
www.cavelier.com 
cavelier@cavelier.com 

CAVELIER 
ABO GAD OS 

Tel6fono: (57-1) 347 3611 
EDIFICIO SISKI Telefax: (57-1) 211 8650 

CARRERA 4 No. 72 -35 (57-1) 540 0860 
BOGOTA 8, COLOMBIA Fax in U.S.A.: (1-305) 381 9660 

Sefiora Jefe de la 
DIVISION DE NUEVAS CREACIONES 

Superintendencia de Industria y Cor 
E. S. D. 

Trdmite 011 Evento : 379 

SUPER IN I END LNCIA DL INDUS I -0A Y COMLRCIO 

II11I1IiIII1111lILIllIilIIIItlII11111lllhII 
No. 04-050442- -00007-0000 

Fec:ha: 2008-07-1 17:01:42 Dep. 2020 NUECRLACIONL 

Ira 11 PATENILIYII Eve. 379 ASENACIONAL II 

Act.444 RESFUESIAREQUL Folios 29 

ActuaciÆn : 444 

Referenda : Expediente No. 04050442 
Asunto Solicitud de patente para: "UN ANTICUERPO 

SELECTIVO PARA UN RECEPTOR DE LIGANDO QUE 
INDUCE A APOPTOSIS RELACIONADA CON FACTOR DE 
NECROSIS TUMORAL Y USOS DE ESTE" 

Solicitante : UAB RESEARCH FOUNDATION 
Clase 007K, C07K 001/000 

1. Yo, Emilia FERRERO, obrando camo apoderado del solicitante en 

el asunto antes identificada’me refiero al Oficia No. 5253 

notificado par fijación en lista del 18 de Abril de 2008. 

2. Mediante el Ofjcio No. 5253 se puso en conocimiento del 

solicitante el informe del examen de fonda que contiene las 

observaciones hechas par su Despacha sabre la presente solicitud de 

patente. Atiendo a las observaciones de la siguiente manera: 

3. De la solicitud de patente 

3.1 Reivindicaciones (articulo 30 D.486 

Su Despacho concluye que el capitulo re–v–nd–cator–o carece de 

concision y claridad. 

Con el fin de atender las anteriores observaciones y de acuerdo al 

articulo 34 de la DecisiOn 486, se presenta Un nueva capitulo 

NIT 860.041.367-3 
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reivindicatorio como sustituto del anteriormente presentado, donde 

se efectuaron conforme a las observaciones del Seæor Examinador, las 

cuales en el mismo orden en que fueron seflaladas por el Examinador 

fueron las siguientes: 

3.1.1 La reivindicacidn independiente 1 se modificÆ de tal forma que 

se define el anticuerpo a partir del hibridoma que 10 produce. Por 

tanto, debido a que la nueva caracterizac–dn del anticuerpo estÆ 

acorde con lo solicitado por el Examinador, al referirse a la 

caracteristica definitoria y distintiva del mismo, la objeción 

formulada a este respecto se debe tener por superada. 

3.1.2 Igualmente, las reivindicaciories en las cuales se reivindican 

los Æcidos nucleicos, los polipØptidos y demÆs desarrollos 

relacionados fueron modificadas con el fin de aclarar que los mismos 

� corresponden a los del anticuerpo divulgado en la reivindicaci3n 1, 

de tal que es clara la unidad de invenciÆn de la materia objeto de 

la presente solicitud. 

3.1.3 Finalmente, el tØrmino impreciso y vago "por menos de 5026" 

fue eliminado en el nuevo pliego reivindicatorio que se presenta con 

el presente memorial. 

3.1.4 Adicionalmente, se eliminaron las reivindicaciones 6 y 7, ya 

que la materia divulgada en estas reivindicaciones se incluyo en la 

reivindicaciÆn 1. 

. Por tanto las objeciones formuladas a este respecto se deben tener 

por superadas. 

4. Excepciones a la patentabilidad (articulo 20 D. 486). 

Su Despacho enuncia lo siguiente: 
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"Teniendo en cuenta que las reivindicaciones 9-52 reclaman un mØtodo 

para inducir apoptosis de manera selectiva en cØlulas objetrivo que 

expresan tR4 que comprende la etapa de poner en contacto dichas 

cØlulas objetivo con una can tidad terapØutica de los anbicuerpos de 

las clÆusulas 1 y 7 y otros agentes terapØuticos, lo que corresponde 

en si con un mØtodo terapØutico para tratamiento de humanos o 

animales, y que segthi la norma comunitaria estos mØtodos de 

tratamiento estÆn excluidos de patentabilidad se considera que la 

materia reclarnada en estas clÆusulas no puede ser patentada". 

Al respecto, ml representada respetuosamente argumenta que no estd 

de acuerdo con dicha conclusiân, por cuanto en las reivindicaciones 

8-52 se especifica que el mØtodo se desarrolla in vitro, lo cual 

quiere decir que el procedimiento se realiza en un tubo de ensayo, 

Y/O en un ambiente controlado fuera de un organismo vivo. 

La anterior aclaraciön resulta fundamental, pues de acuerdo con el 

desarrollo que ha tenido en la prdctica la aplicabilidad de esta 

excepciÆn de patentabilidad, cuando un mØtodo no se ileva a cabo en 

el cuerpo del ser humano o animal, el mismo no cae dentro de la 

ml sma - 

Lo anterior resulta evidente si se tiene en cuenta que un mØtodo que 

no se lieva a cabo en el cuerpo del animal o del ser humano no 

encaja per se en la definición de mØtodo terapØutico pues su 

objetivo inmediato no es el de tratar o curar una condiciOn 

patoldgica. 

