DESCRI PTI ON AXON REGENERATI ON PROMOTER TECHNI CAL

FI ELD The present invention relates to an axon
regeneration pronoter that can pronote the
regenerati on of neuronal axons and particularly
neuronal axons in the _central nervous system
BACKGROUND ART When EEEEE&EE&QEVeS, for exanple, the
spinal cord, are injured due to a traffic accident,
or are danage@(% REGERERNT I SRRIMOTRR sor der, the
neural function is lost and cannot be regenerated.
This stands in direct contrast to the fact that
peri pheral nerves undergo regeneration. Danage to
central nerves fregqueaNICALEFUELD i n partial or
conpl ete paralysis because central nerves, once
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maj or cause of the |ack of regeneration in the adult
central nerve is the local environnent surrounding the
neuron. To date, Nogo, nyelin-associated glycoprotein
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cerebrovascular disorder, the neural function is lost and

Vcannot be regenerated. This stands in direct contrast to the
fact that peripheral nerves undergo regeneration. Damage to
central nerves frequently results in partial or complete
paralysis because central nerves, once dameged, cannot
regenerate. Inducing regeneration of damaged central nerves is
therefore an important issue in the field of medical care.
Axons of adult central nerves can regenerate through
peripheral nerve grafts (S; David, A. J. Aguayo, Science 214,
931-3 (Nov 20, 1981)). This fact suggests that the maijor
cause of the lack of regeneration in the adult central nerve
is the local environment surrounding the neuron. To date, Nogo,
myelin-associated glycoprotein.(MAG), and oligodendrocyte—
myelin glycoprotein (OMgp) have been identified as three main

inhibitors of central nerve regeneration. Nogo was identified




Nakamura, T. Vartanian, S. M Strittmatter, Nature
403, 439-44 (Jan 27, 2000); P. Caroni, M E. Schwab,
Neuron 1, 85-96 (Mar, 1988)). MAGis known to play an
inportant role in the formati on and mai nt enance of the
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common signal _transduction pathma¥s SK C. Wang, J.
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Filbin, Neuron 13, 757-67 (Sep, 1994); L. McKerracher et al.,
Néuron 13, 805-11 (Oct, 1994)). OMgp., which is the main peanut
agglutinin-binding polypeptide in the white matter of adult
central nerves (D. D. Mikol; K. Stefansson, J Cell Biol 106,
1273-9 (Apr, 1988)), has been identified as a third inhibitor
of axonal growth (V. Kottis et al., J Neurochem 82, 1566-9
(Sep, 2002):; K. C. Wang et al., Nature 417, 941-4 (Jun 27,
2002)). It is known that Nogo, MAG, and OMgp bind to NgR with
p75 as coreceptor, suggesting that they have common signal
transduction pathways (K. C. Wang, J. A. Xim, R. Sivasankaran,
R. Segal, Z. He, Nature 420, 74-8 (Nov 7, 2002); M. Domeniconi
et al., Neuron 35, 283-90 (Jul 18, 2002); A. E. Fournier, T.
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Axonal regeneration through elimnation or inhibition
of these inhibitors has been investigated. However,
it has been found through investigations using
: knockout m ce for each of these inhibitors that
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2001) £ DU ST ML ENE T TS, Lo B a8,
on , 1375-81 (Dec, 1995); C. J. Wolf, Neuron
555'7‘{3“68&%31-]% 7(]%&5”24, 2003); J. E. Kim S. Li, T.
GandPre, D. Qu, S. M Strittnptter, Neuron 38,
Aponalg neggnexptinm Phrayglyiddginatign omndmbdpizgon of
213-24 (Apr 24, 2003); M Sinonen et al., Neuron 38,
these 2gthib foxsy has 1E08)InveRiridadedor dovievehas idedas been
reported that regeneration of the injured spinal cord
found idsraawggh iprvarattigrh thyorce pl saitnigp Ik n@fckfowtC mii@ealcop/ 2HER oF
by admnistration of soluble p75N-Fc (X. Song et al.
these LibGoHs titht TG a1 aRrld 24004 rBeh@r@Ra8s does
[ Nonpatent Reference 1] S. David, A J. Aguayo,
j , . - .19 p :
not ocsﬁire'?ﬁﬁ)nzjﬂ'z]hlﬁ%rg é%l.%‘in%%llofl'l, %é[)&n&g gl%?[ O%Ta%ﬁ%&:_hg et al.,

Ref erence 2] M en et a
Ly 200Q0)... [ NO nt Reference 3] . T. G andPr
Neuror 14, Ah727 gﬂ ey OB TS WGt Meneoay ?’gmaﬁ‘t?r?'éﬁ
' 403, 439-44 (Jan _27, 2000Q). Nonpat ent Reference 4]
(Apr 23, é&?’%ﬁi;, 4"'!\1[ B Kdih &, IﬂeurllonGf,fmgg-reQGD(-l\/QllPrlg%)‘“.-
.3 [Nonpatent Reference 5] S. Carenini, D. Montag, H
Stritimathker. MeurgehadshndS87-R9 NAPL R, @8OB)Ti Bsuéhreg et
287, 3-9 (Jan, 1997). [Nonpatent Reference 6] M
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Neuron 38, 201-11 (Apr 24, 2003}). Furthermore, it has been
reported that regeneration of the injured spinal cord was not
promoted by depletion of functional p75NTR or by

administration of soluble p75N-Fc¢ (X. Song et al., J Neurosci

24, 542-6 (Jan 14, 2004)).
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DISCLOSURE OF THE INVENTION

Aﬁ object of the present invention is to provide a novel
axon regeneration promoter that can promote the regeneration
of central nerve axons.

As a result of intensive investigations, the present
inventors discovered that a protein exhibiting homology with

the repulsive guidance molecule {RGM) that participates in the




expression of this protein increases when the spina
cord is damaged. It was further discovered that this
protein has an inhibitory activity on the growh of
central nerve axons. In addition, the present
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axonal %eneratlon pronoters, thus achieving the

in thepﬂéééﬁtma §¢&ENBREnITeHemBLEeENPE] HhensPbnapr gordeinakhe
axon regeneration pronoter containing an inhibitor of

chick R@hryokétpist prntadinans ehfidetli VBGHMelphaeptotéhng in
RGW | i ke protein inhibitor is preferably an

this SpetifREhklibkeapdothenattknbady. chbhsaspr ghar éhhy, thehe
RGW | i ke protein inhibitor is Y27632. The axons are

expresBiehebabkhiseprbibineinersaskst RRLAXPRS - spiﬁa@neBPSrls
aspect of the present invention, the present
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SUbSt ances axon regeneration
e rrn a_tes st an nto contact with.
l“hlblﬁﬁ%¥|FEEl?lBFO?ﬁ-ﬁﬁsnaraz%B 4 FREEERL hEFvEnatober In
bstance inhibits the function of RGWIike protein.
additighe pREsBRESPRTeARVEREBFSyAiESORCHBd et hak obhe axonal
regeneration pronoter that can pronote the
growthrigbhbibingnasctivéhyraef ReMvdikexpneteimeisxentinguished

regenerati on pronoter according to the present
by treabmenti ofi REMeliketpretéin whehrageiehahitbor obf CREMF Bike

nerve
‘protein, such as anti-RGM-like protein antibody or Y27632, and
'conceived of the utilization of inhibitors of RGM-like protein
| as axonal‘regeneration promoters, thus achieving the present
invention.

The present invention provides an axon regeneration
promoter containing an inhibitor of RGM-like protein as an
effective component. This RGM-like protein inhibitor is
preferably an anti-RGM-like protein antibody. Also preferably,
the RGM-like protein inhibitor is ¥27632.

The axons are preferably central nervous system axons.

In another aspect of the present invention, the present
invention provides a method of identifying candidate

substances for axon regeneration promoters, comprising a step

of bringing a test substance into contact with RGM-like




axons and is therefore expected to make a substantia
contribution, for exanple, to the treatnent of
patients who have suffered damage to the centra
nervous system such as the spinal cord. BRIEF
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r orted as the average standard deviation of three
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0.01 relative to the control, while two asterisks

axons. The pxenczegengratdoplpremateveacooRGing( Sputibat present
test). Figure 2 shows the axon growth of neurons

inventiosatiedefifebtivar ifors thendehenaedtiodi af ¢batyalxhérve
shows the average length of the |ongest axon for each

axons Badrae. theeedara espeepedt €8 aske! Aesaygtadeiast andard
devi ation of three experinents. The 8 single asterisk
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0 I h PL-PLC. Fi e_3
have suEdlrelivBbhdbe FY She,SohtERbapntkblay srpbpn. o8¢k %as
th cer?bellﬁ granul e neurons cultured in nedia
© SPLBAtaPRfAg RGM 1ike protein, with and without the
addi tion of anti-RGWIike protein polyclona
anti body. The y-axis shows the average |ength of the

| ongest axon for each neuron. The data is
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the results of axon growth assays carried
out by plating cerebellar granule neurons on a confluent
monolayer of rat RGM-like protein-expressing CHO cells.or
control CHO cells. The y-axis shows the average length of the
longest axon of each neuron. The data is reported as the
average *+ standard deviation of three experiments. The single
asterisk (*) indicates p < 0.01 relative to the control, while
two asterisks (**) indicates p ? 0.01 relative to RGM
(Student's test).

Figure 2 shows the axon growth of neurons treated with
various conditioned media. The y-axis shows the average length
of the longest axon for each neuron. The data is reported as

the average * standard deviation of three experiments. The




reported as the average standard deviation of three
experinments. The single asterisk (*) indicates p <
0.01 with respect to the control; double asterisks
(**) indicate p < 0.01 with respect to RGM (Student's

- test). .There was no _.signifjcant, di.fference betwe
sing1q Beratl G hditam B Ui o GEReoR e ik bene
BBB score after the elapsed tine indicated in the
axon length, of meunang rtldaredidis @ aeediddonesnmediym £xpm
receiving anti-RGWI1i ke protein antibody and rats
contrqle (O g Jeo hined tegh WidddPI-Fil§ure 5 shows
phot om crographs of the spine and the distance from
Rilgmree s mhoaE ddret aresafl tree g axaini prowdtr hiscaysi fak
(CST) fibers, for rats subjected to a mdthoracic
cerebel38 lgramii1ee Gldurdnn ddltedterd iW e daat coRedihlikg RGM-
protein anti body or control antibody. Figure 6 shows
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active Rho in rat cerebellar neurons treate
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reviQusly discovered that like protein is,
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grey matter of the spinal cord. It was observed that
reportedyase theyiaverageoogy andelrdc Beviiatibny of Ekkki ke
protein is expressed in humans in the brain. The
experifienlteqt Mie SAaaRCeasterile geneihakicagsrnpRAVH. bkewith
protein and the am no acid sequence encoded by the

respecie® FHR WAWRI1N E6Wble asterisks (**) indicate p <

0.01 with respect to RGM (Student’'s test)}. There was no
significant difference between the control and RGM plus anti-
RGM.

Figure 4 shows the BBB score after the elapsed time
indicated in the figure after midthoracic dorsal hemisection,
for rats receiving anti-RGM-1ike protein antibody and rats
receiving control antibody.

Figure 5 shows photomicrographs of the spine and the

distance from the lesion epicenter of regenerating

corticospinal (CST) fibers, for rats subjected to a
midthoracic dorsal hemisection and treated with anti-RGM-like
protein antibody or control'antibody.

Figure 6 shows the Western blot results for measurement
of the active Rho in rat cerebellar neurons treated with RGM-

like protein,.




ID NOs: 1 and 2. The nucl eoti de sequence of the gene

for rat RGM1ike protein and the am no acid sequence
encoded by the gene are shown in SEQ ID NGs: 3 and 4.
As is specifically described in the exanples provided
bel ow, RGWIike protein has an inhibitory activity on
axonal growh and its expression increases when the
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neur.ons. Accordlngly, substances that neutralize the
discoviened, ety Re-iljikey PFPtRAM sk expressed & ikenchick
' growt h, such as anti-RGWIike protein antibody, can
embrychdndde ahiteo mattegenadagirey pedietreo$. theesaionl cord.
regeneration pronoter according to the present
Tt was wbseirved taatan Beklel hkeipgohemdloak kitar cAsc&Nembryo
effective conponent. As used herein, the term

RGM- 1i'kRGirldtieanpriat %b{Prb%BbBi Har huAahat €8 #nauBshanceshhat
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[ proteln anti bo is a particular
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RGW | i ke protein by an antigen- anti body reaction. The
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As is specifically described in the examples provided
below, RGM-like protein has an inhibitory activity on axonal
-growth and its expression increases when the spinal cord is
damaged. Furthermore, it was found in the examples provided
below that axon growth inhibition due to RGM-like protein is
eliminated by the action of anti-RGM-like protein antibody on
neurons. Accordingly, substances that neutralize the
-inhibitory activity of RGM-like protein on axon growth, such
as anti-RGM-like protein antibody, can be used as axon
regeneration promoters.

