cal  connectivity

within the cor tIFeY§PI Pshlar hibeisant prymser tompsevenieameabfiyineont extfapiney
experinents, am ' Lt R GLi.n (100-110 ny/ kg

| P) 2-8 weeks g'%%%?gea?@ ?%yﬁoﬁgucégf‘%}%s%j}?’a 'eAflT%ﬁé%cé%l? gﬂardt%)’ni s opened
and the heart ithe shipandthe nisclalrétmntel to expesd the iverebras. dadvrsall Bniisectdmpgir t ed

into the left tricl ich 10Qcc ice-cold PBS i hed sl ow
(ol o wi 17 beREaingiceht fl i/ ofitrmemof en ihgse L criria BoBHsER, Thi 5 | s
fol lowed by a telowyibpérfaieadys/OT4na ﬂﬁadfé’&ﬁ%ﬁ?x%ﬁiﬁ%béi@é%%%@dw@é&w ) until

fixation of eyes/ears/toes i s obvious. iﬁl nal cords are refroved, with care

to mininize 25 sRingbfrane dhavid Koplinstimanis) sh dersalthemissatiomis @arformedat .6ned, and
2 & . . S i
Do Festen o MATLHSPREAR)STlal dope P T ERER O MY Gyhe

collected. for later ‘ana I'ng adenovir showed
i ncreased axon mippodarsaigterahsotidetpéraiiras (CHY) dodpoherits Rollowirgtsaidaty) thef or neuron

S35 i r a0 vediBReRARY il Ceretp PR arola e Blan Do, ehng
sequence Was PGReAyiRg nfuseld sitfifed Wit 4. 0EHrSmR gubhPrHted i\ Hhosed spinal

TGCTGGCGGGEGEECGTGAGG 3" (SEQ | D NO  37), containi ng anxhol site, WO
2004/ 085648 PCFPIsED sutured gad wipgg with betadine solution.

4
CGCGGGAATTCTCATAYEAT g@%&l‘ ' . nj an
EcoRl site. Thy\@ g@%&g&as uﬁmﬁ?ﬂgﬁﬁ%ﬂugkegm%g%}?asﬁg# "?ga ed into
t he Retrovi rus Bresmishan (B8R} s¢&@igmetktd @mmddP GsedNavaludtt nitedften sgiinal b4kl 576)
which was cut with ol d, EcoRl. Thi.s, vector was_5 desjgnated pvWM078. All
i sol ates of° pM%%zfgﬁrﬁ%jmﬁﬁtm%%ﬁWg@c@B of Fafgby @egq@gl@galws pivmco7s
were |igated t t A8 PhreiPMYeRdS ilto: | I and
pMMC078. 7 was gﬁtﬁ Wi teﬁn%éﬁgl? a?nI Accl . %ﬁ%@?ﬁﬁe eﬁlgggtﬁ%(ﬂftesd aaeag%ﬁﬁﬁégt ed to

meke the pl asnicard invisCtee weplly igteaRepM G- deri ved Sp35-HA viral vector was
made as foll Owsit)lﬁ%] f rh%gf{gﬁﬁrtely after CST transection, adenovirus expressing Sp35 or GFP

or control virus (10'° particles) are injected at the site of transection and regions

L

20  immediately caudal and rostral to the injury site. A total of 10ul 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 infrathecal 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.



10 encodi ng Sp35 am no acids 326-614 in frame with the HA sequence was
obtained by using PCRwith priners 5 - GCCTTCCGCGGCCTCAACTACCTGCGCGTG

CTC- 3" ( SEQMOD0M@Ss@E8) , containing a Sad site, and 5' - CQershidehthas
AGCGTAATCAGGAACGT CGTAAGGGTATATCATCTTCATGTTGAACTTGCG  GEGECGCGTCEEC- 3" (SEQ I D

NO 40), with pMMC089 serving as a tenpl &3.- 15 The | onger primer includes
the HA codi ng sequence (italics) after Sp35 codon 614 and before the EcoR |

site. The PCR Cter: b o A . sed to

repl ace the Sa@é?’qrE%ggaﬂ%g??lZ%lﬁagﬁs' \éféﬁ‘%lé‘?ﬁ?ﬁéﬁrﬁf’&g’c@%gt tg%ggl%c%gé%ns 326- 614
in the pM G desirgeq to éduoyspindl corddnjory. Theddd bn fre Bpdis-shavad| and iwipesl HA vect or
was made as foll. .. Jfhe - 2 di ng .sequence from Sp35- HA troviral
vector was cut v%@["ﬁ ¥ 3@87%% Qﬁ@ogcﬁ% anlnﬁalﬂf ﬂlﬂfq%éﬂ&é‘ﬁﬁmoé g%ﬁ'eﬁiﬁ‘? nt o
Bgl2-fill in siségp Bfindigedubsipiteiiimally siltht berioseinOk s fofPBe(ddivaria PAt . Nos.

6, 190, 887; and_6, 338, 953), replacing LacZ gene under CW pronoter. [0172]
An Sp35- adénov hpiis dalladsn theskullaprrotimately 1-wem isgemeteRpad @@es?5 codi ng

sequence from z oWVA ] -fL in and Nhe I,
then cl oned i n{;ﬂ(}gﬂoﬁggéecégglg%lbﬁ&?ﬁ nj %Hg%o gﬁcg@%spntéggmkag%%\kﬁxr us shuttle
vect or pDC315 (coontisatesvira detedmiftddacpordingtte the ribiaaip laaglGF Padiviosahd Wadieh, of
Renyel i nation | 3] _Fenal e L vans rats are used in,all studies. Rats
are anaest het | %g%% Bpfamfg‘ﬂ}’ gﬁf‘f@%ﬂgcmmﬁﬁ?q‘gf g‘%ﬁﬂ% B &Ht°a dorsal
hem - | am nect ony,0penii Wt)TBhiectelihad GlRaedials 168 WRkid B} kD SddUHMA! fivd Ysol eci thin
(3l of 1% lysolecithin_in 6 9% saline), is then injected into the right

si de of ddd¥sal mipreniellew diffesionpiibs soluiog. Hlte needls remorpl, iied kple intbe sur f ace of

the cord). App ri.at ' ' | R { .and after
Surgory. | [ 01747 SR pEBRRATAR g1 HaBRAIIRL sl oo AU SU ST RO BN S T 2

i sof | urane andsirhas b, allwived teappovepandaees enaisgesirative rcet (desotidedlrudown e
follow ng therapies .5 injected into the jnjured_spin caqr an

adenovi r us vec?gwtgﬁ%‘ﬁﬁlfé?aﬁ?r %W%WE@HW@&%F%@%@?O&R?@E%& i nto
the injury si t@fﬂ@%@:ﬁmﬂ?&r%&&ogﬁs&@m&abmw, TRC@&H RacepPsan®éd ¥g-P control
in a volunme of 10,ul wll be in'ileqt_ed into injured rat spinal cord in up to
5 differedt si tetsrogradgransposumpshumensdawn the corjigal |spinpk trachtovaedsdbeicaudal

demel Lnet Lon oyl R TS A At MRRSAE LRGP o (e S

within the corticospinal tract.
.[0168] For immunohistochemistry 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
immunochistochemistry, 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 Construcis

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
TGCTGGCGGGGGGTGTGAGG-3' (SEQ ID NO: 37), containing an Xhol site,



denyelination/renyelination 2, 3, 4 or 6 weeks after surgery, aninmals are
deeply anesthetized with inactin (100-110 ng/kg ip) and perfused with
fixative viWOde085@drt. The spinal cord is then renovedecgstuapoenssed, for
anal ysis. The animal receiving Sp35 treatnment showed increased axon

myel i nation as deternmined by 15 |HC usi#¢ anti-MBP protein antibody or

| uxol fast blue. Exanple 14: Sp35 RNAI [0175] To address the role of Sp35 in

brai n funct i onan ¢GECOBICETTEIEATATOAT T ATBRFCRINTIgIsQsposNat al 8 ON

cells. Sp35 RNAI infected celTs shorter neurites and higher rates of
proliferation N@rﬁ%@ﬁm&@m&:@lE@mmsﬁerﬁﬁhpmduqtmﬁ@at@tbﬂm andl e for Sp35

in regulating %9@0%% ﬂotg{%hésdqﬁm tmeﬁZ@clvu%%c’ﬁ?r 3 c{;\&%ﬂ" Eaﬁ %’\ﬁgquences wer e

conpared to fi T ORs 10 Use fi CH324 was
construct ed by Bistachmb]. btf:576) m@mhwdsemtwﬂethﬂ\éthI%RBHﬁm&Véct&%asand | i gating

B
S TGA\TCGTCATCCR%ZE&%BT@%W&I hgﬁ%%@%?%@ﬁ& Grakel! D NO 41)

LV1- 036 (antisense oligo
5' TCGAGAAAAAAGHTEGTOATEEAGT RadANT I a@AACRICEXRESAWOESEQ | D NO

3). 30 [0177] Bfa Qo e 12%%' a#{h%iuas}ﬁﬂgﬁ%@q g-L3.7 or candidate shRNA

in pLL3.7 were rans tagged plasmd at a ratio
of 5to 1 int mlcalp ApMEG-deri Ged\8pB5- Hﬁommwect&wﬁqdmhs\mnomakmgdemy

western bl.ot WD 2Q04/ 648 PCT 1008323 SP35- HA
tag from tHansf %3?)%‘1 acr(i;giigégﬁ 8%‘? W%@%@Mﬁ%ﬂﬁ%fmas ‘Eht't"}{l f total
RNA pr epar ed fbgmlﬁggbk%wpméﬁ s gieritetcwaearaPedTWddTdededrakb

fragnent of nGSP says were perfornmed 48 hours post-transfection (data

not shown). Vi CI&eE (%Q@m@&m@@nmmﬁ@%@w@mmmm@e in rat

wer e ae descr M TR RARO e P AT AR B R AT EpeRE ot O

functional l'y samm&@cegemcisr(sm TR g: m@mahbnmcegq Servifig 8 Repldte. and
transgenic mce I nterference,” Genet, 33, 401-6 (2003 Exanpl e

15 ROA AGL | v 1bF eSSt Hdeie A Fpding oo SLBioALE G R BIRIOBPEE Showkd
no changes in andbefore the EcoR I site. The PCR product was then cut with Sac I and EcoR I,

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 (3pl of 1% lysolecithin in 0.9%

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



RhoA/ GTP | evel s in response to OMgp. This suggested that the SP35/ NgRl
conplex is not sufficient for nediating signal transduction by a nyelin
inhibitor. 101791 W explored the possibility that a ternary conpl ex of
SP35/ NgRI / p75 nedi ates signaling. Two approaches were used to eval uate
interacti ons between 15 SP35, NgRI and p7545Frrst, binding was evaluated in
a direct binding assay using an AP-SP35 conjugate. The AP-SP35 conj ugate

bound weakly to I W BSdufEe AR- ] NaRl .6x5pr essi ng
celI's. The bi ndi Elgﬁlof AP- SP35 teo&%éR%rd)éﬁﬁ%@gg%e%rﬁg]g%g%sur eaﬁ‘éé’ ELI SA (FI G

4). Second, bi ndadministergP3goreandigis sargdry. p75 was eval uated by a

CO- i nmunopr eci pi LoNf 1o T cel.ls co-expressin 0 SP35 R1 and p75.