En este sentido, el Manual Andino de Patentes al explicar la 

aplicabilidad de esta excepciÆn de patentabilidad, sef’ialó; 

"...BAsicamente un mØtodo ilevado a cabo fuera del cuerpo es poco 

probable que sea considerado como excluido de patentabilidad" 

(pâg.Sl) 
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Asi entonces, por no corresponder los mØtodos acÆ reivindicados a 

mØtodos terapØuticos para el tratamiento de humanos o animales, la 

excepciOn de patentabilidad en cuestidn no resulta aplicable al 

presente caso. 

A contrario sensu, debido a que el mØtodo se lieva a cabo fuera del 

cuerpo de un ser hurnano o animal en ninguna etapa, el mismo debe ser 

considerado coma patentable. 

5. 1tovedad. 

Su Despacho enuncia lo siguiente: 

el concepto de desarrollar un anticuerpo para inducciân de 

apoptosis en cØlulas objetivo especiffico para DR4 y los productos 

asociados al mismo (ADN que codifica sus cadenas pesadas y livianas, 

� los vectores y cØlulas de expresión y las composiciones que Ia 

contienen) era previamente conocido y par lo tanto no puede 

concebirse coma novedoso". 

Con respecto a lo seflalado por su Despacho mi representada desea 

seflalar lo siguiente: 

El documento Dl (WO 99/37684) no describe ni sugiere anticuerpos que se 

unan especIficamente a DR4 e induzcan apoptosis de las cØlulas objetivo 

que expresan DR4 in vitro en donde la actividad que induce apoptosis se 

caracteriza par menos del 50% de la viabilidad de la cØlula objetivo a 

concentraciones de anticuerpo de aproximadamente 100 ng/ml coma se 

� muestra en la Figura 19C de la presente solicitud. Coma se muestra en 

la Figura 3 de la WO 99/37684, a 100 ig/ml (es decir, a 100 veces la 

concentracidn de los anticuerpos reivindicados) los anticuerpos DR4 

solo indujeron apoptosis en el 25% de las cØlulas, significando que el 

75% de las cØlulas eran viables. AdemÆs, como se mostrd en la Figura GA 

y se establecid en la pAgina 27 de WO 99/37684, el anticuerpo DR4, 4H6, 

mostrd reactividad cruzada a DRS (tarnbiØn conocido coma Apo -2), DcR1 y 

DcR2. En contraste, los anticuerpos de la presente solicitud se unen 
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especificamente a DR4 (es decir, no Se unen a DRS, DcR1 y DcR2) 

AdemÆs, en razÆn a que los anticuerpos de la presente solicitud y los 

anticuerpos descritos en la WO 99/37684 tienen diferentes efectos 

fisiolØgicos, la WO 99/37684 no describe ni sugiere anticuerpos que 

tengan la misma especificidad de epitope coma los anticuerpos 

producidos mediante el hibridoma 2E12 como se definid en la 

re–vindicación 8. Por lo tanto, la WO 99/37684 no anticipa las 

reivindicaciones 1-74 de la presente solicitud. 

Adicionalmente, debido a que en el nuevo capitulo reivindicatorlo se 

define el anticuerpo a partir del hibridoma que lo produce y Se 

reclama coma una caracteristica definitoria del anticuerpo, el 

documento Dl no continua siendo relevante respecto a la novedad. 

Par tanto, la objecidn formulada a este respecto se debe tener par 

superada. 

6. Respuesta a los arguxnentos del solicitante. 

Con base en lo divulgado en el nuevo capitulo reivindicatoria mi 

represeritada respetuosamente argumenta: 

61 Sustento de la materia reivindicada en el nuevo capitulo 

reivindicatoria se puede encontrar en la especificac–ôn 

particularmente en la figura 19C. Par tanto, tal coma se encuentran 

modificadas las reivindicacianes, es clara que no Se amplia la 

materia iriicialmente divulgada en la descripción. 

La reivind–caciÆn independiente 1 ha sido modificada para revelar un 

anticuerpo que tiene la misma especificidad epItope del anticuerpo 

producido por el hibridoma 2E12 que tiene el ndmero de acceso ATCC 

PTA-3798. Debido a que los anticuerpos con la misma especificidad 

epItope incluyen versiones quimricas y humanizadas de anticuerpos 

monoclonales, una persona versada razonablemente preverla que dichos 

anticuerpos con especificidades epitopes iguales presentan 
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caracterIsticas similares. La anterior debido a que la estructura de 

los anticuerpos es bien conocida par personas versadas en la materia 

y se correlaciona con la funciÆn del anticuerpo. Par ejemplo, se 

canoce que los anticuerpos comprenden dos cadenas pesadas idØnticas 

(H) y dos cadenas ligeras idØnticas (L) , cada cadena comprende una 

region constante y una region variable. 

Coma se describiO en la descripciOn, las regiones variables de las 

cadenas I-i y L de un anticuerpo forman el sitio de uniOn de antigeno, 

tamblØri conacido coma el epitope. Las partes de la regiOn variable 

conocidas coma las regiones complementarias determinantes (CDRs) 

determinan la especificidad epitope del anticuerpo coma se describe 

en la especificaciOn ( Ver pagina 41). 

