DESCRIPTION AXON REGENERATION PROMOTER TECHNICAL
FIELD The present invention relates to an axon regeneration promoter
that can promote the regeneration of neuronal axons and particularly
neuronal axons in the central nervous system. BACKGROUND ART

When central nerves, for eXB%fB%fBWaI cord, are injured due to a

traffic accident, or are dam brovascular disorder, the neural
function is lost angl, Q@Mfﬂﬁ@g@ﬁeq’ﬁ;ﬂﬁﬁ?ﬁds 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 damaged, cannot regenerate. Inducing regeneration
of damaged central nervesisythergiore apipportant issue in the field of
medical care. Axons of aduitcentral nerves can regenerate through
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20, 1981)). This fact suggests that the major cause of the lack of

promoti&genaationdn tha-agdidteenthal NeXvR ISP {aca epvirgBmelhal axons
surrounding the neuron. To date, Nogo, myelin-associated glycoprotein

and paMAGhNEhsligedandiasytes-rayaliniglyeariotein (RMoP) 8aveBselystem.
identified as three main inhibitors of central nerve regeneration. Nogo
was identified 1 as the antigen corresponding to monoclonal antibody IN-1
(M. S.
BACKGROUND ART

When central nerves, for example, the spinal cord, are
injured due to a traffic accident, or are damaged by a
cerebrovascular disorder, the neural function is lost and
cannot be regenerated. This stands in direct contrast to the
fact that peripheral nerves undergoc regeneration. Damage to
central nerves frequently results in partial or complete
paralysis because central nerves, once damaged, 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 major
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

1



Chen et al., Nature 403, 434-9 (Jan 27, 2000); T. GrandPre, F.

Nakamura, T. Vartanian, S. M. Strittmatter, Nature 403, 439-44 (Jan 27,

2000); P. Caroni, M. E. Schwab, Neuron 1, 85-96 (Mar, 1988)). MAG is

known to play an important role in the formation and maintenance of the
as theMygi hé3 Ris By MeNt@8nbcE5eIae" e R (m.

‘ é&irtmﬂ%géiﬁ %ésfeg%gé“%?%@ (Jan, 1997); M. Fr%/lltlt?gier, D. Moﬁ:ﬁgg,(l\l;l!.
Chen e$chAChNetRuMartgis Eus dNeurpsey, 511-5008n 1, k09%r-Nnfvjia etr
al., J Neurosci 18, 1970-8 (Mar 15, 1998); J. Marcus, J. L. Dupree, B.
NakamuflP@Rkey J Gel-Biol 186, 567- 74 (Feb4 2020w, hra been faund tay39-44

inhibit axonal growth from certain neurons (G. Mukhopadhyay, P.
(Jan 2Doheitynd S.MWalshrBnR, Giocker, WeHwddlbindgwsan i3, €5746F (Mar,
(Sep, 1994); L. McKerracher et al., Neuron 13, 805-11 (Oct, 1994)).
1988) JOM@G Whiclkisdhe mainpeepusagohininebindingpelyaeptidesin the
white matter of adult central nerves (D. D. Mikol, K. Stefansson, J Cell
formatBiohland 1243-91(ApantIBex hesdbeaepddantifiedastanthirg.inkigienDdi, D.
axonal growth (V. Kottis et al., J Neurochem 82, 1566-9 (Sep, 2002); K.
MontagG. WanGretnasr Naturestiva G e (Juh.2 Ma2®02)). It Seknbvini. that dlages
MAG, and OMgp bind to NgR with p75 as coreceptor, suggesting that
287, 3hey haae cod®oh sigHal Fansdiucion pdhwiysiiads. Wangchakhtier;, R.
R. Sivasankaran, R. Segal, Z. He, Nature 420, 74-8 (Nov 7, 2002); M.
MartinDoménicohi NtakoNelrch, 353128390 aut 1B, 2002/ A: BN Fofmiigtdl .et
GrandPre, S. M. Strittmatter, Nature 409, 341-6 (Jan 18, 2
al., J Neurosci 18, 1970-8 (Mar 15, 1998); J. Marcus, J. L.

%]

Dupree, B. Popke, J Cell Biol 156, 567-77 (Feb 4, 2002)) and
has been found to inhibit axonal growth from certain neurons
{G. Mukhopadhyay, P. Doherty, ¥. S. Walsh, P. R. Crocker, M. T.
Filbin, Neuron 13, 757-67 (Sep, 1994); L. McKerracher et al.,
Neuron 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. Kim, R. Sivasankaran,
R. Segal, 4. He, Nature 420, 74-8 {Nov 7, 2002); M. Domeniconi
et al., Neuron 35, 283-90 (Jul 18, 2002); A. E. Fournier, T.

GrandPre, S. M. Strittmatter, Nature 409, 341-6 (Jan 18,



2001); T. Yamashita, H. Higuchi, M. Tohyama, J Cell Biol 157, 565-70
(May 13, 2002)). Axonal regeneration through elimination or inhibition of
these inhibitors has been investigated. However, it has been found
through investigations using knockout mice for each of these inhibitors
2001) hat central SRIME.axqnal At atzoaadt)%ﬂgomgcuraurt% PDJOL 157,
elimination alone (U. Bartsch et al., Neuron 15, 1375-81 (Dec, 1995); C.
565-70)- Waglf, feurep @8y §$53-6 (Apr 24, 2003); J. E. Kim, S. Li, T. GrandPre,
D. Qiu, S. M. Strittmatter, Neuron 38, 187-99 (Apr 24, 2003); B. Zheng et
BloMeLrer §8nd i3 24dAPERF048M3)e MinoiRReR £t 8t NBWBR 8Bon of
201-11 (Apr 24, 2003)). Furthermore, it has been reported that
these reganeatienof thasinjued spinal seid;was @0t Hyeaeiad by depletionaf,
functional p75NTR or by administration of soluble p75N-Fc (X. Song et
found alhddNeioseive4ti4hbidar 1452004 nRefeencas: onRateBlach of
Reference 1] S. David, A. J. Aguayo, Science 214, 931-3 (Nov 20, 1981).

these [NonpatenvRefeneace 2M 1S IChanrekalasibattte 4034343 t8A Foes
2000). [Nonpatent Reference 3] T. GrandPre, F. Nakamura, T. Vartanian,

not oc®ud. SpriftmdttariNatioe 40Bid38akdidan2o280Q) . [NnpatRIt et al.,

Reference 4] P. Caroni, M. E. Schwab, Neuron 1, 85- 96 (Mar, 1988). 3
Neuron 15, 1375-81 (Dec, 1995); C. J. Woolf, Neuron 38, 153-6
(Apr 24, 2003); J. E. Kim, §. Li, T. GrandPre, D. Qiu, S. M.
Strittmatter, Neuron 38, 187-99 (Apr 24, 2003); B. Zheng et
al., Neuron 38, 213-24 (Apr 24, 2003); M. Simonen et al.,
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



formation of the retinotectal projection (P. P. Monnier at al., Nature 419,
392-5 (Sep 26, 2002); B. K. Muller, D. C. Jay, F. Bonhoeffer, Curr Biol 6,
1497-502 (Nov 1, 1996)), is expressed in the white matter and Grey
matter of the spinal cord in the chick embryo (this protein is called
"RGM-like protein™ in this Specification and the attendant Claims) and

format ipat the %Mej?@wgﬂr%ﬁ@étpé?teﬂﬂf WW@“ the spinglcord is: 57,

damaged. It was further discovered that this protein has an |nh|b|tory

Nature aFtivity 883he growdh, okcential nervesaxens. iy 1addition; the; pr F.
inventors discovered that the axonal growth- |nh|b|t|ng activity of R M like

Bonhoe PFREIN isextinguished by reatment ofiraMslikeiprotein withan-phibiter cq
of RGM-like protein, such as anti-RGM-like protein antibody or Y27632,

in the andi eanegivedof theutilizationgkinbibitors of RGMlikesproteifdasn the
axonal regeneration promoters, thus achieving the present invention. In
chick ©ORe:aspectithe prasent disciosure providesamaxendegeneratian in

promoter comprising as an effective component an anti-RGM protein
this Swatibedy:afhisRGMdikemprotein inhibitor i preferablyan arti=RGhk:like
protein antibody. Also preferably, the RGM-like protein inhibitor is
expresX2A0632 The hxops-ate: preferablycentral miearoustsystam axonsdnd is
another aspect, the present disclosure provides a method of identifying
damagedandidatessulisiantes-fod axon vegeneratiert prometerspcemprising asstep
of bringing a test substance into contact with RGM-like
inhibitory activity on the growth, of central nerve axons. In
addition, the present inventors discovered that the axonal
growth—inhibiting activity of RGM-like protein is extinguished
by treatment of RGM-like protein with an inhibitor of RGM-like
protein, such as anti-RGM-like protein antibedy or Y27632Z, and
conceived of the utilization of inhibitcrs of RCGM-like protein
as axonal regeneration promoters, thus achleving the present
invention.

In one aspect, the present disclosure provides an axon
regeneration promoter comprising as an effective component an
anti-RGM protein antibody. This RGM-like protein inhibitor is
preferably an anti-RGM-like protein antibody. Alsc preferably,
the RGM=like protein inhibitor is Y27¢3Z.

The axcons are preferably central nervous system axons.

