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Senor Director,
DIRECCION DE NUEVAS CREACIONES

Superintendencia de Industria y Comercio

E. 8. D.

Referencia : Expediente N° 10 117825

Asunto : Oposicidn a la solicitud de patente de Invencién titulada
“PROTEINAS DE UNION A LA PROTEINA RGM A, SUS
CONSTRUCCIONES ¥ CONJUGADOS DE
ANTICUERPOS  MONOCLONALES CONTRA LA
FPROTEINA RGM A"

Solicitante : ABBOTT GMBH & CO.KG
ABBOTT LABORATORIES

Opositora : PROCATPS $.A.

Publicada en la Gaceta de la Propiedad Industrial
N°631 del 22 de agosto de 2011
¥
Yo, ELIANA ISAURA MORENO BOHORQUEZ, shogada en jercicio, identificada
como aparece al ple de su firma, con tarjeta profesional No. 83823 del Consejo
Supetior de la Judicatura, en mi condicion de apoderada de la sosiedad PROCAPS
S.A. conformada bajo las leyes de la Republica de Colombia, atentamente manifiesto
que estando dentro del término de ley v por orden ewpresa de mi representada,
presento oposicion a la concesion del registro de la Patente de Invencion tirulads
“PRQTEINAS DE UNION A LA PROTEINA RGM A, SUS CONSTRIUCCIONES
Y CONJUGADOS DE ANTICUERPOS MONOCLONALES CONTRA LA
PR\OTEINA RGM A% cuyo tdtulsr es ABBOTT GMBH & CO. KG y ABBOTT
LAﬁO:RATORIES s ¥ pido a Usted declarar fundada esta oposicion y en consecuencia

negar el registro de la patente solicitada

1. INTERES PARA ACTUAR

Conforme a lo dispuesto en el articulo 42 de la Decision 486 de 7000 de la

CAN, estando dentro del término estipulado por la ley, manifiesto <l legitimo interés
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de nuestra representada para oponerse al registro de la patente de la referencis,
atendiendo a que la solicitud pretendida no cumple con los requisitos dispuestos en la
ley como se analizara mds adelante v de ser concedida afectaria directamente ia
comercializacion de algunos productos de mi representada, que contienen, en
particular anticuerpos monoclonales Por lo tanto, solicito respetucsamente a ese
Despacho se sirva tener en cuenta la presente oposicion dentro del tramite

administrativo que se surte en esta Superintendencia

2. FUNDAMENTOS DE HECHOS

2.1 La solicitud objeto de la presente fue presentada el 23 de septiembre de 2010,
reivindicando prioridad bajo la solicitud USZ0080032707F del 20080229; vy fue
publicada en Colombia, en la Gaceta de la Propiedad Industrial N® 631 del 22 de
agosto de 2011, cuya publicacion internacional corresponde a la WO 2009106356
det 2009-09.03.

2.2.14d solicitud colombiana 10 117825 objeto de la presente oposicion, se refiere a
pr{)‘teinas, aisladas, particularmente anticuerpos monoclonales, que se unen v

< neutralizan la proteina. RGM A Especificamente, estos anticuerpos tienen la
capacidad de inhibir la union de RGM A a su receptor y/o sus correceptores Los
anticuerpos de la invencién, o sus porciones, son utiles para detectar RGM A ¢
inhibir la actividad de RGM A, por ejemplo, en un ser humano afectado por un
trastorno que incluye, no taxativamente, esclerosis multiple, traumatismo cerebral
en mamiferos, lesiones en la médula espinal, sccidente cerdbrovascular,
enfermedades neurodegenerativas, y esquizofrenia

2.3 Bn primera instancia, se debe advertir que algunas reivindicaciones se refieren al
uso ya un método de tratamiento y no sélo a la composicion farmacolégica o a un

\th'étodo de fabricacién mediante la cual se obtenga un producte tangible y sepun la
fegislacion, decisién 486 de la Comunidad Andina de Naciones, Articulo 14 .- “Los
Paises Miembros otompamin patentes pam las invenciones, sean de pwducts o de
procedimiento (...)", loe usos no estan contemplados como patentables; y, Articulo
20~ “No senin patentables (...} d) los métodos tempéuticos 0 quinigicos pam el tratamiento
humanso o animal, ast como los métodos de diapnsstico aplicados a los seres faumanos o a

animales”. Solo serdn patentables los produstos o procedimientos. Por lo tanto & luz
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* de Ia norma, dicha materia referente al uso y a un método de tratamiento no seria
patentable.
2.4.Ahora bien, con base en el articulo 14 de la Decision 486 de la CAN consagra lo
siguiente: “Los paises miembros otorgarin patentes pam las invenciones, sean de producto o
brocedimiento, en todos las campos de la tecnologia, siempre que sean muevas, tengan nivel
inventivo ¥ sean susceptibles de aplicacion industvial”. Asi las cosas, las invenciones
objeto de patente deben ser nuevas y tener nivel inventivo. Bien, pues antes de la
fecha de prioridad de esta solicitud se encuentran los siguientes documentos que

afecta |a patentabilidad de la presente solicitud:

+ D1 HATA KATSUHIKO y otros: 'RGMA INHIBITION PROMOTES
AXCONAL GROWTH AND RECOVERY AFTER SPINAL CORD INJURY"
THE JOURNAL OF CELL BIOLOGY 10APR 2006, vol. 173, no. 1, 10 April
2006 {2006.04-10), pages 47-58, XP002529131 ISSN: 007 1.9525.

2.5 Ahora bien, ¢l documento D1, particularmente deseribe un anticuerpo de la
rtru:xcil»écula de orientacion repulsiva RGM que tiene eficencia para bloquear los
efectos del ROM A in vitro. La sdministracién local de anticuerpos neutralizantes
para RGM A facilita significativamente el mejoramiento del sparato locomotor y la

¢ . . .
regeneracion de axones después de una lesion de la medula espinal en ratas (ver

pagina 48, columna de la izquierda) Esta anterioridad D1 define que la
administracion local de un anticuerpo neutralizante de ROM A facilita
significativamente el mejoramiento del aparato locomotor v la regeneracion de
axon despues del SCI Adicional a ello debe ser claro que la humanizacion de
anticuerpos es conocido en la técnica y por lo tanto es evidente para el experto en
la materia, por lo que con la materia revelada en este documento D1, con el
cbnogimiento medio de una experto en la materia es posible derivar de manera
evidente anticuerpos que tienen la capacidad de inhibir la unién de RGM A a su
receptor Yo sus correceptores. Por lo tanto, visto dicho documento D1 en
combinacién con €l conocimiento medios de un experto en la materia, la presente

solicitud carece evidentemente de altura inventiva

2.6.Por lo tanto, este documento objeto de oposicion a la luz del documento D1 earece

evidentemente de ALTURA INVENTIVA
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2.7 En consecuenciay de acuerdo a lo descrito anteriormente, se deriva que la solicitud
colombiana 10 117825 no puede pretender un monopolic por patente tods vez

que lo que pretende no cumple con los dos de los tres requisitos necesarios para su

proteccioén

2.8 Que por consiguiente, respecto a la solicitud pretendida se tiene que:

281 CARENCIA DE ALTURA INVENTIVA Sepun la Decision 486 de la

Comunidad Andina de Naciones, Articulo 18- “Se considerami que una invencién

tiene nivel inventivo, si para una persona del oficio normalmente versada en la matena
técnica correspondiente, esa invencion no hubiese resultado obwia ni se hubiese derivado
de manew evidente del estado de la téemica.”. A la fecha de prioridad, 29 de febtero
de 2008, a partir del documento D1 en combinacién con el conocimiento
medic de una experto en la materia es posible derivar de manera evidente
anticuerpos due tienen la capacidad de inhibir la unién de RGM A a su
receptor /o sus correceptores, sobre el cual busea proteccion en el capitulo

reivindicatoria,

2.82 CARENCIA DE APLICACION INDUSTRIAL La Decision 486 de la CAN
| consagra en su articulo 14 lo siguiente: “Los paises miembros otorgamin batentes
para las tnwenciones, sean de producto o procedimienio, en todos los campos de la
tecrologia, siempre que sean ruevas, tengan mivel inventivo y sean susceptibles de
aplicacién industrial”. La presente solicitud carece de aplicacion Industrial ya gue
como se demostrd anteriormente, algunas clausulas reclaman sl método
terapéutico y estos no son aplicsbles industrialmente porque primero no se
obtiene un producto o procese; y segundo no es repraducible o repetible a
escala industrial. Por lo tanto, el objeto de la presente invencion referido a los
usos y metodos teraputicos, no cumplen con el requisito de la aplicacion

industrizl,

29.  Deado lo anterior, es posible deducir que la solicitud v lo reivindicado no es
objeto de parentabilidad pues es contrario a lo que dicta la Decision 486 de la
Comunidad Andina de Naciones, Articulo 14- “Los Patses Miembros otorpawin
patentes pam las invenciones, sean de producto o de procedimiento, en todos los campos de la

tecnologia, siempre gue sear ruevas, tengan nivel inventivo y sean susceptibles de a plicacicn
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industrial.”. La solicitud pretendida no cumple con dos de los tres requisitos de

patentabilidad.

2.10. Por todo lo anterior, atentamente solicito a usted que s¢ sirva declarar fundada
“PROTEINAS DE LUNION A LA PROTEINA RGAM 4, SUS
CONSTRUCCIONES ¥ CONJUGADOS DE ANTICUERPOS
MONOCLONALES CONTRA LA PROTEINA RGM A% cuvo titular es
ABBOTT GMBH & CO. KG y ABBOTT LABORATORIES,, solicitud
Colombizna gue aparecid publicada en la Gaceta de la Propiedad Industrial N®
631 del 22 deagosto de 2011.

3. PRUEBAS

De conformidad con lo dispuesto por las normas vigentes, solicito a usted tener

| como prueba en este asunto los siguientes:

¢ DI1: HATA KATSUHIKO y otross "RGMA INHIBITION PROMOTES
AXONAL GROWTH AND RECCVERY AFTER SFINAL CORD INJURY "
THE JOURNAL OF CELL BIOLOGY 10APR 2006, vol. 173, no 1, 10 April
. 2005 (2006.04-10), pages 47-58, XP002529131 I8SN- 0021.9525

4. FUNDAMENTQ DE DERECHO

r—

Fundamento esta observacion en las normas legales siguientes:
41" Numeral 1 del articulo 586 del Codigo de Comercic.
42 Articulo 42 de la Decision 486 de la Comision del Acuerdo de Cartagena

43 En lag demas normas concordantes.
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5. ANEXOS
Para los efectos correspondientes anexo al presente escrito los siguientes documentos:

1 Poder para actuar en el presente

[

Documento que acredita al representante legal de PROCAPS $.A.

Lt

Recibo de caja del respectivo pago de tasa

4 Copias de los documentos-

e DI1. HATA KATSUHIKO y otros: 'RGMA INHIBITION PROMOTES
AXONAL GROWTH AND RECOVERY AFTER SFINAL CORD INJURY."
THE JOURNAL CF CELL BIOLOGY 10APR 2006, vol 173, no. 1, 10 April
20006 (2006-04-103, pages 47-58, XP002529131 1SSN: 00219525

6. NOTIFICACIONES

i. Para efectos de notificaciones que por disposicion del articulo 50 del Decreto
0l de 1984 debe hacer su Despacho, informo que mi representada y la suscrita

recibiremos notificaciones en la Secretaria de su Despacho o en mis oficinas situadas

en la Carrera 13 N° 119.95, Of 104 de esta ciudad de Bogota

| Senor Superintendente,

ELIANA ISAURA MORENO BOHORQUEZ
C.C. 51'975.664 de Bogota

Y

T.P.A. 83823 del C.S. dela].
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PROCAPS| '

PODER ESPECIAL
!

Yo, WALTER TANAKA TATEKAWA, mayor_de edad.y.vecino.de.la-ciudad de
Barranquilla (Colombia), identificado comio aparece al pie “de” mi ﬁrma "quien en el
presente documento actiia en calidad de Representante Legal de&]:iu soc1edad PROCAPS
S.A. sociedad legalmente constituida y dormcﬂlada en 13 cxudad fde Barranqullla
(Colombia), por el presente documento otorgo a 1d" doctora’ ELIANA ISAURA
MORENO BOHORQUEZ, abogada en ejercicio, .identificada como-aparece al pie de
su firma, con tarjeta profes:onal No. 83823 del C.S. de la J., poder especial; amplic y
suficiente, para formular oposiciones u observaciones g Ja. sollc1tud de;patente No. 10
117:826, titulada “PROTEINAS DE UNION A LA PROTEINA ‘RGM A; SUS
CONSTRUCCIONES Y CONJUGADOS ,,, DE: ANTICUERPOS
MONOCLONALES CONTRA LA PROTEINA ‘RGM A”, cuyo titular es
ABBOTT GMBH & CO. KG y ABBOTT LABORATORIES publicada en la
gaceta No. 631 del 22 de agosto de 2011,

Nuestro apoderado queda facultado, de manera expresa, para realizar todo tipo de actos
necesarios para llevar a cabo el trdmite de la oposicién, incluyendo, sin limitacién,
preparar y presentar solicitudes, hacer declaraciones, pagar tasas, contribuciones e
impuestos, recabar los titulos o certificados. Asimismo quedan autorizados para
impugnar administrativamente todo lo que fuere resuelto en el expediente a que se
hace’ expresa referencia en el presente poder, con todas las facultades generales y
especificas que fuera requerido para ella.

De la misma manera, ademés de las facultades que le confiere 1a naturaleza del presente
mandato, se encuentran facultados para recibir, desistir, transigir, sustituir, y reasumir
el presente poder, incoar acciones, interponer recursos y demdés facultades conferidas
por Ia ley.