La actividad del anticuerpo se determina par su habilidad de ligar 

antigenos (habilidad para ligar un epitope) . Par lo tanto, la 

estructure del epitope y la funciona relacionada son conservadas 

manteniendo las regiones CDR. Par ejemplo, anticuerpos quimØricas 

son generadas incorparanda la region CDR de un anticuerpo monoclonal 

en la regiOn CDR de otro anticuerpo; Un anticuerpo humanizada, un 

tipo de anticuerpo quimØrica, es generada incarporando la regiOn CDR 

de un anticuerpo monoclonal en la regiOn CDR carrespondiente de un 

anticuerpo humana. 

En consecuencia, anticuerpos quimØricos y humanizados mantienen la 

especificidad epitope y funciOn del anticuerpo monoclonal original. 

Estas mØtodas de generaciOn de anticuerpos quimØricos y humanizados 

� que mantienen la especificidad epitope y funciOn de un anticuerpo 

monoclonal son bien canocidos en el estado del arte. De este modo, 

una persona versada en la materia esperarla que anticuerpos con la 

misma especificidad epitope func–onarIan de la misma manera. 

Adicianalmente, con base en la literatura se observa que los mOtodos 

para determinar si la especificidad epitope de un anticuerpo tienen la 

misma especificidad epitope coma otro anticuerpo diferente son 
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conocidos par aquellas personas versadas en la materia y que no es 

necesaria determinar la especificidad epitope exacta del anticuerpo 

monoclonal producido por el hibridoma PTA-3798 (2E12) antes de 

determinar si el anticuerpo en cuestidn tiene la misma especificidad 

epitope que 2E12. 

En efecto, una persona versada en la materia puede determinar que el 

anticuerpo en cuestión compite con 2E12 para unirse a DR4 dado que si 

un anticuerpo compite con 2E12 para unirse a DR4 (previnienda que 2E12 

se una a DR4) , el anticuerpo en cuestidn tiene la misma especificidad 

epitope de 2E12. Tales ensayos competitivos son conocidas en el estado 

del arte y son descritos par ejemplo en Griffith et al., J. Immunol. 

162:2597-605 (1999) (ver Anexo) - 

Finalmente, es claro que la especificaciôn provee a una persona versada 

en la materia con una divulgación amplia referente al anticuerpo con la 

misma especificidad epitope de un anticuerpo monoclonal producido par 

el hibridota 2E12 con el numero de acceso ATCC PTA-3798. 

Por lo tanto, las reivindicaciones de la presente solicitud son claras 

y se encuentran debidamente sustentadas en la descripción y los 

ejemplos de la misma. 

6.2 Dirigimos la atenc–dn del Seæor Examinador al ejemplo 29 donde el 

ensayo exhibido carrespande con experimentaciôn in vivo y a las figuras 

20 y 21. Par tanto la objeción formulada a este respecta se debe tener 

por superada. 

6.3 AdemÆs, para el anticuerpo divulgado, se aclara que tal coma se 

muestra en las Figuras 19 y 20 y se describid en las Ejemplos 28 y 29, 

los anticuerpas DR4 suministrados por la presente especificaciOn 

inducen apoptosis in vitro e in viva. 

De canformidad con los anteriores arumentos y modificaciones 

efectuadas, se tiene que la presente invención cumple con el requisito 



CAVELIER 
ABOGADOS 

de claridad y con las requis–tos de patentabilidad establecidos en la 

Decision 486. 

Puesto que se han atendido a cabalidad las observaciones hechas par su 

Despacho sabre la presente solicitud de patente, respetuosamente 

solicito se contini:ie con su tramitaciOn. 

8. Anexos: 

� Nueva pliego reivindicatorio con 72 reivindicacianes. 

� Formulario para modificaciones. 

� Recibo par concepto de modificacianes en solicitud pendiente. 

� Griffith et al., J. Immunol. 162:2597-605 (1999). 

Sefiora Jefe, 

* 

W EMILIO FERRERO 

T.P.A. No. 31.929 

COLO-13529-841-002-2 

MG\MGM\ID-129975\WPC13529 
No. M-2008-129975\MGM 
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Comercio 
SUPERINTENDENCIA 

FORMULARIO UNICO DE CORRECCIONES Y MODIFICACIONES 

1 SOLICITUD DE 

LI Corrección de Error Material X Modificación a una solicitud 
Nombre: UAB RESEARCH FOUNDATION 
Sociedad constituida 

y 

existente bajo las leyes del 
2 Estado de Alabama, Estados Unidos de America. 

SOLICITANTE DirecciOn: 701 South 20th Street, IDENTIFICACION 
Suite 1120G, 
Birmingham, C.C.El NIT 0 
Alabama 35294, 
Estados Unidos de America El El C. E. Otro 

Domicilio: Birmingham, Nümero:  
Alabama, 
Estados Unidos de America 

TelØfono: 546 09 70 Fax: 249 40 70 
E-mail: clientes@camyp.com 

IDENTIFICACION 
3 Nombre: Emilio FERRERO 

Dirección: Carrera 41 No. 72-35 OW 
CC. II NIT El 

REPRESENTANTE TelØfono: 3473611 Fax: 21792 11 CE El ot C. 10 LI 
OAPODERADO

 

E-mail: cavelier@cavelier.com 
Nümero:_438.019_TP31.929  

0 Numero de expediente 04-050-442 

Descripción de la corrección o modificaciOn solicitada: 

Presento nuevo capitulo reivindicatorio compuesto P01 72 reivindicaciones con elfin de superar las 

objeciones hechas por Su Despacho a esta solicitud 
y 

pido respetuosamente que el examen de 

patentabilidad sea realizado sobre estas nuevas reivindicaciones presentadas 

0 6 Corn probante de pago No 08-53,609 Fecha 7 de luliO de 2008 

0Anexos 

[) Comprobante de pago de la tasa por $103000, por concepto de modificaciones. 