In another aspect, the present disclosure provides a method
of identifying candidate substances for axon regeneration

promoters, comprising a step of bringing a test substance into

contact with RGM-like



7 protein and determining whether the test substance inhibits the function
of RGM-like protein. The present disclosure provides a novel axon
regeneration promoter that can promote the regeneration of central nerve
axons. The, axon regenerati n romol;tekq accordin%t_ embodimentg. 8f.l;pe
prOt%Jrgsgﬁf%isc oSUTe IS efféctive for the regeen%@fgt?on 8%%%%9%%&&&&%@
fhe gugl |(§ tb%refocg% eg%_%ﬁe%d Egemg%lgpeo% esygstantial contribution, for example,
7 1o t*ne%ﬁea?fnen o] patiér]ﬂs who have suffered damage to the central
VOus tem, su s.the spi rd. BRI CRIPTION THE .
D g L v o TS e S ambr ot ey Saroagr o om
prom @b Py plaing cereRelir ranuleneians,0n 2 qonfluept manolayer af.igl

M-like protein-expressing CHO celfs or confrol CHO cells. The y-axis

axzonShowsdhe average.length, ot the langest axon af.each peuron. Jﬂs&rﬁﬁéﬁts

reported as the average standard deviation of three experiments. The

of tisingle Asterisk(*)indicates pis 0 Ddgelativeto the. coprob while o oy of
asterisks (**) indicates p < 0.01 relative to RGM (Student's tést). Figure 2

cent SHOWShe axgn growtef E%Ur‘é‘ﬂéy@%E%E’eW@F\@% qanditioned

media. The y-axis shows the average length of the longest axon for each
subsedron Thedataiis reporied as the.average 1 standaed deviation of three
experiments. The 8
patients who have suffered damage to the central nervous

system, such as the spinal cord.

BRIEEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the results of axon growth assays carried
cut by ﬁlating cerebellar granule neurons on a confliuent
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 conditicned media. The y-axis shows the average length
of the longest axon for esach neuron. The data is reported as

the average % standard deviation of three experiments. The



single asterisk (*) indicates p < 0.01 with respect to the axon length of
neurons cultured in a conditioned medium from control CHO cells treated
with PI-PLC. Figure 3 shows the results of axon growth assays for
cerebellar granule neurons cultured in media containing RGM- like

sing1PraeinMithand yithoyt theraddition obati-RGEMylike . proteip polydlenal

antibody. The y-axis shows the average length of the longest axon for

axon RASHHICWEN nEhE-0R1Q ISuEPRRes as\ihg avshage: Slandard deyiation,

three experiments. The single asterisk (*) indicates p < 0.01 with respect

contxd® tegg0oBkal; doybleAsieriskst)srdisgie.p < 0.01 with respect to RGM
(Student's test). There was no significant difference between the control

RIBLURE M plisaii- HaM-Eigure 4 shovsdhe BBBwenresaliaktheror

elapsed time indicated in the figure after midthoracic dorsal hemisection,

cerebdon ks geeaiving andRGMslikampraieiaantoskand rats tecaiving cRaol
antibody. Figure 5 shows photomicrographs of the spine and the distance

like graméhe lesinrcapisaatesof rRganetaiing daiticospingt (GaT) ke - orke
rats subjected to a midthoracic dorsal hemisection and treated with

proteiantiplGMlike girotain antldgdy Theoniral-anibety:wHgtieet shewa dae
Western blot results for measurement of the active Rho in rat cerebellar

lengtheuforthredtstigritit RGidn likmprat@oh neuron. The data is

reported as the average x* standard deviation of three
experiments. The single asterisk (*) indicates p < 0.01 with
respect to the control; double asterisks (**) indicate p <
0.0 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-like 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.



9 PREFERRED EMBODIMENTS OF THE INVENTION As described
above, the present inventors have previously discovered that RGM-like
protein is expressed in the chick embryo in the white matter and grey
matter of the spinal cord. It was observed that a gene having homology
with chick embryo RGM:-like protein is expressed in humans in the brain.
The nucleotide sequence of the gene for human RGM-like protein and
the aminp reicEsgRIENERETSOMEN Y the gpne argshRwndl SEQ 1D
NOs: 1 and 2. The nucleotide sequence of the gene for rat RGM-like
AR OiRiB @NOHBE aaioe acidksRIyRNEEANCoIRT HY Be sURns/arepshonbils 1y
SEQ ID NOs: 3 and 4. As is specifically described in the examples
discoveroritieth belanGMRG Midikepprotein hasareigpibiopedctivly Gncaxanatk
growth and its expression increases when the spinal cord is damaged.
embryoFunthemzorehit tasfaiite in thedexarepleapradded thetow thatiaxon cord.
growth inhibition due to RGM-like protein is eliminated by the action of
It wasartbR&Mdilie phateiragired yhary ivgurbosmcicegydindlyhsubstiakcesihat o
neutralize the inhibitory activity of RGM-like protein on axon growth, such
RGM - 1idke apti-RENNikbgpretamrantibdd i, rcamibensedias bken regénerdiibe
promoters. The axon regeneration promoter according to the present
nucledhidsticrehae an RGN -likeepaesin ifltbitdruasan BEdetivickeopmohent Asnd
used herein, the term "RGM-like protein inhibitor" denotes a substance
the amjpneaBelishesastughsgsiencoded by the gene are shown in SEQ

ID NOs: 1 and 2. The nucleotide sequence of the gene for rat
RGM-1like protein and the amino acid sequence encoded by the
gene are shown in SEQ ID NOs: 3 and 4.

As 1is 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

10



10 significantly reduces the inhibitory activity exercised by RGM-like
protein on axon regeneration. The inhibitory activity of RGM-like protein
on axon growth can be examined as described in the examples provided
below. Anti-RGM-like protein antibody is a particularly preferred RGM-like

i gn 1 PRSI NPibitos ace@rding.to; inyeRtiQn, Il
SHon "anti-RCE‘%I]-Iike protgegrin %boggglﬁfggﬁg{gg aﬁ%ggﬁﬁt%%%g% Nﬂfike

RGM- 1 DEQIeH-BY aDrpndigensantinodydeacian.othe anfibogyimeu PR A, activity

monoclonal antibody or a polyclonal antibody. Polyclonal antibody that

of RGIINABGM-Ike pROtin Ganhe pRIAINeddR Ace danes ibdngthods that
are well known in the art, from the serum of animals immunized with

descritfelil-like proéeinxamie-sensitrnaantigrn dponoclonal antibody that
binds RGM-like protein can be obtained in accordance with methods that

mie walicsnaniki the etk by immuniang ananimakusinguR@Mke

protein as the sensitizing antigen; collecting the resulting immunocytes
prefenmnsdUREG-therewitr sielomaneiis i elopingdbeantihgdy-pradiing-esent
, hybridoma; and culturing this hybridoma. In addition to antibodies
invenipioducesby: hgldridemmed, nmohenlionakantiiodyeageoediag ko Herpresapt

invention may also include genetically recombinant antibodies produced
denotdyy arttdisbdynariidtatdwas theignitratsfomed by aotexpressjorareciat igen -

containing antibody genes, chimeric antibodies, CDR-grafted
antibody reaction. The antibody may be a monoclonal antibody
or a polycleonal antibody.

Polyclonal antibody that binds RGM-like protein can be
obtained in accordance with methods that are well known 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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antibodies, and fragments of these antibodies. 11 A genetically
recombinant antibody can be prepared by cloning the antibody-encoding
cDNA from a hybridoma that produces anti-RGM-like protein antibody;
inserting the cDNA into an expression vector; transforming animal or
plyatcals with $he-yedab anshaulniingdhe yesuting,kansfarmants A,
chimeric antibody is an antibody composed of the heavy and " light chain
cloningrighle wgianscehanaeiedypriginalinglama serainanmaland the
heavy and light chain constant regions of an antibody originating from

produciptheranirak -Fab & (2% fab aseh b sy diabedvrareryarmies siia

antibody fragments capable of binding RGM-like protein. Preparation of

into antibegydsedesingselioeells that producenatibednihatdings RGMAke: s
protein can be obtained by methods that are well known in the art. An

with tamabistiswmunined oabgRGMlikehproteisastthe §ensitiaiggoanigan; a
the resulting immunocytes are collected and fused with myeloma cells;

chimeraind teetariibady soducing bybrdymadmmpienatl. Morersperidisaly, and
RGM:-like protein, the antigen, is first produced. Since the cDNA for

Light RBfikerproteinlis presehdnn commerciallyidvadgbledtaitrcBNAg £from a
libraries, an amplified product for this gene can be readily obtained by

certaipCRriémplated dorthednanecialyd\vhilgble rhmicD MAdibtay ftheegrirens
is then inserted into a suitable vector and RGM-like protein can be

of an resetibingntly:preduce ThefRGM-lkeproieingioediced Mab, Flab')2,

Fab', scFv, and diabody are examples of antibody fragments

capable of binding RGM-like protein.