Dado y Firmado en Barranquilla (Colombia) a los 8 dias del mes de Noviembre de
2011:

CC. N° 16'251.928
NIT: 890.106.527-5
"/ Representante Legal

CALLE 80 No. 78B-201- A.A. 50330 P.B.X.:(575) 3530783 - 3789000 - 3719900 - 3507900 - FAX:(575) 3730815 - 3730813 - 3730247 - 3730818
BARRANQUILLA - COLOMBIA + NIT.: 880.106.527-5
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Barranguilla, 03 de Qctubre de 2011 Hy:15:49:52
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CAMARA D E COMERCTIO®O®
(: CKJAA D E BARRANQUILLA
ERC’O 05*******i-*************************************
DE BARRANQUILLA

()

OFIXPRES RAS. MT. 900.158.626-1

CERTIFICADO DE EXISTENCIA Y REPRESENTACION LEGAL O DE INSCRIPCION DE
DOCUMENTOS .

B RO AP S A, = - - oo oo
NIT: 890.106.527-5.

EL SUSCRITO SECRETARIO DE LA CAMARA DE COMERCIO DE BARRANQUILLA, CON
FUNDAMENTO EN LAS INSCRIPCIONES DEL REGISTRO MERCANTIL:

CERTIFICA -
Que por Escritura Piblica No. 1,190 del 22 de Julio de 1976,

otorgada en la Notaria Tercera de Barranquilla, inscrito(as) en
esta Camara de Comercio, el 28 de Julio de 1976 bajo el No. 6,070

del libro respectivo, fue constituida la sociedad--------Z-cc-ooo_ "L ‘

limitada denominada "PRODUCTORA DE CAPSULAS DE GELATINAS LIMITADA
"PROCAPS ~ LiIMITADA™ . - === =~ === s o m oo oo e

CERTIFICA

Que por Escritura Plblica No. 1,307 del 28 de Junio de 1979,
otorgada en la Notaria - Tercera. de A Barranquilla, inscrito(as) en
esta Camara de Comerc1o - el 23 de’ JullO de 1979£pajo el No. 10,039
del libro respectlvo, la sociedad antes’ menCLonada ————————————————————
se transformo en nsoc1edad anonima bajO' 1a’ denom1nac1on social de
"PRODUCTORA DE CAPSULAS DE GELATINA S A." PROCAPS S.A.",-----o--oomn
-iwfmiw(.luu.m
CER T I FICA

Que por Escritura Piblica No. 3,810 del 31 de Dic/bre de 1980,
otorgada en la Notaria Primera de Barranquilla, inscrito(as) en
esta Camara de Comercio, el 30 de Enerc de 1981 bajo el No. 12,705
del libro respectivo, la sociedad antes mencionada------------=-=-----
se transformo en sociedad de responsabilidad limitada bajo al razon
social de "PRODUCTORA DE CAPSULAS DE GELATINA LIMITADA "PROCAPS LI -
L e et e

CERTIVFICA

Que por Escritura Piblica No. 3,755 del 10 de Nov/bre de 1983,
otorgada en la Notaria Unica de Soledad, inscrito(as) en esta
Camara de Comercio, el 22 de Nov/bre de 1983 bajo el No. 17,922 del
libro respectivo, la sociedad antes mencionada-----------=-—=—-—-—-—=—--
se transformo en sociedad anonima bajo la denominacion social de
"PRODUCTCORA DE CAPSULAS DE GELATINA S.A. "PROCAPS S.A.".,-------u-—w-

CERTIFICSA
Que por Escritura Piblica No. 3,615 del 06 de Dic/bre de 1996,

otorgada en la Notaria 2a. de Barranguilla, inscrito(as) en esta
Camara de Comercioc, el 20 de Dic/bre de 1996 bajo el No. 67,218 del

khkkkdkkdkk*d O ONT I N U A *kkkhkhkhhhk

\



CERTIFICADO DE EXISTENCIA Y REPRESENTACION LEGAL O DE INSCRIPCION DE
DOCUMENTOS .

PRKOCAPS 5.A.
NIT: 890.106.527-5.

libro respectivo, la sociedad antes mencionada-----------=-----—-—~--—---
cambio de razon social, por la denominacion LABORATORIOS PRQOCAPS S.A

- e e e e Ee e e e R e MR e e e e e e e e e e e e e e e e e — o = = = = W e e e e o am = = = oy = — = -

Que

Camara

por
otorgada en

Escritura Pablica

la Notaria

de Comercio, el
libro respectivo,

2a.
23

la sociedad

RTIFICA

No. 3,775 del 18 de Dic/bre de 1996,
de” Barranquilla, inscrito(as) en esta
de Enero de 1997 bajo el No. 67,704 del

antes mencionada------------------------

cambio de razon social, por la denominacion PROCAPS S.A. -~---------
CERTIFICA
Que dicha sociedad ha sido reformada por las siguientes escrituras
y/0 documentos privados:
Numerc aaaa/mm/dd Notaria No. Insc o Reg aaaa/mm/dd
39 1979/01/18 Notaria 3a. de Barrangquilla. 9,452 1979/01/24
992 1981/04/30 Notaria la. de Barranquilla. 13,112 1981/05/06
1,464 1982/08/27 Notaria Unica de Soledad 15,533 1982/09/08
2,744 1983/08/18 Notaria Unica de Soledad 17,416 1983/08/26
3,826 1984/07/16 Notaria Unica de Socledad . 19,554 1984/07/27
3,835 1985/08/26 Notaria Unica de Soledad 22,230 1985/09/04
2,260 1986/09/10 Notaria Unica\de Soledad. 24,995 1986/09/15
1,849 1989/07/11 Notaria 2a.. de Barranquilla.’ 33,909 1989/07/13
444 1990/02/21 Notaria 2 de Barranqu1lla !36 101 1990/03/16
3,090 1991/12/17 -Notaria 2a:/de Barranquilla ° “43,993  1992/01/28
269 1993/02/01 Notaria 2a. de Barranquilla * - 48,428 1993/02/16
2,342 1993/07/28 Notaria .2a. delBarranquillajff/,50,582  1993/08/10
3,652 1993/11/09 Notaria 2a. de Barranguilla 51,798  1993/11/22
3,615 1996/12/06 ©Notaria 2a. de Barranquilla 67,218 1996/12/20
89 1997/01/16 Notaria 2a. de Barranquilla 67,704 1997/01/23
2,070 1997/07/17 Notaria 2a. de Barranquilla 70,627 1997/07/31
2,281 1997/08/04 Notaria 2a. de Barrangquilla 70,813 1997/08/14
765 1999/04/22 Notaria 3a. de Barranquilla 80,628 1999/04/23
459 2001/02/21 Notaria 2a. de Barranquilla 91,502 2001/02/23
2,608 2001/10/05 Notaria 2a. de Barranquilla 95,771 2001/11/08
1,730 2004/07/29 Notaria 2. de Barranquilla 112,999 2004/08/26
416 2005/03/03 Notaria 2. de Barrangquilla 116,364 2005/03/10
1,613 2005/07/28 Notaria 2. de Barranquilla 119,322 2005/08/18
710 2009/05/05 Notaria 3 a. de Barranguilla 150,130 2009/06/30
1,054 2009/06/25 Notaria 3 a. de Barrangquilla 150,130 2009/06/30
CERTIFICA
Que de acuerdo con la({s) escritura(s) arriba citada(s), la sociedad

se rige por las siguientes disposiciones:
DENOMINACION O RAZON SOCIAL:

PROCAPS S.A.
SIGLA: PROCAPS.

DOMICILIO PRINCIPAL: Barranguilla.
NIT No: 890.106.527-5.

MATRICULA MERCANTIL: 24,802.

FEEKRFERTEE C O N T I N U B **x*ktxxxsx
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CERTIFICA

Direccion para notificaciones’ judiciales: .
CL 80 No 78 B - 201. '
De la ciudad de Barranquilla.

Correo electrdénico: mlozada@procaps.com. co
Pagina Web: - . )
Telefono: 3718272

CERTIFICA

DURACION: Que la- sociedad no se halla disuelta y su término de
duracién se fijoé hasta el
18 de Agosto de 2073.

. *

CERTIFIC_A/.,_ ~ pz

i'n,u

s - "'W‘/ ~
OBJETO SOCIAL: E1-° objeto prlnC1pa1 ‘de; la”’ "sociedad sera: a) La
fabicacion, importacion vy comerC1allzaC1on,,de;allmentos procesados
LAY HNge G
Yy suplementos dietarios. b)La~“*fabricacion<ide!~capsulas y otros
productos similares a partir de materiales tales como gelatinas u
otros de distinta naturaleza, gue puedan sger utilizados como
envases o} recipientes de productos y sustancias quimicas,
farmaceuticas, alimenticias y cosmeticas, para uso y consumo humano

Yy veterinario. <¢) La investigacion, desarrollo y fabricacion de toda

clase de productos y sustancias quimicas, farmaceuticas,
alimenticias y cosmeticas para uso y consumo humano, animal vy
vegetal. d} La compra y venta de materias primas, insumos vy

productos intermedios necesarios para 1los procesos de fabricacion
de sustancias quimicas, farmaceuticas, alimen ticias y cosmeticas,
asi como la comercializacion interna y externa de los productos
terminados. e) La compra, venta, importacion, exportacion vy
distribucion de toda clase de elementos instrumentales y equipos
medicos, quirurgicos, odontologicos y hospitalarios para la salud
humana y animal. f) La compra, venta, exportacion, fabricacion,
importacion, distribucion de dulces, confites, galletas y todo
tipo de golosinas © alimentos para el consumo humano. g) Actuar
como representante o agente de personas naturales y Jjuridicas,
nacionales 14 extranjeras en la realizacion de operaciones o
transacciones relacionadas c¢on la industria farmaceutica Yy en
especial con cualquiera de las actividades descritas en los
literales a), b)), ¢}, d) y e) antes descritos. h) Prestar los
servicios de asesorias y consultoria en las areas administrativas,

de mercadeo, analisis clinico, asistencia tecnica, investigacion,

LA R SRR R RS C O NTINTUA **********
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NIT: 890.106.527-5.

costos y produccion, exportaciones, importaciones, wventas,
relacionadas con iguales o similares actividades a las que
constituyen el objeto de PROCAPS S.A., asi como los de publicidad y
promocion de productos quimicos, alimenticios, cosmeticos vy
farmaceuticos para uso humano, animal o industrial. i) Adquirir,
operar, administrar y explotar, a cualquier titulo, empresa o
establecimientos dedicados a la investigacion, desarrollo,
fabricacion o comercializacion de © productos quimicos,
farmaceuticos, alimenticios, " hospitalarios o cosmeticos. En

desarrollo de su objeto principal, la sociedad podra tomar interes
social como accionista, socio o fundador de empresas que tengan
igual . © similar objeto, comprar, vender, importar y .exportar
magquinarias, insumos y repuestos requeridos para el desarrollo de
sus actividades; tomar dinero en prestamo, financiar y garantizar
las operaciones comerciales gque celebre con terceros relativas a su
objeto; celebrar y ejecutar todo tipo de actos y contratos
necesarios = para desarrollar ‘sus operaciones; girar, aceptar,
otorgar vy protestar todo tipo de titulos valores e instrumentos
negociables, comprar, vender y constituir gravamenes sobre bienes
muebles e inmuebles, designar representantes apoderados en el pais
y en el exterior y, en general, realizar cualguier acto o negocio
que .sea necesario o conveniente para el desarrollo de su objeto
social y para la mejor proteccion de sus intereses corporativos o
la de sus socios. La:’ sociedad podra garantizar el cumplimiento de
sus obligaciones adquiridas por terceros’ o por ,sus socios, para lo
cual podra inclusive constituir gravamenes realés sobre sus bienes

de cualquier naturaleza.-------i-2--. B e

e
8 A

i };}L.f‘ '.‘l

CAPITAL Nro Acciones Valor accidén
Autorizado

Srtxdkxkxxx2 (000,000,000 ***kxxkkkerex2 000,000 kkkkkhdhkkhhkhkkkk*] (000
Suscrito

Srakkkxkx*xk] 298,000,000 hhkkkdkdkkkkkkkx] 298,000 Thkkkkkkkkkkhxktr] 000
Pagado :
Skxkkkkkdkkkkx] 298 000,000 ***kkktxkxxw+] 298,000 Ak kkkkFkkkkkkrkk*] 000

‘C.E R T{I FLIic/ay (i

CERTIVFTICA

ADMINISTRACION: La direccion y administracion de la sociedad corres-
pondera a la Asamblea General de Accionistas, a la Junta Directiva,
al Presidente, al Vicepresidente y a un Gerente General. Corresponde
a la Junta Directiva las siguientes funciones y atribuciones entre
otras: Autorizar cualquier acto o contrato cuya cuantia sea superior
al eqgquivalente en pesos Colombianos a doscientos cincuenta mil dola-
res de los Estados Unidos de America (US$250.000), liquidados a la
tasa de cambio representativa del mercado vigente el dia en que se
surta la transacion. Cuando se trate de operaciones en virtud de
las cuales 1la sociedad garantice obligaciones de terceros o de 1los
socios, se requerira que la operacion sea aprobada con el voto de
por lo menos 2/3 partes de los integrantes de la Junta Directiva.