El Poderes, si fuere el caso 

0 Documento que acredita la existencia 
y 

representacion legal de las partes, cuando sean 
personas jurIdicas. 

NOMBRE EMILIOFERRERO FIRMA 

C.C. 438.019 de Usaquen T.P.A. 31.929 

MGM 



REIVINDICACIONES 

1. Un anticuerpo monoclonal purificado el cual liga 

especificamente a un receptor DR4 TRAIL humano, en donde dicho 

5 anticuerpo, en su forma soluble, tiene una actividad de inducciôn 

de apoptosis in viva e in Vitro en cØlulas objetivo que expresan 

el DR4 humano, caracterizado porque el anticuerpo tiene la misma 

especificidad epItope coma la del anticuerpo producido par el 

hibridoma 2E12 que tiene el nümero de acceso ATCC PTA-3798. 

10 

S2.
 El anticuerpo purificado de la re–vindicacidn 1, en donde la 

cØlula objetivo es una cØlula de cancer. 

3. El anticuerpo purificado de la re–vindicacidn 1, en donde la 

15 cØlula objetivo es una cØlula sinovial de artritis reumatoide. 

4. El anticuerpo purificado de la reivindicacidn 1, en donde la 

cØlula objetivo es un linfocito act–vacIo. 

020
 S. El anticuerpo de la re–vindicac–ón 1, en donde dicho 

anticuerpo es humanizado. 

6. Un mØtodo para inducir apoptosis de manera selectiva en 

cØlulas objetivo que expresan DR4, comprende la etapa de poner en 

25 contacto las cØlulas objetivo con una cantidad terapØutica del 

anticuerpo de la reivindicaciôn 1. 

7. El mØtodo de la reivindjcac–ôn 6, en donde el poner en 

contacto es in vitro. 

30 
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8. El mØtodo de la reiv–ndicaciÆn 6, en donde la cØlula objetivo 

es una cØlula de cØncer. 

9. El mØtodo de la reivind–caciôn 6, en donde la cØlula objetivo 

5 es una cØlula sinovial de artritis reumatoide. 

10. El mØtodo de la reivind–cación 6, en donde la cØlula objetivo 

es un linfocito activado. 

10 11. El mØtodo de la reivindicacidn 6, en donde la cØlula objetivo 

es una cØlula infectada viralmente. 

12. El mØtodo de la reivindicaciÆn 6, que comprende 

adicionalmente poner en contacto las cØlula objetivo con una 

15 cantidad terapØutica con un anticuerpo que liga especIficamente un 

receptor DR5 de TRAIL en donde dicho segundo anticuerpo, en su 

forma soluble, tiene una actividad inductora de apoptosis in vitro 

en cØlulas objetivo que expresan el DR5. 

S20
 13. El mØtodo de la reivindicación 6, que comprende 

adicionalmente poner en contacto las cØlulas objetivo con un 

agente terapØut–co. 

14. El mØtodo de la reivindicacidn 13, en donde el agente 

25 terapØutico es un agente quimioterapØutico. 

15. El mØtodo de la reivind–cación 13, en donde el agente 

terapØutico se selecciona del grupo que consiste de bleomiscina, 

carboplatina, clorambucil, cisplatina, coichicina, ciclofosfamida, 

30 daunorubicina, actinomiscina, dietilestilbestrol doxorubicina, 
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etopocida, 5-fluorouracil, floxurodina, mefalÆn, metotrexato, 

mitomicina, 6 mercaptopurina, teniposida, 6-tioguanina, 

vincristina, y vinbiastina. 

5 16. El mØtodo de la reivindicaciÆn 13, en donde el agente 

terapØutico es doxorubicina. 

17. El mØtodo de la reivindicaciôn 13 en donde el agente 

terapŒutico es paclitaxel. 

10 

. 18. El mØtodo de la reivindicacidn 13, en donde el agente 

terapØutico es metotrexato. 

19. El mØtodo de la reivindicacidn 6, que comprende 

15 adicionalmente irradiar las cØlulas objetivo. 

20. El mØtodo de la reivindicacidn 13, que comprende 

adicionalmente poner en contacto las cØlulas objetivo con un 

agente terapØutico. 

.20 
21. El mØtodo de la reivindicac–On 20, en donde el agente 

terapØutico es un agente quimioterapØutico. 

22. El mØtodo de la reivindicaciôn 20, en donde e]. agente 

25 terapØutico se selecciona del grupo que consiste de bleomiscina, 

carboplatina, clorambucil, cisplatina, colchicina, ciclofosfamida, 

d.aunorubicina, actinomiscina, dietilestilbestrol doxorubicina, 

etopocida, 5-fluorouracil, floxurodina, mefalØn, metotrexato, 

mitomicina, 6-- mercaptopurina, teniposida, 6-tioguanina, 

30 vincristina, y vinblastina. 



23. El mØtodo de la reivindicación 20, en donde el agente 

terapØutico es doxorubicina. 

24. El mØtodo de la reivindicacidn 20, en donde el agente 

S terapØut–co es paclitaxel. 

25. El mØtodo de la reivindicaciôn 20, en donde el agente 

terapØutico es metotrexato. 

10 26. El mØtodo de la reivindicacidn 12, que comprende 

adicionalmente irradiar las cØlulas objetivo. 

15 

27. El mØtodo de la reivindicaciOn 12, que comprende 

adicionalmente irradiar las cØlulas objetivo. 