Preparation of antibody-producing cells

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
cloned. 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 available brain cDNA library; the gene is
then 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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this manner is then subcutaneously, intravenously, or 12 intraperitoneally
injected as antigen into an animal. For example, a mammal such as
mouse, rat, hamster, rabbit, or goat can be used as the immunized
animal. The antigen is preferably administered bound to a carrier protein

intrafdi £8RPINatoNWith 4 s\table 99!99@%8&% EE?U%H" complete.

adjuvant. A partial peptide from RGM-like protein may also be used as

exampBE ARGHMAS Shouy i9dhg sxamples provided helow, i}&'@ﬁi@%%e;ggat

that, when using as immunogen a chemically synthesized partial pepfi

can bdlUB&MIAG acibresiguend0Ldhe ndqar’ nanendlatyie.is Lﬁ?@dpt}:eéﬂ—mé%ly

322aa of rat RGM-like protein with the amino acid sequence shown in

admini%RQIPNGsdndhe polyclonal-aatibadyraised againgt tisnatial eepide  tn

exercises a neutralizing activity on the inhibitory activity of RGM-like

a suitHBed a8 peaakeudh. Accordiaglya asnedrgizingantipadyagainst
human RGM-like protein can be obtained using as immunogen a human

partigensshasetbpalypeptitn containing SisarasRoNdinbragion J&e as the
antigen is administered every 1 to 3 weeks for a plurality of times. The

antigeantibody titer is monitored by measuring the amount of immunoglobulin in
the serum by, for example, ELISA. Once the antibody titer has been

Asiseddeaniactepiabledapdle snmpyoodyied am:celectad: fregisthe animal.

Spleen cells are preferably used as the immunocytes. The
discovered that, when using as immunogen a chemically
synthesized partial peptide from amino acid residue 309 (the
“309%9aa” nomenclature is used herein) to 322aa of rat RGM-like
protein with the amino acid sequence shown in SEQ ID NO: 4,
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
measuring the amount of immunoglobulin in the serum by, for
example, ELISA. Once the antibody titer has been raised to an
acceptable level, 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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antibody-producing immunocytes are fused with myeloma cells
originating from the same species of mammal to produce 13 hybridomas.
A variety of myeloma cell strains used for hybridoma production are
available commercially. Fusion can be carried out by methods that are
hvb _dwell known in the art, for. example, in the presence of PEG, and the fused
ybridonasiie Ad8&EE 'oh &F HASHRBRINT S brRiohad that BRsiuE®Zntigen-
. binding antibody are selected hy assaying the culture supernatant by, for
b A B S e b Bl S b i E BBy ien be
carr1 Uy G itng dition methad, By qaring ot the axonal arguth
assay destribed In” the éxamples, infra, on the Mondtionar antibddies
prodyce the resulting hybrl as, hybridomas can be selected that
examPléexhil;{l%a%%%trg%%%%%ﬁvi%%r% T e'a%%}%/l 1g{}rloe?/vt Vi aﬁ%it%%; ggti\ﬁ@eof
selectd@NlG AR Rregugionalfaneional apuhogies MEnoclonal o ep,
antibodies can be produced from the supernatant from the culflire %wd
bindindPaReS DY LHILNgseqllsthakpiaduss monqelonal antigadiss.
onoclonal antibodies can also bé produced by the intraperitoneal
super2ARIstigHon Af maneclonal anibadysprodisingealis dnto, Mice, hat haye
been treated beforehand with 2,4,10,14- teframethylpentadecane; the

the ddB9¥eRIasciesiad ishenyeollertaban Say i@ dayiQ PAst-lnesWation

followed by centrifugal separation and collection of the supernatant.
method. By carrying out the axonal growth assay described in

the examples, infra, on the monoclonal antibodies produced by
the resulting hybridomas, hybridomas can be selected that
exhibit a neutralizing activity on the axonal growth
inhibitory activity of RGM-like protein.

Production of monoclonal antibodies

Moncclonal antibodies can be produced from the
supernatant from the culture liguid 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.
Purification of the monoclonal antibody can be carried out by
the usual methods of protein purification, for example,

procedures such as salting out, ultrafiltration, gel
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Purification of the monoclonal antibody can be carried out by the usual
methods of protein purification, for example, procedures such as salting
out, ultrafiltration, gel 14 filtration, ion-exchange chromatography, affinity
chromatography, HPLC, and so forth. Affinity chromatography on a
£11tr AN Acalian i pieferabiveartied QULLHP SWiass;fy the purified
monoclonal antibody can be determinéd by typing using a'commercially
chroma%’@&%@ﬁﬁﬁ}‘?‘ﬂﬁﬁ@f‘oﬁlﬁ’@alsﬁnWh'@ﬁ)ﬂﬁ%‘%f'@ﬂ%&&%@&%%% on
gene nucleotide sequences The nucleotide sequence of an antibdy gene

a protRINgIbemeneglopabaatinghiaccording & thepresgat igyeatiaN.can ¢

be obtained by analyzing the gene of the resulting monoclonal

the pudftibodwrprealsinGaal. ThectoR) RNA s exitacied fom thes mrpoclanal 4

antibody-producing cell and cDNA fragment is generated with reverse
using lEANsehp@se usingtheRhAasia rakaendhe Yrgaion ahthernipody

gene is amplified by PCR using suitably designed primers, and the
isotypiucieatide . sequence of the cDNA for the region is determined.

Determination of antibody specificity The binding specificity of the
Analysnenedional aitibagy gacerding e d1e peseatinyaaiian can be

determined using methods known in the art, such as ELISA, RIA,

Thenunethiadayele chmmaingeaphy, BhAcoie iodiipreseant @nibadng the

procedures. For example, monoclonal antibody according to the present
monoclonal antibody according to the present invention can be

obtained by analyzing the gene of the resulting monoclonal
antibody-~producing cell. The total RNA is extracted from the
monoclonal antibody-producing cell and c¢DNA 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 tﬁe 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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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 15 substrate is then added to generate
color; and the absorbance is measured using a microplate reader.

substrBeeonRingpbantRpslies AJegambinant-type;aitib OQMCP_&E'I’H‘? Q@ggfﬁgnpe

using recombinant gene technology with a gene encoding the amino acid

is mealRAMENCELL e anthedyRecordingdg dag-present invention. To produce
a recombinant-type anti-RGM-like protein monoclonal antibody, a gene

Recomb@RGading thesaydipdy according to the present invention is incorporated

into a suitable expression vector followed by introduction into a host cell.
AErsebnieash fiells: prammatian s8ys dased sy aslant; gelkg;may be

used as the host cell, and mammalian cells, for example, CHO, COS, and

recombBHkn areyparictledy pseiegedvIbr vedencanhedvmdyced éntarthao
host cell by, for example, the calcium chloride method, calcium

acid sehespheée oethod RbAR bdexirarcemeinoh gnathods usipgL2QHAP
cationic liposomes (Boehringer Mannheim Corporation), electroporation

inventihethodBe apa dipafeetian rEwnasidimgtirangiernaect hostae! 13 xavltpred e in
and recombinant-type antibody is produced by expression of the

monoclamiébdgnChimenyc, aatibpties Amihitddrig antileodnis idvoaticyording to
composed of the heavy

the present invention is incorporated into a suitable

expression vector followed by introduction into a host cell. E.
coli, yeast cells, mammalian cells, insect cells, and plant
cells may be used as the host cell, and mammalian cells, for
example, CHO, COS, and BHK, are particularly preferred. 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
and light chain constant regions of an antibody originating

from another animal (for example, human). Chimeric antibodies
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and light chain variable regions of an antibody originating from a
particular animal (for example, mouse) and the heavy and light chain
constant regions of an antibody originating from another animal (for
example, human). Chimeric antibodies 16 can be recombinantly
can bep¥§@8ﬁéﬁwéﬂﬁw%3ﬁP&HﬁE@ﬁeB9PQ§§ﬁh€n n%&ﬁﬁ¥h§ﬂ¥¥qgﬂigggs the
chain variable regions, from a hybridoma thaf produces a monoclonal
antiboaRfitadydhathinds REM- e protein,- ¢IonNg GRINA it enspggs the
heavy and light chain constant regions of antibody originating from
hybridaftheh20ipakeambining ReseaNAS adinsItRg 1A A BHREle rem-
expression vector; and inducing expression in a host cell. CDR-grafted
like pRfthodies AARMFatietiANRedY israsbartibogydn MdUchthena 1ight
complementarity-determining region (CDR) of an antibody from a certain
chain RIMA LRt exadplsnsedhoshesp Waled M@ gy from another
complementarity-determining region of an antibody from a different
animalanigwhibion examples Semayacenas enseding angDRn gsaftedsantieastye
can be obtained as follows. Nucleotide sequence of the genes each
expreseneading €O, 2radihaiec degigergbased on the genrsegueansas of
the heavy and light chain variable regions of an antibody cloned from a
CDR ~ griayitrédbnaa thatogrbdeces monoclonal antibody that binds RGM-like
protein, and the sequences are substituted for the sequences of the
AcOlp@spralfiigeG DAL 2hady 3iin cavecdortddnsdininpngeneschodig for the
heavy and light chain variable regions of an
complementarity-determining region (CDR) of an antibody from a

certain animal {for example, mouse)} has been grafted into the
complementarity-determining region of an antibody from a
different animal (for example, human). Genes encoding a CDR-
grafted antibody can be obtained as follows. Nucleotide
seguence 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-1like 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 sﬁch 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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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

graf teC(QngHﬂ‘ﬁ?gdfs '%QY%QGQ%Q%J,@E%?? é@g@&tgg%f‘ %‘bOQX&SEng the
recombinantly produced by inducing the éxpression o thlgexpressmn
ek a2 suliable host cells Antipady gy e Alyhody,Tagments nghy

expre can bind RGM-like g{r%te]&n, f%r exam[;(ie, Fa[lig',?F ab')Z,Q%(;l%',ésc%(\)/,sgn h