La sociedad tendra un Presidente , quien ejercera la representa-

FEEXEEAREE C O N T T N U B *xxxkkkr®*
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cion legal de la sociedad y tendra las siguientes atribu-
ciones entre otras: Ejecutar las decisiones de 1la Asamblea
General de Accionistas y de la Junta Directiva. Ejercer la Represen-
tacion "Legal de- la sociedad en todos los actos-y contratos: que se
requieran para el desarrollo del objeto social, de conformidad con
lo previsto en las leyes y en los presentes estatutos. Constituir
apoderados judiciales y extrajudiciales, recibir notificaciones,
absolver interrogatorios de parte, confesar obligaciones de la
sociedad, transigir, disistir y allanar a la sociedad en cualquier
asunto judicial. Aprobar y celebrar en nombre de la socieda todo
acto o contrato cuya cuantia sea igual o inferior al equivalente
en pesos colombianos a doscientos cincuenta mil dolares de los
Estados Unidos de America {(US$250.000), 1liquidados a 1la tasa de
cambio representativa del mercado vigente el dia en que se surta
la transacion o celebracion del acto. Las demas funciones que le
correspondan como Représentante \Legal por, disposicion de la ley,
de estos estatutos,~o-de la Junta Dlrectlva El ‘Presidente tendra un
suplente, designado “por la Juntav Dlrectlva qulen reemplazara al
Presidente en sus ” faltas temporales, . absolutas © meramente acciden-
tales, con entidades 'facultades, v, . 31n que_sea necesarlo para ello
acreditar la ausencia .del prlndipalquaﬂsoc1edad ‘tendra un Vicepre-
sidente designado por la Junta Directiva, quien tambien ejercera la
representacion legal de la sociedad, pudiendo ejercerla conjunta o
separadamente con el Presidente. El vicepresidente tendra las
siguentes facultades entre otras. Ejecutar dentro de su competencia
las decisiones de la Asamblea General de Accionistas, de la Junta
Directiva y del Presidente. Ejercer la representacion legal de la
sociedad en todos los actos y contratos que se requieran para el
desarrcllo del objeto social, de conformidad con lo previsto en las
leyes y en los presentes estatutos. Constituir apoderados judiciales
Yy extrajudiciales, recibir notificaciones, absolver interrogatorios
de parte, confesar obligaciones de la sociedad, transigir, desistir
y allanar a la sociedad en cualquier asunto judicial. Aprobar y
celebrar en nombre de la sociedad todo acto o contratoc cuya cuantia
sea 1igual o inferior al equivalente en pesos colombianocs a ciento
cincuenta mil dolares de los Estados Unidos de America (US$150.000),
liquidados a 1la tasa de cambio representativa del mercado vigente
el dia en que se surta la aprobacion o celebracion del acto, siempre
que no se trate de enajenar bienes inmuebles o cualquier otro activo
fijo "de la sociedad, inclusive de naturaleza muebles, acciones,
cuotas o partes de interes inversiones y todo tipo de derechos
de 1la sociedad, o de constituir gravamenes sobre cualquiera de los
anteriores, facultades que radican exclusiva y privativamente en
cabeza del Presidente. Las demas funciones que le corresponda como
Representante legal por disposicion de 1la ley, de estos estatutos

Thkhkdkkdkkdkx O O N T IT N U A *rrkkrhkkx
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o de la Junta Directiva. EL Vicepresidente tendra (1) suplente,

designado por la Junra Directiva, quien lo reemplazara conjunta o
separadamente en sus faltas temporales, absolutas o meramente
accidentales, c¢on identicas facultades y sin que sea necesario para
ello acreditar la ausencia del principal. La sociedad tendra un (1)
Gerente General, con su respectivo Suplente, designados por la Junta
Directiva. El Suplente reemplazara al Gerente General, en sus faltas
temporales, ~ absolutas ' © meramente accidentales, quien junto con el
gerente general, 1llevaran la representacion legal de la sociedad,
con identicas facultades, pudiendolas ejercer conjunta o separada-
mente c¢on el Presidente y Vicepresidente, con identicas facultades
que el Gerente General y sin gue sea necesario para ello acreditar
la ausencia del titular. E1 Gerente General tendra las siguientes
facultades entre otras: Ejercer la representacion legal de la socie-
dad, en todos 1los actos y contratos gque se requieran para el desa-
rrollo del objeto social, de conformidad c¢on 1lo previsto en las
leyes y en los presentes estatutos. Aprobar y celebrar’ en nombre. de
la sociedad tcdo acto o contrato cuya cuantia sea igqual o inferior
al equivalente en pesos Colombianos a Cincuenta Mil dolares de los
Estados Unidos de America (US$50.000), liquidados a la tasa de
cambio representativa del mercado vigente el dia en gue se surta la
aprobacion o celebracion del acto, siempre que no se trate de enaje-
nar a cualquier titulo bienes inmuebles o cualguier otro activo fijo
de la sociedad, inclusive de naturaleza mueble, acciones, cuotas o
partes de interes, inversiones y todo tipo de” derechos de la socie-
dad o© de constituir gravamenes sobre - cualqulera de las anteriores
facultades gque radican exclu51va y prlvativamente en cabeza del
Presidente. e T e B it

Que segin Acta No. 116 del 27 de Junio de 1997 correspondiente a
la Asamblea de Accionistas en Barranquilla, de la sociedad:

PROCAPS S A mm e e
cuya parte pertinente se inscribid® en esta Camara de Comercio, el
15 de Agosto de 1937 bajo el No. 70,838 del libro respectivo,
y seglin Acta No. 127 del 22 de Marzo de 2000 correspondiente a
la Asamblea de Accionistas en Barranquilla, de la sociedad:

PROCAPS e R e R e L
cuya parte pertinente se inscribid en esta Camara de Comercio, el
29 de Mayo de 2000 bajo el No. 87,250 del libro respectivo, fueron
hechos los siguientes nombramientos:

CLASE: JUNTA DIRECTIVA
Principales
1. Minski Gontovnik Ruben CC.*kkkx*%7 463,982
2. Minski Gontovnik Meyer CC.*¥*%**%%7 461,324
3. Minski Gontovnik Jose CC.**%+kk48 671,834
Suplentes
1. Minski Zirberblum Elliot CC.***%*%x73 219,541
2. Minski Deitel Daniel Lk okok ok ok ok ke ke Kk

Khxkkxkxkxx O N T I N U A **kdkdkkxxx
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3. Minski Sharon PA.*990,212,082, 805

. CERTIFICA : .
2 A " - - o
Que segln Acta No. 116 del 27 de Junio de 1997 correspondiente a
la Asamblea de Accionistas en Barranquilla, de la sociedad: PROCAPS
S5.A. cuya parte pertinente se inscribid en esta Camara de Comercio,

el- 15 de Agosto de 1997 bajo el No. 70, 838 del libro. respectlvop

flieron hechos los siguientes nombramientos:

Cargo/Nombre Identificacidn
Presidente.
Minski Gontovnik Ruben CC khkkhhkky, 463 982
Suplente del Presidente . -
Minski Minski Abraham- ‘ ' cc. *********802 575
Vicepresidente } .
Minski Gontovnik Meyer ™S P ,.\ CC.*¥**x%x%%7 461,324
Suplente del v1cepre81dente’ v \aéiff;"ﬁ"" -
Minski Gontovnlkfbose /// TR /frw:~/ CC *kkkk*¥8 671,834
.f o~ ..-*" -4 R &'/ T, ‘f"iﬂu R AN N Y
o D¢ BRKRANQUILLA

Que sedin Acta tNo. {11 del 01 de Febrero de 2001 correspondiente a
la Junta Directiva en Barranquilla, ‘de la sociedad: PROCAPS S.A.
cuya parte pertinente se inscribid en esta Camara de Comercio, el
12 de Febrero de 2001 bajo el No. 91,273 del libro respectivo,
fueron Hechos los 31gu1entes nombramlentos

’ Cargo/Nombre : _ - Identificacién.
Gerente 'General. '
Uribe Ochoa Guillermo Luis CC.*¥**k*xx%x70 073,754

N = CERTIFICA
Que segln Acta No. 406 del 02 de Sep/bre de 2004 correspondiente a
la Junta Directiva en Barranguilla, de la sociedad: PROCAPS S.A.
cuya parte pertinente se inscribid en esta Camara de Comercio, el

09 de Sep/bre de 2004 bajo el’ No. 113,263 del libro respectivo,’

fueron hechos los siguientes nombramientos:

Cargo/Nombre Identificacidn
Suplenté del Gerente.

Ta?aka Tatekawa Walter CC.***x**x%]¢6 261,923
‘ V CERTIPFPICSA

Que segin Acta No. 124 del 29 de Marzo de 1999 correspondiente a
la Asamblea de Accionistas en Barranquilla, de la sociedad: PROCAPS

Fkhwdkhkkhkd O O N T I N U B *hkdkkrrhxn
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S.A. cuya parte pertinente se inscribid en esta Camara de Comercio,
el 04 de Agosto de 1999 bajo el No. 82,226 del libro respectivo,
fueron hechos los sigquientes nombramientos:

Cargo/Nombre Identificacidn
Revisor Fiscal Ppal.
Vargas Pertuz Ana Isabel CC.*¥****%33 £96,645

CERTIFICA ~

Que segin Acta No. 158 del 17 de Junio de 2011 correspondiente a
la Asamblea de Accionistas en Barranguilla, de la sociedad: PROCAPS
S.A. cuya parte pertinente se inscribid en esta Camara de Comercio,
el 23 de Junio de 2011 bajo el No. 170,929 del libro respectivo,
fueron hechos los siguientes nombramientos:

Cargo/Nombre Identificacidn
Revisor Fiscal Suplente :
Rodriguez Rey Jose Luis o ; CC.****+%72 001,912

CERTIFICA

Que por Escritura Piblica No. 2,784 del 07 de Dic/bre de 2007,
otorgada en la Notaria 2 a. de Barranquilla cuya parte pertinente
se inscribi® en esta Camara de Comercio, el 20 de Dic/bre de 2007
bajo el No. 3,492 del 1libro respectivo, ---~----=---ocomo o ______
y las inscripciones 3.492-1, 3.493/ 377494,7°3.495,,3.496, 3.497, ----
3.498, 3.4992, 3.500, 3.501, 3.502,-3.503,~3. 504 3-505, 3.506, -----
3.507, Consta gue RUBEN MINSKI GONTOVNIK C.C. NO. 7.463. 982, ------
obrando como Presidente y Representanté Legal de-1la sociedad C.I.

NATURMEGA S.A. que obrando enf}{sulcondicion {d€ [Presidente y -------
Representante Legaql de la sociedad PROCAPS S.A., el pre31dente --—-
debidamente facultado por los Estatutos Soc1a1es Yy por el Maximo

Organo Social, otorga los siguientes poderes: Otorgar poder --------
general, ampllo y suficiente a los doctores JOSEFINA DEL CARMEN ----
MIELES BUELVAS CC.N0.33.138.497; a MARCELA CARVAJALINO PAGANO ------
CC.N0.22.579.748; CRISTINA VIOLI FRANCESCHINI CC.No.22.463. 716, con
las facultades que se transcriben a continuacion: a.- Para que -----
representen a la sociedad PROCAPS S.A, ante todo tipo de -----------
autoridades administrativas vy jurisdiccionales, en asuntos de ------
naturaleza civil, 1laboral, comercial, penal, aduanera, cambiaria,
tributaria, policiva, administrativa y fiscal. b.- Contestar y -----
presentar demandas, requerimientos, recursos, pedir y aportar ------
pruebasg, recibir, notificarse, ejercer la accion de tutela, --------
tramitar incidente de desacato, comparecer en los procesos que -----
cursen contra la sociedad, allanarse en nombre de la sociedad en
los asuntos que sean necesarios, transigir, desistir, sustituir,
renunciar y reasumir el poder. c.- La facultad expresa de --------_-
conciliar, por tanto pueden llegar a acuerdos conciliatorios, ------

transacciocnales, judiciales o extrajudiciales o extrajudiciales,
cualquiera que sea su cuantia, para 1o cual las apoderadas deben
aportar la autorizacion simple y escrita del Representante legal

de la sociedad. d.- Podran presentar solicitudes de devolucion y/o
compensacion de impuestos, ventas y rentas, recibir los pagos por
las devoluciones y adelantar todo tramite o proceso administrativo

Fhkdhhkhkhkdd C O NTTINTIURD D *kkkhkkrkhhk
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ante la DIAN, de tal forma que en ningun momento quede sin ---------
representacion legal de la sociedad. PODERES ESPECIALES: a.- Se ----
confiere poder especial amplio y suficiente a las personas que se
determinan seguidamente, que conforman el grupo A y B, para, para
que conjuntamente suscriban contratos” de suministros de mercancias
Yy servicios con entidades oficiales, hasta la suma de OCHOCIENTOS
MIL DOLARES DE LOS ESTADOS UNIDOS DE AMERICA (US800.000.00), -------
liguidados a 1la tasa representativa del mercado vigente en el dia
que se realice la respectiva transaccion. ~ Grupo A. WALTER NANAKA
TATEKAWA CC.No.16.251.923, CLAUDIA TANGARIFE CASTILLO ------~----=--
CC.N0.41.660.293, CARMEN ALICIA FLOREZ CC.No.22.434.044, IVAN ------
VILLAREAL, CAMACHO CC.N0.91.201.749, CARMEN ALICIA HERRERA -------—---
DIAZGRANADOS CC.N0.22.377.540, DAVID ANTONIO CHARRIS GIRALDQ ----=---
CC.No.19.341.274, RICARDO DORADO HURTADRO CC.No.79.715.772, JAIME
FORERO LLINAS CC.No0.19.300.593. b.- Se confiere poder especxal —————
amplio y suficiente al‘senor WILLIAM ALBERTO BARROS CERRA ----------
CC.No.8.715.941, para “gue en nombre y- representac1on de PROCAPS ----
S.A. suscrlban declarac1ones camblarlas ‘aduaneras y tributarias a
gque este obllgada/’la; sociedad; en el glro normal de sus negocios y
operaciones sociales, ““por. tanto, quedan} fachltados para firmarlas,
como tambien los demas. documentos. relacidnados ! édn™ ellas, ----------
notificarse, aportar y-solicitar las pruebas que sean necesarias.