28. Un mØtodo para inducir de manera selectiva la apoptosis en 

cØlulas objetivo que expresan DR4, que comprende la etapa de poner 

en contacto las cØlulas objetivo con una cantidad terapØutica del 

anticuerpo de la reivindicación 1. 

.20 
29. El mØtodo para inhibir la proliferacidn de cØlulas objetivo 

que expresan DP.4, que comprende la etapa de poner en contacto las 

cØlulas con una cantidad terapØutica del anticuerpo de la 

reivindicacidn 1. 

25 

30. El mØtodo de la reivindicac–ón 28, en donde el poner en 

contacto se hace in vitro. 

31. El mØtodo de la reivindicacidn 29, en donde la cØlula 

30 objetivo es una cØlula de cancer. 
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32. El mØtodo de la re–v–ndicacidn 29, en donde la cØlula 

objetivo es una cØlula sinovial de artritis reumatoide. 

33. El mØtodo de la re–v–ndicacidn 29, en donde la cØlula 

5 objetivo es un linfocito activado. 

34. El mØtodo de la reivindicación 29, que comprende 

adicionalrnente poner en contacto las cØlulas objetivo con una 

cantidad terapØutica de un anticuerpo que liga especificamente a 

10 un receptor DR5 TRAIL, en donde dicho segundo anticuerpo, en su 

� forma soluble, tiene una actividad inductora de apoptosis in Vitro 

en cØlulas objetivo que expresan DRS. 

35. El mØtodo de la reivindicación 29, que comprende 

15 adicionalmente poner en contacto las cØlulas objetivo con un 

agente terapØutico. 

36. El mØtodo de la reivindicaciön 29, en donde el agente 

terapØutico es un agente quimioterapØutico. 

20 

37. El mØtodo de la reivindicación 35, en donde el agente 

terapØutico es seleccionado del grupo que consiste de bleomiscina, 

carboplatina, clorambucil, cisplatina, colchicina, ciclofosfamida, 

daunorubicina, actinomiscina, dietilestilbestrol doxorubicina, 

25 etopocida, 5-fluorouracil, floxurodina, mefalân, metotrexato, 

mitomicina, 6- mercaptopurina, teniposida, 6-tioguanina, 

vincristina, y vinblastina. 

38. El mØtodo de la reivindicación 35, en donde el agente 

30 terapØutico es doxorubicina. 



39. El mØtodo de la reivindicaciÆn 35, en donde el agente 

terapØutico es paclitaxel. 

40. El mØtodo de la reivindicación 35, en donde el agente 

5 terapØutico es metotrexato. 

41. El mØtodo de la reivindicacidn 35, que comprende 

adicionalmente irradiar las cØlulas objetivo. 

10 42. El mØtodo de la re–vindicaciOn 35, que comprende 

. adicionalmente poner en contacto las cØlulas objetivo con un 

agente terapØutico. 

43. El mØtodo de la reivindicaciôn 42, en donde el agente 

15 terapØutico es un agente quimioterapØutico. 

44. El mØtodo de la re.rind–cación  42, en donde el agente 

terapØutico es seleccionado del grupo que consiste de bleomiscina, 

carboplatina, clorambucil, cisplatina, coichicina, ciclofosfamida, 

� 20 daunorubicina, actinomiscina, dietilestilbestrol doxorubicina, 

etopocida, 5-fluorouracil, floxurodina, mefalØn, metotrexato, 

mitomicina, 6-mercaptopurina, teniposida, 6-tioguanina, 

vincristina, y vinblastina. 

25 45. El mØtodo de la reivindicacidn 42, en donde el agente 

terapØutico es doxorubicina. 

46. El mØtodo de la reivindicaciôn 42, en donde el agente 

terapØutico es paclitaxel. 
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47. El mØtodo de la reivind–cación 42, en donde el agente 

teraputico es metotrexato. 

48. El rnØtodo de la reivind–cac–óri 34, que comprende 

5 adicionalmente irradiar las cØlulas objetivo. 

49. El mØtodo de la reivind–cación 35, que comprende 

adicionalmente irradiar las cØlulas objetivo 

10 50. Un mØtodo para inhibir la proliferaciôn de cØlulas objetivo 

� que expresan DR4, comprende la etapa de poner en contacto las 

cØlulas objetivo con una cantidad terapØutica del anticuerpo de la 

reivind–cación 1. 

15 51. Una composición que comprende una cantidad terapØutica del 

anticuerpo de la reivind–cación 1 y un portador farmacØuticamente 

aceptable. 

52. Una composiciôn que comprende una cantidad terapØutica del 

� 20 anticuerpo de la reivindicación 1 y un portador farmacØuticamente 

aceptable. 

53. Un Æcido nucleico aislado, que comprende una secuencia de 

nucleÆtido que codifica una cadena pesada de inmunoglobulina del 

25 anticuerpo de la reivindicacidn 1. 

54. El Æcido nucleico aislado de la reivindicación 53, en donde 

la secuencia de nucleótido codifica la cadena pesada de 

inmunoglobulina expresada por el hibridoma 2E12 que tiene el 

30 ndmero de acceso ATOC PTA -3798. 



55. El Æc–do nucleico aislado de la reivindicaciOn 53, en donde 

la secuencia de nucleÆtido que codifica la cadena pesada de 

inmunoglobulina expresada por el hibridoma 2E12 tiene el nümero de 

acceso ATCC PTA-3798 con uno o mÆs sustituciones de aminoÆcido 

5 conservativas. 

56. El âcido nucleico aislado de la reivindicación 53, en donde 

la cadena pesada codificada es humanizada. 