The axon regeneration promoter according to the present
invention has an RGM-like protein inhibitor as an effective
.component. As used herein, the term “"RGM-like protein

~ inhibitor" denotes a substance that abolishes or at least
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or a polyclonal antibody. Polyclonal antibody that

bi nds RGW1i ke protein can be obtained in accordance
with nethods that are well known in the art, fromthe
serum of animals imunized with RGWIike protein as

C s nsitizin tigen...Manocl onal. _anti body t.hat

sioni P aediqh Wi StV SRy Hhaitn b
with nmethods that are well known in the art, by o

RGM-1% A 4T AFarESIRFaRan i(The dndviditory asdivity
sensitizing antigen; collecting the resulting

of RGM ko Bradeigh @rf @xaTy anrrhiniaan Melexaningd as
cl oni ng the anti body- produci ng hybri donma; and

descrihdd um righe Fxsampghes ipdmvei.ddd beddiwt.i on t o anti bodi es
produced by hybri domas, nonoclonal antibody according

At - REMIESRN priotednt it itay als & ipudtudmiganst i cal |y
reconbi nant anti bodi es produced by a transfornant

preferdtdl HAE 138QN grictarONTRA it AN aeaeymsigg oV &HePpresent
cont ai ni ng ant’i body genes, chineric antibodies,

inventq.%% .grAg éigsgdl?%%qulqi 8%n n—%éﬁ—i&%?h)}rﬁq;ei hi%glgzdi.bod "

ant1 bo genetically reco an y can

be pr.epared g%ﬂhclon'n 2@%@ t,i,body- encoding cDNA .
aenotel AU RiH G s dGnEacce FEoa (¥ 2y open-

.. antibody; inserting the cDNA into an expression |
antibqgy gsactioms Mheniatd ibadramay b amealenal @ptihody

~vector; and culturing the resulting transformant. A
or a peHivedor@lammitidedyi.s an anti body conposed of the heavy

and light chain variable regions of an anti body

Foxliygilnetailngnfoidbody thertt diimdsniRGM- ldke: phe tedayv yaande

light chain constant regions of an antibody
obtain¥d dinalddeddan®® 1ehhale thidid®lthatahrd &w@R1) Znown in the
art, from the serum of animals immunized with RGM-like protein
as the sensitizing antigen. Monoclonal antibody that binds
RGM-like protein can be obtained in accordance with methods
that are well known in the art, by immunizing an animal using
RGM-like protein as the sensitizing antigen; collecting the
_ resulting immunocytes and fusing them with myeloma cells:
cloning the antibody-producing hybridoma; and culturing this
hybridoma.

In addition to antibodies produced by hybridomas,
monoclonal antibody according to the present invention may
also include genetically recombinant antibodies produced by a
transformant that has been transformed by an expression vector

containing antibody genes, chimeric antibodies, CDR-~grafted

antibodies, and fragments of these antibodies.
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Fab', scFv, and di abody are exanpl es of anti body
fragnments capable of binding RGWIi ke protein.
Preparation of antibody-producing cells Cells that
produce anti body that binds RGWIi ke protein can be

anl rmelrﬁ?:séh%i M"% usi Rggﬁg\ﬁwdﬁ l&%?‘\g?’& R’Iteg’%‘l%rdt el
°1°“1n?§{?'éila§‘§l§>ﬁ&@” sebind s oI 52

dy uci n hybrldona i.s . cloned. More
producih RS Lk broke 15 Goaboatiic 1ARERSIRG the PGy

produced. Since the cDNA for RGWIike proteinis
into ap exPRessiencFevdod:altitpnafammdnice apined oDNRlant cells
libraries, an anplified product for this gene can be
with tﬂ?@ad'ielqtogfbt ainde ¢cudytuPGRgt dimel aesdl tdnga tramsEocinanlty A
avai l able brain cDNA library; the gene is then
chimeriiks anttd®odyt 4 sa atUianaliibedye ompoaied BEMthiek @epi gt ana
can be reconbinantly produced. The RGWIike protein
iight @h@dﬁc%ﬁﬁlﬁbl@hb%gq%ﬂ%ebf|%nt%ﬁﬁlﬁBﬁﬁubﬁﬁ%QH§klng from a

i ntravenously, 12 intraperitoneally |nJecte as
n i aply r h
cortaSSpiSa;, B, ey, gl 14G54L8 o2 MRES 4 o0

: L mruni zed _ani mal The antlggn is preferably
of an %HHPQ@’eP€&9&89ﬁ&nﬂo £xomapppéhepr apélalor FAR. Tr(av)2,
conbination with a suitable adjuvant such as Freund's

'Fab', suiwp edel afliabady .are €adipads REPtdama fodm 9nd i

protein may al so be used as the antigen. As shown in

capablghgfegggghga REMvhGged ggbgg' ot was discovered t hat,
when u5|ng as | nmunogen a chemnically synthesized

preparBRibh?bePSRELA8al" BRLATLIRGGLY oS! due 309 (the

Cells that produce antibody that binds RGM-like protein

can be obtained by methods that are well known in the art. An
animal is immunized using RGM-like protein as the sensitizing
antigen; the resulting immunocytes are collected and fused
‘with myeloma cells; and the antibody-producing hybridoma is

- éloned. More specifically, RGM-like protein, the antigen, is
first produced. Since the cDNA for RGM-like protein is present
in commercially available brain cDNA libraries, an amplified
product for this gene can be readily obtained by PCR templated
on a commercially availab;e brain c¢cDNA library; the gene is
fhen inserted into a suitable vector and RGM-like protein can
be recombinantly produced. The RGM-like protein produced in

this manner is then subcutaneously, intravenously, or
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"309aa" nonenclature is used herein) to 322aa of rat
RGW1ike protein with the am no acid sequence shown
in SEQID NO 4, the polyclonal antibody raised
against this partial peptide exercises a neutralizing

|tor a£t|V| RGM | i ke
lntra[gé:l[itee/cﬁélolgl%xgﬁ]a%& ov?ﬁw ]ﬂé‘_l a"a anrfé'l?r]r alfi%%i ng
nti body a alnst human RGMJ |ke protein can be
examplg%t B 35 Attsifen T thuinsiefe- fadddt, or goat
pol ypepti de contalnln the correspondi ng region. The
can be;figaskns §fmjrﬁ“m1§tlézr€elgj anjigad .1 Tthe Jinfdaen fisy preferably
plurality of times. The antibody titer is nonitored by
adminigtened dpurie tansutaofidmpuodsdiobwn Mn wonibd netriem with
by, for exanple, ELISA Once the antibody titer has
a suitiade raaimednto Ach aGC @Haalld d @6alpl dHENHIORY QT .aRe

collected fromthe animal. Spleen cells are

partidd Qepitalley fioaf RM-1ikd PRYIRGH Gy Hi®o be usead s the
anti body- produci ng i nmunocytes are fuseé)mnth nyel oma

antigeiel s originating fromthe sanme species of mammal to
produce 13 hybrldonas A varlety of nyel oma cel

train for rldona ti.on are avail abl e
%%ﬁh@ﬁ%ia &heFﬁﬁ fﬁnpﬁg % EdoFut iy RSt hods
hat. are well known in the art, for example, in the
élscovﬁFggeﬁPQ tof BER LSRG RE AgENRogen & shemisaldyted on
' an HAT nedi um Hybridomas that produce antigen-
synthegiizeid, paghipdoppriides Sroot aniby acddyiregidne 60Bt fthe
super nat ant by, for exanple, ELISA. Hybridonas that
"309aajr odneaclaliardedisr edednthiclredy )can Be2ekobedrhy RGE-1ike
limting dilution method. By carrying out the axona
proteigr edith aheagmdasceichadsequehbe exawn! 2s. skdf 18, NOR 4he

nmonocl onal anti bodi es produced by
the polyclonal antibody raised against this partial peptide
‘exercises a neutralizing activity on the inhibitory activity
of RGM-like protein on axonal growth. Accordingly, a
neutralizing antibody against human RGM-like protein can be
.obtained using as immunogen a human gene-based polypeptide
containing the corresponding region.

The antigen is administered every 1 to 3 weeks for a
Plurality of times. The antibody titer is monitored by
i measuring the amount-of immunoglobulin in the serum by, for
example, ELISA. Once the antibody titer has been raised to an
acceptable 1e€el, immunocytes are collected from the animal.
Spleen cells are preferably used as the immunocytes. The

antibody-producing immunocytes are fused with myeloma cells

originating from the same species of mammal to produce
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the resulting hybridomas, hybridomas can be sel ected
that exhibit a neutralizing activity on the axona
growh inhibitory activity of RGWIi ke protein.
Producti on of nonocl onal anti bodi es Monocl onal
_antibodies can be produced fromthe supernatant from
hybridopasy 4 jrarie i ef dsiekoma 98k @ tuading used 1801 hat
produce nonocl onal anti bodi es. Mnocl onal antibodies
hybridomn areduet ondredwmitdtd e momparditadigal Fusion can
adm ni stration of nonocl onal anti body-producing cells
carrieditant by endttaiddamitbenre tweddl achdwelf Gmehaid apt,h for
2,4,10, 14- tetranethyl pentadecane; the nouse ascites

exampld Uixh itthd Mfeseitid et ahn Y thd Guddg He1ls are

post -i nocul'ation foll owed by centrlfugal separation

I t
oeseotl Gl S MR o Y e
bindin uaqlt 'B%t(P asr r Ot el r@uaﬁga%{a.l‘tr{g? g:fhl f or Gi']u%%pl S el

ure SUC as sa

f|| atlon i on- exchan chronato ra h affinity
Super"c%% 5ty SIS R 158 1 o it produce

chronato aph on a protein A colunn is preferably
the desimedkesd caphe fdoned byhdhsudiimidd ngodddusion
ant i body can be determined by typing using a

| methodsoMye csdstingnaitl diblee axonsd mmﬂnmlsagnﬂe!sm&bed in

isotyping kit. Analysis of antibody gene nucl eotide

be

the exsaplescesinfia,nesl adle dRnvRIVBAAC 0ft iRddaRE Pedrugedchy

encodlng the nonocl onal anti body according to the

the TeRiALAl tddﬂfé.scalﬁyl%%ld%%@ %%9& BY 2383k¥ELaI thie
gene o the resul ti ng nonocl onal

exhibit a neutralizing activity on the axonal growth

inhibitory activity of RGM-like protein.

. Production of moncclonal antibodies

Monoclonal antibodies can be produced from the
supernatant from the culture liquid obtained by culturing
cells that produce monoclonal antibodies. Monoclonal
antibodies can also be produced by the intraperitoneal
administration of monoclonal antibody-producing cells into

mice that have been treated beforehand with 2,4,10,14-

tetramethylpentadecane; the mouse ascites fluid is then

collected on day 7 to day 10 post-inoculation followed by

centrifugal separation and collection of the supernatant.