¢.-Otorgar poder especial amplio y suficiente al senor MARLON -----
TATIS "PAREDES CC.No.72.176.874 y al senor WILLIAM ALBERTO BARROS
CERRA (C.No0.8.715.941, para que en nombre y representacion de ------
PROCANPS S.A., suscriban las declaraciones, reportes vy cualquler
documento relacionado con los tramites o registros de Comercio -----
Exterior y o cualquier entidad del Estado que haga sus veces: d)
Otorgar poder especial amplio y suficiente a la doctora CARMEN -----

ALICIA HERRERA DIAZGRANADOS, CC.No.22.377.540 y al doctor WALTER
TANAKA TATEKAWA, CC.N0o.16.251.923, para que en nombre y ------------
representacion de PROCAPS S.A.; endosen los titulos valores de la

sociedad hasta por la suma de UN MIL MILLONES DE PESOS -------------
(1.000.000.000.00) M.L. CUARTO: EI representante legal de la -------
sociedad PROCAPS S.A.; doctor RUBEN MINSKI GONTOVNIK, manifiesta
que la presente reforma fue aprobada por la Asamblea General -------
Extraordinaria de Accionista de PROCAPS S.A., con observancia de
las disposiciones legales y estatutarias.-------------------~--~-—--———-

CERTIFICA

Que por Escritura Piblica No. 1,933 del 16 de Sep/bre de 2008,
otorgada en la Notaria 2 a. de Barrangquilla cuya parte pertinente
se 1inscribidé en esta Camara de Comercio, el 06 de Octubre de 2008
bajo el No. 3,748 del libro respectivo,----------—-----———=---—--—-———-
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Consta que el sefior RUBEN MINSKI GONTOVNIK, C.C. No. 7.463.982, que
comparece en su condicion de Presidente y Representante Legal de la
Sociedad PROCAPS S.A., confiere por medic de este instrumento ------
publico Poder especial Amplioc y Suficiente a la doctora MILENA -----
ESCAFFI PARDO, C.C. No. 32.758.420, para que en nombre y -----------
representacion de PROCAPS S.A. suscriba declaraciones cambiarias,
aduaneras y tributarias a que este obligada la sociedad en el giro
normal de sus negocios y operaciones socialesg, por tanto queda -----
facultada para firmar, como tambien los demas documentos -----------
relacionados con ellas, notificarse, aportar y solicitar lags -------
pruebas que Sean nNeCesarlasS.----—-------m- oo mmmo e ____

CERTIFICA

Que por Documento Privado del 09 de BAbril de 2010, otorgado en
Barranquilla inscrito en esta Camara de Comercio, el 20 de Abril de
2010 bajo el Nro 4,201 del libro respectivo, ~--===---—-c— oo mm oo
Consta que el sefior RUBEN MINSKI GONTOVNIK, C.C. No. 7.463.982, ----
quien obra en el caracter de Presidente y/o Representante legal de
la sociedad PROCAPS S.A., que por medio de este instrumento --------
publico, otorga Poder Especial Amplio y Suficiente a la Doctora ----
MONICA DE HART DE OCHOA, identificada con C.C. No. 32.676.025, para
que en nombre y representacion de la sociedad, Endose las Facturas
Naciconales e Internacionales hasta por la suma de UN MIL MILLONES DE
PESOS ($1.000.000. OOO'OO)M L. .La doctora Monlcajrde Hart de Ochoa,
queda facultada para realizar todo acto.¢ tramlte necesario para el
cabal cumplimiento” del presente mandato --f? ————————————————————————

C E'R T g/ O LA

Que por Documento Privado del 10 de Junio de 2010, otorgado en
Barranquilla inscrito en esta Camara de Comercio, el 13 de Julio de
2010 bajo el Nro 4,228 del libro respectivo, -—--=-----c----mmmmeo o ___
consta gque el senor RUBEN MISNKI GONTOVNIK, cc. No. 7.463.982 en su
condicion de Presidente y represeritante legal de PROCAPS S.A., ---~--
confiere poder especial, amplio y suficiente al sefior RICARDO DORADO
HURTADO cc. No. 79.715.772 para que represente a la sociedad, ante
el INVIMA, Fondo Nnacional de estupefacientes e ICA, con el fin que
gestione, tramite o presente las diferentes solicitudes Y =-mmmmm -
peticiones de la empresa, segun la competencia de estas entidades.

Por 1lo anterior, el Sefior RICARDO DORADO HURTADO, queda facultado
para presentar, gestionar, tramitar y firmar las diferentes -~-------
solicitudes y peticiones de la empresa, segun la competencia de ----
estas entidades, como tambien presentar y firmar todo log ----------
documentos relacionados con estas solicitudes, notificarse de ------
cualquier acto administrativo que expidan, aportar y solicitar las
pruebas que sean necesarias, desistir, y en general a realizar todo
tramite © acto necesario de tal forma que la sociedad en ningun ----
momento quede sin representacion legal ante estas entidades, en ----
cumplimiento fiel al mandato otorgado.-------------- . ________

CERTIFICA

Kk w*hEh** (0 O N T I N U A *kkrkkxrrs
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DE BARRANQUILLA

CERTIFICADO DE EXISTENCIA Y REPRESENTACION LEGAL O DE INSCRIPCION DE
DOCUMENTOS.

PROCAPS 8. A, —- oo s
NIT: 890.106.527-5. |

Que por Documento Privado del 03 de Agosto de 2010, otorgado en
Barranquilla inscrito en esta Camara de Comercio, el 24 de Agosto
de 2010 bajo el Nro 4,258 del libro respectlvo ———————————————————————

consta- que RUBENo‘MINSKI GONTOVNIK, vardn, mayor de edad, 'de ésta

.vecindad, identificado c¢on 1la cédula de ciudadania No.7.463.982,

expedida en Barranquilla, en mi condicién de Representante legal
y/o Presidente de la sociedad PROCAPS S. A., conforme a 1las --------
facultades otorgadas por los Estatutos SOC1ales, todo lo cual ------
demuestro con el certificado de' existencia y representacidn legal
expedido por la Camara de Comercio de Barranquilla, que adjunto a
este escrito, me permito manifestarles que confiero poder especial,

amplio y suficiente al sefior MARIO LOPEZ LEON, vardn, mayor de -----
edad, de esta vecindad, identificado  con la cédula de ciudadania
No.72.311.558, expedida en Puerto Colombia (Atléntico), para que en
nombre vy representacion de la sociedad, realice los siguientes -----
actos: 1. Endosar las Facturas Nac1ona1es e Internacionales de esas
compafiias hasta por7la suma de UN MIL 'MILLONES' DE[PESOS ------------
($1.000.000.000.00) Moneda Legal. 2: ‘Suscribir Déclaraciones -------
Cambiarias, Aduaneras Y Trlbutarlas a'las que esta,obllgada la -----
sociedad en el giro ordlnarlorhde,sus?neg001os“ quedando facultado
para notificarse, aportar y soliditar’ pruebaslrelac1onados con las
declaraciones Cambiarias. El1 seflior MARIO LOPEZ LEON, queda ---------
facultado para notificarse, aportar vy solicitar pruebas, presentar
escritos en caso que resulte necesario en general a realizar todo
acto, diligencia o tramite que considere indispensable para el -----
cabal cumplimiento del presente mandato.----------c=-“ccmoooo_ oo __

CERTIVFICA
Que en esta Camara de Comercio no aparecen inscripciones posteriores
de documentos referentes a reforma, disolucidn, ligquidacién o
nombramientos de representantes legales de la expresada sociedad.
CERTIVFICA
Que. su Ultima Renovacidén fue el: 31 de Marzo de 2011.
La informacidn sobre embargos de establecimiento se suministra en
Certificados de Matricula, la de contratos sujetos a registro, en
Certificados Especiales.

CERTIFICABA

Que los actos de registro aquil certificados quedan en firme cinco
dias habiles despues de la correspondiente inscripcién, siempre

khhkkkhkdkkdkd O O N T I N U A *hdhhhhhkkn




CERTIFICADO DE EXISTENCIA Y REPRESENTACION LEGAL O DE INSCRIPCION DE -
DOCUMENTOS .

PROCAPS S.A.-------C--T-----------------i--oooiio-- S -iI--TT =
NIT: 890.106.527-5. . , ;

que, dentro de dicho témrmino, no sean objeto de los recursos de
reposicion ante esta entidad, y/o de apelacidédn para ante la
Superintendencia de Industria y Comercio.
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RGMa inhibition promotes axonal growth
and recovery after spinal cord injury

Katsuhiko Hata,’ Maseshi Fujitani,' Yuichi Yasuda,? Hideo Doya,' Tomoke Saito,’ Satoru Yamagishi,}

Bernhard K, Mueller,” and Toshihide Yamashita'

*Deparnment of Meurobiclogy. Groduste Schoo! of Meadicine, Chibe University, Chuorky, Chibo 260-867C, Jopan

*ental Beseorch iaborotories, Sysmex Corparaton, Nishk, Kobe 5522, Japan

*Centrol Nesvous System Resecwch, Abbor GmeH and Company KG, 6705 Ludwigshofen, Germony
i

epulsive guidance molecule (RGM) is a protein im-
plicated in both axonal guidance and neural fube
closure. We report RGMa as a potent inhibitor of
axon regengration in the adult central nervous system
{CNS}. RGMa irhibits mammalian CNS neurite outgrowth
by a mechanism dependent on the activation of the RhoA-
Rho kinase pathway. RGMa expression is observed in oli-
godendrocytes, myalinated fibers, and neurons of the
aduli rat spinal cord and is induced around the injury site

introdustian

Axons of the central nervous sysiemn (CNS) demonstrate no
functionaily significant regeneration after injury, in contrast to
those of the peripherai nervons system, which regenerate vig-
orously, leading often to complete functional recovery. This
lack of regencration generally results in partial disability or
complete phralysis atter a CNS injury. However, some adult
CKS axons can grow through a peripheral nerve graft {David
and Aguayg, 1931), suggesting that the locat glial environment
of the adult CNS is a major cuuse of the lack of regeneration,
S0 far, three major inhibitors—Nogo, myelin-associated gy-
coproein (MAG). and oligodendrocyte-myclin glycoprotein
{OMgp)—expressed by oligodendrocytes and myelinated fiber
tracts havelbeen identified. Interestingly, all these inhibiters
were found to bind to the Nogo receptor (NgR) in complex
with p75 of TROY, members of the TNF receptor family, sug-
gesting that they have common signaling pathways (Ten2 and
Tang, 2005}.

Correspondence to Toshihids Yamashita: tyamashie@faculty.chibou.jp

Abbreviations usad in this crticlz: BBB, Basse-BaatticBresnahan tocomotor
rating scate; EDA, biclindexrran amine; CNS, central nervous system; CSPG,
chondroitin suifate protecglycan; CST, corficospinal tract; GFAP, glia! fibriflary
acidic protein} B4, isclectin B4; MAG, myelinasseciated glycoprotein; MOS?,
myelin/cligodendrocyte-specific protsin; NgR, Nogo receplor; OMyp, oligo-
dendrocyte-myelin glycoprotein; PIPLC, phosphalidylinositolspecific PLC: PLL,
polytdvsing; RGM, repulsive guidance moteculs; SCY, spinad cord injury; Tujl,
aeuronspecific B wbufin it profein.

Tha cnlire vetsion of this article contains suzplementei material.
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ofter spinal cord injury. We developed an anfibody to
RGMa that efficiently blocks the effect of RGMa in vitro.
Intrathecal administration of the antibody to rats with tho-
racic spinal cord hemisection results in significant axonal
growth of the corticospinal tract and improves fundtional
recovery. Thus, RGMa plays an important role in limiting
axonal regenerafion after CNS injury and the RGMa an-
tibody offers a possible therapeutic agent in clinical con-
ditions characterized by o failure of CNS regeneration.

However, some teports snggest that inhibition of these
molecules alone is insufficient for regeneration after CNS in-
jury (Teng and Tang, 2005). MAG kncckout mice exhibited [it-
tle or no enhancement of axonal regeneration in the spinzl cord.
There seems to be some controversy concerning Nogo knock-
out mice and NgR-deficient mice. Neither depletion of func-
tional p75 ner administration of a soluble p75-Fc at the lesion
site promoted regeneration of the injured spinal cord. These
findings prompted us to search for new inhibitors.

Repulsive guidance molecule (RGM). which has been
reported as the 33-kD mass tecturn repelient in chick., induces
the collapsc of temporal but not nasal growth cones and guides
temporal retial axons in vitro {Stahi et al. 1990; Muller et al..
1996; Monnier et al., 2002). RGM binds to neogenin, identified
as a newin-1 seceptor and homologue of DCC {deleted in co-
lorectal cancer), mediating its repulsive activity toward retinud
axons (Rajagopalan et al.. 2004). During chick development,
neogenin functions as a dependence receptor, inducing cell
death in the absence of ROGM (Matsunaga et al.. 20045, Three
mouse proteins, homologous 1o chick RGM, termed mRGMa,
-b, and -¢ (Niederkofler et ab., 2004; Oldekamp et al,, 2004:
Schrnidtmer and Engelkamp, 2004) have been reported. Mouse
RGMa is highly homologous (80% identity) to chick RGM.
Functional studies in RGMa mutanr mice revealed the role of
RGMa in controlling cephalic neural tube closure (Niederkofler
et al., 2004).

i Supplamantal Matariat can be found at: J

hitpufijcs.rupress.org/content!supplf, 205&'03;’30&0‘3.2005081dS.DC1 htind
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We reported fhat up-regulation of RGMa was observed ot
the lesioned or damaged site after spinal cord injury (SCI) in rats
(Schwab et al., 2003a) and focal czrebral 1schemia and waumatic
brain injury in humans {Schwab et al., 2005b). In additior, nee-
genin land other netrin-1 receptors nre consiitutively expressed
by nevrons and giial cells in the adult rat spinal cord (Manitt et al.,
2004). These findings prompted us to hypothesize that RGMa
may play a role in inhibiting axonal regeneration afier CNS
injury, In this study, we show that RGMa inhibits nevrite out-
growth in posinatal cerchellar nesrons in vitro. RGMa expres-
sion is induced after SCYinrats at the lesion site, in the developing
scar tissue, and on the myelioated fiber tracts. Local administra-
tion of 4 neutralizing antibody 1o RGMa significantly facililates
locomotor improvement and axon regeneration afier SCI.