10 57. Un vector que comprende el Æcido nucleico de la 

. reivindicaciÆn 56 y un elemento regulatorio operablemente enlazado 

a dicho dcido nucleico. 

56. Una cØlula cultivada que comprende el vector de la 

15 reivindicación 57. 

59. Un polipØptido purificado que comprende una secuencia de 

amincØcido de una cadena pesada de inmunoglobulina del anticuerpo 

de la reivindicación 1. 

120 

60. El polipØptido purificado de la reivindicacidn 59, en donde 

la secuencia de aminoÆcido es la secuencia de aminodcido de la 

cadena pesada de inmunoglobulina expresada por el hibridoma 2E12 

que tiene el ndmero de acceso ATCC PTA-3798. 

25 

61. El polipØptido purificado de la reivindicacidn 59, en donde 

la secuencia de aminoÆcido es el aminoÆcido de la cadena pesada de 

inmunoglobulina expresada por el hibridoma 2E12 que tiene el 

ndmero de acceso ATCC PTA-3798 con una 0 mÆs sustituciones de 

30 aminoÆcido conservatjvas. 



G2 . El polipØptido purificado de la reiv–ndicaciOn 59, en donde 

la cadena pesada de inmunoglobulina es humanizada. 

5 63. Un Æcido nucleico aislado, que comprende una secuencia de 

nucledtido que codifica una cadena liviana de inmunoglobulina del 

anticuerpo de la reivindicacidn 1. 

64. El Æcido nucleico aislado de la reivindicación 63, en donde 

10 la secuencia de nucledtido codifica la cadena liviana de 

inmunoglobulina expresada pot el hibridoma 2E12 que tiene el 

ndmero de acceso ATCC PTA-3798. 

65. El Æcido nucleico aislado de la reivindicaciôn 63, en donde 

15 la secuencia de nucleôtido codifica la cadena liviana de 

inmunoglobulina expresada por el hibridoma 2E12 que tiene el 

ndmero de acceso ATCC PTA -3798 con uno o mÆs sustituciones de 

aminodcido conservativas. 

20 66. El Æcido nucleico aislado de la reiv–ndicación 63, en donde 

la cadena liviana codifica es humanizada. 

67. El vector que comprende el Æcido nucleico de la 

reivindicacidn 66 y un elemento regulatorio operablemente ligado a 

25 dicho Æcido nucleico. 

68. Una cØlLula cultivada que comprende el vector de la 

reiv–ndicaciôn 67. 
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69. Un pol–pØpt–d.o purificado que comprende una secuencia de 

minoÆc–do de una cadena liviana de inmunoglobulina del anticuerpo 

de la reiv–ndicaciôn 1. 

5 70. El polipØptido purificado de la reivindicación 69, en donde 

la secuencia de aminoâcido es la secuencia de aminoªcido de la 

cadena liviana de inmunoglobulina expresada par el hibridoma 2E12 

que tiene el ndmero de acceso ATCC PTA-3798. 

10 71. El polipØptido purificado de la re–vindicación 69, en donde 

� la secuencia de aminoÆcido es el aminoÆcido de la cadena liviana 

de inmunoglobulina expresada par el hibridoma 2E12 que tiene el 

ndmero de acceso ATCC PTA-3798 con una o mÆs sustituciones de 

am–noÆcido conservativas. 

E 

15 

72. El polipØptido purificado de la reivindicacidn 69, en donde 

la cadena liviana de inmunoglobulina es humanizada. 

AS] 

25 
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Functional Analysis of TRAIL Receptors Using Monoclonal 
Antibodies 

Thomas S. Griffith,’* Charles T. Rauch,t Pam J. Smolak,.t Jennifer V. Waugh, 
Norman Boiani,11 David II. Lynch,* Craig A. Smith,’ Raymond C. Goodwin, and 
Marek Z. Kubin* 

mAbs were generated against the extracelhilar domain of the four known TNF-related apoptosis-inducing ligand (TRAIL) re-
ceptors and tested on a panel of human niclariotna cell lines. The specificity of the mAb permitted a precise evaluation of the 
TRAIl. receptors that induce apoptosis (TRAIL-RI and -112) compared with the TRAIL receptors that potentially regulate 
TRAIL-mediated apoptosis (TRAIL-R3 and -R4). Immobilized anti -TRAIL-RI or -R2 mAbs were cytotoxic to TRAIL-sensitive 
tumor cells, whereas tumor cells resistant to recombinant TRAIL were also resistant to these mAbs and only became sensitive 
when cultured with actinornycin D. The anti-TRAIL-RI and -R2 mAb-induced death was characterized by the activation of 
intracellular caspases, which could be blocked by carbobenzyloxy-Val-Ala-Asp (OMe) fluoromethyl ketone (zVAD-fmk) and 
earhobenzyloxy-Ile-GIu(OMe)-Thr-Asp (OMe) fluoromethyl ketone (zIETI)-fmk). When used in solution, One of the anti -
TRAIL-112 mAbs was capable of blocking lcuciiie zipper-human TRAIL binding to TRAIL-112-expressing cells and prevented 
FRAIL-induced death of these cells, whereas two of the anti-TRAIL-RI mAbs could inhibit leucine zipper-human TRAIL binding 
to TRAIL-Ri:F’c. Furthermore, use of the blocking anti-TRAIL-112 mAb allowed us to demonstrate that the signals transduced 
through either TRAIL-RI or TRAIL-R2 were necessary and sufficient to mediate cell death. In contrast, the expression of 
’rRAIL-R3 or TRAIL-114 did not appear to he a significant factor in determining the resistance or sensitivity, of these tumor target 
cells to the effects of ’FRAIL. The Journal oJhninunology, 1999, 162: 2597-2605. 