An anti-NgR ant f‘ﬁgéﬁ Fﬁtr?ﬁﬁ]%r && R egen IEEWTeéRDS%égW‘gfﬁPﬂ%SS and p75.

An anti SP35 ant hdpethysia)with apprapriaf @elspic éfte) mﬁpuﬁemm_ﬁtggﬁﬂ@iapieeg p75. The
e

interaction and co-i nmmunopreicipitation data provided evidence for a direct
i nteracti on Bet wldsriedpnty thagmpuredsspinab ooyd apgan,adsgovigisiesionFroerive psteisy and

ant i bodi es again : . . t 120 p75
co-localize to Cgﬁﬁ{%&g@%&ﬁ;k%&éﬁ%@g@ ﬁfea%rlo(?ﬁsp?ﬁg% Oér\%tg.}o%g%l Next
we showed that ténsodingiSipdser OFP ofnt®PS5a valyRe obhiplpwil begnjested frite irgured fabr t he
activities of the.myeli,n inhibitor. n-neus.onal | | re_.engi neered
to express all t PR cglgﬁﬁgﬁé%?gl.tﬂfgjﬁt ggcstuh ear%%r}dl t&%’&%&gmﬁﬁﬁﬁ?ﬂﬁ@%

RhoA/ GTP | evel s a@hfelinptide GAlvalug@ oMot @iber tKkaMPRIRS irfjdcbltdieitih Jf ey £ased

RhoA/ GTP | evel s jn SP35/p75/ l\%RI co-expressing cells, as conpared to other
conbi nat i ondQof imfeEen itgse Forlsiglogicat analygs of einalcarld expressi on of the

proteins WO 2004ﬂ'e n &1?%&%@1{19%:2%&6 wWeeR afte? ¥ur Ih%ﬁ{ﬁgﬂk@%&a& of COST

cells lysates. T rnity In‘inhibitors bi e not
affected by the mresthetized wifh ipF@indi 0 VB mglg §H3bd pifesed eothlfixatde vieshe t s

support a nodel wher a ternary conplex. of Rl .. SP35 an p75 is
required for Rhoﬂ?%@ﬁ%lﬂl?%ﬁoﬁ r’is_%ﬁﬁ reﬁ@g@m@p@?&mﬁ:@rmggﬁd%mda_ 5
[0181] SP35 cont Rkéiving Sp3s eRAARAT shoRedRERadedakon AT RRNiOH bt ddterdificdyor _
indirect involvenent in .siy&nal ing. To determ ne the role of the cytoplasmc

domai n, we 1pr odli¥eussing anti-yEiRpetan gdhedronlaxpldest Pg of SP35 (anino acids 34
to 576 of SEQ ID NO 2), to function in a dom nant negative nanner by ‘

form ng an unprogyatibiEq: shss RRAY conpl ex incapabl e of signaling. W
designated this rmf'?al ule V\Pﬁ tﬁ% 10 cytoplasm c domai n truncation " DN SP35"

(for dom nant negﬁt-,g]\/ eTohdRbss tN¥role of Sp35 in brain function, we introduced the lentivirus
Sp35 RNA1 into postﬁatal 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) 5’ TGATCGTCATCCTGCTAGACTTCAAGAGAGTCT
AGCAGGATGACGATCTTTTTTC (SEQ ID NO: 41)
LV1-036 (antisense oligo)
5'TCGAGAAAAAAGATCGTCATCCTGCTAGACTCTCTTGAAGTCTAGCAG
GATGACGATCA (SEQID NO: 3).

30 [0177] Prior to producing virus, DNA from pL13.7 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



transfected postnatal day 7(p7) CG neurons with full-length SP35 or DN SP35,
and then assayed for response to the inhibitory nyelin conponents (Ongp,

nyelin andWoge@aBye48 As shown in FIG 6, DN SP35 transf eedmregs20slooss2sail ed to
respond to the inhibitory nyelin conponents and showed | onger neurites than

controls. In 15 contrast, cells transfectedéwrth the full |ength SP35

construct showed enhanced response to the inhibitory substrates and had
shorter neuritesaasctoRGr8Pssi Ot g%ﬁ{ﬁﬁsﬁecte&r@m da %1 és%?rtno% P3 5
acts as a conpetitor to attenuaté neurite outgrowt |b| I on-caused by

myel i n conponent blot yitotak BAGA prgpartd fromxiuplkisatarsslis. s’laietlnltﬂtevaSIﬁﬁE}eEmmlasm woul d

bi nd NgR1 and bl of, inhibitaor bstrates As .shown in FIG
7. SP35-17c o R e A s As BV Betepe e 44 S BRY-BRRSFCURR E8E and
MAG. Exanpl e 16: ndlshown). oVieses WEre/iﬁéduwd frorh @SRkt @ﬂuﬁhteriymetr&a@ﬁmﬁ@ftai pé

cerebel | ar granul neu,@gs was g I n ach wel |l of a 12-well cel
culture platé@ i n°¥ SREEr, gd i”i’é@o SOAIBE PEgslustigrewerp 3s prot ei n.

These poly-D-1ys 0 g of
NS myel i, or ztﬁ%ﬂﬁiﬁaﬁﬁfﬁéﬂéﬁﬁﬁﬁ%ﬁ&q sasn o iiaiches ) 80

cul tures were nagmammunﬂWmmMﬁalwaycellsaStemwlam tEERDic hive bpg@NAHNS  were
heal t hy and gr ew. \we n s independent of sp35-Fc
treatment with fUs rt"eﬁ%'w 239’ %61[%8%%@# ned by neuronal specific
marker, 30 DI Il tubulin] as exam ned after 3 days. In the absence of
sp35- Fc, the neuEesmsapltild: RidA getivatioal | in the wells coated with nmyelin,

Nogo66, MAG and OMgp. There was mnimumneurite sprouting [short and

di storted] and t[m7&]euC®Schlﬂ,£bon@@réé\(mgN@R1@ﬁ&SHﬁ fHoWel/nd Qg B323 - 48
t h rpunded cel | bodﬁyand condensed _nucl ear

appear to be he
rrstlto erials. DAP%?%/ Hﬁvﬂ%mﬁwpﬁttgﬁ)h@%t hensgeiipkihatgne SR3VYER1 det ect ed
in these wells c‘.‘@ﬁplb@ﬁsnot Qﬁﬂcﬁ:ﬁt%r rh&h tﬂ)%sﬁﬁﬁ AR MRon 0§ a |r%hﬁ'ﬂﬂﬁﬁ§)tr' ng

neuronal | oss. resence of long neur|tes wiere present and
t he neurons appeHHé%l h eemgpredahmmbﬁmﬂm migrbereorsplea o EEPR/MgRME?S neur onal

e |0, 4Bk WS by b L R BB e S
down substrate: SPFHNIRIGhVPE. Fest iidifigOwas ¢WiRiated 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 NgR1and
p75 was evaluated by a co-immunoprecipitation from COS7 cells co-expressing
20  SP35NgRI 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



neurite extension short long distorted extended cell body norphol ogy
rounded spread nuclear nmaterials condensed cl ear neuron nunber at the end
reduced sanWO280485480l Fc of expt 10 In the presence afCRysb04Bes3ds i ed down
substrate: Owp/ Nogo/ MAG Fc control nyelin neurite extension |ong |ong
ext ended extended cell body norphol ogy spféad spread nuclear materials

cl ear clear neuron nunber at the end | ess reduced that sanme as control Fc

of expt control &6 if oy t . M af . 5 e.g.,
Sp35- Fc, possessg_)g@%eur gg?%?ggpﬁj\%%ggﬁwf&y.ﬁfé%g?loﬁﬁﬁ}%%ﬂrg'ﬁm@g%d

heni -transect ed bmding atese ngj-affested oypihe ipresencgiofpAf oop75 4nd SP35. The nal

cord sections sh tant i | 95s.0f , neyrons at fhe o) ite. A
reconbi nant vi rugg\ng@ﬁf&e%gﬁﬁsgﬁ%@%g& MR E: ?%%@P@t?é-%@n%l ?sat t he
lesion site. H pIDiseguirad fertRlion regultiontih @eoresehdeddf IER Kigmbod. $n