B

Results

RGMa inhibits neurite outgrowth by

a mechaniam dapondent on the activation
of the RhoA-Ffiho kinase pathwaoy

We first asked whether RGM contribuses to the inhibition of
mammalian CNS nearite outgrowth in vitro. Cerebellar granule
neurons were used because they express the receptor for RGMa
{Fig. S1. available at http://www.jcb.orgfegi/content/full/
1cb.200508143/DC1). We cultured cerebellar granule neurons
from postnatal rats (postnatal days 7-9) on confluent mono-
layers of either CHO cells expressing rat RGMa (RGMa-CHO
cells) or control CHO cells for 24 h and assessed the neurite
outgrowth rate (the coculture assay). Neurite outgrowth was
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Figure 1. Effects of membrane bound/diffusible RGMa on neurens. {A) The membrane bound form of RGMa inhibits neurite outgrowth by @ Rhokinase—
dependent mechanism. The cersbelios neurons were cultured for 24 & on cantrol CHO calls [coniral} of RGMa-CHO cells (RGMa} in the presance or
absencs of 10 M Y27632. (B) Mean length of the longest neurite per neuron. *, P < 0,01 compared with the control; **, P < 0.01 compared with
RGMd {tiest]. {C} RGMa activates RhoA. The cerebellar nevrons were treated for 10 min with conditioned media, derived from PIPLC ireatment of controf
CHO or RGMa-CHO cedls. The octive fraction of RhoA. along with fotal RhoA wos detected by Western blot. (D} Immunastaining of the supernatant from
contiol /RGMa CHO cells trected with or without PHPLC. The pratein was detected by an ontiHA ontibody. Cocmassie staining was perfosmed for the same
samples. (E} The soluble form of RGMa inhibits neurite outgrowth. Neurons were cuftured an Pticoated chamber sfides for 12 b in the condifianed media
trom untreated control CHG cells, PHPEC-reated control CHO cells, untrected RGMaCHO calls, or PIPICHreated RGMa-CHO cells. {F) Mean length of
the longest neurite per reuron. ™, £ < 0.01 compared with the control CHO PEPLC|+) {1 test]. (G} PLPLC tredtment reverses the inhibitory effect of RGMa-
CHO ¢ells. Neurons were culfured for 24 h on contral /RGMa CHO calls pretrsatad with or without PLPLC. {H) Mean length of the longest neurie per neuron.
*, P < 0.01 compared with the controf CHO PHPLC{—4; **, P < 0.0% compared with RGAMa-CHO FFPLC(—} It test). There is no significant difference be-
twaen the control CHO PIPLC{+} ond RGMe-CHO PIPLC{+). {I-1j RGMa inhibits neurite cutgrowth by an NgR-independent mechanism. [ij The cerebellar
ngurons were cultured for 24 h on control/RGMa CHO celis in the presence or absence of 1 xM NEP140. [} Mean length of the longest nevrite per
nevrof. ¥, P < 0,01 compared with the control; *=, P < 0.01 compared with fhe control + NEP1-40 [t test}. There is no significant difference between
RGMg and RGMa+NEFi-40. (K} The naurons were cultured on Pli-cooted chamber slides for 24 h in the conditioned media from PIPIC—treated control/
RG#Ad CHO cells in the presence or obsence of 1 uM NEP1-40. (1) Mean length of the fongast neurite per nauron. *, F < 0.0% compared with the contrel;
¥, P =< 0.01 compored with the contref + NEP1-40 {tast). There is rio significent differance between RGMa and RGMa + NEP1-40, Data ore represented
as the mean = SEM of three independent experiments.
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sigmificantly inhibited when grown on RGMa-CHO cells (Fig. 1,
A and B). To explore the signal transduction mechanism in-
volved in the inhibition of neurite outgrowrh, we assessed whether
the neuronal effects of RGMa are dependent on the small
GTPuse RhoA or its downsmream effector. the Rho-associated
serine/threonine kinase (Rho kinase). We cultured the neurons
on RGMa-CHO cells in the presence of 10 M Y27632, a spe-
cific inhibitor of Rho kinase (Ushata et al., 1997), for 24 h and
observed that the inhibitory activity of RGMa was abolished by
Y27632 (Fig. 1, A and B). To dircetly assess whether RhoA is
involved in the: signal transduction of RGMa, the activity of
RhoA was deteimined using the RhoA binding dorain of the
effector protein; Rhotekin (Ren et al., 1999; Fig. 1 C). The assay
revealed thal within 10 min after the addition of soluble RGMa
(see (he following paragraph}. extracis of the cells contained in-
creased amounts of GTP-RhoA compared with those of the
control cells. These results suggest that RGMa inhibits neuritz
outgrowth by a mechanisi dependent on the activation of the
RhoA-Rho kinase pathway.,

Because rat RGMa, as wel! as chick RGM (Monnier et al..
2002), may be a glycosylphosphatidylinositol-linked protein
that anchors to the cell surface, we examined whether the solu-
ble form of RGMa shows the same activity. The RGMa-CHO
or control CHO cells were treated with phosphatidylinositol-
specific PLC (PI-PLCY. RGMa was released into the supema-
tant froin the RC:}Ma-CHO cells by the reatment as assessed by
immunodetection on Western blots (Fig, 1 D). We then culwred
the nearons with the supernatant for 12 h and measured the nieu-
rite tength (Fig. ', E and F; the sofuble RGMa assay). There was
no significant ditference in the neurite length hetween newrons
culred in conditioned media from PI-PLC-reated conwol
CHO czlis and those rreated with media from nontreated control
CHO cells, demonstrating that P3-PLC iiself had no effect on
neurite outgrowth. Neurite cutgrowin was significantly inhib-
itzd when the neurnns were cultured in conditioned media from
Pl-PLC—treated RGMa-CHO cells, demonstrating that the solu-
ble form of RGMa inhibited newdte outgrowth, Next, we cul-
wired the neuruns on PI-PLC—reated RGMa-CHO celis for 24 h
and observed that the inhibitory activity of RGMa was signifi-
cantly reduced (Fig, 1. G and H). suggestng that RGMa was
released from the celis by the PEPLC treavmeat.

The findings that RGMea activates RhoA and inhibits neu-
tite outgrowth grompted us to cxamine whether RGMa signals
via the NgR. T determine whether RGMa binds to the NgR.
the neurons wer cultured for 24 h on RGMa-CHO cells (Fig. 1.
Fand J) or with boluble RGMa (Fig. 1, K and L} in the presence
or absence of 1 pM NEP1-4C (GrandPre et al., 2002). The in-
hibitory effect off RGMa ws not significantly aliered by NEP1-40.
suggesting that RGMa inhibits reurite outgrowth by an NgR-
independent mechanism.

RGMa protein is expresssd in purified CNS
myaiin and adult ret spinal cord

To exumine the protein expression of RGMa in the adult CNS,
antisera were génerated against a syuthetic rat RGMa—specific
peptide and affipity purified. As shown in Fig. S2 A (available
at hatp:/fwww jeb.org/egi/content/fuliljch.200308143/DC1),
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Figure 2. The expression of RGMa is induced in response to SCI. [A} West-
ern blot showing the expression of RGMa in purified CNS myelin. [fop)
Purified myelin and the lysales from cantral /RGMa CHO cells were blatted
with the anti-RGMa anfibody. [bottom] CSPG, puritied MAGFc, and puri-
fied myelin were biotted with the onti-RGMa ontibody. {B-E} RGMa is
expressed in oligodendrotytes and neurons in the rof spinal cord. Fresh
frozen fissues were obtained for immunchistochemistry from an uninjured
adult rat spinai cord. Parasagittel sections were steined with ant-RGMa [B)
or double skained with anti-GFAP and entiRGMa [C), ontitMOSP and ant-
RGMa (D), or antifuj1 and antiRGMe [E}. [C) Double labeling with GFAP
and RGMa antibodies shows no colocclization. (D) Double staining with
the ant-MOS? and antiRGMa anfibody demonstrates that RGMa is ex-
pressed in oligodendrocytes. {E] RGMa immunereactivity was focalized to
the somata of Tujl-positive neurons in the gray matter but not to their
oxons, {F-1) Western blot analysis and immunchistochemistry reveo! up-
ragulated expression of RGMa ofter SCI. {F] Western blot demonstrates
that exprassion of RGMa is enhanced in the spinal cord tissue 7 d after
injury. The protein was defected by an antiRGMa or antiactin anfibody.
An uninjured animal served as the control. (G Injured spinal cord is illustated
schematically. A dorsat hemisection was performed at Th9/ 19, Porasegit-
ial frash frozen seclions of en uninjured control spinal cord and ihose at
varieus posioparafive intervals ware obtained and used for o fimecourse
study of the immunoreactivity o RGMa in the epicenter aren (H] and in the
white matter, 400-500 wm rostral fo the epicenter area (I). (J) Double stain-
ing &f the same area as H with 134 and onti-RGMa reveals the presence of
“CGMa-expressing microglia/macrophages. {K) Double staining of the
some area as | with anti-MOSP and anti-RGMa reveals the presence of
doublelabeled cells farrows} and non—doublelabeled cells (RGMapositive
and MOSP-negative cells; arrowheads). (I Guantification of the number of
the cells expressing RGMa and those coexpressing RGMa and MOSP. The
expression was examined 7 d efer SCI. The x axis indicetes spesific loca-
tions along the rostrocaudal axis of the spinal cord. Data ara reprasented
as the mean + SEM of four antmals. Bars: (B and H) 100 wm; {C-E and
i-K] 20 pm.
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the anti-HA antibody as well a5 the anti-RGMa antibody rec-
ognized a protein with an approximate molecufar mass of 33 kD
in the lysatey from the CHO cells expressing HA-tagged RGMa
(RGMa-CHO cells). Identical patterns of immunostai.iny
were observed with the anti-HA and anfi-RGMa antibody in
the RGMa-CHO celis. The anti-RGMa antibody detected 2
33-kD band in the puriticd CNS myelin (Fig. 2 A) and fysates of
the rat spina) cord (Fig. 2 F). In addition. we confirmed that the
anti-RGMa antibody does not cross-react with choadroitin sal-
faie proteoglycans (CSFGs) or MAG (Fig. 2 A). The specific-
ity of the antibody was further confirmed by its deplered
invmunoresdiivity with excess antigen peptide (residues 30¢—
322 of rat RGMa) in the injured and noninjured adult spinal
cords (Fig. 82 B).

We then performed immunohistochemistry (o investigate
the distribution paners of RGMa. prefein in the adult rat spinal
cord. RGMa expression was found in both white and gray mat-
ter {(Fig. 2 B). Double staining using anti-RGMa and unii—
myennfoligodendrocyte-specific prowein (MOSP) antibodies
tDyer et aly 1991; Beck et al,, 1995) showed that RGMa was
expressed ip oligodendrocyie cell bodies and thelr processes in
the white miatter (Fig, 2 D). In addition, RGMa was localized to
the somata pf nevron-specific  tubulin 1T protein {Tuj1)—posi-
tive: neurons in the gray matter but not to the axons of these cells
(Fig. 2 E). \Double immunostaining with the anti-RGMa anli-
body and the antibody against the glial fibnliary acidic protein
{GFAF), an astrocyie marker, siowed no colocalization, dem-
onstrating that RGMa is not present in aswocytes (Fig. 2 C).
Coliectively, RGMa is expressed by neurons and oligodendro-

A B

+ Conmol QG+ ANU-RGM

Cemo
GasmeriCona gt
PRIpRRSP
Bty

ERAM Ty ol iy

REEUEAROREN S

®

&

X

o

Muuike Lengih im)
L S R S

F-4

+Ann-RGMa

e

cytes, and its expression pattem in the spinal cord is similar to
thast of Nogo or OMgp (Hunt et al.. 2002).

Expression of RECMa is up-regulated after SCI

As our data demonstrate that RGMa inhibits posmaral CNS
neurons in vitro (Fig. 1) and that RGMa is expressed by neurons
and oligodendrocytes in the adult spinal cord (Fig. 2, B-E),
RGMa may play a role in inhibiting axonal regeneration after
CNS injury. To test this hypothesis, we examined RGMa ex-
pression after SCI. Western blot analysis revealed an increased
RGMa expression in the spinal cord 7 4 after injury (Fig. 2 F).
We performed immunohistochemistry on fresh frozen sections
obtained at S h and 1. 3, and 7 d after dorsal hemisection of the
thoracic spinal cord in rats, RGMa expression was induced
around the injury site after the surgery and was detected in the
lesion epicenter (Fig. 2, G and H) and the white matter rostral
(Fig. 2, G and 1} and caudal {not depicted) to the lesion site.
In the epicenter area (Fig. Z H). the tissue strucure appeared nor-
mal & b after injory. Subsequently, when degenerative changes
began ¢ he observed 1-3 d after injury, immunoreactivity for
R(GMa was found in the cells around the lesion site and in areas
of aberrant extracellular matrix. This extracetlolar immunoreac-
tivity may be attributable to the degeneration of RGMa-expressing
cells or to the secretion of RGMa by RGMa-positive cells.
In the white matier adjacent to the epicenter area (Fig. 2 I). the
number of RGMa-immunopositive cells and the intensity of
immunoreactivity remained almost unaltered after 6 h. However,
1-3 d after injury, the number of RGMa-positive cells had pro-
gressively increased. At 7 d after injury, there was a significant
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Figure 3. The anfi-RGMa antibody nevtralizes the effact of RGMa and CNS rryelin in vilro, {A} The cerebellar neurons were cultured for 24 h on control/
RGMa CHD cells in the presence or abserce of 10 ug/ml of fhe control rabbit IgG or anf-RGM anfibody. (B) Mean length of the longest naurite per
nguron. *, P < 0.0} compared with the control; **, P < 0.01 compared with the cenirol + control IgG; ***, ® < 0.01 compared with RGMa (i test).
There is no kignificant difference berween the conmrol + antifGMa and RGMa + entiRGMe. [C) Meurans were cultured on PLL<ooterd chomber slides For
24 1 in cornditioned medic rom PLPLC-reated control CHO/RGMa CHO cells supplemented with or without 10 ug,/mi of the controf IgG or antitRGMa
onfibody. (D] Meon lengih of the longest neurite per nevron, *, P < 0.01 compared with the conirol; **, P < 0.01 compared with the control + control
igG; ***, P < 0.01 compared with RGMg {t testh. Thare is no significant difference between the control + antiRGMe and RGMa + antiRGMa. () Neu-
rons were cultured on Pliceoted leontrol) or PLL + myetincoated [myslin) chamber slides for 24 h in the presence or absence of 10 ug/ml of the antiRGMe
anibody. [} Mean iength of the langest nearite per neuron. *, # < 0.01 compared with the contral; ** P < 0.01 compared wih myalin; ***, ¥ < 0.01
campared with the contre! + antiRGMa. [G] Immunodepletion of purified CNS myelin. CNS myslin, depleted myzlir, and the protein A beads abter immuno-
depistion were biofted with the anti-RGMa anfibody, (H) Neurens were eultured on Pllcoated [contral], PLL + myelin-coated [myedin), and PLL + depleted
myefin-coated [d-Myelin] chamber slides for 24 h. {l} Mean length of the longest neurite per neuron. *, P < 0.01 compared with the controf; **, P < 0.03
compared kith myelin; * ¥, P < 0.04 compared with the control. Dicte cre represented as the mean = SEM of three independent exgeriments.
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increas¢ in the number of RGMa-inimunopositive cells in the
epicentér area.