VPurification of the monoclonal antibody can be carried out b

the usual methods of protein purification, for example,

procedures such as salting out, ultrafiltration, gel

14
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ant i body-producing cell. The total RNA is extracted
fromthe nonoclonal antibody-producing cell and cDNA
fragnent is generated with reverse transcriptase
using the RNA as a tenplate. The V-region of the
: | body_ ge |5 amplified b PCR usi Sui tably
flltr%éeiélgh g%/‘“g rtlg“?rr%ﬁrésrfgea ncél 5%3%1({%‘1-%17 ‘d eaé nce of the

CDNA for the region is determned.. Determnation of
°hr°maa‘iﬂ$%g‘§ﬁ sg8hG 1T Y Sthd Vit ST ihimapadrognaphy on
~nmonocl onal antibody according to the present
a protgined} ighlWith e EfariHat aminied mtthodhek muheliass of
the art, such as ELISA, RIA, inmunothin-Iayer
the puwthiritired ogreqdiyonadl Agdridhody ddnudree sSteahermanteicb gy typing
procedures. For exanple, nonocl onal anti body :
using ar conther il Ihavidstille ndieN nidibdlomnddes tibody -
twofold dilution series to a mnicroplate on which
isotypg3dy Ikie. protein has been fixed; after incubation, an
enzyme- | abel ed secondary anti body is added and 15

AnalySUDYE B dihdy b ANd Lo Aone AR SRl and the

e reader.

eC i;nant. anti bodi es A Jeconbinant-type anti bady can
T SRR B rians & i CAsdhe e R, G35 oG 2ne
ene encoding the amino acid sequence of the antibod%
monoc Gty hody REGarddads to thenPrgsento isveatdenacan be
_ reconbi nant-type anti-RGWI|i ke protein nonoclona
obtaingé iy Apalyzdage thec §¢ingg oth dhenwelsudyt iage owogiowd onal
the present invention is incorporated into a suitable
antibogypressivgd.nge cedd .f dhleowed ally RiNAt Hedestiraetiedl &ramhade
cell. E. coli, yeast cells, mammualian cells, insect

monocloglals antibod@lyepiroducing cell and cDNA fragment is
generated with reverse transcriptase using the RNA as a

template. The V-region of the antibody gene is amplified by

PCR using suitably designed primers, and the nucleotide

.sequence of the cDNA for the region is determined.

Determination of antibody specificity

The binding specificity of the monoclonal antibody

according to the present invention can be determined using

methods known in the art, such as ELISA, RIA, immunothin-layer
chromatography, BIAcore, or fluorescent antibody procedures.
For example, monoclonal antibody according to the present
invention is added in a twofold dilution series to a
microplate on which RGM-like protein has been fixed; after

incubation, an enzyme-labeled secondary antibody is added and
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cells may be used as the host cell, and manmal i an
cells, for exanple, CHO COS, and BHK, are
particularly preferred. The vector can be introduced
into the host cell by, for exanple, the calcium

subst x°¥;ﬁ%mré?h'53‘%endét o RS SRe T b RosaEbRaee

. Boe Nhnnhe|n1Cbrporat|on) el ectroporation
1S me é‘ 3 HsToRlade TRdSTesul ting transf or med
host cell is cultured and reconmbi nant-type anti body

Recombjipamty dpdddpadiesexpressi on of the antibody. Chinmeric
anti bodies A chineric antibody is an anti body conposed
Mofrecomblieant - tape: landgtibodyaicany del phioduced asinal an
anti body originating froma particular animl (for

recombinaimtl ¢enddteehndldgyh eiftda\ay e@@dehbﬁﬁhn@h%h% amino
constant regions of an antibog. originating from

acid sRlhe 3F TRl @BQ&b%ﬁ%”BE%or@Hﬁ@nko @B&”?Eg%ent

anti bodies 16 can be reconbi nantly produ

1nventﬁ 2N §Q, g@NéuE%?Eb?gﬁggﬁin%B% F&%%'gg%ﬁyg&ﬁyXL%ntﬁrPteln

I ght “chai n vari i ons dofa

uce noclonal anti hqd at b|n like
‘“°“°°1B“9‘? A% 180AYTC R, S8BRa 2red Ll Sies SPRADRGH, FosAEing to
chai n _constant regions of antibody originating

the PrPF%HFaﬁBf’ﬁQFm&nFﬁa}m"é’SE’BP—”ﬁﬂ:ﬁé flﬁé'@eacmabgr

inserting into a suitable expression vector; and
exprespagic Vegtexpfeddowed bya indutodisitiion @m%qyaﬁnqat cell. E.

anti bodies A CDR-grafted anti body is an anti body in
coli, wkash tkélscomphme@hibar cejldet éngesitngel2gi oanGChRanef

an antibody froma certain animal (for exanple,
cells mayske Bgsdbaentpeahbed cBL2,t BAA mammalian cells, for

: example, CHO, COS, and BEK, are particularlylpreferred. The
vector can be introduced into the host cell by,‘for example,
the calcium chloride method, calcium phosphate method, DEAE
- dextran method, methods using DOTAP cationic liposomes
(Boehringer Mannheim Corporation}), electroporation methods,
and lipofection. The resulting transformed host cell is
cultured and recombinant-type antibody is produced by

~expression of the antibody.

Chimeric antibodies

A chimeric antibody is an antibody composed of the heavy
and light chain variable regions of an antibody originating
from a particular animal (for example, mouse) and the heavy
' aqd light chain constant regions of an antibody originating

from another animal (for example, human). Chimeric antibodies
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conpl enmentarity-determ ning region of an anti body from
a different animal (for exanple, human). Genes
encodi ng a CDR- grafted anti body can be obtai ned as
foll ows. Nucl eotide sequence of the genes each

cen vegiRbelingitdy §Ff’aﬁge§e% B PRREICRER T Gapilecthe
ant 00T YT RBAOLATRAT ST IATIeRIE BRAACPREVRFPRCS

protein, and the sequences are substituted for the

: hybrldeeauéﬁe§sPSPdPﬁes eompeegéﬁaeﬁgaepmhody that BipdsaRGM-
vector containing genes coding for the heavy and

like pirpghkinchgilaningi gbNa tbgitorscofieanthenhiebygyand light
originating in another animal. For exanple, synthesis

chain canshantaregednsubfbunCBodyi bgigiphuiagi Fyomf apbtABES
designed in such a manner that mnurine anti body CDR

animalGogbReifsihg tﬁeBé"&DNﬁQthh@din&éﬁﬁ@ﬂ@rKnE@ghOQuitable
Al ternatively, the conplete sequence may be

expresS9Bat GHELEH ; UshAJ1 SUE Eﬁb'& 1ﬁogEaEE ed.

antibody can be reco |nant uce by 1'nducr'ng f he
S fi s h|s expr essi on vector in a suitable
CDR-grifkel 3 Ebg body fragnents Antibody fragnents that
A QER E&%ﬂ protein, for _exanple, Fabh Féab')Z,

F 9§€E aﬂBtBPHG¥d§S EBnaBElBPgﬁuéﬁdth9 t EBSt i ng

anti - RGW | i ke protein nonoclonal antibody according
complepgntiElpyedeherminéngi saIWPRN (GARENEGnBNsaBLikedy from a

papain or trypsin. They can al so be produced by
certainnansuati hfori axemplhosmousk) haschkeersgrafitedcinto the

i ncorporating genes coding for such an anti body
compleheagaentyt dedbininiagt ragsbar 68nan aheibpagdeees an

~antibody fragnent.

different animal (for example, human). Genes encoding a CDR-
grafted antibody can be obtained as follows. Nucleotide
sequence of the genes each encoding CDR1, 2, and 3 are
designed based on the gene sequences of the heavy and light
chain variable regions of an antibody cloned from a hybridoma
that produces monoclonal antibody that binds RGM-like protein,
and the sequences are substituted for the sequences of the
corresponding CDR1, 2, and 3 in a vector containing genes
coding for the heavy and-light chain variable regions of an
antibody originating in another animal. For example, synthesis
can be carried out by PCR using a plurality of primers
designed in such a manner that murine antibody CDR connects to

a human antibody framework region. Alternatively, the complete

sequence may be constructed using synthetic DNA. The CDR-
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Anot her exanple of an RGWIike protein inhibitor is
Y27632 (M Uehata et al., Nature 389, 990-4 (Cct 30,
1997)), which is known as an inhibitor of the
serine/threonine kinase, Rho kinase. It was found, as

arar M DbAD S P S5 B S5 DL B2 e

rowth inhibitory activity of RGWIike protein. Y27632
SXPTefRAON 1 M DR IRIAT dleciatichiure s talple Ngost cell.
NH C~..,, 111CH CH3 (R) 2HCI H20 The axon regeneration

Antiboghy fixtagmentsrding to the present invention al so

i ncludes, an inhibitor of RGMIike protein, antisense
Igitiiderdic | fomigniast s ridedz yows biandl RGM-acikes pridiaiin CaAwme
RNA interference (RNAi) (for exanple, dsRNA, siRNA 18

examp]?r%R%b MG ? 2 ThBsE’ NS C AW 4 t %t e ?ﬂ:%d%rced

NA coding for RGWIike protelin an an ere

inhibjt the ression .t hereof. neral mnethods for
by trddhlnl it Rl TS s BerigTaRT S anig body

t echnol ogy, ribozynme technol ogy, and RNAI technol ogy
accor gtéhég{%a%&ﬁﬁrﬁ‘f JOFEREon FEth iy @D 2 e FAKBLU AS
: . gene expression using these technol ogies are well
- Papain gavinvpaime arfhevAraantdisende @nogmaes] ot iidd Hosluging -
nucl eic acid nolecule or derivative thereof that has

into a lvejuerdd ampExpresshdon tvedtbeer infddpeneadinig genes
RGW | i ke protein. Antisense oligonucleotide binds

codingsfFea fsuedl lay tat tTRNAYAFGalinentl MY Rt A€ Hransformant
expression by inhibiting transcription and/or
that PricRed! i anRlihdad sFRhmdGt .

Another example of an RGM-like protein inhibitor is
¥27632 (M. Uehata et al., Nature 389, 990-4 (Oct 30, 1997)},
which is known as an inhibitor of the serine/threonine kinase,
Rho kinase. It was found, as shown in the examples provided
below, that ¥27632 exhibits an activity that neutralizes the

axonal growth inhibitory activity of RGM-like protein. Y27632

has the following chemical structure.

J i e
N \ NH*C—Q-""""CH—CH;;
g — (R)

*2HCI-H0

The axon regeneration promoter according to the present
invention also includes, an inhibitor of RGM-like protein,
antisense oligonucleotides, ribozymes, and molecules that

cause RNA interference (RNAi) (for example, dAsRNA, siRNA,
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t hrough Watson-Crick or Hoogsteen type base pair
conplenentarity or by triplex formation. A ribozyne is
a catalytic RNA structure of one or nore RNAs.

Ri bozynmes general |y exhi bit endonucl ease, |igase, or

pal rase activity. R bozypes with various secondar
shRNA iR e Imgse 1% Geibe ing teakhe HeRE O @RNA
. ribozynes and hairpin type ribozymes. RNA
coding fq3 RPEId&Y mt)ehneﬁai qan therabyc Hmhddd tofthe
silencing a target gene using a double- stranded RNA
expresgjasc iherenfo Raverialde mertdiogisn fiorhiiittidri tdany lgene
adm ni stered as such, but is generally fornul ated
expreassiony dsieg antiiaren sés aéchivo 1 odfig Tibdeymef tethinology.
carriers ordinarily used in the formulation art can

and RNIS Gt yaand gendl thdfrapR pridice du@e® tiHoRindule
exanpl e, physi ol ogical saline or phosphate-buffered 19

exogerINES I fUD 5 r 31 0RE ulsS i %{h%r blot S5 ofgg.(r?gt NSe well

prepdaration of an iInjecta he ‘usua I tTves,

known.ggpq?ﬁgséyl.enulsifying agent and an osnotic pressure
regulatof, 'may al so be present. The route of

adm ni.stration for the axon regeneration pronoter

Al EdiSEE o olHgoBPEdERt 1Ry dift PoRUcd e CePSigpMplgcule
‘ non-oral route, and direct injection at the site of
or deniyatiyey dheggedgdhpd past bc geauiepcer completentiary to the

dosage is selected as appropriate in correspondence
MRNA emgodiaqg REM-dfikeGirbitkénpr dndiisenski biligonucieotddee
of adm nistration, the degree of nerve damage, and so
binds fspleldificHaugy b, mRNAt Badcase10findlibeet padieAns bkake@Rion
to the site of damage, the adult dosage of RGWTike
by inhAbAteng kHANRCEeptR8h H3¥/or translation. Binding may be
through Watson-Crick or Hoogsteen type base pair
complementarity or by triplex formation.

A ribozyme is a catalytic RNA structure of one or more
RNAs. Ribozymes generally exhibit endonuclease, ligase, or
polymerase activity. Ribozymes with various secondary
structures are known, for example, hammerhead type ribozymes
and hairpin type ribozymes. RNA interference (RNAi) refers to
' the technique of silencing a target gene using a double-
stranded RNA molecule.