I ncreased nunber of ~neurons around the lesiqn site conpared to the control

group that wls i HHELk e8F3n ¢omtamnsfcxieplasayc damain thatthgspotentiakdireekardpdiregt t h t he
in vitro experi nBRERLmEANA sRANINMO TR Mo RGH L08 dtain wéO

descri bed above, and further indicates neuroprotective properties associated
with Sp35. Exanpioduced:a cgisphismic domaimirandstien ot¥P3S{amido aCisis 34 tonf 76 of JEIY 84]
Since Sp35-Fc re Lte. outgrowth.inhi.bition caused by OM .5
Nogo- 66 and MAG ﬁﬁﬁ? ggéjﬂmnecﬁ%&%ec Y t3%%?’%%%“?3%%&“@3&%%%aI
recovery of CNS fenjaty ecsplexnineapable oFQigaslitfol Wiz ddsighatedehig eivlatuktvatatle Sp35- FC
to spinal chord hemsected rats, j.e.. an animal nodel of acute CNS trauna.
As shown i ROFI cyieplasmye Apmpaindruncgiren "PIN-$R 353 (on dpmingnbmseagtivs SRS Rd We
significantly  transfected postnatal day 7(p7) CG neurons with full-length SP35 or DN-SP35,

and then assayed for response to the inhibitory myelin components {Omgp, myelin

and Nogo66). As shown in FIG. 6, DN-SP35 transfected cells failed to respond to

the inhibitory myelin components and showed longer neurites than controls. In

15 contrast, cells transfected with the full length SP35 construct showed enhanced

response to the inhibitory substrates, and had shorter neurites as compared to
controls. This demonstrated that DN-SP35 acts as a competitor to attenuate neurite
outgrowth inhibition caused by myelin components. We ekpected 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%CQ;. 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  ONI 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



i nproved functional recovery, conpared to control rats treated wwth 1gG 10
[0185] Spinal cord injury and behavioral analysis were perfornmed as foll ows.
Al | surgi caWQe88Bes were performed in accordance w tpciiQoaoshl i nes of
the Biogen Institutional Animal Use and Care Conmittee. Fenmale Long Evans
rats (190-210g, Charles River, WI mngten48VA) were anesthetized using
2.5mg/ kg M dazolam 1.P. and 2-3% Fl uothane in 02. A dorsal |am nectony was
performed 15 at 16 er f ormed,
conpletely inter Sgﬁ"#S%t\éﬁkehyﬁgﬂﬂﬁw%“ﬁé%@a‘%ﬁ%E‘b‘}%ﬁ HSllgardB? Eﬁ?ﬂ eral
corticospi nal tr BAPI siaidsip dammpratedithst the numbkiraif abyrond detdctddSa thdsansRet i on an

i ntrathecal cathete t into.the subarachnoid space at T7 and
connected to a p?vaﬁ%as%rhagg%?fﬂs CPRIFR) We %fﬁﬁgeﬁ%e%m?’sﬁ n8dk& ed into
the subcut aneousﬁ) eofd}%chOﬁaﬂghbﬁut?sOwé}e B%erﬁﬁhénh% %&oh@gﬂ&ﬁeh%@él@e

control protein n=5, Phanningen), PBS (n=3) solubl'e Hu
fusi on protefn ( WWFDBfﬁ?ﬂ@}ls‘aﬂteﬁaahlah@'mﬁwgalmmthﬁolwwmgtlsmegery

the | t I d.
Post oper at i ve. cart TASP eV ARERpRRt, THEARE RSB 1 B9%EC ) o s

days and antibiotic treatnent (Arrpl cillimahP®nu/ kg s.c.twi ce daily) for 7
days 25 after surgery. Bl adders were expressed manually tw ce a day for the
duration of the study (28 days) or until return of function (the tinme of
whi ch was not ed) In thé hbsefidd oT8pXS5-Rer e bl indly 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
transecti on (day %gd vveeklty thereafter for 4 30 weeks using the

Basso- Beat ti e- Br BbRet oconmobMerMageAMAGE al B cantipbst i gat or s wer e
blinded to the treatnent gr oups for mudinduration of the study. WO ‘
2004/ 085648 PCT| UBROB£XBO88®R3 - 50 sheanpl e 18: Nelongnal survival and axon
regeneration in the rubro-spinal trdstrt¢dRST) heni - egeddedn i njury nodel :
[0186] W al so i meldbdgmbegibotogy ef f eaotimdedf Sp35 tregieadnt on the
regeneration of meleaomstetisist he rubreand@isedl tract swearch directly contribute
to | oconotion. 5 el fumbetitithdendeekre@hodd Spr ague- Dagdn@yasicafitfol (600- 250 g)
were anesthetizedfexptt h an intraperitoneal injection of ketam ne (80 ny/kg)
and xyl azingg(8 ng/kg). Under an operating mcroscope, a dorsal |am nectony
was perfornmed and the seventh thoracic spinal vertebra (C7) identified.
After opening the dura mater, a right hem -section was perforned at spinal
cord | evel C7 ushuihe pregasce ofgp3&dici ng

dried down substrate: OMgp/Nogo/MAG/  Fc.confrol
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 irn vitro experimental findings



10 scissors. Follow ng spinal cord hem -section, aninmals received a piece of
gel foam soaked with either 101 of a 2g/m solution of Sp35-Fc, or 10l of a
2g/ M sol uMoa04aBsdd8iman | g, or 101 PBS, placed on top ofcéodsmessen site.
After the operations, animals in each group were subdivided for axonal
tracing and behavioral analysis. The anrn&Ps-for axonal tracing (n =5 for
each group) and 15 behavioral analysis (n = 7 for each group) were all owed
to survive for | ) P % W V... Fluorochrape) was
used to | abel th%ég%@léa aRg{‘f?(%%g%gﬁgﬁ%ﬁ%%%éﬁg?%%@a i ?Peelﬂ%esaa%% RS egc g‘gs t he
injury scar and $gE¥ntered the caudal spinal cord. Two days prior to the end
of the post-injury survival period (1 nonth), aninmals were anesthetized

ith i nt it l,-i Qi ection. of ket am 20 (.80 [k d | [ 8
kg A tor oo EfaRFR 2t Sr3S b ARib NI BE SRR ORISR T XY earint tas
identified. FG . f. 0.5 m was..nanual lv.inj.ected j.nt he right
lI'2 sp: nial cord @ﬂﬁﬂvgélﬁ%%ﬁ%%é bl% rg%qeﬁagqntﬁﬂﬂgg@%%%@r}c %h?i’n(g 5 :/vgre
anest het i zeds andNegs66 id A G\intiire, WwedxpadtediBis thoddculeas priniite fukeffori®/ kg) and

xylazine (8 ng/kg) and they, were perfused intracardinally with nornal
saline, 25 fol | oRERVCB}OLANIS iniumgs i yivatr 19 eofimthisny e admyisyaedPpirEs Wehyde in

0.1 x PBS.  The {ii BordRtkuBifiRtarsc 8 I ERA nlﬁ(ﬁfzgeé@ggﬁw%gggﬁgu yth

par af or mal dehyde™ overni g and then’ place osp ered
sucrose. Brain ashdwspn FEF. 8 and Gt 9,Spds-Fodreated tats demiansBfledsignifieattiyons on a

cryostat and nounted gnto.gel,atin- coated .slides he nu r FG | abel ed
RS¥ neurons on tHE" Vé@&b‘ﬁ“@?"d&%@e@“&%ﬁ“@%ﬁ OAEE-{%U?%?CQ‘E% of the total
nunber of FGol ab@ligs] repiiesrdanjutyhdweRivicral dnalyeis derd pérReined bf@iloWhi S

per cent age anong ﬁr oups. was conpared statistically usin one-way ANOVA
followed by a TukByungicalrrpcedureswsrepesionped ingsenrdanss withAbe syidclimga pftbs648

PCT/ US2004/ 00832§i0§én mﬁ&&%i%@?k&d Care PR g%?%engal%é%a%%a% d the

survival of rubro-Spinal tract neur ons. er cent
Survival of RST (18@@iegChirl® Rivay, WilnEBSod, MA) FereSmashdtized isifig B.5fnghkg ,
Control -Fe 14.5 f.. 2. 0189] .E hayi or.al, a S| .the use of forelinbs
during spont ane OMécFa@(élFx{nr ]g'lg.la].nd £5%%uo ane in O,. Rado}!sai lsahnnec omy was performe

15  atspinal level T6 and T7. A dorsal hemisection was performed, completely

interrupting 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 (5mg/ml, n=5, Pharmingen), PBS -
(n=3) soluble Hu Sp35-Ig fusion protein (4.3mg/ml, n=8) at a rate of 0.25 pul/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.



5 exploration was examned 1 nonth after different treatnments as descri bed
(Liuet al., 1999) with mnor nodifications. Rats were placed in a clear
Pl exi gl as cMO 20648564615 cm i n di aneter and 30 cm hi gh) thrct/usoemosages use
of the forelinbs for wvertical exploration for 5 min. The follow ng

behavi ors were scored: (1) independent us&%f the left (uninpaired) or
right (inpaired) forelinbs for 10 contacting the wall of the cylinder; and

(2) simultaneous uﬁﬁ 1 sbngégrmrsumsawu&%g@&& atilif i/ B! .-PBL, §ﬁlﬁa10y' | nder .
(0]