We performed a double-iabeling experiment 7 d after the
injury th characterize the RGMa-expressing cells. Isolectin B4
{IB4)- and RGMa-positive cells were detected in the epicenter
arca (Fig. 2 J). suggesting that RGMa is expressed in the
microgha/mucrophages at the lesion epicenter (Streit, 1990).
MOSP- and RGMa-positive cells were detected in the white
matrer adjacent to the epicenter area, demonstrating that RGMa
is expressed in the oligodendrocytes in this area, We found that
all the MOSP-expressing cells also cxpressed RGMa, whereas
ROGMa-positive and MOSP-negative cells were detected partic-
ularly around the lesioned site (Fi g. 2, K and L). The results of
the dou$le staining Tor TB4 and RGMa suggest that an increase
of thesa cefls iz auributable to an increase in the number of
RGMa-gxpressing microglia/macrophages in the epicenter area.
We did not observe GFAP- and RGMa-positive or Tujl- and
RGMa-positive cells in the lesion epicenter or in the adjacent
whiie miatie.r {unpublished data).

The ahti-AGMa antibady neutratizes the
inhibicory affect of RGMa and CNSB myslin
These rel.qults sugoest that RGMa with its potent inhibitory activ-
ity of neurite outgrowth inhibits aronal regeneration after SCI
and that blockage of it offers potential for enhanced recovery
aiter SUI. We therefore investizated whether the anti-RGMz
antibody couid neutralize the inhibitory activity of RGMa in the
coculture assay {Fig. 3, A and B) dnd the soluble RGMa assav
(Fig. 3. C and D). in both assays. the addition of the amti-RGMa
antibody but not the control IgG significantly reversed the inhibi-
wry effect of RGMa. demonstrating that the anti-RGMa antibody
functiont as a neutralizing antibody against RGMa in vitro.

As our data demonsirate that RGMa is expressed by the
CNS myelin. the anti-RGMa antibody may reverse the inhibi-
tory activity of the CNS myelin on nearite outgrowth. To test
this hypothesis. we cultured nesrons on poly-L-lysine (PLL)-
coated of PLL + myelin-coated chamber slides for 24 h in the
presence or absence of the anti-RGMa antibody (Fig. 3, B and F).
The inhibitory activity of myelin on neuritz outgrowth was
partially blocked by the anii-RGMa annibody. We next per-
forned immunodepletion of the CNS myelin with anti-RGMa
antibodyi and cultured neurons on depleted myelin-coaied
chamber slides for 24 . Immunodepletion (Fig. 3 G) partially
abolishzd the inhibitory response (Fig, 3. H and [). Thus, mychin-
derived inhibitors except RGMs contribute significantly to the
inhibitory response of CNS myelin,

REMa neutralization leads

za functional! impravement

We then assessed whether endogenous RGlia acts as an inhibi-
tor of axon regeneration in the injured CNS. We transected two
thivds of the dorsal region of rat spinal cords at the vertebral
level Th9/10 (lesions 1.8 mm in depth). This resulted in the
ransection of the main as well as the lateral corticospinal macts
{CSTs}. The neutralizing antibodies to RGMa or the control
rabbit 1gGis were delivered via osmotic minipumps with cathe-
ters placed intrathecally near the thoracic injury site. There was

no significant difference between the lesion depths in the con-
trol and treated groups (Fig. 4 A). The locomotor performance
of the animals was monitored over a period of 9 wk after injury.
The sham-operated rats (Fig. 4 B) achieved full scores accord-
ing to the Basso-Beaftie-Bresnahan locomotor rating scale
{BBE; Basso et al., 1995). All the spinally injured rats became
almost completely paraplegic on the first day afier the injury
{Fig. 4 B} and then gradually displayed partial recovery of loco-
moior behavior as assessed by the BBB scores. There was no
difference in the BBB scores of the anti-RGMa antibody— and
control antibody—treated rats up to 4 wk after SCIL. In fact, the
locomeotor performance from 6-9 wk after the surgery was sig-
nificantly better in rats treated with the anti-RGMa antibody
than in those treated with the conirol antibody. On average, rats
treated with the control antibody attained a BBB score of 1016,
whereas those treated with the anti-RGMa antibody achieved a
EBB score of 14.9 at 9 wk after the surgery. Thus, the ani-
RGMa antibody is effective in treating rats with SCI.

RGMa inhibition Induceas long-distance
growth of injured fiber tracts

The integrity of the dorsal CST in some previously tested rats
was assessed by injecting biotin-dextran amine {BDA) into the
bilateral sensory-motor cortices. For a group of animals {(eight
conirol and six anti-RGMa antibody—treated rats). biocks ex-
tending 5 mm rostrat and 5 mm caudal to the center of the injury
were sectioned in the sagittal plane (Figs. 5 and 6). The far ros-
tral as well as the far caudal segments were sectioned in the
transverse plane (Fig. 7). For another group (three control and
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Figure 4. The anti-RGMa s locomotor recovery affer Q1.

[A) Quantification of the lesion depth revesled that there was no stofisti-
cally significant difference between the control and antiRGMa antibody-
freated onimals, The significance was determined by flest. Mean- = SEM-
of nine anti-RGMa antibedy—treated and 11 control rats. [B} The BBB score
was deferminaed at the indicated times after thoracic dorsal hemisection
in the antiRGMa antibody-treated, control antibody—treated, and sham-
operated rals. Mean = SEM of @, 11, and 5 rats for each group, respec-
tively. The ant-RGMa ontibody-treated group is statistically different from
the contral group, os indicated. *, P < 0.05 compared with the cantrof;
** P < 0.06 compared with the contral.
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Figure 3. The anti-RGMa anfibody prometes
the regeneration/sprouting of CST axons after
5C1 (A and B} Representative picturas of BDA-
labeled C5T fibers; rostral is on the 1eft. Antero-
gradeddbeted CST fibers in contral igG-freated
{A} or ahti-RGMa antibody-treated [B) spinal
cord 10wk after injury. The epicenter of the le-
sion it indicated by an astarsk. (-G} Higher
magnifidation of the boxed regions i A and B,
showing increased cellatarol CST fiber sprout
ing restrally {D}, as well as regeneraing fibers
at the fesion site {F, arrows), in rals treated with

ihe ontiRGMa antibody but not in the corre

sponding regions of the control 1gG—veated
s (C and B {H) Differant sections from the
same dnimel {B), showing regenerafing/
sprouting fibers in the cavdal par of the spinal
core. {I-R} Serial microscopic imoges o an

anfiR3Mo antibody-trected animal. Asterisks
indicate the epicenter of the lesion. Arrows da-
note SDApositive fibers. Bars: {A, B, and 1-8)
500 pm; {C=F and F) 100 wm; {3} 200 pm,
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three antt-RGMa antibody-weated rais), the spinal cords were
scctionejd in the transverse plane (Fig. 7).

Samples from the injured rats treated with the anti-RGMa
antibody exhibit a completely different pattern of labeling (Fig. 5,
B and 1-R: and Fig. §3, available at htup:/www.jeb.org/egi/
content/full/jeb. 200508143/DC 1 ). as comparad with those from
the contko] antibody-tweated rats (Fig. 5 A and Fig. 84, A-J).
Proxitru] to the lesion, the main CST appears as a tight bundle
ol fibers, with the traced fibers neither entering nor growing be-
yond the lesion site in the control rats {Fig. 5, A, C, and E). This
baseline padern reflects that axonal regeneration does not nor-
mally cdeur in the CNS. In conrrast, namerous ectopic fibess
sprouting from the labeled CST were observed both rostral and
caudal 16 the lesion sitc in rats that were treated with the anti-
RGMa amiitody (Fig. 5. B and D). The longitudinal sections
across the lesion site reveal lower retraction of the main CST
bundies and a higher number of coliateral CST sprouts in rats
treated with the neutralizing antibody (Fig. 5, A and B: and
Fig. 6 A), Regenerating fibers with typical imegular meandering
growth phtterns were frequenty observed in the tissue bridges at
the lavel of the lesion in rats treated with anti-RGMa anti-
body (Figs. 5. D and F; and Fig. S5. A and B). These regener-
ating fibers extended into the iesion scar, the gray matier caudal
10 the lesion. and along cysts (Fig. 5, F and H; and Fig. 8§3).
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Notably, many axons traversed the lesion tissue, thereby growing
either around cavities Or within the [esion epicenter, whereas no
BDA-traced CST fibers could be detected in the control rats
{Fig. 5 E). Bundles of axons exiended through the lesion dssue and
numerous labeled fibers were observed caudal to the lesion sites in
the anti-RGMa antibody—treated rats (Figs. 5. G-K and M—R: and
Figs. §3 and 85). In only one rat treated with the anti-RGMa anti-
body, however, did we not detect BDA-positive fiber in the scar
tissue or caudal to the lesion site. Serial microscopic images
(Fig. 5, I-R and Fig. 84, A-1) and camera lucida drawings of all
the BDA-labeled fibers (Fig. 54, K and L) summarize the pattern
of CST fiber growth in the rostral-candal region of the injury.
A few undamaged ventral fibers were iHustrated in both cases.
We then reconstructed the serial sections of the injared
spinal cords using all the 70-80 serial longitudinal sections per
rat and estimated the number of the labeled fibers. In compari-
son with the number of labeled fibers observed 4 mm rostral to
the lesioned site, >20% of the labeled fibers were seen in the
caudal spinal cord of rats treated with the anti-RGMa antibody.
However, only a small percentage of the fibers (1% at | mm
caudal to the injury site) were seen in the control antibody~
treated rats (Fig. 6 B). Most of these fibers follow branched and
tortuous courses, instead of a linear trajectory (Fig. 5 H; Fig. 53,
B and C: Fig. 85, B, D, F, and H; and Video 1, available at
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Figure 6. Quantificarion of the exdent of regeneration/sproufing in ant-
RGMa anfibody— and confrol IgG-treated rats. {A} The distance from the
end of the mein CST bundles fo the lesion epicenter 10 wk after $Cl in rats

treated with the anti-RGMa antibedy or control 1gG [n = 6-8 per group)..

ft was megsured under low-magnification view of the longitudinal sections.
*, P < 0.01 compared with the control. The antiRGMa antihody sup-
presses the retraction of the injured main CST, (B] Quantification of the lo-
beled CSTlfibers in six ontiRGMa anfibedy- and eight contral lgG-treated
animals, All the 50-umthick serial parasagitial ections were evaluoted.
The x axis indicates specific locations olong the rostrocoudal axis of the
spingd cord. The y axis indicates the ratic of the number of BDAJabeled F-
bers at the indicated site to those o! 4 mm rosiral to the lesion site. *, P < .05
campared with the control. Error bars indicate SEM,

http/fwww joh.orgfegi/contentfull/jcb. 200508 143/DCT). At the
caudal-most purt of the regenerating fibers, we observed beanches
sprouting from the main truct (Fig. 3 G and Fig. $3 F),

We obtained cross-sections of the spinal cord and per-
formed a-quantitative analysis of the distribution of the axons o
exclude the possibility of axon sparing in the anti-RGMa anti-
bodv-treeied rats. The total number of labeled fibers 10 mm
above the lesion was almost identical between the anti-RGMa
and contgol antibody—treated rats (Fig. 7, A, B, and I, indicat-
ing that the extent of BDA uptake was the same between the
coritrol and anti-RGMa antibody—reated rats. A thorough seriat
section reconstruction of the lesion site enabled us to conclude
that there was no labeled CST axon that extended past dhe lesion
in the ndrmal locations of the dorsal CST in any of the rais
(Fig. 7. C and D). In rats treated with the anti-RGMa antibody,
however. BDA-positive fibers with tortuous appearance were
detected in the scar rissue developing at the Iesion site (Fig. 7, D
and E). At 10 mm caudal to the lesion site, the sprouting axons
extended through the geay matter to a greater extent than in
the white matter in rats treated with the anti-RGMa antibody
{Fig. 7. F--H and J-L). Almosi no fibers were seen in the ventral
part of 1hé dorsal or dorsolateral column in the anii-RGMa anti-
body-teeated rats as well as the conirol antibody—treated rats
{Fig. 7. F and G [insets] and J}. The fibcr counts in the CST
{Fig. 7 §) were not ditferent from those in the negative control
{non-BDA-{abeled rats; not depicted). There was a little non-
specilic staining wn the CST. which accounts for the few fiber
counts in the CST (Fig. 7 J). These data strongly suggest that

there were no spared CST axons. as axons that are spared and
extend into the caudal segments should be present in their nor-
mal locations. Multiple fibers with tortuous appearance and un-
usual branching were seen in the gray matter in injured animals
treated with the anti-RGMa antibody (Fig. 7. G. H, I, and L).
In only one rat reated with the anti-RGMa antibody, however, did
we not detect BDA-positive fiber at 1| mm caudal to the injury
site. It should be noted that the labeling of the gray matter cau-
dal to the lesion site might be due to sprouting from undamaged
ventrat fibers. It is not possible to definitely determine long-
tract regeneration. Our findings, however, met many of the cri-
teria for identifying regenerated axons (Steward et al.. 2003)
and raise the possibility thar anti-RGMa antibody treatment
promotes regrowth of injured CST axons.