The RGM-like protein inhibitor can be administered as
such, but is generally formulated using the carriers used for
drugs. Any of the carriers ordinarily used in the formulation

art can also be used as the carrier for this formulation; for

example, physiological saline or phosphate-buffered
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per damage site is generally 1 to 20 ng and preferably
5to 10 ng for anti-RGWIike protein antibody and is
generally 20 to 100 ng and preferably 30 to 50 ng for
Y27632. For non-oral admnistration other than direct

phys i@ﬁl@zﬁf ;sactgl'eg%L é’liu ;yl?:e%%u ab?é'r ?‘Y%@oﬁfh E:Jh%g?g%gaata{%g&n of
an infRiel" PE ey SRR ey B i A5 PRy B 1B 106

' candi dat e axan regeneratlon pronoters. This nethod
- agent aid, ans QSMOLLGH PG SFULEs e JeHsd0Fn c Bayn 8d Se0 heaPr efentt -
RGW | i ke protein and deternmining whether the test

Theb Jromtee ofnlmidping sttire tfigmc tfioan the RE@bR| ickgenprattdion.

I nhibition of the function of RGWIike protein
promotier lambes-dimlg ltiot ithe piekslkeatmihveattion a8 pkeEbeanakmal

function of RGWIike protein through binding to

non-ord@Vidoute ,2@nar atigkdt 38deRibhCuitathy b@@ébbt'QﬂeOBerve
the capacity to pronote axonal regeneration, as well

damage?y ¢ %x‘%hh@%r‘i&r Bra@kRgegly RGWIIke protein to its
receptor he capacity o? a test substance to bind to

t th t t b
RSB Bty M SPBRERHYath, o bESheiibEREE
t , be det d by bi ndi
to el RS 150, S5 LS B TURER B R 2o

. .hbnllq1t|ng exanpl es are gel shift assays,
adminisigpsigpe| EhecOrpEePt Piengsyaydamagad ahdofat 69r&bhi c
fractionation. In addition, the test substance can be
HoweveﬁhoGghthﬁnpgseonfadirebthaammhﬁbkeapionetn the shee of
presence of neogenin, the receptor for RGWIike
damagepr ahei adulandoshgeRB6 RGHMI-Yiky p2BteheNihRiBRAGHN Br day
Since Rho activity
per damage site is generally 1 to 20 mg and preferably 5 to 10
mg for anti-RGM-like protein antibody and is generally 20 to
. 100 mg and preferably 30 to 50 mg for Y27632. For non-oral
adminjistration other than direct administration. such as
intravenous injection, the dosage is generally about 10 times
| the dosage cited above.
In another aspect, the present invention provides a
method of identifying substances that are candidate axon
regeneration promoters. This method comprises bringing a test
substance into contact with RGM-like protein and determining
whether the test substance inhibits the function of RGM-like
protein. Inhibition of the function of RGM-like protein

includes inhibition of the manifestation of the normal

. function of RGM-like protein through binding to RGM-like

- 20




I ncreases when RGMtIi ke protein binds with neogenin
the absence of an increase in Rho activity in the
presence of a test substance may indicate that the
test substance inhibits the function of RGWIi ke
rotein. A.substance.identified hy these assays_ as
prote sl Naid' md IR 1nbi By seti ot kber PapAR] s t0
consi dered to be a candi date_ _axon regeneration =
promotg aranal regeneradieg.afsa¥sdlgeswinhdbdsjonyefhbdnding
known in the art, whether this candi date substance has
by RGMpmlideopnodgdmetst ids peseptiong Shkecepegitieof a test
determined by measuring and conpari ng neuronal axon
substaraanmtiv ibinggheopREMeidke prdtalincnoe thet bapaeidiydatea
substance. A specific exanple of such an assay
test SubdARMidet toS iABIGHitb®d ndangheyeraMPheRePpRVitded to
bel ow. 21 The contents of all the patents and

neogeri8f CHARC & REPLOIES cafX PeCatbrhih8d by bifRding assays
speci fication are incorporated herein” by re?grence I'n

that dyled ALl kabin 10 AU Q041108 SRRSO (RBn1imiring
escription in the clainms, Speci i Cati oh and raw ngs
of _Japanese Pat.ent licatjon Nunbers 2004- 68849 and
examp s AShHGA) SBALE \R5AY 1 AHILLFRE Leh SRS HE LS AEsays
priority are also incorporated herein by reference in

and chromatpgrpphic frachiesasiopnyEnt p8Aitionesthpbtastn
greater detail with the exanples provided bel ow, but

substaniges caax epbrougbtndntpi gontackewitbpBGYE like pretean in

invention. Exanple 1 Coning RGWIike protein A BLAST
the presancde of nkegE€adBankhdarabaseowafopeRENMFIRHe protein,
and the Rho activity can then be measured. Since Rho activity
increases when RGM-1like protein binds with neogenin, the
absence of an increase in Rho activity in the presence of a
test substance may indiéate that the test substance inhibits
the function of RGM-like protein.

A substance identified by these asséys as inhibiting the
function of RGM-like protein is considered to be a candidate
axon regeneration promoter. Then, using an axon growth assay
methéd known in the art, whether this candidate substance has
an axon regeneration-promoting effect dan be determined by
measuring and comparing neuronal axon growth in the presence
‘and absence of the candidate substance. A specific example of

'such an assay procedure is described in the examples provided

below.
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using the am no aci d sequence of chicken RGM (P. P
Monnier et al., Nature 419, 392-5 (Sep 26, 2002)) as
‘the query. Rat cDNA with accession no. XM218791
(Rattus norvegicus) was identified as a result. The

4 N 10 307 SRNENGS c STRUES T o v
e 5 R e e

adult rat brain cDNA |ibrary. The nucl eoti de sequence
by refgrenge imydts @ngdredy .udadaggdtion, the contents of the
agt ggt aacaggccgagctggatgg (SEQ ID NO 5); the
descripidlosotinddhee pledioe .ospeld fiendrion amdrdrawdings of
: ccacaaccttgtcgcgtgcactaat (SEQ ID NO 6); PCR
Japanes@nRateect 2pp Ioa teioro Nugsaisirad0 pre 849 3nsegooas2a8041 ,
: 95C, annealing for 22 30 seconds at 55C, and

to whiRiORWY iR thelt 3pP1avhesodlc18¢medprabrifdCarthiso
encoded protein consisted of 431 am no acid residues.

incorgdtlitL@ h@&ﬁﬁ%@ﬁh&@g&%@d 1h0 188933t c1g2aa based on

i
t .
the ©previous reéport Monni er et al., crted above.

- vect or_.was.constructed i.n pSecTag2- r, .
o2 PN, LR AP 1§ AR GE T he L BRege e ARERY Ladth
152-431aa of the rat RGWIike protein with the signal .
the exomplege PrPYidsdebedgy - PP&vItPRE§cR¥CBPREFatPoRPE FAMEE
procedure was specifically carried out as foll ows.
the scgpeng@fr the- paggentr AVRENLPRke protein cDNA as
tenpl ate, a BanHl - HAt ag- (cDNA corresponding to 152-
431aa of the RGWIi ke protein)-Xhol fragment was first
constructed by PCR The constructed fragnment and
ExamplpSg@cTag2- Hygro (Invitrogen Corporation) were cleaved
by two restriction enzynes (BanH and Xhol), followed

Cloninly REMOatkenpebtkhg two and

A BLAST search of the GenBank database was performed
using the amino acid sequence of chicken RGM (P. P. Monnier et
al., Nature 419, 392-5 (Sep 26, 2002)) as the query. Rat cDNA
with accession no. XMw218791 (Rattus norvegicus) was
identified as a result. The putative amino acid sequence
showed 79% homology with chicken RGM protein and for this
reason XM_ 218791 was designated rat.RGM-like protein. Full-
length rat RGM-~like protein cDNA was isolated by PCR from an
adult rat brain cDNA library. The nucleotide sequence of the
- forward primer used was agtggtaacaggccgagctggatgg (SEQ ID NO:
5): the nucleotide sequence of the reverse primer was
ccacaaccttgtcgegtgcactaat (SEQ ID NO: 6); PCR comprised 25

cycles of denaturation for 30 seconds at 95°C, annealing for
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transformation into E. coli. The sequence of entire
PCR- anplified fragment was confirnmed by DNA
sequenci ng. Generation of RGWIike protein-CHO cells
Using the Flp-In System (TM Invitrogen Cbrporation),

ei_n-expressi.n | s .wer.e gener_at ed
30 Secc';ll&f:%\:&(ard‘igtnggc%%I taﬂléier?gﬁ) 8:[13’ e%°§ e Fat> % FECORAs at
. fragpent = contai ni ng S|gnal geptlde was

72°C. g‘%é'l'?ereéfcéﬂief 4 ARTIRLh Rmifted RF of 3hsiRipe wacid residues.
restriction enzynmes (Nhel and Xhol), and this

Native mgfnfGM Was [Higsused #oo DeEBRABIERT S2iaay basedenn the
Corporation). This construct

Previqusc BNABERT biyy Mozaden €A/ BEY), andedOabbdvecr e AROHA -RGM
transfected into Flp-In CHO cells. The cells were

vectorgmwasn dowis tZudt e aks psecTedi2uaygal JiTaigrbyanonycin B
(500 g/, Invitrogen Corporation) to obtain cells

Corpor#talin)) @AM HaANY hBARBE M tiA1 RPVan@X 5933893 s8¢ the rat

confirmed by Western bBlfot and I nmmunocyt ochem stry

RGM- L0 hw"i?:ia%ie%r BS ? 530Ul fiC E%c rat

pups at days post- 58) Wer € S&rat
j zati 0 0.,259 S|n i n PBS, 3
(InVlttrO:é%t“e SeiBoralabBdodbar Bipanaude: aem A gecﬁ@gr:am
riturated; .and washed three times with PBS. For the

carrleé’oeb‘itt §Fe T84 Rys - nUsiBAs Ftélc 1pRathd rakt BCM-2akel peatein
nonol ayer of RGMCHO cells or control CHO cells in

CDNA aghirpPdatel.i aeBamli§ -HAVAY2 16BNA( wolrkedpoBdipgr &bi dA2~
Osaka) was added to the cultures to inhibit ROCK (Rho

431laa kifnibe) RGHRd ikel puoteingrEholr fwagment2@abogigstn
serumfree DVEM F12 medi um For the sol ubl e RGM assay,

constraetkblduent pernoragecon8trRbd fragment and pSecTag2-

Hygro (Invitrogen Corporation)} were cleaved by two restriction

enzymes (BamHI and Xhol), followed by ligation of the two and

transformation into E. coli. The sequence of entire PCR-

"amplified fragment was confirmed by DNA sequencing.

Generation of RGM-like protein-CHO cells

Using the Flp-In System (TM, Invitrogen Corporation),
RGM-like protein-expressing cells were generated according to
the manufacturer’s recommendations. An HA-RGM fragment
containing signal peptide was generated from the pSecTag2
vector using two restriction enzymes (Nhel and XhoI), and this
fragment was ligated into pcDNASFRT (Invitrogen Corporation).
This construct (pcDNASFRT/Igkleader/HA/RGM) and pOG44 were co-

transfected into Flp-In CHO cells. The cells were grown for 2
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CHO cells or control CHO cells were incubated in

serumfree DMVEMF12 with or wiwthout 2.5 U nL PI-PLC

(phosphati dyl i nosi tol -speci fic phosphol i pase C

Sigma). After the culture were centrifuged for 10

m nutes_at 13000 g, floating cells were renoved by
weeks (o | R4 WY GoRt akiHdih AvgromyRimE (599 ¢fa/mie Invitrogen

supernat ant was subjected to Western bl ot analysis.
CorpoiNeliamy teerabipliat edblds tdtmabdigndixdpresad e A3 RGM. HA-RGM

pol y-L-1ysi ne-coated chanber slides and were incubated
expres$®ion Aradlcolff NMNHS by WedthG @ HIBEASSRAY, the cells

were fixed with 4% (w v) parafornml dehyde and
immundEPREOSdR with a nonoclonal 24 antibody that

recogni zes P-tubulin Il protein specifically ..

td urons (Tull, 1:1000, Covance Research

Axon a% ., Denver, USA). The length of the

ongest. neurite for ch 3-tubulin Ill-positive
SRRV Rt o et s E2591 AT @bE P Br glavs post-
Anest heti zed (sodi um pentobarbital, 40 ng/kg) female
natal \fR§ ), werg sdl(sf(ﬂﬁlﬁ@‘ﬁ)bifr daaprddigatisond 85 &Eypsin

vertebral |level T10 and the spinal cord was exposed.

in PBS S1€.0fl5 mimutesd ; wesuspended dnumeruecontodping

tract, -and a part of dorsal horn was created by
mediuncutitninmrdtedgpiand washedushigea timasewith rBsadForThae
nmuscl e and skin | ayers were then sutured. Until

cocul il daysdin Gle@dnéa wrer@C puaned oh?e Bl addenusat
pressed at |east twice a day by the application of

monol%A&S T RAML CHIE cedd0 '3%3 ;,OBEE%L_{C 8" RL18Ni b ERbmber

|1 ke protein anti body.
slides._lo UM ¥27632 (Welfide Corporation, Osaka) was added to

'the cultures to inhibit ROCK (Rho kinase). The cultures were

grown for 24 hours in serum-free DMEM/F12 medium.