The verti cal exp “@ﬁ SddefSSe rns per cent age
use of left (uni rrpal re}{étir)?g; gtlvgﬁto t he total nunber of i npaired,

uni npai red, and I
forelinb relati vEﬁ ttso t he %{Slg o gan%‘P&‘%@é‘?@%?eg%’%ﬁntg‘gﬂ}eéé eggl%#%%% h 15
linb use; and (Bhemmmmeagbrowmab&adwminhfdmeeﬂy cunsribyutd ta;tloomndtmnt he t ot al

mber of bt Li b . u diff bet
o ouns vere o oo [y AgE St e a Doty BRa R ke pedhere o "
anal ysi s. Sp35- Fﬁathtaﬁ%ﬁf@%t@ﬁéﬂﬁh&u@ﬂ@f\wﬁwgﬂdm@&g}Aﬂa;rymrre\(eqhg/rg;nt limb

novenent: 30% usage for both forelinbs in 5-1-FC treated ani mal's versus
10% usage f or boUnd@@nwa@tmm@cwaqommdm@aLlwem@ctomsvasrpeﬁoenbdmdm s: 55%

| eft (uni rrparred | o]y PBS- treated
animal s; and 299%F giﬁ@h#ﬁ&@%pméi%ﬁéﬁ?a@ ﬁdsjeggggdve’?%%s %%%# a’fefat $5% i n
control -Fc or PBﬁghtr}emheebmnmb&fomEﬁan@mml déd 1&pBE7 Emgacpaﬁbﬁq:rmgtr nal

ganglion cell (RGC) su vaJ i n the |c nerve ansection no 25 [01901
We further &8nfi ?‘ﬁﬂ%ﬁrst E@ 1%‘&“5\??‘?‘?11% a“{"ﬁ%rﬁfﬁfve ar%“rCQQ(Eg? Ifodfsect i on
model , which i nV@o%kécﬂﬁ«ltﬁ%ltﬁéi‘q o? atih@mlasﬁlﬁ%ﬁ oPSﬁH@F@'orﬁ@iﬂQ}thﬂ%/n}ioung

adult femal e Spragu rats were used in this study he right

optic nerve of uﬂma:rfhum:m s:rﬂeralrftl?&epladedmtpaof&netlesncuwm Bfientber om t he
optic disc. A WD.20Q4/ 085648 PCTI.US2004/ 008 % %[i) gce of gel foam
soaked with 6% FPRRBFEREHAM *‘Fgeas\%grog%sre{esg 3ldfﬂ£°rr"i% i} WAL Ccted site

ri ght behind thebéhaviogal dhal@si$. OTHeMREhalt Rp asoifal iradifi(ni-e$ fdtaciggogp)d cel s
(R&Cs) . The ani mals were divi g ed_into 6 gr ups (n=6 in each group)

recei vi ng eilfher beyggiorat analysisini= 7 frgeachyyro SYYCI"P@@W%‘QO SHYP&PL b eghth.

i nj ection. The 5 mkpnmuefo G@ﬁgFGn@%W{/tﬁlﬁ‘@}BcﬁrSﬁléjc&MeWIaﬁel e | @ the
dosage of each i I’lj ection he intravitrieal injections were
performed i medi aeuebns thdtthedrﬁgqeeratpd iheir amens\aeross B dwjutyi soar andogemtqreddbe ani mal s

were allowed to gal{lﬁall s\f)?nai &rd. Two%léy.% 1;|1_1V6K1)' tod@ig ncP gtf REB 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 staistically using

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



sacrificing the animals, the left optic nerve of each animal was transected
and 6% 10 FG were used to |l abel the surviving RGCs to serve as the internal
control . Anwoebw/o8gsre sacrificed with an overdose of Nempufdhoodieksthe
retinas dissected in 4% parafornmal dehyde. Four radial cuts were nmade to
divide the retinas into four quadrants (s@perior, inferior, nasal and
tenporal). The retinas were then post-fixed in the sane fixative for 1 hour
before they wer eblatia TabEBegh I kb B PRI AP (PRGN ofBE S| des
wer e exam ned under a uor escence m Croscope usi ng Bt ter
(excitation waveRéIgneureng30- 380 mm). Label ed RGCs were count ed aI ong the
medi an |ine of each quadrants starting H;gmﬁtge optic disc to the

peri pheral border of the retina at 500 rval s, under an eyepiece grid
of 200 X 200 mm The percg¢entage of surviving RCCs quultl ng from each
treatment was 20 expr essed IBsat@eipar i nd RerentSurpaal fRSHr vi vl ng RGCs in t he
injured eyes with their ¢ontra- | at er al| Neyeons GASIEMGY a_ver e expressed as
mean | SEM Statistical ¢$PBBificance Wd§.leval uated by one way ANOVA,

foll owed by a Tukey- Kramer Sp3fa&t hoc t ¢$i1.9D1.6f erences were consi dered
significant for p<0.05. Sp&onitdt-Ftreat ed 144 Pl s showed signf fi cant neuronal
survival (83% when conpared to control-Fc 25 or PBS tréated ani mals, which
each only showectomqrq:ermsamhdfam%yﬁ@%@mloff&aﬁmw&\hnggwﬁane%@% dgnt s
[0192] Other enbodiments are within the fol|owing claims. -53- CLAIMS 1. An
i sol ated nuct ei @xal@rwoemwemwgdémmmvé’@rdd@resléqgew@@tseﬁd@sanh@ @iwel ubl e

I tid | egt i
Comr 1 51 ng anm natab 5 " a5 pRRFRERE: ok fljoct o PBRHRERS il i ng
anmi no aci ds 34- 415 cmfin 8fMetdd ahD3@ cm high) that peloypged isdef defprelifiberan no aci ds
34-432 of SEQ ID i i ds 417-531 of
SEQ I D KIO 2: © (e")"ﬁoﬁﬁﬁp}%@‘fﬁq @Eg Eﬁgrpﬁ%ﬁdﬁa‘%o m%r Slén ng@ggfegg(li if SEQ I D °
NO 2 f I SeQUTIN Qighid NO 2
pol ypepgl éeacg?rp]?{@:a%%ﬁg% no adclléiciis 43g % SI%Qp;é;[%édl\)lqo‘B 5%(9?1)%; poI ype|(o?|) dg

conpri si ng Hh LRRutokes the orallofthel qyimatgr,zand éz)tsasﬁléﬂnpelgl use ofboth SEEHmb> RO,

ﬁ'ot (Zar 21:_ ??r n;[ ﬁaf *1:% ﬁﬁhggfgﬁ'o? the%gﬂn&p ‘rﬁ@%?t?&i Q)R)Ll'éragor{be(ﬂ)iwog e exrf)ressedSEQ ID

in terms of (1) percentage use of left (unimpaired) forelimb relative to the total

number of impaired, unimpaired, and both limb use; (2) percentage use of right
(imp aired) 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



(i) a polypeptide conprising an I g domain of SEQ ID NG 2, but |acking an LRR
domain of SEQ ID NO 2, a basic region of SEQID NO 2 and a cytoplasmc

domai n of SEFOWPAY4®: (j) a pol ypeptide conprising an LRA/dso@ionsed SEQ | D
NO 2, but lacking an Ig domain of SEQ ID NO 2, a basic region of SEQ ID

NO. 2, a transmenbrane domain of SEQ I D NOP2,-and a cytopl asnic domain of
SEQ ID NG 2; (k) a polypeptide as in (h), lacking a cytoplasm c domain of
SEQ ID NO 2; (1); i o} B:0eh- A5 j : f SEQID
NG 2 (mya pol yhiso FeBRR shélRa A, Ehbl OMTECT Fel mlitd d ABEND O 2
and (n) a pol ypepisecied sitermight behind theioptic disg tadabeb the4B8/iving BfQal ganikam ;

wherein the poly J i@l . leic acid binds to |, thereby
relieving the I\é%ﬁﬁég:lsgte d@ﬂﬁ%?"’?&@@%ﬁ%@o‘ﬁ Pu%%(Q‘Ehél?%aﬁ iZPUR) CNS neur on.
2. An isol at ed nieetieing eithérdSpdadechuriandgGo) arlphse PBS| bpiidavitkeal imBeionl Thsai d

sol ubl e pol ypepti de consi sts essentially of an ino acid notif selected
fromthe gr ogp E%H@FQ Pa¢l 1ravitrea) ggefig i psshm! W%‘q]?\lgesd@ﬁge qfiepoh ipiseifgu ( SEQ
ID NO 10); (iii RRhe j -~ and
(V) VSPRKH ( SEQ Vol 1 13) %@@SP{%@%‘?’% et E@F&%@?ﬁe&‘ A hlgﬁ?‘%nm ly
fused to a het ermdrvgjoansegiwinypepti de. 3. The nucleic acid of claim2, wherein

sai d sol ubl e pol ti S lized -54- 4. The nucleic .acid.of claiml or
claim?2, furt her%ggﬁprggiaﬂﬁnagyﬁ’sliefﬁﬂ‘g?det(gtsméveef%ga’ieﬁl@ gwﬂélf’@rb(ﬂf%aous

pol ypepti de fuseshctificiagiit s@halb)tke RalopRERrl<I6f cabh arifi@] Wuet-is6ctaTard 6% any
one of clainms 2-4, wherein fagl d. heterol ggous pol ypeptide is selected from

the group cofisi SFG!?@?T%FSBQAO elibe syrEsing ICHo SEVEAY thedptgimal 8Pl pept i de, a
targeting polypephindgs wre'seRfcce @iﬂ%%?ﬁﬂ&ée%ﬁ@gﬁbmﬁm g Rt H!igéggiﬁii n g

pol ypeptide, one or nore cysteine residues and a purification-
pol ypept i de. 6. A%garafiorwidshydd. dFovf radiabiuts Herewhasiedo divede the hetines iotodguius

pol ypeptide is sel.ec from.the groun consi st of ..an i nmynogl | i,n Fc,
Pmn Ser um a1 bRl GyREp e bR A ERaFL) | B tot B v R IR ofiiel
ol i godendr ocyt e- fihé sameOfintiOp fertiionr Beforfetiag st flatieoaatd with Meahbunting

associ at ed gl ycoprotein or. fragnment thereqf, and a_Nogo66 gl ycoprotein or
fragnent thaPeof meqiumADake). Jrheshdes vess regmipgd yrden aflvorgreppredriciopeaPRwsINE 6.

an ultra-violet filter (excitation wavelength = 330-380 nm). Labeled RGCs were

=
5

counted along the 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 neurcnal 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.