Finally, we assessed whether the functional improvement is
temporally correlated with the anatomical regeneration. We ook
consecutive sagittal sections of the spinal cords from anti-RGMa
antibody—treated animals 3 and 5 wk after injury (n = 3 for each
group). Fig. § shows representative pictures of BDA-fabeled CST
fibers in the control (Fig. 8, A and C) and anti-RGMa antibody—
treated animals (Fig. 8, B and D) 3 wk after injory. In anti-RGMa
antibody—treated animals, the regenerating fibers extended into
the lesion scar but did not extend into the caudal part of the spinal
cord (Fie. 8, B and D). In the controf rats, there was no labeled
CST axon that extended past the lesion (Fig. 8. A and C). We re-
constructed the injured spinal cords and assessed the number of
the labeled fibers (Fig. 8 E). 3 wk after injury, there was no sig-
nificant difference between the fiber counts at any distance fron
the lesion site in anti-RGMa antibody~ and control [gG-treated
rats (Fig. 8 E). § wk after injury. a significant number of BDA-
positive fibers (~25% as compared with the number observed
4 mun rostral to the lesioned site) were detected at the lesion epi-
cenler in anti-RGM antibody-ireated rats, whereas almost no
fibers were seen in the control rats. These resolts suggest that
functional improvement is temporally correlated with anatomical
regeneration/sprouting in animals treated with anti-RGMa.

Discussion

The failure of axon regeneration in the spinal cord is at least
partly attributable to the growth inhibitory properties of the
CNS white matter and the scar tissoe developing at the lesion
site. Several observations in this study established the notion thar
RGMa inhibits axon regeneration after SCI. RGMa inhibits neu-
rite outgrowth by activating the RhoA-Rho kinase signaling path-
way in vitro and is expressed by oligodendrocytes. myelin, and
neurons in the adult rat CNS. After SCI, RGMa expression is in-
duced in the oligodendrocytes and microglia/macrophages around
the injury site. The anti-RGMa antibody, which blocks the inhibi-
tory effect of RGMa and CNS myelin in vitro, enhances wional
regeneration/sprooting as well as functional recovery in vivo,

RhoA/RAho kinege and axon

growth inhibition

COur data demonstrated that the inhibitory effect of RGM on the
neurons is independent of the NgR and is mediated by the Rhio A~
Rho kinase signaling pathway. This pathway is activated by three
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Figure; 7. Distribuion of the regenerating/
sprouting C5T fibers in the spinal cord. flop)
The injured spincl cord is iffustrated schemati-
cally. {A-H) Representative transverse sections
of the spinal cord 1oken from 10 mm rostral
{A and B), 10 mm caudal F-H), or adjacent
{C-F} 1o the lesioned site from control IgG-
treated . {&, C, and F] and anti-RGMa anti-
body-traated (B, D, E, G, and H) rots, lnsets of
A and B show the high-magnification view of
the dorsal CST. {E) High-magnification view in
D shows fibers in the developing scar fissue o
the lesion site. Insets of F and G illusirate that
no finers are seen in tha ventral part of the dor-
sal column [fop right) or dorsolateral column
[botiom right) 10 mm covdal o the lesion site,
{H} High-magnification view in G shows in
creased -regenerated fibers with toruous ap-
pearance and uhusucl branching in the gray
matter {insef} 10 mm cavdal 1o the lesion site in
rats traoted with the antiRGMa anfibady, No
lobeled fibers are observed 10 mm coudal ta
the lesion site in the corresponding reglon of
the contrél lgGreated rats [F). (I} The number
of labeled corticospinal axons 1¢ mm rostral
ta the lesioned site in rats treated with the con-
tral fgG or anti-RGMa antibody. Mo significant
difference is observed. (i} The number of o
beled corticaspinal axons 10 mm caudal to the
lesioned dte in rafs ireated with the control I9G
or antiRGMa aniibody, Cross-sections of the
spingl cord taksn from 10 mm cavdal to the le-
sianed sité were examined, and the number of
the lobeled fibers was esiimated in the gray
matter G, the normal locations of the dorsat
C8T (C5T); or the white maiter other than the
normal locations of the dorsal CST (WY, Dota
bosed on'11 contol and @ antiRGMa onii-
bady—traaled rals. Increase in the regenerating
fibers cauddl to the lesioned site in the anti-
RGMa antibody—treated rats is seen mainly in
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the gray matter. A small amount of nonspecific staining accounts for a few fiber counts in the CST [no opparent BDApositive fibers were detected in this orea).
*, P < 0.0} compored with ihe contrel. (K and 1) Camsra fucida drawings illustrating the distribution of BDAJabeled fibers in 10 serial sections from the
cases iltustraied in f and G, respectively. Bars: [A-D, F, and G) 500 pm; {A, B, |, and G, insefs) 200 pm; (E) 50 pm; {H} 200 um; {H, inset) 50 pm.

well-characterized myelin-associated inhibitors, Nogo, MAG,
and OMgp. as well as CSPG. which are expressed both in the
wlial scar and in myelin (Muelier et al., 2005). Current evidence
indicales thut a common crucial signaling event for these myelin-
derived inllibitors of axon growth is the activation of RhoA. P75
ransduces. the signal of the three myelin-derived inhibitors of
axon regeneration by acting as a displacement factor that releases
RhoA from Rho guanine disseciation inhibitor (Yamagshiea and
Tohyama. 2003). which functions to maintain RhoA in an inac-
Tive state by sequestering it in the cytoplasm and inhibiting the
formation of active RhoGTP. Importantly, Dubreuil et al. (2003)
demonstrated that SCT induces RhoA activation in both glial cells
and neurons in vivo. They also found that immediate RhoA acti-
vation after SCT is p75 dependent but, thereafter, RhoA could be
activated ina p75-independent manner. These observations sug-
gest the presence of other molecules thar activate RhoA: this is
consistent with our findings that RGMa activaies RhnA and that
its expression is induced around the injury site.

Expr&nai‘pn of RBMa in the CNGS

An immuechistochemical study of the fiormal spinal cord shows
that RGMa 'is expressed by neurons and ofigodendrocytes.

SO Vﬂ)f.'..j;lv'l’i 17E » NUMBER 4 » 2ChGE

This expression pattern in the spinal cord is similar to that of
Nogo or OMgp (Hunt et al., 2002). In the injured spinal cord.
however. the expression of RGMa around rhe lesion site is up-
regulated; RGMa is expressed in the microglia‘macrophages
and oligodendrocytes at the injury site. Our recent report dem-
onstrates that, after SCI, RGMa is expressed by neurons. bal-
looned neurite fibers/retraction bulbs, oligodendrocytes, smouoth
muscle/endothelial cells, microglia/macrophages, leucocytes
infiltrating the lesion, and with maturation of the lesion, cellular
components {e.g.. fibroblastoid cells) and extracelular compo-
nenis of the developing scar tissue (cicatrix; Schwab er al.,
2005a). In the human brain, & massive up-regulation of RGMa
was observed at the lesioned or damaged site after focal cere-
bral ischemia or traumatic brain injury; RGMa was also present
in the scar tissue {Schwab et al., 2003b). These observations
suggest the important role of RGMa as an inhibitor of axon
regeneration in the injured adult mammalian CNS.

Functional recovery and axon

regeneration after Sl

We observed an enhanced locomotor recovery by ireatment
with the anti-RGMa antibody after SCI. A delayed improvemenr
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Figure 8. Anttomical analysis of the spinol cords 3 and 5 wk afer X1
{A and B) kepresertative pictures of anterogrodedabeled C57 fibers in rat
spinal cord rected with the contral 1gG {A] or antiRGMe antibedy (B} 5 wk
after injury; rostral is on the left. Asterisks indicate the lesior epicenter.
Highsr magnificafion of the boxed regions in A ond B, showing regenerat
ing fibers, with typical imegular meandering growth patterns arourd the
cysts ot the fesion site [D) in rals freatzd with the antiRGMa antibody but
not in the correspending regions of the controt IgG-treated rats [C). In both
the groups, no BDAraced fibers could be observed in the cqudal part of
the spinal cord 5 wk affer injury. {E} Quantfication of the lobsled CST
fibers in thé anti-RGMa anfibody-trected enimels 3 wk [n = 3) and 5 wk
{n = 3] after injury and in the control IgG-treated animals 3 wk {n = 3}
and 5 wk n = 3§ after injury. Al the 504em-hick serial parasagittal sectizns
were evalvated. The x axis indicates specihic focations along the rasrrocaw-
dal oxis of the spinal cord. The v oxis indicotes the ratie of the number
of BDAlobeled fibers of the indicated sie to those of 4 mm rostral 1 the
lasion sits. *, P < 0.05 compored with the control (SW). Bars: {A and B)
300 pm; [Cl.' and Bj 100 pm.

in locomgtor recovery in the anti-RGMa antibody-ireated rais
might be related to the time course of RGMa expression, which
was up-regulated after SCL

We observed massive fiber growth by anti-RGMa ami-
body treatment in vivo, whereas the injured axens exhibited
fittle, if aity. sprouting in the spinal cord without the freatmenc.
To exclude the possibility that the labeled fibers seen in the caudal
portion of the spinal cord are spared axons, we performed thor-
otigh reconstroctions of the lesioned spinal cord by taking cross-
sections (Fig. 7). Multiple fibers with tortuous appearance and
umusual bfanching patierns exiended through the gray marter o

a greater extent than in the white matter in the caudal portion
of the spinal cords of rats treated with the anti-RGMa antibody.
The labeled fibers in the gray matter 10 mm caudal o the lesion
site are not collaterais of the dorsal CST, as most of the gray
matter collaterals of the CST extend in the transverse plane and
do not extend for long distances longitudinally through the gray
matter (Steward et al., 2003). In fact, analysis of the serial sec-
tions of the lesion site from each rat revealed that there was no
labeled CST axon that extended past the lesion in the normal
locations of the dorsal CST. These findings strongly support
our notion that the anti-RGMa antibody promotes regeneration
andfor sprouting of injured CST fibers (Steward et al., 2002).
However. it is not possibie to definitely determine long-tract
regeneration. It is possible that the labeling in the gray matter
caudal to the lesion site might be due to the sprouting from the
undamaged ventral fibers. Evidence suggests that the ventrat
CST axons collateraily sprout into the gray matter after injory
to the dorsat CST (Weidner er al,, 2001). Treatment with a high
dose of the Rho kinase inhibitor (Y29632), which enhanced
functional recovery. induced an increase in the CST profiles in
the gray matter distal to the site of injury: this is indicative of
collateral sprouting from the ventral spared CST axons (Chan
et al.. 2005). It is possible to induce the local reorganization of
the central patiern generator circuiiry, including sprooting from
the undamaged ventral fibers, followed by enhanced funciional
recovery after SCT in anti-RGMa—treated aniraals.

Mutant mice lacking RGMa may also be useful in deter-
mining whether deletion of RGMa enhances the regeneration
ability. However, as ~50% of the mRGMa mntani mice show
defects in cephalic neural tube closure (Niederkofler et al..
2004), conditional knockout mice wounld be needed to ad-
dress this issus without considering the effect of RGMa in
embryonic development.

Although there is some controversy concerning experi-
ments with targeted gene disruption of the myelin-associated
inhibitors, treatments with some neutralizing agents have shown
efficacy in promoting regeneration in animal SCL Similar to our
findings in anti-RGMa amibody weatment, wreatment with the
anti-Nogo A antibody induces regeneration after rat SCI
(Bregman et al., 1995). A peptide antagonist, NEP1-40, which
competes for binding of Nogo-66 to the NgR, has also shown
significant efficacy in terms of promoting regeneration in SCI
models (GrandPre et al.. 2002; Teng and Tung. 2005). Thus,
nentralizing agents including the anti-RGMa antibody may
have the potential for clinical applications against SCI (Teng
and Tang, 2003).

Signaling mechanism of RGMao

Neogenin is a high-affinity receptor for RGM, mediating its re-
pulsive activity for retinal axons (Rajagopalan et al., 2004}
It was recentty reported that RGMa mediates BMP signaling by
acting as a coreceptor via Smad 1, 3, and 8 and up-regulates the
endogenous inhibitor of differentiation (1d1) protein (Babiur
et al., 2005), An interaction of RGMa with ncogenin along with
BMF type I receptor of as a homophilic interaction by itself. as
reported for RGMD (dragon; Samad et al., 2004), might under-
lie its inhibitory activity toward the regeneration of CST fibers.

REAA, A RDOVEL INHIBITOR OF AXONAL REGENERATION « +i4TA BT Ai.

85

L1LOZ 'S} JoquanoN uo Bio'ssaldru-gal Woly papeojumog



(==

Published Aprll 3. 2006

A clarification of the precise signaling cascade of the RGMa is
expected to contribute to the development of more effective
therapies for the treatment of adult mammalian CNS injuries.

In summary, our results demonstrate that RGMa is an im-
portant inhibitory molecule for successful neuroregeneration in
vivo and suggest that #s manipulation would be useful for the
treatment of human spinal injuries.

Niaterials and methods

Plusmiid constructs

Becousa the previous report {Monnier el al., 2002) has shown that nafive
chick.and functionally active RGM starls with rasidue 1352, we created an
HARGMa vector in pSecfag2Hygro finvilrogen} using the signal peptide
of pSecTag? futed to HA ond residues 152-431 of rat RGMa [available
from GenBank/EMBL/DDBI, under accession no. XP_218791). FPC-i-
MAG:Fe- and MAG-Fe—¢xpressing CHO cells are gifts from M., Endo ond
K. Mizuno {Tohoku University, Sendai, japan).

Genzration of RGMa-CHD cells

Flpin system {Invitrogen] was used to genercte RGMa-expressing cells
according to the manufacturer's recommendstions. We generated an HA-
RGMB fragment containing o signal peptide from pSecTag2 vector using
two restriction endonuclaases and ligated it into pcDNASFRT (lavirogen).
This consiruet (p=DINASFRT/igwlecdes /HA/RGMa] and pOG44d were co-
transfected info Flpin CHO ceils, ond stable expressing cells were gene-
ated ofter growth in medium containing 500 pg/ml Hygromycin B
[tnvirogen) for 2 wk. Expression of HARGMa was confirmed by immuno-
defedtion using Western blots and immunocytochemistry. We also gener
atedt human RGMa-sxpressing cells and confirmed that human RGio,
sither membrane bound or diffusible, potemly inhibits the neurite outgrowth
of postrotol cerebellar granule neurons.