The
 TNE family of cytokines influences a variety of im-

munological functions, such as cell activation and death 
(1, 2). TNF and Las ligand, which are both capable of 

inducing apoptosis, have received the most intense study due to 
their participation in autoimrnune disorders, activation-induced 
cc]] death, immune privilege, and tumor evasion from the immune 
system (3....7). TNF-rclated apoptosis-inducing ligand (TRAIL)2 

() is another family member that is capable of inducing apoptosis; 
TRAIl., interacts with live distinct receptors: DR4 (9), DRS/ 
TRAIL-R2 (10-12), TRill) (TRAIL receptor without an intracel-
lular domain)/DcR I /TRAIL-R3 (10, Ii, 13), TRAIL-R4/DcR2 
(14, 15) (hereafter referred to as TRAIL-RI, -R2, -113, and -R4, 
respectively), and ostcoprotegerin (Ol’(i) (16). Both TRAIL-RI 
and TRAIL-R2 contain cytoplasmic death domains, and their over-
expression mediates the apoptosis of sensitive cells (9 -1.2). In con-
trast, neither TRAIL-R3 (which is glycosylphospha tidy] inositol-
linked) nor TRAIL-R4 (which is a type I membrane protein) 
contains a complete cytoplasmic death domain, and neither can 
mediate apoptosis upon ligation with TRAIL (10, 11, 3-15). OPG 
is a soluble receptor that is capable of binding to TRAIL in Vitro 
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and blocking TRAIL-induced apoptosis (16). Because they hind to 
TRAIL without directly signaling for cell death, TRAIL-R3, 
TRAIL-R4, and OPG may be protective receptors, acting either as 
membrane-bound or soluble antagonistic receptors (10, 11, 15, 16) 
or via the transduction of an antiapoptotic signal (14). Therefore, 
the presence or absence of TRAIL-k3, TRAIL-R4, and/or OPG 
may determine whether a cell is resistant or sensitive, respectively. 
to TRAII..-inducetl apoptosis (it), II, 15, 16). 

To further study the function of the death-inducing TRAIT, re-
ceptors (TRAIL-RI and -R2) alone or in combination with the 
receptors that do not induce death (TRAIL-R3 and -R4), mAbs 
were generated against each of the human TRAIL receptors and 
used to study a panel of TRAIL-sensitive and -resistant human 
melanoma cell lines characterized previously for mRNA expres-
sion of the four known TRAIL receptors (17). These mAbs were 
evaluated in terms of their ability to induce apoptosis in the mel-
anoma cell lines (when added in solution or when immobilized on 
Culture plates), to block the binding of TRAIL to melanoma cells 
expressing TRAIL-RI and/or -R2, and to inhibit the death of’ 
TRAIL-sensitive target cells upon exposure to TRAIL. These 
mAbs also allowed us to test whether resistance to the cytoloxic 
effects of TRAII. is influenced by the expression of the putative 
"decoy receptors", TRAIL-RI and/or TRAIL-R4. 

Materials and Methods 
Cr/i lines 

The human melanoma cell lines (WM 9, 35, 98-I, 164, 793, 1341-B, and 
321 1) were provided by Dr. M. Herlyn (Wistar Institute, Philadelphia, PA) 
and cultured in DMEM supplemented with 10% FBS, penicillin, strepto-
mycin, and glutaniinc. 

Generation of anti-TRAIL receptor 7n.4b 

BA 1.13/c mice (The Jackson I.aboral.omy, Bar Harbor, ME) were immunized 
with a purified fusion protein consisting of the exiracellular domain of 

0022-1767/99/$02.00 
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human TRAIL-111, -R.2, -R3, or -R4 coupled to the constant legion of 
human IgCil (huTRAIL-R:l-’c) in Titermax (Cytrx Corporation, Norcross, 
GA)- Mice were boosted three times, and spleen cells were [’used with the 
inurine mycloma NS] in the presence of 50% polyethylene glycol in PBS 
followed by culture in DMEM/}.IA’r and I)MEM/I It’ selective media. Su-
pentattints from positive wells were tested for the ability to hind the ap-
propriate TRAIL receptor in an ELISA (cell -based ELISA using CV   cells 
transl’ected with TRAIL receptor eDNA) and for reactivity to huTRAIL-
R:Fc in Western blots. Ilybridomas that produced Abs that hound to 
huTRA I l..-ft:Fc but not human IgGl were cloned by three rounds of mi-
iting dilution. niAb isotypea were determined to be IgGI (M270, M272, 
M412, M413, M431. and M445), ]gG2a (M271, M273), and lgG2h 
(M41 1); all mA.bs were purified by protein A affinity chromatography. 

Leucint’ zipper-human TRAIL (LZ-ho TRAIL) 

The LZ-huTRAll - expression plasiTlid (12) and the production and purifi-
cation of LZ-huTRAlL_ have been described elsewhere (28). 