8. The vector of claim7, wherein said nucleic acid is operatively linked to
an expression control sequence. 9. A host cell conprising the vector of
claim7 or claim8. 10. The host cell of claim9, which expresses the

pol ypeptide that is encoded by said nucleic acid. 11. An isol ated

pol ypepti de encoded by the nucleic acid of any one of clains 1 to 6. 12.
The pol ypeptide of claim1l, wherein sgjd polypeptide is capable of
decreasing inhibition of axonal growmh of a central nervous system neuron.
-55- 13. The pol ypeptide of clains 1 [ , Wherein said polypeptide is
produced synthetically. 14. The pol ypeptide of claims 11 or 12, wherein

15 147 Werei n thd: Cy?&' g e A B a@’@eﬁ%hﬁ' eSSl ks ™
pol ypeptT° E‘@ OKHF’BP Bor“éfhr‘? gt’“l’iﬁ’ ‘i?B?‘gHEro | s sel ect ed fromthe group

consisting of a pg y ﬁ? a su and a onpeptide. 17.
The pol ypepti de oftdctBY Préﬁ"FgWQO 99?

pol yet hyl ene gl ycd ?F@EBGPU BCC’“H’fé“ AR Beiftidd- 6 @T%ﬁ ‘NO\%erel n the

pol ypepti de is cofpludeelyeeptige gomprsingzangipo acigeP 4432 of SEQ IDN&2pol ypept i de of
clai m 18, wher ei n (@hepelspeptideeoraprising amiap geits @1‘7 $Heof SHSD IPRKXE2i s from 20, 000
Da to 40,000 Da. Z6).a pelypaptide oetyprsingdmisp ecid$ 42553 lyofliEQIED N©:2;he pol ypepti de
of any one of cl df)nspdlgpdptidd Bomprisiggranainb acidni45B hdf BEQfIDaAgpRNt of said

anti body; wher ei n(gga polgpdptide dymprisingaihinb aclyls §334gRstSHGID Ajeak] e of bl ocki ng
the binding of thehpopypsdptideCorfprishizQn TRINGbAai&f SHGRD NOL2, adasit Regidrl 10

met hod of i nhi biti ngSEQQDNotzr@fbmHﬁHoQHe pmmmam GRIRY invhilbg| BRI Ag) | Ng an
NgR1- expressing cel | gy dih oPSESTD q@@@@t r'ltotf'? églcs[g MRJ e poI ypeptide of
any one " of ‘ol ai my; Ldp el % 2P 8 6K T
20. -56- 22. An i "1‘% ({n a%jlcreggno? 19 4 lgr owt h of
a central nervous sy S|ng onta.t S ac 9&%% tft on
with an effective

or the anti body or(ﬁ‘f?ﬁ ‘d?ﬁ%‘F‘ %‘?mge 9 O?Q%QO eN8f2 But H(Emgan ltgo 9

domam SEQ ID NO:2, a basic reglon of SEQ ID NO:2, a transmembrane
domain of SEQ ID NO:2, and a cytoplasmic domain of SEQ ID NO:2;

(k) a polypeptide as in (h), lacking a cytoplasmic domain of SEQ ID NO:2;

(1) a polypeptide comprising amino acids 417 to 424 of SEQ ID NO:2;

{m)a polypeptide comprising amino acids 494 to 551 of SEQ ID NO:2; and

(n) a polypeptide comprising amino acids 454-458 of SEQ ID NO:2;

wherein the polypeptide encoded by said nucleic acid binds to NgR1, thereby relieving
the NgR 1-mediated inhibition of axonal extension in a CNS neuron.

2. An isolated nucleic acid encoding a soluble polypeptide, wherein said
soluble polypeptide consists essentially of an amino acid motif selected from the group
consisting of:

(i) SPRKH (SEQ ID NO:34);
(i) LSPRKH (SEQ ID NO:10);
(iii) ITPKRR (SEQID NO: 11)
(iv) ACPHHK (SEQ ID NO: 12); and
(v)  VSPRKH (SEQ ID NO: 13);
wherein said soluble polypeptide is optionally fused to a heterologous polypeptide.

3. The nucleic acid of claim 2, wherein said soluble polypeptide is cyclized.



23. An in vitro nethod of inhibiting growth cone collapse of a CNS neuron,
conprising contacting the neuron with an effective anount of the pol ypeptide
of any one of clains 11 to 19, or the antibody or fragment thereof of claim
20. 24. An in vitro nethod of pronoting survival of a neuron at risk of

dyi ng, conprising contacting said neur.gn with an effective anount of the
pol ypepti de of any one of «clains 11 tg 19, or the antibody or fragnent

t hereof of claim20. 2 Use .of .the pol ypeptide of any one of clains 11 to
19, or the antibody oEh?Eg@?ﬁ‘f‘af’%g%xgbﬁamgifﬁ?%cf’ﬁlpflﬂégﬁr_epar ation of a
Todi candibnHgFotdehpating heRelagouterlipeptids Wisedfarsaigrsolufepofynentide. nanmal . 26.
The use of the host cell of claim10 in the preparation of a nedicanent for
treating a CNS di sease, disorder or injury in a manmal. 27. The use of claim
26, wherein the cultured host cell is derived fromthe nmnml to be
treated. 28. The dse of N@nsl¢igpcidefamyonesipleims #rd. whergimsawthetrsolagaisence t hat
encodes Polypeptsis iy prigstedofEor thegigupenasistingofnde pelypepsidea sesym glbamdmt | body or

f r agmentpolypeptidss a tirgatingiprlypeptide, a repertgypelyarcptideomhwharaNgR tibinding ol ¥psptide,

t r eat i ngpna oONSradiyseagsidiies andla purdficatipp-facilitatinggpolypeptede,  wherei n sai d

pol ypeptide is expressed fromthe nucl eoti de sequence in the mammal in an
ampunt sufficient to reduce inhibition of axonal extension by neurons at or
near the site of the injury. 29. The use of claim 28, wherein the viral
vector is sel ected. froithe heclge acig of cleims b svhangin sdid hnteedegray polapepiideisor , a

| ent i vi rsalecte¢é €ionrthe groopcohsisting alf arv emrhoioglabnlifcps,timimanBatum albimin or\faginent, a
papovavithébofy 8 Bis@dine BigyACsligodendtddydd-myelid glycopadicin@r ragmes thérsdd] £xmywlid al

vect or . gébiatcalslycbpfotéis @r BhohémithBred?; andhel o6 khRoptbfed orviRdphint théreof.

adm ni stered by a route selected fromthe group consisting of topical

adm ni stration, intraocular adm nistration, parenteral adm nistration,

i ntrathecal adm nistration, subdural adm nistration and subcut aneous

adm ni stration. 3%, The WgfrebmptidhgihéAucielQemiorf clalifis (S di sease, di sorder

or injury is a spinal cord injury or an optic nerve injury. 32. The use of
any one of clainms 28 to 31, wherein said pol ypeptide or the antibody or
fragnment thereof pronotes nyelination. 33. The use of any one of clains 28

to 32, wherein saigd meqngaaRGtofchimSti ﬁt@in%afd(}{uc&i&dm isRgedtively Vialkedab a

neur on J L idd a mammal with a neurodegenerative disease,
di sor dera%xPlé)érSSﬁ?I}l%nrt@éé%g? C[%he use of any one of clains 28 to 33, wherein said

medi canent i s

S. A host cell comprising the vector of claim 7 or claim 8.

10.  The host cell of claim 9, which expresses the polypeptide that is encoded
by said nucleic acid.

11.  Anisolated polypeptide encoded by the nucleic acid of any one of claims
1 t0 6.

12.  The polypeptide of claim 11, wherein said polypeptide is capable of
decreasing inhibition of axonal growth of a central nervous system neuron.



adm nistered at or near the site of the CNS di sease, disorder, or injury.
35. The use of any one of clains 28 to 34, wherein the CNS di sease, disorder
or injury is selected fromthe group consisting of nultiple sclerosis, ALS,
Huntington's di sease, Al zheiner's disease, Parkinson' s disease, diabetic
neuropat hy, stroke, traumatic brain inj gry, and spinal cord injury. 36. An
interfering RNA nol ecul e which speC|f| Tly binds to the nucleic acid of
claiml or 2, wherein said interfering RNA nol ecul e decreases inhibition of
axonal growth of 1% cehbs BOLYPRPEigeQ Cl%‘%tlérﬂr Aéuiicin sad pelygentideds prafuasd RNA
mol ecul &YWhetigally-m 36, wherein said interfering RNA nolecule is a small

hai rpin RNA (shRNA), and wherein said shRNA is encoded by a DNA nol ecul e
conprising SEQ ID NO 41 or SEQ ID NO 42. 38. The use of the interfering RNA
mol ecul e of claim36 or claim37 in the eparation of a nmedicanment for the
treatment of a CN&Hdi sébepolyprptide abelaigys 1|1rq“rdgywhemeus@ﬂrpog/amaldesscychzed-
interfering RNA nol ecul e decreases inhibition of axonal growth of a central
nervous system (CNS) neuron. 39, A conposition conprising the isolated

pol ypeptide of any one of claims 11-19 and a pharmaceutically acceptable
carrier. 40. A conposi Thopolzpapside of any annef elambldals. avheesin thgenrlypeptitieny
fragnentconjﬂlﬁﬁﬂéwfamlyrwral m 20 and a pharmaceutically acceptable carrier. 41.
A conposition conprising the isolated nucleic acid of any one of clains 1-8
or the interfering RNA nolecule of claim36 or 37 and a pharnmaceutically
acceptable carrier. 42. A nethod for producing a sol uble polypeptide
conprising cul turilhg t Kbe helgpeptide bf dhing| Riwhensin ﬂanm}ymwe&er enigd filgen the

pol ypeptgrolg @nsistirerbflaypobailyleme glyebl; aaugad pblyowr,.tané a polypeptide. medi um 43. A
met hod for producing the antibody of claim20 conprising inserting a

pol ynucl eoti de encoding a partial or full-length |ight and heavy chain

pol ypeptide into the sanme or separate expression vectors, transformng a
sui t abl e host cel 117w t Fhe polgpaptide of claim & stheredn the palyklkyleng gyaolds host cel |
under cqmiiettiyiuns giveer @BG)sai d anti body is expressed and recovering said

anti body fromthe culture nmedium 44. The use of clains 25-35, wherein said
medi canent further conprises a supplenentary active conpound sel ected from
the group consisting of a soluble polypeptide of <clains 11 to 19, an

anti body of clai mi80 ofhé pelgpepiide bhelni@ot?, wherin thelpelybgRtitedotonpegatadde |, and an

NgRI  f usj, gror BiptyHets.