For the soluble RGM assay, confluent monolayers of RGM-
CHO cells or control CHO cells wére incubated in serum-free
DMEM/F12 with or without 2.5 U/mL PI-PLC
(phosphatidylinositol-specific phospholipase C, Sigma). After
the culture were centrifuged for 10 minutes at 13000 g,
floating cells were removed by collecting the supernatant. A

portion of the supernatant was subjected to Western blot

-analysis. Neurons were plated on the conditioned media on

poly-L-lysine-coated chamber slides and were incubated for 12
or 24 hours. For the axon assay, the cells were fixed with 4%

(w/v) paraformaldehyde and immunostained with a monoclonal
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A partial peptide (309-322aa) of RGWIike protein was
chem cal ly synthesized and anti-rat RGWIike protein
rabbit antiserum was obtained using the protein as an
i mmunogen. The antiserun1mas subjected to affinity
purification and was used_ for

antibody, fhe feceqpdzes: v - sHRULARuREE| BEPEadn ofpacifically
concentration of 1 Flg/nL and for the neutralizing

presendntinpodyrassay Tatlla 1cdnoOnt CavanneoRedBagghnProdustse
preparati on and i munohi stochem stry For

Inc., Demveahi ¥Sagherhst Nyngthesh thezesngaspl R6uYete for each
obtai ned from an uninjured spinal cord and from spi na

B- tubuaahd&Ix2go§&thQOHgaro& ﬁ%é.gﬁaﬁt égsegga7 days

ost-in anest et her was

foII med b decapltatlon after which the spi nal cord

§E&E§5N§§—%eﬁﬂﬁé§r enbedded in Tissue Tek OCT (TM, and
imredi ately frozen at -80C on dry ice. A series of
Apgsibatiiced| (sedinwnpenhobagbitals he0189pke poEemabe

_ on a cryostat and nounted on APS coati ng

WistarSupdsf (860-RBAsg)skipdedveédMa Mamineatom@ atsvéntiebral

Ltd., Osaka). The sections were fixed for 1 hour at

level maOmah@mpheaspifal tbrd%aw gxpopadal Brentdebydenjury to
washed three tines with PBS, and bl ocked for 1 hour

the do&baﬂoeﬁlhﬁﬁpe&ékﬁieobg}ﬁgﬁ £2RER1 NhAd 27 %Qfétoéea&ﬂéal
(GS) and 0.1% Triton 100 (TM. The sections were

“horn thCBQgE%%d 8¥eﬁﬂtﬂghafkﬂég§§gh 19&§g§rxsfﬁgbat€%m?

ree tines and n 1nc

‘blade. secsnzwg Preblonbif1tefont "ibeetips, Sorbred; UTELE ;

Iomnng wer e used as the rlnar% anti body: anti-rat
bladdergpnPa Br BPSi FoPBYSEFBnal hanb? 8O49T (435 Pressed at

least twice a day by the application of pressure to the
-abdomen.

"Production of anti-rat RGM-like protein antibody

A partial peptide (309-322aa) of RGM-like protein was
chemically synthesized and anti-rathGM—like protein rabbit
' antiserum was obtained using the protein as an immunogen. The
antiserum was subjected to affinity purification and was used
_ _for immunohistochemistry and immunoblottihg at a concentration

of 1 pg/mL and for the neutralizing antibody assay at a

concentration of 10 pg/mL.

Tissue preparation and immunchistochemistry

For immunohistochemistry, fresh frozen samples were

~ obtained from an uninjured spinal cord and from spinal cords
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Fig/nmL), anti-glial fibrillary acidic protein (G-AP)

nmonocl onal antibody (1:1000, Sigma), anti-

nmyel i n/ ol i godendr ocyt e- specific protein (MOSP)

wonoclonal anti body (1:500, Chemi con International,

nonoc/| onal antlbo that |abeled 0- tubulin

at 6 Iﬁq“nrs)p aar (?uﬂaYSI #0607 €3VEnPESkedBAPEK - PPBERCL s,

Inc.). The sa es were exam ned with a confoca
anesth@@&ﬁnﬁﬁ§h éﬂ@ggﬁéneﬁh@¢b§@§p§°4¢9WBdeYs§3099h§at10n

Germany). To determine the specificity of the
after aiiichr &heRSpkiniake cordt was zembbedy, embedtied! iantlissue
spinal cord injury (SCl) sections were stained in 26

Tek 0dTh€ TR ES ande iameddta tBEM Erseepr ate-pospeehnf Geypepel dg
(309- 322aa). The addition of this peptide at 10

Fi L | c f,Li SSU oy
series o&lﬁgr%g?ggﬁggﬁb e?ﬁ%%ﬂ%phghec? ?z?n% %Etﬁ% §031t10n
ay %e Bgllar ranul e_neurons were plated on
on a ﬁﬁ&?ﬁ B n&ougs 8“cHEﬁbEPa§PPae§“Pﬁr€6ﬂaFf?%H%d
nmedi a derlved by the Pl- PLC treatnent of control CHO
slidescd(TMs MptruppEAOGdasss Infhe hhfl. Paekabv Fhkespebiens
anti body was added (10 ..g/nL) to the conditioned
were fhmeidafaer ilvbduly atheobin- Be@perattimenwith REM THO)
cells. After incubation for 24 hours, a growth assay

parafowmaldehytiecdwagheds tieser thndsaRovr. PHESt 818 BLOEked For
assay Control CHO cells or RGMCHO cells were |ysed

1 hourakhraBmMVempbiratiiee: RH PRS céﬁ@aﬂﬁﬁﬁ?c%% 484% serum
glycerol, and 0.5%Brij-58 (Sigma) containing a

(o9 ISLISERL L Kehghord bl {SHE Fery spases
overnléh% §d4°Ey %ﬂtikgﬁgatlgﬂt£80d19 Qégﬁegst§£eéc%lmo
with PBS, and then incubated for 1 hour at room temperature
with fluorescein-conjugated secondary antibody (1:1000,
‘Molecular Probes). The following were used as the primary
antibody: anti-rat RGM-1like protein polyclonal antibody (1
ng/mL), anti-glial fibrillary acidic protein (GfAP)'monoclonal
antibody (1:1000, Sigma), anti- myelin/oligodendrocyte-
specific protein (MOSP) monoclonal antibody (1:500, Chemicon
International, Inc.), and monoclonal antibody that labeled p-
tubulin III protein (TuJl, 1:1000, Covance Research Products,
Inc.). The samples were examined with a confocal scanning
"electron microscope (Carl Zeiss, Jena, Germany). To determine
the specificity of the anti-rat RGM-like protein antibody,

control and spinal cord injury (SCI) sections were stained in
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supernatants were collected; and the protein
concentration was nornalized using a Bio-Rad DC
protein assay kit (TM. Equal anounts of protein were
boiled for 5 ninutes in sanple buffer containing 12%

{ sub ected to.. T
the PI( OI’%E{I one%%th ia vvere tpr éJteé"(ﬁl TR ?:)Sa GE&’?!? rte"'w'
except for the lysis buffer treatnent. The proteln
322aa)pdhe Adkdiang afo thd sPyeP tikieb B4nd Oaid /Wis Teisgdted in a
for 1 hour at roomtenperature in PBS containing 5%
completie mbsdrceaandt GiGsWelwiainid g TMatal e t2 Ehsmtir.ane was
bl otted overnight with anti-rat RGWIi ke protein

Neutr{dglMeipnalt ibddyedsal 9/ ml) or anti-HA nonocl onal
anti1body (1: 1000, blgna) The ECL chem | um nescence

RN Mg ANRNE HBB %%%% e aac%ﬁ 98P 5%21%* 1 gg@ 358 -

perOX|dase)- conjugate secon antlbod
chnal used .f
coated amlel Vs A3 Rl onel e SetITRa By, sog p2-

shqown jn F| ure 1 for _the axon romﬁh assa
PLC tﬁ%ﬂ %ﬁ%(ﬂﬁ ﬁ%%%l Célde PEa R SHA Qeﬂéﬁroﬁ§eoﬁn§l"
confl uent nonol ayer of rat RGWIi ke protein-expressing
rat REPHOikee|pro terinc eamtridlod@H@®ase kiidedAs 1OhpeimLl) Eiogithe 1,
the axon length for cerebellar granul e neurons

conditGldnied addia RSMikicke byPiakepl~oxp esshftteRitOose RGH- RS
significantly shorter than for the control. On the

 cells OtA*fQ:%rh%.%‘?mtﬂa'hbﬁe f%§5§4058ﬁ9§' t hogﬁeﬁzthY%E‘é%% wal

axon grovvt pronpbter according t present

carcidd (SR ke B8aTRMM axon growth vas about the

nd was significant in

o arlson to cul ture
Western %ﬁ

Control CHO cells or RGM-CHO cells were lysed with 50 mM
Tris-HC1L pH 7.5, 150 mM NaCl, 10% glycerol, and 0.5% Brij-58
(Sigma) containing a protease inhibitor cocktail tablet (Roche
Diagnostics, Mannheim, Germany). The cell lysates were cleared
by centrifugation for 10 minutes at 4°C/13000 g; the
‘supernatants wére collected; and the protein concentration was
normalized using a Bio-Rad DC protein assay kit (TM). Equal
amounts of protein were boiled for 5 minutes in sample buffer
containing 12% P-mercaptoethanol and subjected to SDS-PAGE.
The conditioned media were treated in the same manner, except
 for the lysis buffer treatment. The protein was transferred to
é PVDF membrane and was blotted for 1 hour at room temperature

in' PBS containing 5% skim milk and 0.05% Tween 20 (TM). The
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on RGW i ke protein-expressing CHO cells. Next, it was
exam ned whether RGWIi ke protein in solution form

i nhibits axonal gromh. Prior to the test, it was
confirmed by inmunostai ning using anti-HA anti body

- i tei.n is.rel eased i t-he medi um.,
membr el wad BIERtdd ST il HE Haic K e Feo R en
(gl ycosyl phosphati dylinositol)- anchored proteins wll
polycignale|asihedy dh sy Miantsma M tiy-HA manqedienad mtibody
Pl -PLC. This experinment was carried out since 28 it
(1:10008s Shigmect Uit BdiatchHR@Hinkio gyarrian, sydtieh (im31,hi ghly
honol ogous with chicken RGM as cited above, m ght be a
Amershail -BiHIGREG LY ikl HRPAY bRt disH ired2M1d R ) -
protein was detected only in nmedia from
conjugdtdd Gdddiriad Bdildey R1Udy, LACSIREIFG cel ! s,

ile there was absol utely n ection

- [ ei . i dia.fr control CHO cells

Tecnnoa%@%l/}fdrréégi gye;’)‘%"or‘n&ﬁd!-1 °C- 0 treé%t?@d]'RGVH i ke
R ltprotein-expressing CHO cells. These observations
TSR EEonfirnmed that RGM i ke protein is a GPl-anchored
protein and is released into solution by PlI-PLC

T ¥®on | ength of conditioned
mediumtreated neurons is shown in Figure 2 for
Thedivgistldls agedishiosme d nnEdigareAd Floowthel mx6inggrewzh
axon grow h was significantly inhibited only for
assay camnrdes ougabgd phuttihg weden@1abiraigietily BeulPb@s on a

treatnment of RGWIike protein-expressing CHO cells.
confluﬁh&?nb@%ub&e%h@wsr%ﬁahGMB@Hkbup%ongheb&p&é%sﬁﬂg CHO

i nhibitory action on axon growth. For nedia fromthe
cells 6ANCLArGIOR Le1182UAAN ACEH 1185 0k 4720880aRY,

t he presence/ absence o treat men

The a

length for cerebellar granule neurons cultured on RGM-like
-protein-expressing CHO cells was significantly shorter than
for the control. On the other hand, in the case of addition of
¥27632, an axon growth promoter according to the present
invention, to the medium, axon growth was about the same as
for the control and was-significant in comparison to culture
on RGM-like protein-expressing CHO cells.