Ant i bdH3Ped¥ GABPEProduced by treating anti-RGM-like protein monoclonal
antibody according to the present invention with an enzyme such as
RPAID AL TYRIBmERRCAR AISObenPioHGek Bl INthdUCng, 9 @ hast .
cell an expression vector incorporating genes coding for'such an antibody
f to in g tr rm at prod ntibody fragment.
ARIrmeR 10,0018 § trapsfprmaiefhat pradyses, an

examp Another exarr?plerz)f an RGM-like proteli%qinhli%for is‘%Z?&?ﬁ( (M. U%ﬁg%uced

by tréd e3¢ 99-4.(Oct 30 7)),..which is_known as an inhibitor

Y reof%g%‘:é neﬁhﬁggﬁneléfr%aéer,sol%r%c? ’l%in%%rel?lctj w%%af?u r?é{,]tai’"s% &Hd\(/vn in the

SIRYNES PHYIYSE e NabYLi832 SYIRISAN aelivieinal

accor neutralizes the %xonal gro&vth inhizbitory acltilu\ﬁty o% R ﬁﬁl‘%{% Sr% elflln.aIS

papain’ GA0¥r-$ps e follewdng chemical Strpciurs- Sl ERe 83PN [RIRNeRNAN,

promoter according to the present

into a host cell an expression vector incorporating genes
coding for such an antibody fragment to obtain a transformant
that produces an antibody fragment.

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 Y¥27632 exhibits an activity that neutralizes the
axonal growth inhibitory activity of RGM-like protein. Y27632
has the following chemical structure.

NH,

TN
_ (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, dsRNA, siRNA,

18



invention also includes, an inhibitor of RGM-like protein, antisense
oligonucleotides, ribozymes, and molecules that cause RNA interference
(RNAI) (for example, dsRNA, siRNA, 18 shRNA, miRNA). These nucleic
acids bind to the gene or mRNA coding for RGM-like protein and can

shra (NRIERYATNiIbE NG expression thereaf, Gor?ﬂ?&ﬁ' %c‘:etpﬁgs forinhibiting

gene
gene expression using antisense technology, ribozyme teéchnology, an

coainfVAHegBROIOON angd gane;thetany wgﬁe%@éé%ﬁ; Ingycs, £xoggnous

gene expression using these technologies are well known in the art. An

expre HHiSENSS Qligapucletide,is A MS@Q%@Qlein’EiQf_gEH\éaé%gl\r}EereOf

that has a sequence complementary to the mRNA encoding ike

expre 49BN Alisgnsa Lligenudeqtida, Pindssspecifically. to mRNA ARG Mily |

inhibit protein expression by inhibiting transcription and/or translation:

and RiHAdiBgIRAY DEgihrawah ¥éaisonfdick,or HAAgSIGRMYRE PRSE PAlauce

complementarity or by triplex formation. A ribozyme is a catalytic RNA

exogerfdiustigerd anerHdnaioRNAS.RYberures geeerlY §5HBE are well
endonuclease, ligase, or polymerase activity. Ribozymes with various

known SBgoBHaryastructures are known, for example, hammerhead type
ribozymes and hairpin type ribozymes. RNA interference (RNAI) refers to

xhe seahinigus of silengiigie largetigena ssiagraudaubler smndadINAule

molecule. The RGM-like protein inhibitor can be administered as
or derivative thereof that has a sequence complementary to the
mRNA encoding RGM-like protein. Antisense oligonucleotide
binds specifically to mRNA and will inhibit protein expression
by inhibiting transcription and/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 (RNAL) fefers 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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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 19 physiological saline is preferably used for the

physidi6Ra@iioNQf1andiedaple. Fhedisyal addiivas, sUeh @S RemvisiYing of

agent and an osmotic pressure regulator, may also be present. The route

an injiadimnisiraiing fasihigead egeriationiemaieLaccarding 1@ hg g
present invention is preferably a non-oral route, and direct injection at the

agent gliefdhe soner dampagssispaticdaiy RieferTedalhadaspaseisselasded |
as appropriate in correspondence to the type of RGM-like protein

ThBibion the sEUtediiadBinisittion, herdagiee 2 HeMedamaga tashso
forth. However, in the case of direct administration to the site of damage,

promotibe asitidiciosnge afRGNelikereretain intikitor pestlay sperdaaagd sije is
generally 1 to 20 mg and preferably 5 to 10 mg for anti-RGM-like protein
non - oraitibodyiand isrgknétatlyc) tn 186imMoand prefeealdy 88 ta H50thg farrve

Y27632. For non-oral administration other than direct administration, such
damageasi sntpeaeinbcs iaetompith€ dosage is generally about 10 times the

dosage cited above. In another aspect, the present invention provides a

Tinethdeisefddentify mglstbstahcas thatparerandidatd axaoregsepemafionce

promoters. This method comprises bringing a test
tc the type of RGM-like protein inhibitor, the route of
administration, the degree of nerve damage, and so forth.
However, in the case of direct administration to the site of
damage, the adult dosage of RGM-like protein inhibitor per day
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
administration 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
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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

proteifoteihanckRarticuady jrhikiinnof the,caracityia Qrg_gggg@goggl

regeneration, as well as inhibition of binding by RGM-like protein to its

promo 8CYNBhaANe-cRRAMY.Of AdeSt skbglanse 4 bing 1o R EMsIkeRIOfRINGIh g
the capacity of a test substance to inhibit binding by RGM-like protein to

by RGMEDIREINGHE £8EEPIRE capde-deleppined mpkindingassays Jhagarewell

known to those skilled in the art. Nonlimiting examples are gel shift

substaa568y%daginkabeled rampeiiiee pseawsi rANENreMateABRREty of a
fractionation. In addition, the test substance can be brought into contact

test sutbR&d-dkeprateinhi thopesenge ByNrRegeNIRKBegeeRIOh oFo
RGM-like protein, and the Rho activity can then be measured. Since Rho

neogeraiiyity igcreasepwdhen REM-bike peoteipnbindswishy neoganingthessays
absence of an increase in Rho activity in the presence of a test substance
that away wallcatitlatithe destisdstaricelinkibits the Henction.of RGNMtikei ting
protein. A substance identified by these assays as inhibiting the function
examp lof R GVl ikgeprotelini Btcansidered torhd bodarisidaie awonpegeneradionssays,
promoter. Then, using an axon growth assay method known in the art,
and chwimsthéotiaphddidfteasubistenaceiltas. In addition, the test
substance can be brought into contact with RGM-like protein in
the presence of neogenin, the receptor for RGM-like protein,
and the Rho activity can then be measured. Since Rho activity
increases when RGM-like 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 RGM-1like protein.

A substance identified by these assays as inhibiting the
function of RGM-like protein is considered to be a candidate
axon regeneration promoter. Then, using an axon growth assay
method known in the art, whether this candidate substance has
an axon regeneration-promoting effect can 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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an axon regeneration-promoting effect can 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. 21 The contents of all the
RS RdreleraRce Rilicles GXRILSHNLCIGAIN 11e SPRGACAIONATE, o 5
incorporated herein by reference in its entirety. In addition, the contents of
expreéggyd%%%@HOQHW%K%dﬁﬁ@éfﬁﬁ@g@QWﬂwQg%dﬁﬂwgggggé@@&nﬁg%ein
Patent Application Numbers 2004-68849 and 2004-273041, to which the
by refBsiantapplicatien claimsiuiefity aie alaaiiecporatnd hersiedlts of the
reference in its entirety. The present invention is described in greater
descrijetaibyithntherexampleaproyged belovs bubthess ex@mnlas e neklimit
the scope of the present invention. Example 1 Cloning RGM-like protein A
Japand3aAPh searchaiphe GenBankidaiakase wavpedasmr asingibe amingoar,
acid sequence of chicken RGM (P. P. Monnier et al., Nature 419, 392-5
to whiSeptfs 2002)@astthepplery aRabeDNAawiik apeassian poaxM_218491
(Rattus norvegicus) was identified as a result. The putative amino acid
incormegatade showed B§YoledraologyevitnchickensR@M-progein and for this
reason XM_218791 was designated rat RGM-like protein. Full- length rat
TRE Mphilces proteihircBA Ivas ibolafledsby PERIfram @reater detail with

the examples provided below, but these examples do not limit

the scope of the present invention.