19.  The polypeptide of claim 18, wherein the total molecular weight of the
polymers is from 20,000 Da to 40,000 Da.

20.  An antibody which specifically binds to the polypeptide of any one of
claims 11 to 19, or an antigen-binding fragment of said antibody; wherein said antibody or
antibody fragment is capable of blocking the binding of the polypeptide of SEQ ID NO:2 to
NgR1.

21.  An in vitro method of inhibiting signal transduction by NgR1, comprising
contacting an NgR 1-expressing cell with an effective amount of a soluble polypeptide of any one
of claims 11 to 19, or the antibody or fragment thereof of claim 20.



SEQUENCE LI STING <110> BIOGEN IDEC MA, INC. M, SHA MCCOY, JOHN PEPI NSKY,
R BLAKE LEE, DANIEL H S. <120> NOGO RECEPTOR BI NDI NG PROTEI N <130>
2159. 044PC03/ EKS/ EJH <140> PCT/ US04/ 008323 <141> 2004-03-17 <150>
60/ 455, 756 <151> 2003-03-19 <150> 60/480, 241 <151> 2003-06-20 <150>
60/ 492, 057 <151> 2003-08-01 <160> 41 170> Patentln Ver. 3.2 <210> 1
<211> 2897 <212> DNA <213> Honp sapi ens <220> <221> nodified base <222>
(2376) <223> n = t, .c .or, <220> <221> npdi.fied pbase c222> (2381) <223>
n=a . corg 35085 19 ith s ShsipoisASes MAbHIoh QTARSUH Eicogh of el ¢ oo
or nervous system (CNS) neuron, comprising contacting said neuron with an effective amount of

the polypeptide of any one of claims 11 to 19, or the antibody or fragment thereof of claim 20.

23.  An invitro method of inhibiting growth cone collapse of a CNS neuron,
comprising contacting the neuron with an effective amount of the polypeptide of any one of
claims 11 to 19, or the antibody or fragment thereof of claim 20.

24,  An in vitro method of promoting survival of a neuron at risk of dying,
comprising contacting said neuron with an effective amount of the polypeptide of any one of
claims 11 to 19, or the antibody or fragment thereof of claim 20.

25.  Use of the polypeptide of any one of claims 11 to 19, or the antibody or
fragment thereof of claim 20 in the preparation of a medicament for treating a CNS disease,
disorder or injury in a mammal.

26.  The use of the host cell of claim 10 in the preparation of a medicament for
treating a CNS disease, disorder or injury in a mammal.

27.  The use of claim 26, wherein the cultured host cell is derived from the
mammal to be treated.

28.  The use of a viral vector comprising a nucleotide sequence that encodes
the polypeptide of any one of claims 11 to 19, or the antibody or fragment thereof of claim 20 in
the preparation of a medicament for treating a CNS disease, disorder or injury in a mammal,
wherein said 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.

29.  The use of claim 28, 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.



<220> <221> nodified base <222> (2861) <223> n = a, t, ¢ or g <220> <221>
nodi fi ed base <222> (2871) <223> n = a, t, c or g <220> <221> nodified
base <222> (2877) -1 <223>n =a, t, ¢ or g <220> <221> nodified base
<222> (2880) <223> n =a, t, ¢ or g <400> 1 ggagagacat gcgattggtg
accgagccga gcggaccgaa ggcgcgcccg agatgcaggt 60 gagcaagagg atgctggcgg
ggggagt gag gagcatgccc agccccctcc tggectsgctg 120 geageccatc ctcectgetgg

t gctgggctc agtgctgtca ggctcggcca cgggctgccc 180 gccccgetge gagtgcetccg

cccaggaccg cgctgtg tg geace tt1 cagtccce cat cc
ccaccgagag cct %3% 58Ve%&%ﬁ%g%ﬁ?%mgiggggﬁﬁig
agttcgc 55' %&%ggh 'g‘é% ‘85 tratigng intragelaradpyinistegtiong cgc c g
t ggagccc d 'E“Eraﬁf,at'a&c‘ 5'(1:‘8{5 lingasubgpegl a‘é]'ﬁ‘tn{:f&@%‘%ft adsybaiangavc
gcct gaaglivigfaticByct a ggcgtcttca ctggcctcag 480 caacctgacc aagctggaca
t cagcgagaa caagattgtt atcctactgg actacatgtt 540 tcaggacctg tacaacctca
agt cact gga ggttggcgac aatgacctcg tctacatctc 600 tcaccgcgec ttcageggec
t caacagcct ggagcagctg acgctg aat gcaacct 660 gacctccatc cccaccgagg
cgct gt ccca cctgcaddge dhens tcg%mﬁéa\g brreiadhe GN8 disgasgcdiserdercoranjoeysis gcca
tccgggaé?ﬁmk@% ﬂU@E@ga%ggwquﬂtmﬂghctcaaggt 780 cttggagatc tcccactggc
cctacttgga caccatgaca cccaactgcc tctacggcct 840 caacctgacg tccctgtcca
t cacacact g caat ctgacc gctgtgccct acctggccgt 900 ccgccaccta gtctatctcc

gcttcctcaa cctctcctac aaccccatca gcaccattga 960
32 The use of any one of claims 28 to 31, wherein said polypeptide or the

antibody or fragment thereof promotes myelination,

O-ﬂ'):

33.  The use of any one of claims 28 to 32, wherein said medicament is
suitable for promoting survival of a neuron at risk of dying in a mammal with a
neurodegenerative disease, disorder, or injury.

34.  The use of any one of claims 28 to 33, wherein said medicament is
administered at or near the site of the CNS disease, disorder, or injury.

35.  The use of any one of claims 28 to 34, wherein the CNS 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 injury, and
spinal cord injury.

36.  Aninterfering RNA molecule which specifically binds to the nucleic acid
of claim 1 or 2, wherein said interfering RNA molecule decreases inhibition of axonal growth of
a central nervous system neuron.

37.  The interfering RNA molecule of claim 36, wherein said interfering RNA
molecule is a small hairpin RNA (shRNA), and wherein said shRNA is encoded by a DNA
molecule comprising SEQ ID NO:41 or SEQ ID NO:42.

38.  The use of the interfering RNA molecule of claim 36 or claim 37 in the
preparation of a medicament for the treatment of a CNS disease, disorder or injury, wherein said



gggctccatg ttgcatgagc tgctccggct gcaggagatc cagctggtgg gcgggcagcet 1020
ggccgt ggt g gagccctatg ccttccgecgg cctcaactac ctgcgegtge tcaatgtctc 1080
t ggcaaccag ctgaccacac tggaggaatc agtcttccac tcggtgggca acctggagac 1140
actcatcctg gactccaacc cgctggcctg cgactgtcgg ctcectgtggg tgttccggeg 1200
ccgctggcgg ctcaacttca accggcagca gcceag tgc gccacgcccg agtttgtcca 1260
gggcaaggag ttcaaggact tccctgatgt gctactéécc aactacttca cctgccgccg 1320
cgcccgceat c gca a ccagca ggtgtttgtg gacgagggcc acacggtgca 1380
gtttgt gtlg@rf%%gegﬁﬁéﬂ@egﬂgﬁvg@gwﬁge@g@é a%%‘aegfe FgentraleEya axstern 40
gcacctgd 3598§§€%aaga gcaat gggcg gctcacagtc ttccctgatg gcacgctgga 1500
ggt gcgct ac gcccaggt ac aggacaacgg cacgtacctg tgcatcgcgg ccaacgcggg 1560
cgagaacgac tccatgcccg cccacctgca tgtgcgcagc tactcgcccg actggcccca 1620
t cagcccaac aagaccttcg ctttcatctc caacctgccg ggggaaggag aggcaaacag 1680
cacccgegec act gt g8t t AckErnositign cemprsiagthe ¢5089ﬁ%glﬂﬂmgdﬂ: aoe af claimso
gggct t caklel % andiarphermageviicglly geesptablstcaniegcct g gt gect get gt ttct ct ggag 1800
ccggggcaag ggcaacacaa agcacaacat cgagatcgag tatgtgcccc gaaagtcgga 1860
cgcaggcat c agctccgccg acgcgccccg caagttcaac atgaagatga tatgaggccg 1920
099cgggggyg cagggacccc cgggcggccg ggcaggggaa ggggcctgge cgccacctge 1980
tcactctcca gtccttdfca dctomposition cawprtingthaentaway gr amtigen tirtdingftagnen 040
ccgcct cdbereafod ctaip 2§ @and e phbagmcayicaltciccenatde catigececct cct t ct accagga 2100
cct cagaagc ccagacctgg ggaccccacc tacacagggg cattgacaga ctggagttga 2160
aagccgacga accgacacgc ggcagagtca ataattcaat aaaaaagtta cgaactttct 2220
ctgtaacttg ggtttcaata attatggatt tttatgaaaa cttgaaataa taaaaagaga 2280
aaaaaact at ttcctatdgc taghgygidiah cgopdsieg fht isolaigiweiigaid dDmiyonagfciziad0
gccct ct tlo8 onme titadiring RNWA ghdléduleCoftoldinG6los GV afd & phdriiatsuticalbCicesdtitile A€
ctcttctctt cccccagtgg ggagggatca ctcaggaaaa caggaaagga ggttccagcc 2460
ccacccacct gcccaccccg ccccaggcac catcaggagc aggctagggg gcacgcctgg 2520
gcccagctcc gggetggett tttgcagggc gcaggt ggag gggacaggtc tgccgat ggg 2580
ggt gggagcc tgtctgaRgg AChehadfgpraiicngaachudlcGdagepide-aonprisng coB&ingdhd 0
cgggt gt amet deidgfalik 1 0 aBRFREAIBE thISIEHEHICH b AIATAARARIcRACANY fadithe? 700

ggagagaqgGuRdsaaahdoa ggt ggggecc accccagect ctggtcccag ctctgetget 2760
cacttgctgt gtggccctca agaaggtcca ctggcctctc tgggcectcag tctccacatc 2820

t gt acaaat g ggaacattac cccctgccct gcctacctna nagggctgtt ntgaggnatn 2880
gat gagatga tgtatgt 2897 <210> 2
43. A method for producing the antibody of claim 20 comprising inserting a
polynucleotide encoding a partial or full-length light and heavy chain polypeptide into the same
or separate expression vectors, transforming a suitable host cell with said vector or vectors,
culturing said host cell under conditions wherein said antibody is expressed and recovering said
antibody from the culture medium.