Neurite cutgrowth assay

Carebeiler granule cells Fom rat pups ot postratal days 7-9 were dissoct
ated by trypsinization {0.25% teypsin in FBS for 15 min ai 37°C} bollowed
by rasuspension In serum-contuining medium, trituration, and wash with
PES three times. Cultures were grown in a serumiree DME/F12 medium.
For the coculture assay, neurons were plated on confluent monalayers of
sithet RGMa-CHO or control CHO cells in chamber siides (LabTek If;
Nund). For the soluble RGMa assay, confluent menoiayers of either RGMe-
CHO or control CHO cells were incubated in serum-free DME/E12
medium with or without 2.5 U/ml PIPLC {Sigma-Aldrich} at 37°C for 3 k.
Thase freated CHO cells were subjected to the coculiure assay. After cen
wrifugation of the culture media ot 13,000 g for 10 min, the supematants
werel colfacted to remove Hooting cells. A part of the supernotonts was sub-
jected to SDS-PAGE and Western blot analysis to estimate concentration of
soluble RGMa with various cmounts of the standards frecombinant RGMA,;
R&D: Systems). Estimated concentration of solubie RGMa was 1.37
[+ 0,13 SEM] prg/ml. Meurens were plered in the condificnad medic on
Pli-cboted chamber slides and ware incubated for 12 or 24 h. Where
incficated, 10 pM of Y27632 [Mitsubishi Pharmaceuticals) was added to
the cultures. To innibit the NgR, 1 uM of NEP({1-40} [Sigmo-Aldrich} was
addad fo the culture. For nautrglizing anfibody assay, cntiRGMa enfibody
or céntrol rabbit IgG wos added to the culture of the concentation of
10 pg/mi. For the neurite oulgrowth assay on myelin, we performed myelin
preparation from rat brain as described previously (Norton and Padulso,
197 3). 3 pg/well of the purified myelin or the depleted myslin were used
to esai Ptl-coated eightwell chamber shides (Benson of al., 2005). The
cells were fixed in 4% (wi/vol) paroformaldehyde and were immuno-
stained with a menoclonel antibody recognizing Tu)1 {1:1,000; Covance).
The length of the longest neurite for each § whulin l—positive neuron was
then dete:mined.

Affiritty precipitufion of GTP-RhoA

Colld were lysed in 50 mM Tris, pH 7.5, 1% Triton X100, 0.5% sodium
deoxycholate, 0.1% SD%, 500 mM MaCl, and 10 mM MgCls, with lew
pephn and eprotinin, eazh at 10 pg/ml. Cell lysates were clarified by ces
frifugation et 13,000 g at 4°C for 10 min, ond the supernatants were
incubated with the 26 g of GSTRno hinding domain of Rhotekin beads
{Upstate Biotachnology] ot 4°C for 45 min. The beads were washed four
times with washing buffer {50 mM Tris, pH 7.5, containing 1% Triton
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%-100, 150 mM NaCl, 10 mM MgClz, ond 10 pg/ml each of leupeptin
ond aprofinin). Bound Rho proteins were detected by Western blotting using
a monoclonal antibody against RhoA (Santa Cruz Biotechnology, Inc.).

immunodeplefion of RGMa

To exomine the remaining effect of myelinderived inhibitors except RGMa
on neurita ocutgrowth, we subjected the somple to four rounds of immuno-
depletion {McKerracher et al., 1994}, The purified myelin was extracted
with 20% octylglucoside salt {Dojindo}. The extract was centrifuged at
40,000 g for 40 min, and the supernatant wos incubated with the 20 pg
of anti-RGMa antibody overnighi ot 4°C. 50 ug of protein A beads were
added for 3 k with rofation and centrifuged, and the supematant was sub-
jected to three repeat treatments. The final depleted samples and the pro-
tein A beods were subjected to SDSPAGE and Western blot analysis, and
bioassays were performed as dascribed {see Neurite outgrowth assay).

Western blot analysis

CHO cells, cerebellar granule neurons, er adulk rat spinat cords were lysed
in 50 b TrisHCE, pH 7.5, 1 50 mM NaCl, 10% glycerol, ond 0.5% Brip-58
[Sigma-Aldrich), including protease inhibitor cockiail tablets (Roche
Diagnoshics]. The lysates were clarified by centrifugation at 13,000 g ot
4°C for 10 min, and the supernatants were collected and normalized for
profein concentration. Equal amounts of protein were then boiled in som-
ple bulfer containing 12% B-mercaploethanol for 5 min and subjected o
SDS-PAGE. The conditioned medin, purified myelin, MAGFc, and CSPG
{Chemican) were also treated in the same manner except for the lysis buffer
treciment. MAG-Fc wos purified from stable expressing cells {provided by
K. Mizunol. The proteins were transferred onto polyvinylidene difluoride
membrone ond incubated with 1 pg/ml of a polyclonal antiRGMa anti-
body, o monoclonal antiHA ontibody {1:1,000; Sigma-Aldrich), o poly-
clonai anti-nacgenin antibody {1:1,000; Santa Cruz Bictechnology, Inc.],
or a pelyclonal onti-actin antibody {1:1,000; Santa Cruz Bictechnology,
Inc.}. For detection, an ECL chemifuminescence system {GE Healthcare}
and HRP<onjugated secondary aniibodies [1:1,000; Cell Signaling Tech-
nology] were used.

Ardi-rat RGMa antibody production

The domain important for functional activity in chick RGM is the COOH-
terminal 150-200 amino acids of the active RGM protein. A synthetic
peplide [residues 309-322) was selected o5 immuncgen to generale anti-
rat RGMa rabbit anfisera. The sequence of the peptide is specific to rat
RGMa but has no similarity with RGMb or <. Antisera were affinity purified
and used at 1 pg/ml for immunohistechamistry and immuncblats and at
10 pg/ml for nevtralizing ontibody assay. To ussess the specificity of the
unti-RGMa antibody, controf and SCI sections were stained in the presence
of the rat RGMa-specific peptide [residues 309-322; Fig. 52). An addi-
Konul control experiment was done by leaving out the primary antibody.
These experiments confirmed the specificity of the anti-RGMa antibody.

Surgical procedure

Anesthetized [sodium pentobarbital, 40 mg/ka) female Wiskor rats {200—
250 g) received o lominectomy at vartebral level 79/10, and the spinal
cord was exposed. A number 11 blade wes used fo cut the dorsal part of
the spinal cord ot o depth of 1.8 mm. Histologic examination has revealed
that these lesions sever all dorsal CST fibers in the dorsal funiculys as well
as the fateral CST and extend post the central conal in oll animals. For
navtratizing antibody assay in animal medel, immediately after the spinal
cord hemiseclion, rats ware fitted with an osmotic minipump {200 pl solu-
tion, 0.5 pl/h, 14d delivery; Alzet pump model 2002 [Durect Co.]} filled
with control rabbit lgG (17 animals, 22.3 pg/kg/day over 2 wk; Sigmao-
Aldrich} or ant-RGMa antibody (15 animals, 22.3 pg/kg/day over
2 wk]. The minipump was placed under the skin on the animel's back, and
a silastic tube connected fo the outlet of the minipume was placed under
the dura of the spinal cord hemisection site with the tip lying immediotely
rosiral fo the injury site. The tube was sutured to the spinous process just
cauda! to the laminectomy o anchor it in place. Aferward, the muscie and
skin layers wera sutured. The bladder was expressed by manuel abdomi-
nel pressure at least twice a doy until bladder function was restored.
Shamoperoted rats ffive animals) received a laminectomy at vertebrai
level T2/10, and the spinal cords were exposed. The muscle and skin
loyers were then sutured.

Tissue preparation and immunchistochemisiry
For immunohistochemistry, fresh frozen fissues were obiained from an un-
injured spinal cord ond from anes of 6 hand 1, 3, and 7 d after injury.
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Alfter deep dnesthesia with diethy] ether, the rats were decapitated and the
spinal cords dissected oul, embedded in Tissue Tek OCT, and immedictely
frozen on dry ice ot —80°C. Series of porosagittal sections as weli as cross-
sections were cut at 18 or 50 pm on o cryoastat and mounted on APS coating
SuperfrostPlus slides {Matsunami). The sedtions were fixed in 4% [wi/voi}
para‘ormaldehyde for 1 h al room fempercture, washed three times with
PBS, and blocked in PBS containing 5% goat sarum and 0. 1% Triten X-100
for 1 b ot room temperature. The sections were incuboted with primary an-
tibodies overnight at 4°C ond washed three times with PBS, followed by
incubation with fluoresceirconjugated secondary antibodies (1:1,000;
Invilrogen] for 1 h ot room temperature. 1 pg/ml of polyclonal ani-RGMa
antibody, monoclonal antiGFAP (1:1,000; Sigma-Aldrich), monoclonal
anti-hOSP 11:500; Chericon}, or monoclonal anfibody recognizing Tull
{1:1,000; Covunce] was used as the primary antibody. For double labeling
of 164 from Griffonia simplicifolia {1:100; Vector Laboratories) ana RGMa,
the ommals were Killed by pefusion with PBS followed by 4% paraformal-
dehyde. The spinal cords were dissected, postfixed, and heated. Samples
were examined under a confocal laserscanning microscope {Can Zeiss
Microlmaging, Inc.} with 23, 10x%, 20>, 40X, and 63X objectives,

Anteragrade inbeling of the C5T

1 wk (Inree contrel and three anti-RGMa antibody—trected rats], 3 wk fthree
control and three antiRGMa entibody—traated rols}, or 8 wk {11 control
ard 9 anfRCMa antibody-#reated rats) offer injury, descending CST fibers
were |obéled with BDA (10% in saline, 3.5 sl per cortex, MW 10,000;
lnvitrogen} injected under anesthesia af the kel and the right motor corices
[coordingtes: 2 mm posterior io bregma, 2 mm lateral fo bregma, 1.5 mm
depth]. For each injection, 0.25 pl of BDA was delivered for a period of
30 s via @ 15-20-pm inner diomeler glass capillary attached to a microfiter
sytinge §iTO). in fotal, we examined and compared the regenerctive re-
sponses of 17 control ond 15 antiRGMa anfibody-reated rots aber $CI.
14 d after BDA injection, the onimals were killed by perfusion with PBS fol-
lowed by 4% parclormaldehyde. The spinal cords were dissected, post-
fixed ovaighi in fhe same fixatives, and cryopreserved in 30% sucrose in
PBS. The spinal card 5 mm rasrat and 5 mm coudol to tha lesion site {10 mm
long} wes embedded in Tissue Tek QCT. These blocks were sectioned ir: the
sagitio} plane [50 um) or in the fransverse plans, retaining each section.
In both cases, tronsverse sactions were also coflected from the spinal cord
>5 mem ¥ostrol and coudel to tha injury site {17 controf and 15 antiRGMa
antibody-realed rofs). Secticns were blocked in PBS with 0.5% BSA for
1 h and.ther incubaied for 1 d with Alexe Fluor 488-conjugated streptavidin
{1:400;: Invitrogen) in P8S$ with ©.15% BSA.

Quantification

To reconstruct serial porasagitiof sections completely, alt serial 50-m-thick
secfions {~70-8C sections per cnimal; eight control and six anti-RGMa
entibody—reated rats in Fig. & B, six control and six antiRGMa antibody--
treatad rafs in Fig. 8 E) were ovalvaied. On each section, the number of in-
tersactions of BDAabeled fibers with a dorsoventral line was counted from
4 mm above to 4 mm below the lesion stie. Axon number was calculated
as a perzentoge of the fibers seen 4 mm obove the jesion, where the CST
was infact. The distance beyerd the epicenter of the lesion was scared as
positive ond otherwise as negative distance.

The distance from the end of the main CST bundles to the fesion epi-
center was measured for each animal for quantification of the retraction of
CST fikers. The distence beyond the epicenter of the lasion was scored as
posifve and ctherwise as negative distance.

To exclude the possibility of uxon sporing in the ant-RGMa anti-
body-truated rats, we took thorough sericl cross-sections of tha spinal cord
and performed quanfitative onalysis of the distribufion of the axons {1}
confrol and @ enii-RGMa antitody-trected rafs). Degrees of BDA uptake
were tissessed by counting the total sumber of fibers in the cross-seciion
10 mit: rosiral to the lesioned site. For quantification of the number of [ohefed
corticospinel axons 10 mm cavdai to the lasion site, the number of the lo-
beled fibers wos mensured for each animal in the gray matter, the dorsal
CST area {normat locations of the dorsal CST}, or the white mater except
the déesal CST areq, divided by the number of labeled corticospinal axons
10 mim chove the lesion.

. For comera lucida drawing, all conseculive parasegitol sections
from 4 mm cbove to 4 mm balow the injury site or fransverse sections
around 10 mm coudal the lesion site ware imaged, and BDA-positive CST
axons were tracad.

Behaviord] testing
Behavioral racovery was assessed for @ wk ofier injury in an apen field en-
vironment by the BBE. Uninjured and sham-cperated rots {n = 5} achieved

full scores. Quantification wos performed in @ blinded marner by two {the
first group; eight control and six anti-RGMe antibody-treated rals) or three
[the secand group; three control and three anfirfRGMa anfibody—treated rats)
observers. The difference of judged counts among the ohservers wos within
1 point on the BBB scoring scale.

Online supplemental material

Fig. S1 demonstrates that cerebellar granule neurons express neogenin.
Fig, 52 shows specificity of the artiRGMa antibody. Fig. 53 shows regen-
erated CST axons with the antiRGMa antibody traatment. Fig. 54 displays
seria] microscopic images of o control IgG-treated rat and reconstruction
of the lesioned spinal cords treated with control i9G or the ontiRGMa onti-
body. Fig. $5 shows injured spinal cords of four animals with anti-RGMa
antibody freatment. Video 1 shows regenerated CST axons with the anti-
RGMa antibody treatment. Online supplemental material is availoble or
hitp:=/ /www.jcb.org/cgi/content/Rli/jcb. 200508 143/DC 1.
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