Example 1

Cloning RGM-like protein

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 guery. Rat cDNA
with accession no. XM_218791 (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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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
ccacaaccttgtcgcgtgcactaat (SEQ ID NO: 6); PCR comprised 25 cycles of
30 sec%‘?ﬂ?éu@{m@go@?:o éﬁﬁo%%ﬂ ﬂgnaﬁﬂﬁa'@%%é%é% %e&oggég%as at

55C, and elongation for 3 minutes 30 seconds at 72C. The encode

720 c. WREEIR£ABISRI A Sdamineacid residugs. Nativeral RGMWas, . <5 ques .

presumed to began at 152aa based on the previous report by Monnier et

NativedlnLitel@Poyg AR HAREM YecoEyas copstiuctad iR RSgqTag2-Hygro
(Invitrogen Corporation) using HA (hemagglutinin) and 152-431aa of the

previdids Repblite pioteiswmitithesigpal peptide feom pSes Tag o ImMiliegen
Corporation). This procedure was specifically carried out as follows.

vectorUwAY felbianein G Milikapotaig2 cBMAas templaterdgen
BamHI-HAtag-(cDNA corresponding to 152- 431aa of the RGM-like

Corporoiein)y Xtk figgmant wasdies)1 canstiuciedaby POR Iheigonsdiciats rat
fragment and pSecTag2- Hygro (Invitrogen Corporation) were cleaved by

RGM- 1ilk fiestriotion edzlinesBambtandpdiot) dellopeskbypligatinngaf the two

and transformation into E. coli. The sequence of entire PCR- amplified
(InvitfregreenCwapcoafirieed by TINA spaoercing: <> ereratipe of R{xM1ike

protein-CHO cells Using the Flp-In System (TM, Invitrogen Corporation),
carrice@Ghikapraieiniexyressingegll€wete generadied-accrmdingitoktheprotein

manufacturer's recommendations. An HA-RGM fragment
cDNA as template, a BamHI-HAtag-(cDNA corresponding to 152~
43laa of the RGM-like protein)-Xhol fragment was first
constructed by PCR. The constructed fragment and pSecTag2-
Hygro (Invitrogen Corporation) were cleaved by two restriction
enzymes (BamHI and XhoI), 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-1like 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 Xhol), 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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containing signal peptide was generated from the pSecTag2 vector using
two restriction enzymes (Nhel and Xhol), and this fragment was ligated
into pcDNASFRT (Invitrogen Corporation). This construct
(pcDNA5FRT/Igkleader/HA/RGM) and pOG44 were co- transfected into

Flp-In CHO cells. The cells were grown for 2 23 ks on mediym .
weeks 0% mexﬂ.ur%n contalrﬁ?%(ﬁﬁﬁ%ﬁﬂ%\%‘r% 282 (3’88 m %0 O%Yéliﬁrogen

containing hygromycin gen orpc# on
cells stably expressing HA-RGM. HA-RGM expression was confirmed b
Corpowlé%t%ﬁ blo a%[iaélr%%gur?o%%/ (?chsgfr?ig ry. %§8r§%§5\ﬁﬁlga§§%§/§%TeH@|Fé¥GM

ranule cells from.rat pups. at 8 days post- natal (P8) were dissociated by
expre%yjb%flniyﬁlsonc %70 %(gsib ﬁl%ﬁ%e%ui(;b g,oi% rgnri‘%%tes); resuspended in
imman i%%mé%oé}‘@ in medium; triturated; and washed three times with PBS.

the "coculture assay, neurons were plated onto a confluent monolayer
A RGEM- s or control CHO cells in chamber slides. 10 NM o
£oR QE@&?’% Corporation, Osaka) was added to the cultures to inhibit
GACKRkigasel, Toe AU ugle LI 4Row SR serymdiee
DMEM/F12 médium. For the soluble RGM assay, confluent monolayers of

natal ReNYy %@é?&%%&eﬁlg%ﬁ C%I% g56,1noubated "2 §?mjf@§ypsin
DMEM/F12 with or without 2.5 U/mL PI-PLC (phosphatidylinositol-specific

in pePhosphelipase G Rigrea)) Aftes decalideswere cRMifogd fehiQing
minutes at 13000 g, floating cells were removed by collecting the
mediudtPeaadbfed; and washed three times with PBS. For the

coculture assay, neurons were plated onto a confluent

monolayer of RGM~CHO cells or control CHO cells in chamber

slides. 10 uM Y27632 {(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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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

. ostained with. a monpglonal 24 antihody that recognizes (3-tubulin
an o LR a0t ety
Research Products, . Inc., Denyer, USA). The length of the longest neurite
preser R MR 100 n Sy R e RS TR Rar SBF e
injury Anesthetized (sodiym tobarbjtal, 40 mg/kg) female , Wistar rats
I . r 7 - i -
ne g%%% 9) recglve -y Ia%ﬁ%%rt}ém%%ratg/ge%te%?a%%%)gl ROEN ?heg Lhinafch
B~tubutio:‘l.rd v*r%exposed,Asne of injury to the dorsal column, corticospinal

ra%t, And 2E0aH S-S AP Ro PR WERTrEERY &e&ﬁfﬁ’fgfﬁw‘e spinal cord

usin%a number 11 blade. The muscle and skin layers were then sutured.

Spinal ,cord HydPR¥ ction was recovered, the bladder was pressed at least

twi day by th licati f e to_the abd ..Producti f
PR R BN ARBBAT A et (386 BhatgBRie

. RGM-lik tein_was .chemicall nthesized and anti-rat RGM-like
Wistax ZobS zt%)l% —an?% D TS ‘%/e%y 3 l:i amlfﬁ%cﬂi%?é‘{n ak gfertebral

protein r ise ained using
IImu ~Jhe_antiserum was _subjected to affinify purification and was
AU Sl P R i e e

the dorsal column, corticospinal tract, and a part of dorsal
" horn was created by cutting the spinal cord using a number 11
blade. The muscle and skin layers were then sutured. Until
bladder function was recovered, the bladder was 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-rat RGM-like protein rabbit
antiserum was obtained using the protein as an immunogen. The
antiserum was subjected to affinity purification and was used
for immunchistochemistry and immunoblotting at a concentration
of 1 nug/mL and for the neutralizing antibody aésay at a
concentration of 10 pg/mL,

Tissue preparation and immunohistochemistry

For immunohistochemistry, fresh frozen samples were

obtained from an uninjured spinal cord and from spinal cords
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of 1 g/mL and for the neutralizing antibody assay at a concentration of 10
g/mL. Tissue preparation and immunohistochemistry For
immunohistochemistry, fresh frozen samples were obtained from an
uninjured spinal cord and from spinal cords 25 at 6 hours, 1 day, 3 days,

at & H¥IE-E days post-injury. | gepa%‘—‘%h%%wgodé%m t@g{,gv efggggfg

by decapitation,” after which the spinal cord Was removed; émbeé

anestﬁQ§§£9J}%Hoﬁiégﬁ@la@@ﬂ@?“%§§e%HY¥EWE§'§9Cé¥E999%St%on

series of parasagittal sections was cut at the 18 pm position “on a cryosfat

after iRURIR Qn AT CoYing [ReraabRlg, slides.dMMalsupall e

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

Tek odeMPRBIUreNEhA%adwid tRarpfarmaldehyde, washed dhreg times.withy

PBS, and blocked for 1 hour at room temperature in PBS containing 5%

series.g%af Sﬁ%s@k@@ﬂ Oée(y&a_{%%%%%o gw)gpet%edggﬁlpgfrﬁosition

incubated overnight at 4C with primary antibody, washe mes

on a eélaéiyaé’@ét a@&&hﬁam@&tt%%f%&g*%L&agfy{ﬁ%;no%sog@@%atggef- it

ob
fluorescein-conjugated secondary anti olecular Probes).

sJ.j,aesmeffe!lomqswgms%ciggghexHﬁma%@&.ﬂPogég;ﬁ%g%rat@l%“ﬂg%k&tions

protein polyclonal antibody (1 g/mL), anti-glial ry acidic protein

vere HGRAP)HLNeCIARALaRtibedL: 1000 Sigmak ANl 1, 43 S ibhay

myelin/oligodendrocyte- specific protein (MOSP) monoclonal anti

parafdtmDiGRegRIcoR JetRrgatenale!ne Jmald Jranpckital agiBody atea for
labeled (3-
1 hour at room temperature in PBS containing 5% goat serum
(GS) and 0.1% Triton X-100 (TM). The sections were incubated
overnight at 4°C with primary antibody, washed three times
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-like protein polyclonal antibody (1
ug/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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tubulin Il protein (TuJ1, 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
the prEYBRtAINGE IN-26 thgmrasancenf SaREM; %%R@i@nb@g%eoepﬁ'esm
(309- 322aa). The addition of this peptide at 10 g/mL resulted in a
322aa FOMAIGICARSEPEE, P S%%i?ﬁ@%&‘l%?@ oL shown) NEUWIAIZING 0y 5n a
antibody assay Cerebellar granule heurons were plg don p&y}f_-lysme-
t er sli in.conditioned media derived by the PI- PLC
1
comp1&PE egn%@{?g L3 dﬁfﬁs‘lg séahr&'\r)lgcﬁ:%acgeﬁsp.?g sh {

treatment of control cells or he anﬁ-wr%l RGM-like
Neutrei%antkgdy was agded (10 g/mL) to the conditioned media derived
= M-CHO cells. After incubation for 24

rowt I ihed ahovye. \Western blot
e T R TR e S e

coated SnldfrbBE ©2i4aQ MM Wﬁl@%%%&ef&laéﬂg %@%1%@&5 %)(Sma)PI-

containing a protease inhibitor cocktail tablet (Roche Diagnostics,

PLC t:MAREeIn, Geresnyonheces)! l¥sates WaresisareaPy-cantdfugation for, ;

10 minutes at 4C/13000 g; the supernatants were collected; and the
rat RAMIPEOPCNEIINHAS NOSPAZ UYAAR BIORAL it profgindssay
kit (TM). E%ual amounts of pro?ein were bogiled or S?r%rﬁjtez in sampige
condi{&wﬁéd media derived by the PI-PLC treatment of RGM-CHO
cells. After incubation for 24 hours, a growth assay was

carried out as described above.