44.  The use of claims 25-35, wherein said medicament further comprises a
supplementary active compound selected from the group consisting of a soluble polypeptide of
claims 11 to 19, an antibody of claim 20 or fragment thereof, a soluble NgR1 polypeptide, and an
NgR1 fusion protein.
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gcgggcagcet
tcaatgtectce
acctggagac
tgtteccggeyg
agtttgtcceca
cctgecgecg
acacggtgca
caccccgaaa
gcacgctgga
ccaacgcggyg
actggccceca
aggcceaacag
ccaccaccat
ttctetggag
gaaagtcgga
tatgaggccg
cgccaccetge
tttcteecte
tctaccagga
ctggagttga
cgaactttct
taaaaagaga
ttgcteccagyg
ttccteettt
ggttccagece
gcaggcectgyg
tgccgatggg
gagectgget
cacagtcagt
ctetgetgcet
tctecacate
ntgaggnatn

ta n3§§p Asn

420

480

540

600

660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2897



Gy Gy Asn Asp Ser Met Pro Ala His ' Leu His Val Arg Ser Tyr Ser 500 505 510
Pro Asp Trp Pro HHs G n Pro Asn Lys Thr Phe Ala Phe Ile Ser Asn 515 520 525
G@n Pro Ay Qu Ay @u Ala Asn Ser Thr Arg Ala Thr Val Pro Phe 530 535 540
Pro Phe Asp Ile Lys Thr Leu Ile Ile Ala Thr Thr Met Gy Phe Ile 545 550 555
560 Sef?Pe P®US8PiF™al Val Leu Phe Cys Leu Val Leu Leu Phe Leu Trp 565 570
575 Serz) éGIy Lys Ay Asn Thr Lys Hs Asn Ile u Ile Au Tyr Val 580
585 590 p I r Pro Arg Lys 595
600 605" 'foﬁ‘e e %ﬁgsﬁl\ef*% Betles E%ﬁ%& cabe %“11>£§ALC95<212> DNA <213>
Artificial Sequence <220> <223> Descri ption of Art| ficial Sequence: Priner
<400> 3Tifgagaaaaal &galcghc atu GGl gedagae seet edit gaagetrctngeagga t gacgatca 59
<210> 4 <211> 9 <242> PRT <213> Haw sapiens <400304 Arg Arg Ala Arg Ile
Arg Asp Arg Lys 1 5 <210> 5 <211> 9

Ala Thr Gly Cys Pro Pro Arg Cys Glu Cys Ser Ala Gln Asp Arg Ala

35 40 45

Val Leu Cys His Arg Lys Arg Phe Val Ala Val Pro Glu Gly Ile Pro
50 55 60

Thr Glu Thr Arg Leu Leu Asp Leu Gly Lys Asn Arg Ile Lys Thr Leu
65 70 75 80

Asn Gln Asp Glu Phe Ala Ser Phe Pro His Leu Glu Glu Leu Glu Leu
B5 90 95

Asn Glu Asn Ile Val Ser Ala Val Glu Pro Gly Ala Phe Asn Asn Leu
100 105 110

Phe Asn Leu Arg Thr Leu Gly Leu Arg Ser Asn Arg Leu Lyg Leu Ile
115 120 125

Pro Leu Gly Val Phe Thr Gly Leu Ser Asn Leu Thr Lys Leu Asp Ile
130 135 140

Ser Glu Asn Lys Ile Val Ile Leu Leu Asp Tyr Met Phe Gln Asp Leu
145 150 155 160

Tyr Asn Leu Lys Ser Leu Glu Val Gly Asp Asn Asp Leu Val Tyr Ile
165 170 175

Ser His Arg Ala Phe Ser Gly Leu Asn Ser Leu Glu Gln Leu Thr Leu
180 185 1390

Glu Lys Cys Asn Leu Thr Ser Ile Pro Thr Glu Ala Leu Ser Hig Leu
1985 200 205

His Gly Leu Ile Val Leu Arg Leu Arg His Leu Asn Ile Asn Ala Ile
210 215 220

Arg Asp Tyr Ser Phe Lys Arg Leu Tyr Arg Leu Lys Val Leu Glu Ile
225 230 235 240

Ser His Trp Pro Tyr Leu Asp Thr Met Thr Pro Asn Cys Leu Tyr Gly
245 250 255

Leu Asn Leu Thr Ser Leu Ser Ile Thr His Cys Asn Leu Thr Ala Val
260 265 270

Pro Tyr Leu Ala Val Arg His Leu Val Tyr Leu Arg Phe Leu Asn Leu
275 280 285

Ser Tyr Asn Pro Ile Ser Thr Ile Glu Gly Ser Met Leu His Glu Leu
290 295 300

Leu Arg Leu Gln Glu Ile Gln Leu Val Gly Gly Gln Leu Ala Val Val



<212> PRT <213> Honp sapiens <400>'5 Lys Lys Val Lys Val Lys Qu Lys Arg 1
5 <210> 6 <211> 9 <212> PRT <213> Hono sapiens <400> 6 Arg Arg Leu Arg
Leu Arg Asp Arg Lys 1 5 <210> 7 <211> 9 <212> PRT <213> Honp sapi ens
<400> 7 Arg Arg Ay Arg Gy Arg Asp Arg Lys 1 5 <210> 8 <211> 9 <212> PRT
<213> HdtD sapiens <400%°8 Arg Arg lle Aﬁ@ Ala Arg Asp AP Lys 1 5 -5
210> % SRS ATPHRZ BT LE HA 520508 vif 9% Al G 0 VAl Ser Lys
325 330 335

Ser Gly Asn Gln Leu Thr Thr Leu Glu Glu Ser Val Phe His Ser Val
340 345 350

Gly Asn Leu Glu Thr Leu Ile Leu Asp Ser Asn Pro Leu Ala Cys Asp
355 360 365

Cys Arg Leu Leu Trp Val Phe Arg Arg Arg Trp Arg Leu Asn Phe Asn
370 375 380

Arg Gln Gln Pro Thr Cys Ala Thr Pro Glu Phe Val Gln Gly Lys Glu
385 390 395 400

Phe Lys Asp Phe Pro Asp Val Leu Leu Pro Asn Tyr Phe Thr Cys Arg
405 410 415

Arg Ala Arg Ile Arg Asp Arg Lys Ala Gln Gln Val Phe Val Asp Glu
420 425 430

Gly His Thr Val Gln Phe Val Cys Arg Ala Asp Gly Asp Pro Pro Pro
435 440 445

Ala Ile Leu Trp Leu Ser Pro Arg Lys His Leu Val Ser Ala Lys Ser
450 455 460

Asn Gly Arg Leu Thr Val Phe Pro Asp Gly Thr Leu Glu Val Arg Tyr
465 470 475 480

Ala Gln Val Gln Asp Asn Gly Thr Tyr Leu Cys Ile Ala Ala Asn Ala
485 490 495

Gly Gly Asn Asp Ser Met Pro Ala His Leu His Val Arg Ser Tyr Ser
500 505 510

Pro Asp Trp Pro His Gln Pro Asn Lys Thr Phe Ala Phe Ile Ser Asn
515 520 525

Gln Pro Gly Glu Gly Glu Ala Asn Ser Thr Arg Ala Thr Val Pro Phe
530 535 540

Pro Phe Asp Ile Lys Thr Leu Ile Ile Ala Thr Thr Met Gly Phe Ile
545 550 555 560

Ser Phe Leu Gly Val Val Leu Phe Cys Leu Val Leu Leu Phe Leu Trp
565 570 575

Ser Arg Gly Lys Gly Asn Thr Lys His Asn Tle Glu Ile Glu Tyr Val
580 585 5380

Pro Arg Lys Ser Asp Ala Gly Ile Ser Ser Ala Asp Ala Pro Arg Lys
595 600 605

Phe Asn Met Lys Met Ile
610

«210> 3



<210> 10 <211> 6 <212> PRT <213> Hono sapiens <400> 10 Leu Ser Pro Arg Lys
Hs 15 <210> 11 <211> 6 <212> PRT <213> Hono sapiens <400> 11 Ile Thr
Pro Lys Arg Arg 1 5 <210> 12 <211> 6 <212> PRT <213> Honpo sapi ens <400>
12 Ala s Pro Hs His Lys 15 <210> 13 <211> 6 <212> PRT <213> Hono

sapi ens*© 13 Val Ser Pro Arg Lys His 1 5 <210> 14 <211> 23 <212> DNA
<213> Arﬁizf r&f1§e&u%n8§enc§220> <223> Description of Artificial Sequence:
P

<220
«223> Description of Artificial Sequence: Primer

<400> 3
tcgagaaaaa agatcegtcat ccetgctagac tctecttgaag tctagcagga tgacgatca 59

<210> 4

<211> 9

<212> PRT

<213> Homo sapiens

<400> 4
Arg Arg Ala Arg Ile Arg Asp Arg Lys
1 5

«210> 5

<211l> 9

<212> PRT

<213> Homo sapiens

<400> 5
Lys Lys Val Lys Val Lys Glu Lys Arg
1 5

<210> 6

<211> 9

<212> PRT

<213> Homo sapiens

<400> 6
Arg Arg Leu Arg Leu Arg Asp Arg Lys
1 5

<210> 7

<211> 9

<212> PRT

<213> Homc sapiens

<400> 7
Arg Arg Gly Arg Gly Arg Asp Arg Lys
1 5

<210> 8

«211> 9

<212> PRT

<213> Homo sapiens

<400> 8B
Arg Arg Ile Arg Ala Arg Asp Arg Lys
1 5



<400> 14 -6 aaggcccagc aggtgtttgt gga 23 <210> 15 <211> 24 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence: Priner
<400> 15 tactcgatct cgatgttgtg cttt 24 <210> 16 <211> 37 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence: Priner
<400> 16 cagcaggtcg acgcggccgc atgctggcgg ggggegt 37 <210> 17 <211> 29
<212> DNﬁ'<2 3> Hono sapiens <400> 17 cagcaggtcg acctcgcccg gctggttgg 29
<210> 1§N§21 > 37 <212> DNA <213> Artificial Sequence <220> <223>
Description ofr Artificial Sequence: Primer <400> 18 aattaagaat tcacgggctg
cccgcccesiast ga@adhpidhs <210> 19