Next, it was examined whether RGM-like protein in
sdlution form inhibits axonal growth. Prior to the test, it
was coﬁfirmed by immunostaining using anti-HA antibody that
HA-RGM-1like protein is released into the medium by treatment
of the medium with PI-PLC. GPI (glycosylphosphatidylinositol)-
anchored proteins will be reléased from the membrane by

‘treatment with PI-PLC. This experiment was carried out since
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i ndicating that PI-PLC treatnent itself does not
i nfluence axon growth. Distribution of RGWIike
protein in the spinal cord Prior to the tests,
confirmatory tests were carried out as to whether the
generated anti-RGW|ike protein antibody exhibited
it Wa%;féﬂlﬁ(‘a‘ﬁﬁq dhate ReMwliike griafiedimy. whdichy igntiighdy
anti body and the generated anti-RGWI|ike protein
homologaushothth ohbstkemn REMbtas mylteeh aberviei .edhightt die @edP -
fromPl-PLC-treated 29 RGW I i ke protein-expressi ng CHO
anchomd |protéibandisnas rdahant e HARGMXEAKY priote inamms
position (approximately 35 kD) both for use of the

detectdill ionly anf infRd)s #HGmI3a -9.d-Ne AR RePd1ike protein-
anti-RGM i ke protein antibody, while this band was

expresind @Pﬁﬁtcnéilfsor wilfe G vas i 1'&%&@.5{0 [z UTASTL]e N

pept’l de used as |nnunogen in generatin
d d .
o ua-He R b AL el B3%h He5a0 R%b}ﬁ cRI1s gpd o
: . dx ggf used for |nnunoh|stosta|n|n of fresh
media %}6’%% Flértregt et Bldke ayofeine SF@rﬁﬁdldgnﬁ&Qd

spinal cord of the adult rat, staining was conpletely
cells. Fhese ohseryatdpas: anfismedoibiatnBEM-Aaket protein is a
generated anti-RGWIike protein antibody exhibits
GPI-anghogield pirofetio @nde isumedegsesl dmtoasbilgédoanbiyb®dyPLC
reaction with) the RGWIike protein. In order to
treatmexam ne the distribution of RGWIike protein, fresh
frozen sections were prepared fromthe adult rat and

'TW%r%x%Mbﬂ%%bQﬂ b coNdIhbhlkes didiRd tréBk8d neurons is
i mmunohi st ostai ni ng was specifically carried out as

shown fN @QQ%re Eh%ogrgﬁﬁlgﬁﬁﬁgﬁ %%ﬁh %E%n@ﬁrﬁeEEQStAs shown
hor otughly dri

in Figure 2, axon growth was significantly inhibited only for
neurons treated by the medium obtained by PI-PLC treatment of
RGM-like protein-expressing CHO cells. This result shows that
RGM-1like protein has an inhibitory action on axon growth.rFor
media from the control CHO cells, neuron growth was not
changed by the presence/absence of PI-PLC treatment,
indicating that PI-PLC treatment itself does not influence
axon growth.

Distribution of RGM-like protein in the spinal cord

Prioxr to the tests, confirmatory tests were carried out
as to whether the generated anti-RGM-like protein antibody
exhibited specificity to the RGM-like protein, Using anti-HA
antibody and the generated anti-RGM-like protein antibody,

Western blotting was carried out on media from PI-PLC-treated
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tenperature; then fixed for 1 hour with
phosphat e- buf f ered 4% - par af or mal dehyde sol uti on and
bl ocked for 1 hour; then treated wth prinmary

anti body overnight at 4C, and thereafter treated wth
secondary anti body for 1 hour at roomtenperature. 0.1

RGM-Lije vt pesiidy LR sinllsodiduhasl sidsggletected at
cont ai ning 10% goat serumand 0.1% Triton X was used
exactiy the same arf gt (approfimateliymsSy kit ibeddy for use
sol ution was prepared by adding 1 !xg/nL anti 30
of théR@Wti4HA protidodyt aridiwsd o kilkg gedletidted abtd -RGM-1like
secondary antibody sol ution was
proteinl UItERRiy- G g ARG IREANGRHY notNddiedt dal £H30@he
Mol ecul ar Probes) and 10% goat serumin 0.1 M
hos - f RS j hlaride.. I .
contr%o'ungﬁf%lﬁg?ig Réﬁoﬁ%ke pr 3%‘32%\/\/&3 go%né’lt%iretdﬂﬁsvé%“%%gen n
] din.b t.he white.mtter.a re tter.,
gener{{f S| drt DRl inte MG il ol oS et a
ant i - MOSP el i n/ ol i godendrocyte-specific protein)
concendifsifeden 10f /e topidiee iam big KRGk ikes protein
ol i godendrocytes and their processes in the white
antibavt taerd udsedaditirt iiemuni@istidet aindhe BAVET elshc #riozed t 0
the somata of Tujl (neuron-specific (3-tubulin Il
sectigsOled D @Diriale sHAWANTordl anie dafBlyeldo&dlingdd ch@d of
the axons of these cells in the white nmatter. Wen

It MG i Lhked +OUlaigkh ant i
s Vi o U A

obserV AR oFcigla (Al | Bherht B ppRRY tffdike

.col ocal.i zed couyld not detected, denmgnstrating that
proteiflantinedys eaPin the SpaCiiledsy Ton (detr oLpAezaoes an

Col lectively, RGW like protein is expressed in

antigqﬂgaﬂﬁ*yogadraqq&é@@h@gégyté@eaﬁgM—like protein.

In order to examine the distribution of RGM-like protein,
fresh frozen sections were prepared from the adult rat and
were subjected to immunohistostaining. This
immunohistostaining was specifically carried out as follows.
The fresh frozen sections were first thoroughly dried at room
temperature; then fixed for 1 hour with phosphate-buffered 4%
paraformaldehyde solution and blocked for 1 hour; then treated
with primary antibody overnight at 4°C; and thereafter treated
with secondary antibody for 1 hour at room témperature. 0.1 M
phosphate-buffered aqueous sodium chloride containing 10% goat

serum and 0.1% Triton X was used as the blocking solution. The

primary antibody solution was prepared by adding 1 pug/mL anti-
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its expression pattern in the spinal cord is simlar
to that of Nogo and OMgp. RGMi1i ke protein expression
after spinal cord injury RGWIike protein expression
mas detected at the epicenter of the |lesion site and
RGM-1 e whjte matter rostral and caudal to the |esion
%’F‘t ePr%etlh et pikhiRioGieipG o ltiRtha| The sigrendary
structure was seen at 6. hours post-injury. Wen
antibo@ycsrldticre vas fhworpscedygon indgat ebssecentiany 1- 3
days post-injury, immunoreactivity for RGMIi ke
antibedyt €1 nl.0G, Mecbeobker Vacblae)y andiel 0% et Sdmmanich 00, 1
aberrant extracellular matrix. This extracellular
M phosphiattesmattéved Yagi@sole sddiuduwtialdeidd. vegane e
of the RGWIike protein-expressing cells. In order to

that KRG BOLEPEZScdNe Wédﬂ@tﬁﬁ# &f’%ﬁ%é&&i ¢l lsotn) the

t he eplcenter regi on, double e i ng 'experiments were

; t sue at 7 days post-injury using
white gﬁ%ﬁ%ﬂﬁgnﬁp& @#éie protein,

n P/lanti-RGWI i ke pro and ant -
‘%‘r‘?tea LA b S PSR S0 A0S on anicose
e.. GFAP positive and RGWIike protein positive;

(myelwwquw TR iG RRQleT ghawed dhadr REdf-like

positive and RGW1ike protein positive) were
protebeasy RKPIGHES G e gl idraierdimoaptas anddhednt majocesses

nervous system causes a glial scar, these cells are
in therwibiid ymaitear. tMrpesidifticel | KM Haignbtidis gldsal

scar for exanple, mcroglial cells, nacrophages

iocalﬁécﬂo&?ft(i{é)%@até’rc&ﬁ“tr Iy t%éd%no@éﬁgl.&clcp' u%‘?:JJJ:,I% IIT

an /or chmann s cell tter acen

' center re there han
prote:l[f@ tpos61_ Olﬁ,é’t ey ao&sg.d%tﬁ: Was ﬁ@ﬁ oca J.ze to t% ons

of these cells in the white matter. When double
immunohistostaining was carried out with anti rat-RGM-like
protein and antibody against the astrocyte marker, GFAP (glial
fibrillary acidic proteint, regions in which these proteins
were colocalized could not detected, demonstrating that RGM-
like protein is not present in estrocytes. Collectively, RGM-
like protein is expressed in neurons and oligodendrocytes and
ifs expression pattern in the spinal cord is similar to that
of Nogo and OMgp.

- RGM-like protein expression after spinal cord injury

RGM-like protein expression was detected at the epicenter
of the lesion site and in the white matter rostral and caudal
to the lesion site. In the epicenter region, a normal tissue

structure was seen at 6 hours post-injury. When degenerative
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|'i ke protein-inmmunopositive cells and intensity of

i munoreactivity. However, the intensity underwent a

continuous increase at T to 3 days post-surgery. After

7 days t he signal density mas significantly higher

n for ,th uni nj_ur in cord. Daubl e-| abeling

ohangeg ﬁ’eﬁ%rﬁ e g st PARE AIGHFY -

post -i.n ury |n order to characterize the RGMIi ke
immun %Céml oI5 iR -ddikes pheteda ypsydlise eiseaved over

Doubl e- Iabeled cells were not observed when double
the legigim i sddenand drr iabernan tusixig anetliluR@v malteix. This

protein/anti-G-AP and anti-RGWIike protein/anti-Tujl.
extraciidulaes untmnordiacdtied tiyhatayt bes ateelibatedie reit her

astrocytes nor neurons. Doubl e-stained cells were
degeneteitdenediitie Gamd1 keS piioten s -fdprReMdihigkeeingt, eEH

and MOSP was carried out, denonstrating that RGWI
order RoO@latacteliZaN$nk ?%ﬂf9§§§9 F%teQEF%MgE%g 9% tgélés in

after spinal cord injury. con i rme
I e ceIIs expr es Like
the epldfnidy r@%%?"%%ﬁ%% 578 SheRHpERte’uEry cartfea
& NES?— ative gells wer e nQt observed. It is thought

out ony ESLe At d PAYENBOSHRAPd Uat P8A NG BntheCEARKAREL -

the cells observed in the epicenter of the | esion ‘
RGM- Like proiedsy. dangiyMOSR/pasdpoR6M-1dkes praseinor enfinpot,

the expression of RGMiIike protein increases at the

- Tujl/appiicBeMeiibe protedsni.onNei tlieubdd-ilabehedwoilds it &er

adj acent thereto. Neutralization by anti-RGWIi ke
GFAP ppsdtdive antli BGHyldket beotienhi bokatyva¢t MeEPYpekitive and

RGW | i ke protein on axon growth The results are shown
RGM-1ike prrgéeen3poheitklobe @84¢M bkitive and RGM-1ike
protein pdsitive) were observed. Considering that damage to
the central nervous system causes a glial scar, these cells
are probably other types of cells that build the glial scar,
for example, microglial cells, macrophages, oligodendrocyte
precursors, fibroblasts, pial cells, and/or Schwann's cells.