Western blot assay

Control CHO cells or RGM-CHO cells were lysed with 50 mM
Tris-HCl 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 were collected; and the protein concentration was
normalized using a Blo-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
a 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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containing 12% j3-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 a PVDF membrane and
was blotted for 1 hour at room temperature in PBS containing 5% skim
membrdAEK §3d 0DRY Juveen20-£5Nh T Reid 4 WQQSWMQE‘?&QVBMm
with anti-rat RGM-like protein polyclonal antibody (1 jig/mL) or anti-HA
1ve18809¢cion: ipody ,(1:10 igma). The ECL chemiluminescence
porye system T?Afﬁéngegrs%é"m i&%‘lgngc’ers)éarh%lHE% (ﬂg%%?gﬁgﬁ%e%lx%gs%(}y
. njygated secqndar tibody (1-10Q0, Cell Signaling .Technglogy, Inc.)
(1: loovq\%re%ls%r&a%r' de e%tié%gglﬁggﬁﬁglaﬁ%ﬁ%?gv%% et sa@%mrh@r{gsmts are
AmersOQWEs i Figure the ax routh ay-carried out by plating
ers cerg\tf%lar gralénu‘i]g%?)(;u?oﬁn&s‘ gf% g gg‘rﬁﬁ%%%%%ﬁ% ay%?gf)?g{%@ﬁl-like
judl PR EXRERSNG,CHO: £eIN0r ¢ 1O Lels- A3 3Rgwy n Figure 1,
con]u%e axon length for cere%feﬁar gra?nul'e neurons cu tu’r%;eS “on RGM-like
Technd¥BIRFT SXRESFNGCHA,GRlP WRs-sigaifigapty,shorter than for the
control. On the other hand, in the case of addition of Y27632, an axon
Resu 1t@owth promoter according to the present invention, to the medium, axon
growth was about the same as for the control and was significant in

The am@&r&@mo&gggg% on RGM-like protein-expressing CHO cells. Next, it
was examined whéethér RGM-like protein in

The results are shown in Figure 1 for the axon growth

assay carried out by plating cerebellar granule neurons on a
confluent monolayer of rat RGM-like protein-expressing CHO
cells or control CHO cells. As shown in Figure 1, the axon
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
solution form inhibits axonal growth. Prior to the test, it
was confirmed 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 released from the membrane by

treatment with PI-PLC. This experiment was carried out since
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solution form inhibits axonal growth. Prior to the test, it was confirmed by
immunostaining using anti-HA antibody that HA-RGM-like protein is
released into the medium by treatment of the medium with PI-PLC. GPI
(glycosylphosphatidylinositol)- anchored proteins will be released from the

st wad SUREANR Y AN I RIBEC, Ts sxperiient s soicg, oy

since 28 it was conjecture e protein, Whic

homolog%ngloawiwgﬁjf&%&?ng%ﬁhﬁgs SE%%ab%%vfgiQh&%gh Gpk %ngggfe.d

protein. As a result, HA-RGM-like protein was detected’only in me

anchoﬂgaﬂﬁﬁé%é}ﬂ?akgi§C@Aé%§{¥0%ﬂt§aga§§ﬁgaggg{g%ﬁ, jle there

was absolutely no detection of HA-RGM:-like protein in media from control

detect%ﬁoogﬁlks gl iﬂe@@éﬂ"’kgem B&Ebg&m%%%g%ﬂikfike protein-

protein-expressing CHO cells. These observations confirmed that

expres3eMylikaiarateinis a GRI-ANChRIBLPIIEIN ANdJS SRlgasedinta seltion

by PI-PLC treatment. The axon length of conditioned médium-treated

of HA-TMRINONS ife SBOWRdA FiGWeretof individualconditionegmedias A shRWN: n
in Figure 2, axon growth was significantly inhibited only for neurons

media treaiRd by themedivmeahiameddy-RRLChrentuent el RGEMiKeg cHo

protein-expressing CHO cells. This result shows that RGM-like protein
cells.hanhasinhivinsyastanes axenaiewds Roaredarankbe gepvehaHD: a

cells, neuron growth was not changed by the presence/absence of PI-PLC
GPI - anittaimedt pirsicatingdhat RePretsaiaent ise)f doaunaunflugnaer - prc
treatment.

The axon length of conditioned mediummtreated neurons is
shown in Figure 2 for individual conditioned media. As shown
in Figure 2, axon growth was significantly inhibited only for
neurons treated by the medium obtained by PI-PLC treatment of
RGM-1like protein-expressing CHO cells. This result shows that
RGM-1like protein has an inhibitory action on axon growth. For
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

Prior 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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axon growth. Distribution of RGM-like protein in the spinal cord Prior 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
ntibody,, Western blotting was, ¢arried_qut on.m di%{rom PI-PLC-treated
eRglﬁ%-ﬁﬁéL %F&gﬁfgfpsrgggn%g:%ﬁ TEIS A %a% Was'@ielelofted at

the same position (approximately 35 kD) bot e of the
et R P o] Lt VAL R e RaT kY R Brintor use
of thé‘@@?giﬁﬁﬁh%‘sﬁ@%g%%d &‘.r?g Nt getgeted for dhe control When ey iy
aforementione peptide used as immunogen i generaﬁng?he
prote ANAREMsUEE PrARDANIRLK WARAIIRLALY, CORCRRIANON 910 gl
to the anti-RGM:-like protein antibody and used for iImmunohistostaining of

contrdiesh figzan §ﬁ@ti%&f&ﬁgﬁl@£@%§pipabq%@wgsd@an%%e%mgh@ég in

of the adult rat, staining was complete y_absent. T_hese_ observat_lo_ns
generdeligned dhalihe orantaied anjiREMr ke, RIAtERNIhody fxRiiS ¢ 4
specificity to (i.e. undergoes an an_tlgen-ant_lbo_dy reaction W|th)_ the _
concerv 2K PIQEIR oI orgr 1q gxqine the digpbutian of RGM-like protein,
fresh frozen sections were prepared from The adult rat andl- were
. ] i hi ini his, immunohistostaini S
e b R G SR U R

specifically carried out as en sec
sectiéﬁgm%@hbﬂ@“ﬁ%@“@f”&pinal cord and damaged spinal cord of

RGM-1

the adult rat, staining was completely absent. These
observations confirmed that the generated anti-RGM-like
protein antibody exhibits specificity to (i.e. undergoes an
antigen-antibody reaction with) the RGM-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 pg/mL anti-
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temperature; then fixed for 1 hour with phosphate-buffered 4%
paraformaldehyde solution and blocked for 1 hour; then treated with
primary antibody overnight at 4C; and thereafter treated with secondary
antibody for 1 hour at room temperature. 0.1 M phosphate-buffered

reM- 1 HA5egyYs sadiym ghlepide CBE@&'MQ&}O%Q%E%%W% nd %‘}@nyggn X

was used as the blocking solution. The primary antibody solution wa

antib®PESPAEHDY;RAMINL L gé'i‘&o"ﬂls%%%—Mé%ﬁ@&%@%tos@&?lag@ng

solution. The secondary antibody solution was fluorescein-conjugated

ant 1bS8gONdary oa3atibasly1d 4000, Malegidan Probes) gad %Q%t 9%%&%%%‘% .1

0.1 M phosphate-buffered aqueous sodium chloride. it was found that

M phospaMciesRipieip dascanstiidivelyaxpresserlp heth the. white patisl

and grey matter. Double staining with anti-RGM-like protein and

that RGU-MOSP dpwyelnpligadendinertespesiic Pyotein).showed that voth the

RGM-like protein was expressed in oligodendrocytes and their processes

white ihierwhitameatipreky addii; RGM-like protein was localized to the
somata of Tujl (neuron-specific 13-tubulin 1l protein)-positive neurons,

hoitpEs notdacalined 4a e axans- REtheseellp b eiwhite matters -Mosp
When double immunohistostaining was carried out with anti rat-RGM-like

(myel pigtein aod antibedyyagaiBslbe ms opyieraaker shGARI Oliala b ritasy 1 1 ke
acidic protein), regions in which these proteins were colocalized could not

prote detected edgpessieatingnihatl RGddeliidrpoiaie is aplpres@ilinprocesses
astrocytes. Collectively, RGM-
in the white matter. In addition, RGM-like protein was

localized to the somata of Tujl (neuron-specific p-tubulin IIIX
protein)-positive neurons, but was not localized to the axons"
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 protein), regions in which these proteins
were colocalized could not detected, demonstrating that RGM-
like protein is not present in astrocytes. Collectively, RGM-
like protein is expressed in neurons and oligodendrocytes and
its expression pattern in the spinal cord is similar to that
of Nogo and OMgp.