<400> 9
Met Gln Val Ser Lys Arg
1 5

<210> 10

<211> &

<212> PRT

<213> Homo sapiens

<400> 10
Leu Ser Pro Arg Lys His
1 5

<210> 11

<211> 6

<212> PRT

<213> Homo sapiens

<400> 11
Ile Thr Pro Lys Arg Arg
1 5

<210> 12

<211> 6

<212> PRT

<213> Homo sapilens

<400> 12
Ala Cys Pro His His Lys
1 5

<210> 13

«211> 6

<212> PRT

<213> Homo sapiens

<400> 13
Val Ser Pro Arg Lys His
1 5

<210> 14

<211> 23

<212> DNA

<213> Artificial Seguence

<220>
«223> Description of Artificial Sequence: Primer

<400> 14



<211> 44 <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Prinmer <400> 19 tatatttcta gatcactcgc ccggctggtt
ggagat gaaa gcga 44 <210> 20 -7 <211> 44 <212> DNA <213> Artifici al
Sequence <220> <223> Description of Artificial Sequence: Prinmer <400> 20
ct t gacaBRRPGaIECHEYFETEFc&Pfct gg cggggggegt gagg 44 <210> 21 €211> 45
<212> DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence,, frioer <400> 21 gcagcggggc gggcagcccg tggccgagcc tgacagcact gagcc
45 <2102 22,5211> 44 <212> DNA <213> Artificial Sequence <220> <223>
Description ofa Artificial Sequence: Primer <400> 22 cttgacacgg gatccgcggc

cgcat gctpmp-cagFagCgt sgagmcdd <210> 23 <211> 45

«<220>
«223> Description of Artificial Sequence: Primer

<400> 15
tactcgatct cgatgttgtg cttt 24

<210> 16

<211> 37

«212> DNA

<213> Artificial Sequence

<220
<223> Description of Artificial Sequence: Primer

<400> 16
cagcaggtcg acgeggcocge atgetggegg ggggegt 37

<210> 17

<211> 29

<212> DNA

<213> Homo sapiens

<400> 17
cagcaggtcg acctcgcceceg getggttgg 29

<210> 18

«211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 18
aattaagaat tcacgggctg cccegeeccge tgcgagt 37

«210> 19

<211> 44

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 19
tatatttcta gatecactcge ccggetggtt ggagatgaaa gcga 44

<210> 20



<212> DNA <213> Artificial Sequence : <220> <223> Description of Artificial
Sequence: Prinmer <400> 23 gtcccggatg cgggcgcggg ccgagcctga cagcactgag cccag
45 <210> 24 <211> 30 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Primer <400> 24 atattctaga atgctggcgg
ggggcgtg :3 4A <210> 25 <211> 30 -8 <212> DNA <213> Artificial Sequence
<220> < G L Pt f Artificial Sequence: Priner <400> 25 atatact agt
gtcgttgécg >ccc§1§§%$%lgg§%l?en2§10> 26 <211> 46 <212> DNA <213> Artifici al
Sequencez;s220> <223> Description of Artificial Sequence: Prinmer <400> 26
cccagcaggiz-ghédgiggns gaghgat odial gggmegeggarinkect g 46 <210> 27 <211> 46
<212> DNA

<400=> 20

cttgacacgg gatccgcgge cgcatgcectgg cggggggegt gadg 44

«210> 21

<211> 45

<212> DNA

<213»> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 21
gcagcgggge gggcagcccg tggccgagcece tgacagcact gagcec 45

<210> 22

<211> 44

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 22
cttgacacgg gatccgcgge cgcatgetgg cggggggcgt gagg 44

<210> 23

<211> 45

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 23
gtccecggatyg cgggcgecggg ccgagcectga cagcactgag cccag 45

<210> 24

<211> 30

<212> DNA

<213> Artificial Sequence

«220>
<223> Description of Artificial Segquence: Primer

<400> 24
atattctaga atgctggcecgg ggggcegtgag 30

<210> 25
<211> 30



<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Primer <400> 27 cagggatccg cggccctaga tcactcgtcc acaaacacct gctggg 46
<210> 28 <211> 43 <212> DNA <213> Artificial Sequence <220> <223>
Descriptiog of Artificial Sequence: Prinmer <400> 28 cgccgcgcac ccgggt gaat
tccgcgcéﬁéBEQE%QQg%af ¢ 43 <210> 29 <211> 43 <212> DNA <213> Artificial
Sequence” <220> < 3> SCription of Artificial Sequence: Prinmer <400> 29
gcggt cceggyat gcgggege ggaattcacc cgggtgcgecg gcg 43 <210> 30 <211> 43 <212>
DNA -9 <2332 pAstiftblorSEAIENER1 SeARRs223 nddescription of Artificial
Sequence: Primer <400> 30 cgccgcgcac ccgggtgaat tcgcccagca ggtgtttgtg gac
43 <210x084 26211> 43 <212> DNA <213> Artificial Sequence

atatactagt gtegttgeecg cccgecgttgg 30

<210> 26

<211> 46

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 26
cccagcaggt gtttgtggac gagtgatcta gggeccgegga teectyg 46

<210> 27

<211> 46

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 27
cagggatccg cggecoctaga tcactegtec acaaacacct gctggg 46

<210> 28

<211> 43

<212> DNA

<213> Artificial Segquence

<220>
<223> Description of Artificial Sequence: Primer

<400> 28
cgccgcgcac ccgggtgaat tccocgcgeceg catccgggac cge 43

<210> 289

«<211> 43

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 29
geggtecegg atgcgggcgce ggaattcacce cgggtgcgog gcg 43

<210> 30
<211> 43
«<212> DNA



<220> <223> Description of Artificial Sequence: Prinmer <400> 31 gtccacaaac
acctgctggg cgaattcacc cgggtgcgcg gcg 43 <210> 32 <211> 46 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence: Priner
<400> 32 catcctctgg ctctcacccg aaaaggtact ggtctcagcc aagagc 46 <210> 33
<211> 4621382f251f5%Aa3<ff3‘$e%Fti ficial Sequence <220> <223> Description of
Artificigl, Sequence: Primer <400> 33 gctcttggct gagaccagta ccttttcggg
t gagagccas,; Aggat.d 46, s210% 1345312 Bncs2 320 PRT <213> Homo sapi ens  <400>
34 Ser Pro Arg Lys Hs 15 <210> é% <211> 31 <212> DNA <213> Artificial
Sequences0:230> _10_ <223> Description of Artificial Sequence: Prinmer
cgcegegecac cogggtgaat tegcccagca ggtgtttgtyg gac 43

<210> 31

<211> 43

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 31
gtccacaaac acctgctggg cgaattcace cgggtgcgeg gog 43

<210> 32

<211> 46

<212> DNA

<213> Artificial Sequence

<220>
«223> Description of Artificial Seqguence: Primer

<400> 32
catcctetgg ctectecacceg aaaaggtact ggtctcagce aagage 46

<210> 33

<211 46

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Seguence: Primer

<400> 33
gcetettgget gagaccagta cctttteggg tgagagccag aggatg 46

<210> 34

<211> 5

<212> PRT

<213> Home sapiens

<400> 34
Ser Pro Arg Lys His
1 5

<210> 35

<211> 31

<212> DNA

<213> Artificial Sequence

<220>

-10 -



<400> 35 aattaagcgg ccgcatgctg gcggggggcg t 31

<213> Artificial <220> <223> Description of Artificia

Sequence

<212> DNA
Sequence:

<210> 36 <211> 24

Primer <400> 36 aattaagcgg ccgctttgtc atgt 24 <210> 37 <211> 32 <212> DNA
<213> A«tificial Sequence <220> <223> Description of Artificial Sequence:
Priner 0> 37 ttactcga c C gggc a gg 32 <210> 38 <211> 36
<212> if§3 ﬁg$HP|C| t ugﬁégg gﬁ%gﬁq%§g§g Description of Artificial

Sequencagoeglﬂﬁr

39 <211>%a38aagedh 2 ML 32 oebidd €i al
<400> 39 gccttccgcg gcctcaacta cctgegegtg ctc

Artificial Sequence: Priner
33

<210> 36

<211> 24

<212> DNA

«213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:

<400> 36
aattaagcgg ccgetttgte atgt

<«210> 37

«211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:

<400> 37
gattactcga gatgctggecg gggggcgtga gg

<210> 38

<211> 36

<212> DNA

«213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:

<400> 38
cgcgggaatt ctecatatcat cttcatgttg aacttg

«210> 39

<211 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:

<400> 39
gccttccgeg gectcaacta cctgcgegtg cte

<210> 40

<211> 75

<212> DNA

«213> Artificial Sequence

«220>
<223> Description of Artificial Sequence:

-11 -

<400> 38 cgcgggaatt ctcatatcat cttcatgttg aacttg 36
Sequence

<210>
<220> <223> Description of

Primer

24
Primer

32
Primer

36
Primer

33
Primer



<210> 40 <211> 75 <212> DNA <213> Artifi.cial Sequence <220> <223>
Description of Artificial Sequence: Prinmer -11 <400> 40 ccggaattct
caagcgt aat caggaacgtc gtaagggtat atcatcttca tgttgaactt 60 gcggggcgcg tcgge
75 <210> 41 <211> 55 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Primer <400> 41 tgatcgtcat cctgctagac

400 0
ttcaagaggy fclagcanga t9acal Gl td L6 BB ac Leatcttoa tqtegancte 60
gcggggcgceg tcggce 75

<210> 41

<211> 55

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 41
tgatcgtcat cctgctagac ttcaagagag tctagcagga tgacgatctt tttte 55

-12-