In the white matter adjacent to the epicenter region,
there were almost no changes up to 6 hours elapsed in the RGM-
like protein-immunopositive cells and intensity of
immunoreactivity. However, the intensity underwent a
continuous increase at 1 to 3 days post-surgery. After 7 days,
the signal density was significantly higher than fof the
uninjured spinal cord. Double-labeling experiments were

carried out on tissue 7 days post-injury in order to

characterize the RGM-like protein-expressing cells in the
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(*) in Figure 3 indicates that RGMis significantly
shorter than the control. The double asterisk (**)
indicates that RGM plus anti-RGMis significantly
| onger than for RGM As shown in Figure 3, the

.. _ I.nhibitor ctivit RGW|i ke protein_on axon
white g h% .qut{%ﬁyq Weehit rane, &P o P hsf vaddivhiesh
of antl-RGMJ i ke protein antibody, suggesting that
doubley ftaimadng ivas Sargsest aiut pring el -REM-dddke can be
used as an axon growh pronoter. Exanple 2 1.
proteivetarodis- GFAP Surd)iardi i REMddikes parestietamed Tisiadi (Mhe
pentobarbital, 40 ng/kg) female Wstar rats (200-250

resultyy ImDitatedi aHLa o Belals WRitde Hellthdre\W@trbYyt@s nor
and the spinal cord was exposed. The dorsal part of

neurordl® KRB - QUi TOuUls e RdE1da I iMiohdiRd a

nunber 11 blade Accordlng to histol ogic exam nati on,
gy rsal
Stalnlt:l{bcfr taéldcrospl na trgct : n@%[)ersg{a%d éjrﬁogferl%dr
Iat .corticospinal tract and
aenonsialTh YA RE b it S Aoy Rpregegd 1n
n1sect|on was i nmedi ately foll owed %y fitting wth

°119°%P66%9Fé’t &S pdedusPinadi sigRs AZoeovLL waa{%nltowgs
L/ hour, 14-day delivery, from Durect Corp., Cupertino,

confirmad fthat @&llysRe MOSPeexpinessdog mllmtelﬂm‘@)w@:@ RGM-
animals, 22.3 g¢g/kg day, 2 weeks) or the anti-

like QQEWdﬁﬂkemmddmemmmadﬁmbowrouymmapmymtﬂma,Emmspkaegatave
animals, 22.3 g/kg day, 2 weeks). The m ni punp was
cells RpleagehotWsdRRaEKiTt A% oyt hat Ra@se cells in the
white matter are the same as the cells observed in the
epicenter of the lesion site. Accordingly, in response to
spinal cord injury, the expression of RGM-like protein
increases at the epicenter of the lesion site and in the white

matter adjacent thereto.

Neutralization by anti-RGM-like protein antibody of the

inhibitory activity of RGM-like protein on axon growth

The results are shown in Figure 3. The single asterisk
“{*) in Figure 3 indicates that RGM is'significantly shorter
than the control. The double asterisk (**) indicates that RGM
~plus anti-RGM is significantly longer than for RGM. As shown
in Figure 3, the inhibitory activity by RGM-like protein on
axon growth was significantly neutralized by the addition of

anti-RGM-like protein antibody., suggesting that anti-RGM-like
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and a silicone tube connected to the outlet of the

m ni punp was placed under the dura nater at the

spinal cord hemi section site so as to bring the tip

i mredi ately adjacent to the lesion site on the

rostral si d The tube was fixed by suturing to 34 the
proteil, Rofye ANGIhady fan \Pe dtied a% atheXoigRMShy

site. The nuscle and skin layers were then sutured.
promotgf. | bl adder function was recovered, the bl adder was

pressed at |least twice a day by the manua

application of pressure to the abdonen. (2) Ti ssue

preparation and i nmunohi stochem stry Ti ssue
Exampl® e€par ati on and i mmunohi stochem stry were carried out

as described in Exanple 1. (3) Anterograde | abeling of
1. MetH¥LST Ei ght weeks after injury, biotin-dextran am ne

(BDA, 10% in physiological saline, 3.5 n.L per

(1) deygégi Fﬁ?L Ky, ar weight = 10,000, Ml ecular Probes,

gene, gon, USA) was injected under anesthe3|a at

he r| ft not or, of the scendlng
e d SR Bt t B ARRL R oA Moy 59, EoMELS >
ateral to bregma, 1.5 mmdepth). In each

Wlstalt madet i( 003595 9)| recerefh LSt oBve ptayertehrad
through a glass capillary tube with an interna

level Ji9%# @ndofthes spdnglt eerdwasatrposed. fheadeirsad past
syringe. In total, 6 control rats and 8 rats that

of ther epdinadd canid wREMduitk &opaoideipthantti hody maf beingCh wamber
exam ned and conpared. 14 days after BDA injection,

11 bladee Addioidifigneioe hiisitoaddiy: RRakiIHa®aow,t inPBS1aRdimals
then paraformal dehyde. Cryostat sections of the

these RiIsAJNCBeFedeOnil the ldtsal Sok?i1WespihdkeRract (csT)
sagitally (50 Pm. Transverse

fibers in the posterior column as well as the lateral

corticospinal tract and extended past the central canal. This
spinal cord hemisection was immediately followed by fitting
with an osmotic pressure minipump (200 pL sqlution, 0.5
pL/hour, l4-day delivery, from Durect Corp., Cupertino,
California, USA) filled with control antibody (8 animals, 22.3
ug/kg - day, 2 weeks) or the anti~ RGM-like protein antibody
generated in Example 1 (8 animals, 22.3 ug/kg - day, 2 weeks).
‘The minipump was placed under the skin on the animal’s back,
and a silicone tube connected to the outlet of the minipump
was placed under the dura mater at the spinal cord hemisection

site so as to bring the tip immediately adjacent to the lesion

site on the rostral side. The tube was fixed by suturing to
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sections were taken rostral and caudal to the |esion
site. The sections were blocked for 1 hour with PBS
contai ning 0.5% bovine serum al bumi n (BSA) and were
then incubated for 1 day 35 with Al exa Fluor 488

(TM -conjugated streptavidin (1:400, Ml ecul ar ]
the Swgib}b%)ﬁ%g@@s topediatety icavdahske the dpwimpetomy site.
fromthe epicenter of the lesion site to the
The musiyded @ngk tsdd nCIRY e sh ée e dtheax tsarfoiane dvo Sin tiidu dladder
was neasured. (4) Behavioral testing The behaviora
- Functirgc oveayr yrewasreanesd udthed bladienpas fprelstedeat NemsEnttwice
for 7 weeks after injury using the Basso-Beattie-

a day BeanahaaniBBBaprIGeETien o igiesitalee HoBaseo abdoMen .
Beattie, MS., & Bresnahan, J.C., A sensitive and

(2) TisRhiARPrRpRE O and Alninhoibd S HmiRSY fiel d
testing in rats. J Neurotraunma 12, 1-217(1995)).

#%ﬁﬁﬁ%gﬂ%%%ﬂfﬁﬁéuféﬁ{.%%Mﬂﬂbﬂfgf%éﬂﬁﬁ?#ﬁ%y @%@“caf%ied

uncti onal | nprovement

neut ral.i.zati,on_of l.i ke protein Whether endogenous
out aﬁ%@éﬁqq%?e &Peﬁ%ﬁ%ﬁigi ns as an inhibitor of axon
regeneratigon_in the injured central nervous system
(3) Anferograogadededd nde &L ithed CAJove. The dorsal
two-thirds of the spinal cord was extirpated in rats
Edghje wegksalafitere injry . 1 Giotierdlextaxn epdmnend BDde 10%
main and | ateral corticospinal tracts. Anti-RGWI i ke

in phy#i®lieigicaaUishaling, NG .3NWLLedY: Qortee, amol1eehe! Wwaght =
delivered by osnotic pressure m ni punp through a

bd I I_C. 1.0,
0,000 ALE SR oA, TGS St o

under %%%%Qh%%&%ﬁ%@ the right and left motor cortices of the

_descending CST fibers (coordinates: 2 mm posterior to bregma,
2 mm lateral to bregma, 1.5 mm depth}. In each injection, 0.25

ul. BDA was injected over 30 seconds through a glass capillary

tube with an internal diameter of 15-20 um that was attached
to a microliter syriﬁge. In total, 6 control rats and 8 rats
that received anti-RGM-like protein antibody after SCI were
examined and compared. 14 days after BDA injection, the
animals were killed by perfusion with PBS and then
paraformaldehyde. Cryostat sections of the spinal cord across
"the lesion site were taken sagitally (50 um). Transverse
sections were taken rostral and caudal to the lesion site. The
sections were blocked for 1 hour with PBS containing 0.5%

bovine serum aibumin (BSA) and were then incubated for 1 day

35




the control group and treated group. The | oconotor
performance was nonitored. The sham operated rats,
who | acked spinal cord danage, received ful
Basso- Beatti e- Bresnahan (BBB) | oconot or 36 scores. Al
e rats were alnost conpl etely parapl egic one da
with A&PF@rFFHPErﬁaéFﬁgﬂﬂécﬂPJ“SGE§Qq@éﬁ?@ﬁavédéPaé&aﬂoﬁnd
: partial recovery of |oconotor behavior as eval uated
Molecuggrt RgoBBB)sdar EBSwepratedodnged.- 193 BSAweBkes distence
spinal cord injury there were no differences in BBB
from theoepibeniweenofh¢heodesdonasitel $o aheé BDARAesected CST
receiving anti-RGWIike protein antibody. It is

fiber thheWwektBndelamobe! waaraf19nwas Weakaratler surgery
the | oconotor performance of the rats receiving

(4) Beﬁgyhbggytkbggl ?rotein anti body was significantly
better than thaf of the <control rats. Accordingly,

Al be hk?i B%%B%bgﬁaﬁh'bgéxlhi eﬁffSCEhVS Ehig
treatnen rats w cord rnjurl |gu
. BB sco fter t.he el a sed
envirofRghE o EQF: d; WhEkenaF REF c LadPE) SAAR 5&?”5&55%?6?5&6-
receiving anti-RGW|i ke protein antibody and rats .
Bresnahéeei(Wﬁg legRmpsPrafpthBay scrhe APerdge P-YranBgpytie.
deviation is shown for each group (6 or 8 rats). The
M.S.. & Bgeenabawssri JkC(*%)A snusditive ahdt reféabloupocomotor
" receiving anti-RGWIlike protein antibody was
ratingskgalléi £ant bpedi fieldntestihbatinweakst,r gnNeleoteaainaol 2,
group. *: p < 0.05 conpared with the control. (2)
1-21 (PROBYYi ORuah taXak ibadGRs Marel ddy duthii td i B{ded manner.
RGWI|ike protein The integrity of the dorsal CST
2. Resh@@kticospinal tract) was investigated as described
above in sone previously tested rats

(1) Functional improvement due to neutralization of RGM-like
protein

Whether endogenous RGM-like protein functions as an
inhibitor of axon regeneration in the injured central nervous
" system was evaluated as described above. The dorsal two-thirds
of the spinal cord was extirpated in rats at vertebral level
Th9/10, thereby extirpating the main and lateral.corticospinal
tracts. Anti-RGM-like protein neutralizing antibody or IgG as
- control was delivered by osmotic pressure minipump through a
catheter placed subdurally near the thoracic injury site.
There was no significant difference in lesion depth between
the control group and treated group. The locomotor performance
- was monitored. The sham-operated rats, who lacked spinal cord

damage, received full Basso-Beattie-Bresnahan (BBB) locomotor
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by. injecting BDA into the sensory-notor cortices.
Sanples from the injured rats treated with
anti-RGW I ike protein antibody (Figure 5b) showed a
| abeling pattern that was conpletely 37 different from
t hat, .i lles _fromcontrol rats ure 5
score rg%lrmh SHRe VEEGe & g‘f" Otte OIS 51 é)axialli’g') %9dic, opgr day
tops rostral tq the IeS|on in rats not treated with
after &Htl“rﬁc;\%?ﬁ%e Frlot SURSEIIERSdY (B GFesvady and) patigl.
basic pattern reflects the fact that axon :
recovezryydvie AQCOHe tode Pehov insr B8l loyads@aned byt Khe B3Bt sglore
nervous system In contrast, numerous fibers sprouting
were obsemvields M@babewe@ETmmmﬁiembsgﬁmadic@rﬁaﬁijEgathére
with anti- RGWIike protein antibody (Figures 5b, d).
were nbh@ififediehedsaxinBBEEXoRde beitirdeht thilef toftiiod! ah@mdls
greater extent than in the white matter. This picture

and anﬁhaﬂ%”&%%%ivﬁhge%itwaﬁGﬂbigkﬁe%fd%efﬂ anQ1bBG§ '&kuﬁgd
animal s that réceived the anti This resul

notewoacgtﬂgﬁté:,hgg: patwednly Q [ §F GAGRS 'a'%t%@e sﬂ%%f Gl %Eaﬁ.BDA

ecause no d| erence was Seen’ b
treat ed anhgals and the control .ani_mals

nti baod
1°°°“‘°%F?E SEXPriaRgs: OfofhR baLe PRCAIYing: St LoRENE dLkeal
to the lesion site. Wien |ongitudinal sections across
proteip,antibogdy ¥asesigrdfirepdveletisr thant kbagr o6pshef
rats, there was |l ess CST fiber retraction and a
contrOIlaFQéﬁ -ndgeerdangdyl. | ansiaRGUSTiker protefior anthbodxt ds
treated with the neutralizing antibody (Figures 5a, b,
effectiye Regembeatiregthieher sfsiratisngithpispahailr cegdl anjuries.
~ meandering growth were frequently seen in tissue
Figugtleed ahotvietheveBpokcokBealk@s-oRnsl bRapBetin@imat $n
treated with anti-RGWI1ike protein (Figures 5d, f).
the £ifle8CakedeNRiathBYatiBCaSreaehbRiSebifon, for rats

feceiving anti-RGM-like protein antibody and rats receiving
control antibody. The average * standard deviation is shown
-for each group (6 or 8 rats). The single asterisk (#*)
indicates that the group receiving anti-RGM-like protein
antibody was significantly différent in that week from the
cbntrol group. *: p < 0.05 compared with the control.
(2) Promotion of axon regeneration by inhibition of RGM-like
protein