RGM-~like protein expression after spinal cord injury

RGM-1like 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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like protein is expressed in neurons and oligodendrocytes and its
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

change‘ghiﬁ%gg}{te{ggoggxl apdsaudal é(%tkieﬁgsg)gy%te !)rls_@gi?%%g?r region,
Bstinjury. Wh&h

a normal tissue structure was seen at 6 hours post-injur

immuncIRARNEIUVE, SELhapgRs Pegan 1o-feohseyed alils3 days PSENIWYer

immunoreactivity for RGM-like protein was also observed over the lesion

the ledfoddinaberrant sxtraseiulanpatix Fhis extiaceliulalc rix . This

immunoreactivity may be attributable to degeneration of the RGM-like
extraddoieinexpiessinhedlise N LIS tRLhakactghize-theR@M-tke o

protein-expressing cells in the epicenter region, double-labeling

degene@IEIHREYE Wate CAIe Kb 0p e HssLaalhi-days RESIHBILY LSy
anti-GFAP/anti- RGM-like protein, anti-MOSP/anti-RGM-like protein, and

order adi-dhgirantitBeM-dke peotrisM NDidkeule-daheled el .85 6B ARe11s in
positive and RGM:-like protein positive; MOSP positive and RGM-like

the eppretein@ositve;ion]ujipasiiee-aabRGMdikexpetandostivieeWerearried
observed. Considering that damage to the central nervous system causes

out omna fhal schsghesatells dug prohably athpntypasaicgllathat uigiha glial-

scar, for example, microglial cells, macrophages, oligodendrocyte _
RGM- 1 ifrecprsots, fibrolbiasts; as eele ahdravschitennisredlisin, and anti-
Tujl/anti-RGM-like protein. No double-labeled cells (i.e.
GFAP positive and RGM-like protein positive; MOSP positive and
RGM-1like protein positive; or Tujl positive and RGM-like
protein positive) 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 for 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

32



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
white i@l densiyugssiqnilicantly higher thaa for the unipiuied spinal cord.
Double-labeling experiments were carried out on tissue JE/)days post-injury

doubldl &%%&Qnﬁh%fégteéiéﬁﬁgﬁgh@kﬁé?{%ei -ﬁéar.eﬁdaﬁﬁécr@u(% in the 32

white matter. Double-label s were not observe ouble

proteHRNGWaF £SO USRI REM- K JOiGiINaRHGR4E Andry, o

anti-RGM-like protein/anti-Tujl. The results indicated that these cells

resul t¥ereeilbsr agtrea4es Bﬂag@%@lﬁ@%@i%sm%%@'sa@%&%@?%@dmr

when double staining for RGM-like protein and MOSP was carried out,

neurof€MRRIRgdpat REM-Hka protgitia sHepaly€x@'63588 Bouble

oligodendrocytes after spinal cord injury. Finally, it was confirmed that all

stainithg MOSPrexpresKag selis expregaed RégY- liespioigin: while RGM-like

protein-positive, MOSP-negative cells were not observed. It is thought

demondhatibeng celiain themwhilrdnaiias e the sapersiecelgpbsened inn
the epicenter of the lesion site. Accordingly, in response to spinal cord

oligodejnty dg expressionrofl PG alikecpreteinnifaieases b e gpicepter ot

the lesion site and in the white matter adjacent thereto.
confirmed that all the MOSP-expressing cells expressed RGM-
like protein, while RGM-like protein-positive, MOSP-negative
cells were not observed. It is thought that these cells in the
white matter are the same as the cells observed in the
epicenter of the lesion site. Accordingly, in response to
spinal coxrd injury, the expreésion of RGM-1like 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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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
prote AU FaIANIEAVLBAGEIIIANAY RO A5,SHoW, B LIS A ihe
inhibitory activity by RGM-like protein on axon growtf11 was sig fiean R/
promO{@ygralized by the addition of anti-RGM:-like protein antibody, suggesting
that anti-RGM-like 33 protein polyclonal antibody can be used as an axon
growth promoter. Example 2 1. Methods (1) Surgical procedure
Anesthetized (sodium pentobarbital, 40 mg/kg) female Wistar rats
Examp20@-250 g) received a laminectomy at vertebral level T9/10 and the
~ spinal cord was exposed. The dorsal part of the spinal cord was cut to a
1. Metdepdiyof 1.8 mm using a number 11 blade. According to histologic
examination, in all animals these lesions severed all the dorsal
(1) swegicaspina-gagtitaRl) fibers in the posterior column as well as the
lateral corticospinal tract and extended past the central canal. This spinal
roosd bREisection vwasiinyme giainty folleweey, fitiog myit §n osealice
pressure minipump (200 L solution, 0.5 L/hour, 14-day delivery, from
WistaDuraekCouppCapertiay, received a laminectomy at vertebral

level T9/10 and the spinal cord was exposed. The dorsal part
of the spinal cord was cut to a depth of 1.8 mm using a number
11 blade. According to histologic examination, in all animals
these lesions severed all the dorsal corticospinal tract (CST)
fibers in the posterior column as well as the lateral
corticospinal tract and extended past the centrai canal., This

spinal cord hemisection was immediately followed by fitting
with an osmotic pressure minipump (200 puL solution, 0.5
puL/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 pg/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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California, USA) filled with control antibody (8 animals, 22.3 g/kg day, 2
weeks) or the anti- RGM-like protein antibody generated in Example 1 (8
animals, 22.3 g/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 s;}ESME'PHP?Pcé/@ &li’%&% gg@%rﬁlgegg{,%g@egoatggdgs i&%&%%zgtom%nsite.

hemisection site so as to bring the tip immediately adjacent to the les

The mul1" UIeosiralsidg, Lhe hewas fixed By syiUIRg t9,3¢;t e@é’%&ﬁgn

process immediately caudal to the laminectomy site. The musc

functildyeRaueredhenerined iatikhiagdar fupsion wastegovared e 1yice

bladder was pressed at least twice a day by the manual application of
a day BSIWE AR ARAamED: (2 St epRALIORAND 5 the abdomen.

immunohistochemistry Tissue preparation and immunohistochemistry

(2) TiNeeCHHedQuesHessHied imExampler B2 Antarpgrade labeling of
the CST Eight weeks after injury, biotin-dextran amine (BDA, 10% in

TRhsiogealsalinei 3R laRer GatiRn SMISH_LWRIDEE Tv1Q0P0, carried

Molecular Probes, Eugene, Oregon, USA) was injected under anesthesia

out asatdbedsghbaad left metmpcostiges of the descending CST fibers
(coordinates: 2 mm posterior to bregma, 2 mm lateral to bregma, 1.5 mm

(3) Ardeptbltaeach dyeatinng0c3d tnRDAsyeas injected over 30 seconds

through a glass capillary tube with an internal diameter of 15-20 m that

Bagh atteeleads taatsicrdliigusyingei bittoial de remtial ratsiaed 8apls, 10%
in physiological saline, 3.5 uL per cortex, molecular weight =
10,000, Molecular Probes, Eugene, Oregon, USA) was injected
under anesthesia at 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 syringe. 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 sectiong 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 albumin (BSA) and were then incubated for 1 day
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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 m). Transverse

with aTRSHONPINIIE (3N R A0M faudada e jeaanditie peqipns

were blocked for 1 hour with PBS €ontaining 0.5% bovine serum albumin

MoleculBRAPabhuere E*}?rkﬂﬁgu%tﬁ‘éé%kﬂgy SO Alexa RiWar 488+ 41 ce
(TM)-conjugated streptavidin (1:400, Molecular Probes) in PBS

from tRANEINGALS BSA Theidistagge S5 the epicenias of fag lasiassitesr
to the BDA-detected CST fiber that extended most caudally was

fiber WERBUBE:HRehaWal tasting The Rehavigraldgeavery was evaluated
in an open field environment for 7 weeks after injury using the

(4) BeBass@Beatties Bresnahan (BBB) locomotor rating scale (Basso, D.M.,
Beattie, M.S., & Bresnahan, J.C., A sensitive and reliable locomotor

TEiNgcale or apendisid @siing dnraisal Naveiraima 2 o gedl €090

Quantitation was carried out in a blinded manner. 2. Results (1)

envirohuesiionsbimprovesiest die 4o nertjalizatias DR GMdikeapeieiBeat tie~
Whether endogenous RGM-like protein functions as an inhibitor of axon

BresnaktegencBRBD) ildbeidnjied centrhhgeneaseSyShaaswgs evaugtelast tie,
described above. The dorsal two-thirds

M.5., & Bresnahan, J.C., A sensitive and reliable locomotor

rating scale for open field testing in rats. J Neurotrauma 12,
1-21 (1995)). Quantifation was carried out in a blinded manner.