The integrity of the dorsal CST (corticospinal tract) was
-investigated as described above in some previously tested rats
by injecting BDA into the sensory-motor cortices. Samples from
the injured rats treated with anti-RGM-like protein antibody

(Figure 5b) showed a labeling pattern that was completely
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dorsal white matter and the | esion scar and al ong
cysts (Figures 5f, h). It is noteworthy that nmany
axons crossed the lesion tissue and thus either grew
around cavities or grew 38 within the epicenter of the

Hi t f

ot sengy) Pl HTH TR E L SLHISHR PRI
. b t ed h d sh t hat nbl d

ol S P P SRR IR e L

detected iin the control rats ure 5e In the
rostralnfopdhe- legdanedns goEs BQﬁd¢§§ pdaxath gnew-REModdhe
the lesion tissue up to 3.5 mm and there were al so
proteipypatdbody dKdgurebaba.ext)enBFodsabakic patfemm cafidects
fromthe lesion site; nunerous |abeled fibers were
the facliséha¢dakbngregenbgathion) Joe@nnbltenoirhaniyhasdur in the
fibers were not observed in the control rats. Many of

centrallhasevbubeEgsvenl 2hoBenkirasehenuABdolBaRdBESs 8bR8hting

‘ than a Ilinear trajectory. Nunmerous branches sprouting
from th@OEhBEEeHHtgw ﬁé?&toﬁgégvgﬁsghv§g gttkgﬁtgﬁugﬁkhngﬁkl-
part of regenerating bers cco

t f otgin antibod
RGM 11%?%92%3@%@%9?0L*%auegﬁ bhond) °| fhe; GrenEed,axqps
- b.are ge resentative photographs of BDA-|abeled CST
extendf 15 thG GPEY makEST o8pr &1 SEPateFseskon Shani he the
left. Amterograde | abel ed CST fibers are shown 10
white Rasker. This Paftuyefef Bpmampugofibersewasdobienved in
control 1gG (a) or with anti-RGWIlike protein
all ofghhebdayured &RBMISkthptoreteived tkhéeantibbayasTREMA
in Figures 5 and 6). The epicenter of the lesion site
resulti sahndtchéedawséd by AsteerekcePnohoghapisgsed bH BDA

Figure 5 are photographs taken at higher magnification
uptakeOf béB&use no difference was seen between the antibody-
treated animals and the control animals for the total number
of fibers in the dorsal CST rostral to the lesion site. When
longitudinal sections across the lesion site were inspected
for the two groups of rats, there was less CST fiber
retraction and a larger number of collateral CST sprouts for
the rats treated with the neutralizing antibody (Figures 5a, b,
i). Regenerating fibers showing typical irregular meandexing
growth were frequently seen in tissue bridges at the level of
the lesion site in the rats treated with anti-RGM-like protein
.(Figures 5@, f£). These regenerating fibers grew into the
dorsal white matter and the lesion scar and along cysts

(Figures 5f, h). It is noteworthy that many axons crossed the

lesion tissue and thus either grew around cavities or grew
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regions delineated by the boxes in a and b of Figure
5. In rats treated with anti-RGWI|ike protein

anti body, increased collateral CST fibers sprouting
rostrally (d) and regenerating 39 fibers in the |esion

cens . Site (f.. arrows) e seen, but_.these fihers were not
within g ot ARISbe Ehe J8Rtony HIFoReoRHEL o
. lgGtreated rats (c, e). Photograph h contains a _
microsq obsesyation o £STafabgxsnat ibej designdsite
shows regenerating fibers 2.6 mmcaudally fromthe
of neuwdgiaddmiag entibedy-dzeakedi ratEashowe)yl shhapescdhatbar
i ndicates 500 pmin a and b, 100 pmin c-f, and 200
resembled @ gyaagse-1Ekguseedilitnigowent hbe ditheanband, BDA was
BDA- det ected main CST fibers fromthe | esion
not detpicted ah, the weaksodfl ki sSRFAGureosd )i NIt ¥hkOhntabday-
treated with anti-RGMIike protein antibody or 1gG (n

treated @hgﬁgrgﬁﬁhleﬁ:ofpaiogsoﬁr%Q”Egggggngagtg%sigﬂtEggsue

The anti-RGMiI 1 ke protein™ anti

ap to |Q%ip$£i RaOknLeLr gio b he ..njured_main E?g.

P Elgure 5? ghgagg he% s %ﬁ%ek Pg%ﬁ hg%lg§98ﬁ &

oxt dg@jcen er of the nost _.caudal BDA-detected CST fi bers,

xiendpl REcks* 2t ar "pPAYAalofgomn Py Le8Lopadtes cRmgTous
with anti-RGWIike protein antibody or 19G (n =

labeled. §ippggpyere: opserged] (Faapaesd59w bh dont Bl the other
Exanple 3 1. Method (1) Affinity precipitation of

hand, &fbeRsomece| hetwebsekryeddinntbe ohhi¥rbod fpHs7. Bany of
containing It Triton X-100 (TM, 0.5% sodi um

these fiébryshwbatealOng%Shchbf0antyl mbaflierdOravhiMeCiBanll
pg/ m. | eupeptin, and 10 Hg/ nL aproti nin.

linear trajectory. Numerous branches sprouting from the main

tract were observed at the caudal-most part of the

regenerating fibers. Accordingly, administration of-anti-RGM—

like protein antibody promotes regeneration of CST axons.

In Figure 5, a and b are representative photographs of
BDA-labeled CST fibers, wherein the rostral side is shown on
the left. Anterograde-labeled CST fibers are shown 10 weeks
~after injury for spinal cords treated with control IgG (a) or
with anti-RGM-like protein antibody (b) (RGM-like protein is
referred to as RGMa in Figures 5 and 6). The epicenter of the
lesion site is indicated with an asterisk. Photographs c-g in
Figure 5 are photographs taken at higher magnification of the
regions delineated by the boxes in a and b of Figure 5. In

rats treated with anti-RGM-like protein antibody, increased

collateral CST fibers sprouting rostrally (d) and regenerating
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The cell lysate was cleared by centrifugation at 4C
for 10 40 m nutes x 13000 g, and the supernatant was
i ncubated for 45 mnutes at 4C with 20 g GST- Rho

bi ndi ng domai n of Rhotekin beads (TM Upstate

. ' . e washed four tinmes .w.t

river{ B B o RIBD RS Wiy AAIRR), B SA i Bpese
, Trit X-1Q0 (TM_, ,150 nM NaCl, 10 v MyCl12, d 10
flbersg;"'fﬁr%gé’aiﬁ 8&‘5“—1(’?8%(;&‘% ﬁ%&ogﬁﬁéﬁ%%ﬁgwmwﬁé%s

detected by Western blotting using nonocl ona
control figiydyread€ich s trh d & -( Sant Xhotggraphothe ciontsdmisa a
Cruz, California, USA). 2. Results (2) Affinity
diffexgndcigsiatdionofroin Ehe- Raok EndmAloAsadhi Wi taynd mhioemsr ons
was neasured. Conditioned mnedium was added to

regencomrieing [fabereurqns my e@udaddy Feshnahal epiziehtardoth@he
RhoA activity was neasured after 30 m nutes had

lesiorf |ARBEY LToNE Ghe B2a %Oﬁgr'ﬁnﬁﬁgg%%s650%h§g in a and
activation wa confirnme Oof neurons Ccultur on &
medi um derived by PI-PLC treatnment of RGWIi ke

b, 100,k ditnCafpr 886 RYOCHD dBl PsandsheoRpance 6d mbawenthe
cultured on nmediumfromcontrol CHO cells. This

distamceswlft theoBDA-ldateBENHl mkenpCetreifibaeki ¥abas thBOlesion
| NDUSTRI AL APPLI CABI LI TY The axon regeneration

epicentie@iiDller vaeker diftgrt @piR81PEESANE N jLBYCRbORARS treated
effective for the regeneration of njured central -

with a%%ri\(-ﬁﬁ;Maﬁ_deESpE§%Eﬂh Qﬁt%bkgﬁr GQeHQFC rﬂﬁggnkézgg?gﬁ]). *;

patients who ave a damaged centr ervous

p < 0.9} oftbYPea with the control. The anti-RGM-like protein
antibody shows an inhibition of retraction by the injured main
CST. Figure 5j shows the distance from the lesion site
epicenter of the most caudal BDA-detected CST fibers, 10 weeks
after spinal cord injury for rats treated with anti-RGM-1like
protein antibody or IgG (n = 6-8/group). *: p < 0.01 compared

with control.

rExample 3
1. Methoq
(1) Affinity precipitation of GTP-RhoA
Cells were lysed in 50 mM Tris (pH 7.5) containing 1%

Triton X~100 (TM), 0.5% sodium deoxycholate, 0.1% SDS, 500 mM
NaCl, 10 mM MgCl;, 10 pg/mL leupeptin, and 10 pg/mL aprotinin.

The cell lysate was cleared by centrifugation at 4°C for 10
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1. An axon regeneration pronoter conprising an
inhibitor of RGWIike protein as an effective
conmponent. 2. The axon regeneration pronoter according
to claim1, mherein the inhibitor of RGWIike protein
s an anti-RGWI | protein anti body. 3. The axon
mlnut?%g,’érﬂe?%‘?? e 1% ;ﬁl}ﬂm‘if& SHRGTR AN vad dingubateghdon 45
the inhibitor of RGWIike protein is Y27632. 4. The

minutescat r £geneieh i 200 1 EEY-RhAGdling ddnaaly dNRHdtekin
clains 1 to 3, wherein the axon is an axon of the

beads CPﬁ‘IIr 3(5 B e )em'l‘lﬁe B%e{@ m Of %ﬁleerg 'E&ﬂInQJ.?nes

candi da e supst ance a axon regeneration pronote

wisn SERRLLST 00 B2l S0 0 %, 6 QAR 5 B con

whet her the test substance |nh|b|ts the function of
X-100 RIW) i KEBO pedbtNETH, 40 mM MgCly, and 10 pg/mL each of

leupeptin and aprotinin). Bound Rho was detected by Western
blotting using monoclonal antibody against RhoA (Santa Cruz
Biotech, Santa Cruz, California, USA).
2. Results
(2) Affinity precipitation of GTP-~RhoA

The RhoA activity in neurons was measured. Conditioned
medium was added to cerebellar neurons from 7-day postnatal
rats and thé RhoA activity was measured after 30 minutes had
elapsed (Figure 6). As shown in Figure 6, Rho activation was
confirmed for neurons cultured on a medium derived by PI-PLC
| treatment of RGM-like protein-expressing CHO cells, as
cbmpared to neurons cultured on medium from control CHO cells.

This result shows that RGM-like protein activates Rho.

INDUSTRIAL APPLICABILITY

The axon regeneration promoter according to the present
invention is effective for the regeneration of injured cenfral
nerves and is useful as a therapeutic agent for patients who

have a damaged central nervous system.
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CLAIMS

1. An axon regeneration promoter comprising an inhibitor of
RGM-like protein as an effective component.

2. The axon regeneration promoter according to claim 1,
wherein the inhibitor of RGM-like protein is an anti-RGM-like
proteiﬁ antibody.

3. The axon regeneration promoter according to claim 1,
wherein the inhibitor of RGM-like protein is Y¥27632.

4. The axon regeneration promoter according to any one of
‘claims 1 to 3, wherein the axon is an akon of the central
nervous system.

5. A method of identifying a candidate substance for a axon
regeneration promoter, comprising a step of bringing a test
substance.into contact with RGM-like protein, and determining
whether the test substance inhibits the function of RGM-1like

protein.
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