2. Results

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

Whether endogencus 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 diﬁference 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 Bassco-Beattie-Bresnahan (BBB) locomotor
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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

scoresSit@11heicavas ng signiicant differencaaipilesien deplylemeei- e day

control group and treated group. The locomotor performance was

after HWRiiEdFhgsRamrpperied Biscnha{ackgd spdhs9rd: fl@MAder i a1

received full Basso-Beattie-Bresnahan (BBB) locomotor 36 scores. All the

recovelis yiera slBam €oMMetehvk¥aplagieoaa day aftesynivne(Figebore
Subsequently, a gradual and partial recovery of locomotor behavior as

were obwiuaied byuibeRBRresares were obsetyeatipdemeekdiatier spiesle
cord injury there were no differences in BBB score between the control

were nanidalEanshainainrerying:andReMwikeprotein antifadyl Itdsimals

: noteworthy that between 6 and 7 weeks after surgery the locomotor

and anperidrsnarmecdfithe gatisnedeiRitg-aniide Ghi-tke ot apiady was is
significantly better than that of the control rats. Accordingly, anti-RGM-like

notewoprdtein Emiboby isvedfactivaatud the realnserd HF eats svittyspipatttosd
injuries. Figure 4 shows the BBB score after the elapsed time in the figure

locomogitar pikiforanierdorsaltharhigeciidns foreatst véomyviag thHRGE M like
protein antibody and rats receiving control antibody. The average

proteigtaptiibddatitasisshonit igeadchygroap (6 nr Bivats) thlad simfleche

asterisk (*)
control rats. Accordingly, anti-RGM-like protein antibody is

effective for the treatment of rats with spinal cord injuries.

Figure 4 shows the BBB score after the elapsed time in
the figure after midthoracic dorsal hemisection, for rats
receiving anti-RGM-like protein antibody and rats receiving
contrel antibody. The average * standard deviation is shown
for each group (6 or 8 rats). The single asterisk (*)
indicates that the group receiving anti-RGM-1like protein
antibody was significantly different in that week from the
control 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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indicates that the group receiving anti-RGM-like protein antibody was
significantly different in that week from the control 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

differ@Rticospinat Haet) wass iyestigated as desetibed abgye i §AY8re 5a) .

previously tested rats by injecting BDA into the sensory-motor cortices.

Proxim8amplesieme fifsinired wats troated With anti-REM-Hike proteja antibgdy

(Figure 5b) showed a labeling pattern that was completely 37 different

rostraffordhehie sammples from eartEoliatls (e 5A) wPreximak - RevedaekeSf
the lesion site, the main CST stops rostral to the lesion in rats not treated

proteiwitheniitd@ - qpieiein aatibasly .(Figuies bastle Thisthasia paliemects
reflects the fact that axon regeneration does not normally occur in the

the facanttalaenousnsysterBnkreonimst,dessernus fiReiSeIEowing:dom 1he the
labeled CST were observed in rats treated with anti- RGM-like protein

centradntizodyoifsg ures bemd). Mhecsprautestaxansmedended ibkesgreprariteing

. to a greater extent than in the white matter. This picture of numerous

from thiger$atasledsdi88d werd aftlseinjerédianimalsthatesew@diieh anti-

antibody. This result cannot be caused by differences in the degree of

RGM-1iRPApuptakiesn bandddedy diffsigmaewaSiseed betWiben therantibodyaxons
treated animals and the control animals for the total number of fibers in -

extendg® dorsibeSIneytralad tiee |dsioresi-afber extent than in the

white matter. This picture of numerous fibers was observed in
all of the injured animals that received the antibody. This
result cannot be caused by differences in the degree of BDA
uptake, because 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 meandering
growth were frequently seen in tissue bridges at the level of
the lesion site in the rats treated with anti-RGM-like protein
(Figures 5d, 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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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

wi tninMERBIRHIG SIOWN yere fiedyantyoseen D dissa bridese at g evel of

the lesion site in the rats treated with anti-R iIke"protein (Figures 5d,

micrositoPIRSGRIEPEAINGfINgES grew dua the garsal wh it%%at&eé ANE; te

lesion scar and along cysts (Figures 5f, h). It is noteworthy that many

of ne@miqgﬁ%e%mw tissuend thuseibRn gRyy arpund.cavifis or

grew 38 within the epicenter of the lesion. High-magnification microscopic
resembARsEr¥atigmabibe -GSk dbgiratitha desien skg LTNENERIZAY S, BpA was

antibody-treated rats showed shapes that resembled a synapse-like

not dedweliiead Qn thestheshend) BPAwag mighdetediad in the qatrok s noay -

(Figure 5e). In the antibody- treated rats, bundles of axons grew through

treateliedasion t5aHa 1wk 163 S4RGh aNgABarerweie 80 byadles Hf §xoRs Hale
extended as far as 5 mm caudal from the lesion site; numerous labeled

up to flheIsmerenbdertashEiguies 5g180)) vandhe sther hRansh fibersawere not
observed in the control rats. Many of these fibers went along branches

extendand meafderatbenihasaudacarttrajactore Niwsewwsdraachaesimerous
sprouting from the main tract were observed at the caudal-most part of
labelethef idgeneratnegefildrs eAveat difipig@dannistation ofignti-B6Mhe other
hand, fibers were not observed in the control rats. Many of
these fibers went along branches and meanders rather than a
linear trajectory. Numerous branches sprouting from the main
tract were obsexrved 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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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

£iberdIen(aiRE Wil 28H-RGMdlikeeprotsin aptihodietl (RGMlike protejn s

referred to as RGMa in Figures 5 and 6). The epicenter of the lesion site

£iberdsingdieatgd Wikhar 2etedisknPReIO9rRANSLCsE I didWrerR gie,Rkotpgraphs

taken at higher magnification of the regions delineated by the boxes in a

contrandriget tigike Sa lr4ats teated withpade BEMlike Rrtsinantipody,
increased collateral CST fibers sprouting rostrally (d) and regenerating 39

diffeifihets ietheieniomsiie (Erasraumavereiseen, But these fihgds wiesg ot
observed in the corresponding regions for control IgG-treated rats (c, e).

regend2hatogaphibeestainsa miffergna seatipneirem the sameianingtas §xbthe
and shows regenerating fibers 2.6 mm caudally from the epicenter of the

lesiorlegionsitedarows). . Thmscale HRL inshcates 898 M Kk2 398 RmlAP AN ihg
c-f, and 200.m in g and h. Figure 5i shows the distance of the

b, 1o0BRf-dglegted manLsj dibers Eﬁmﬁflth%Sifg‘ FGRNEr 5P W %%af%‘%fe

spinal cord injury for rats treated with anti-R 'M-Iiﬁg%zfoteln antibody or

; | = * R <0.Q1 ith.th trol. T .
dlstangg (:pf_ @ﬁ%{gm)detgqg%gy @ﬁﬂ? %gq’ W#i}%ﬁi%%sc OEJ_Egm t%glebylﬁlsé ion

anti-RGM-like protein anti oWs an in of retrac

epiced.@jé’fe,d W"&e@§g' 559&’&% 555*].(.1’1\%53}@0@&@{]8%1;&%“ querlegg? sSi er_eated
with anti-RGM-like protein antibody or IgG (n = 6-8/group). *:
P < 0.01 compared 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.

Example 3
1. Method
(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 MgClp, 10 ug/mL leupeptin, and 10 ug/mlL aprotinin.

The cell lysate was cleared by centrifugation at 4°C for 10
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epicenter of the most caudal BDA-detected CST fibers, 10 weeks after
spinal cord injury for rats treated with anti-RGM-like protein antibody or
IgG (n = 6-8/group). *: p < 0.01 compared with control. Example 3 1.
Method (1) Affinity precipitation of GTP-RhoA Cells were lysed in 50 mM

. is(p contajni % Triton X-100 (TM), 0.5% sodiju
mnut g 00 g e RE AR AD RS E DG hLEor 45
. leupeptin, and 10 g/mL aprotinin. The cell lysate was cleared by
mlnm%@nﬁﬁud‘at%n“’&t%b 18 19465TinBRee P g, SrtENsupErRkabekas
incubated for 45 minutes at 4C with 20 g GST-Rho binding domain of
beads b iHPsate Tt osshie BbRScHISRAS bugde were hrdhéaysurt imes
. times, with washing buffer (50 mM Tris (pH 7.5) containing 1% Triton
with WArhd A PUERm RACHLF TN ME27 aRd 10 IHRD fuEsHon
and aprotinin). Bound Rho was detected by Western blotting using
X-100 n{dibklord} anmboth8dainkf REYAMSGE AR Canxd Bidtert/ BanaaCiuzot
California, USA). 2. Results (2) Affinity precipitation of GTP-RhoA The
leupeRhOA agliyity iR HEUHINS)WABAASUISH W'mf@ﬁmﬂ? W 2dded
to cerebellar neurons from 7-day postnatal rats and the RhoA activity was
blottimrAswad gitabR0misHies hatk slanspdAFioine 6) Mo ahqQwain Figere 8.
Rho activation was
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 the 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
compared to neurons cultured on medium £rom 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 central
nerves and is useful as a therapeutic agent for patients who

have a damaged central nervous system.
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confirmed for neurons cultured on a medium derived by PI-PLC treatment
of RGM-like protein-expressing CHO cells, as compared 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 central nerves and is useful as a therapeutic
agent for patients who have a damaged central nervous system. 41
CLAIMS 1. An axon regeneration promoter comprising as an effective
component an anti-RGM protef@!dt¥8dy. 2. The axon regeneration
promoter according to claim 1, wherein the axon is an axon of the central
nervous system. 3. A method of identifying a candidate substance for a
axon regeneration promoter, comprising a step of bringing a test

1. AQ PSRN R BGTAELARY FOMPESRIrC UM Msinky Whetifdansive

test substance inhibits the function of RGM protein. 42
component an anti-RGM protein antibody.

2. The axon regeneration promoter according to claim 1,

wherein the axon is an axon of the central nervous system.

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

protein.
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