Analysis oj LZ-huTRAIL binding to melanoma cells 

The surface expression of TRAIL receptor(s) was detennined by 110w cy-
tonietnc analysis by measuring the binding ol’ LZ-huTRAIL (17). Briefly, 
cells were incubated with 10 sg/ml LZ-huTRAIL in 3% BSA in PBS 
(PBSA) for 30 nun on ice. The cells were washed in PItS, followed by the 
addition of a hiotinylated anti-leucine -zipper mAb (Ml 5: 10 rg/ml in 3% 
l’I3SA) for 30 mitt on ice. After incubation, cells were washed in I’ltS and 
lien incubated for 30 win on ice with phycoetythrin-conjugated strepta-

vidin (SA) (diluted 1/200 in 3% PBSA; Sigma, St. Louis, MD). In some 
cases, cells were preincubated with the TRAIL receptor-specific mAb (10 
dig/ml for 30 inin on ice) to determine which mAb could inhibit LZ-
huTRAII., binding. Cells were analyzed on a FACSean (Becton Dickinson. 
San Jose, CA), 

inhibition of  LZ-hu TRAIL binding to TRA.lI.-R 1:1* 

To determine whether any of the anti -TRAIL-ft 1 mAb could block the 
binding of LZ-huTRAIL to TRAIL-RI, a modified ELISA was used. We 
coated 96-welt ELISA plates (Corning, Coming, NV) with 1 jse/nil goal 
anti -human lgG (Jackson lmtnunoRescarch, West (trove, PA) for 4 h at 
4°C (all subsequent steps were also performed at 4CC), followed by the 
addition of TRAIL -RAIL  he (I p.g/ml in 5% nonfat dry milk (NFDM) in 
PBS-Twcen 20 (0.05% v/v)) overnight. Wells were washed with PBS-
Tween and subsequently blocked with 5% NFDM in PBS-Twccn. After 

Ii, the milk was relTioved and the anti -TRAIL-RI niAbs were added (10 
ig/ml starting concentration diluted in 5% NFDM in PBS-Tween) for 1 h. 
Wells were washed, followed by the addition of LZ-huTRAIL (1 g/ml 
diluted in 5% NI/DM in PBS-Tweeti) for I Ii. After washing, biotinylated 
anti-leucinc zipper mAb (MIS; 1 jiLghni diluted in 5% NFDM in PBS -
1 weeo) was added for I Ii. Following the washing of the wells, horseradish 
peroxidase (11 RP)-SA (diluted 1/500 in 5% NFDM in PBS-Tween; Zymed, 
San Francisco, CA) was added for I h. Wells were washed, and colon -
metric substrate (TM P mierowell peroxislase substrate system; Kirkegaard 
and Perry Laboratories, Gaithersburg, MI)) was added. Upon color devel-
opment, HSO4 Was added to slop the reaction, and the plate was analyzed 
on an bLISA plate reader at 0D,11. ’The percent inhibition ol’LZ-hu’l’RAII., 
binding was determined using the following equation: 100 X (1 - [ex-
perimentetl group 01) background OD1/[unlrcated group 0.D. back-
ground OD]). 

Western blotting 

TRAiL receptor/OPG blot. Melanoma cells were lysed in PBS containing 
1% Nonidet P-40, 0.35 rng/tnl PMSF, 9.5 p.g/ml leupeptin, and 13.7 gig/mI 
pepstatin A. The lysates were centrifuged at 14,000 X g to remove cellular 
debris, and the protein concentrations of the extracts were determined by 
colornnetric hicinehoninic acid analysis (Pierce, Rockford, 1L). Equal 
amounts of protein were separated by SOS-PAGE, transferred to a nitro-
cellulose membrane (Novex, San Diego, CA), and blocked with 5% NFDM 
in PBS-Tween 20 overnight at 4"C. The membrane was incubated with 
’fRAIL, receptor mAb (1 jsg/ml in 5% NFDM in PBS-Tween) or OPO 
polyclonal Ab (diluted 1/1000 in 5% NFDM in PBS-Tween; provided by 
Dr. E. Clark, University of Washington, Seattle, WA) for I h. After wash-
ing, the membrane was incubated for 1 Ii with an anti -mouse ITRP All 
(Ameraltam, Arlington I lvights,, IL.). Following several washes, the blots 
were developed by chenuilumineseenee according to the manuftscturer’s 
protocol (Renaissance chemiluminescence reagent. DuPont -New England 
Nuclear, Boston, MA). 
Poly(4J)P-ribose) polj’nierase (PAR!’) blot. Melanoma cells were incu-
bated with 10 [Lg/ml TRAIL-RI and/or -R2 mAb for 30 win, hollowed by 

TRAIL RECEPTOR ANALYSIS WITH rnAb 
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VICE/RE 1. Specificity of TRAIL receptor toAb and Western blot anal-

ysis of TRAIL receptor expression in human melanoma cell lines. A. 

TRAIL receptor mAb specificity was confirmed using the tour different 

huTRAIL-R:Fc chimeric molecules by Western blot analysis. IJuFas:lc 

was used as a negative control. B. ’FRAIL receptor expression in human 

melanoma cells was determined by Western blotting as described in Ma-

terials and Iviethods, 

the addition of 100 ng/nsl LZ-huTRAlI... Cells were lyscd after 4 Ii, and 
protein concentrations were determined, electrophorescd, and transferred 
to a nitrocellulose membrane as outlined above. The membrane was [lieu-
hated with a rabbit anti-PARI’ All (Research Diagnostics, Flanders, Nit for 
I h. After washing, the membraue was incubated for 1 h with an anti -rabbit 
[-IRP Ab (Amersham). Following several washes, the blots were developed 
by ehetniluminescenee as described above. 

Cytotoxicitv assays 

Tumor cell sensitivity to TRAIL or iRAIL-RI /-R2 mAb was assayed by 
incubating the cells in 96-well plates with the indicated amount of purified 
LZ-huTRA1L, TRAIL receptor-specific rnAb, or both in solution or inn -
mobilized In the culture plate. In some experiments, mAb to TRAIL-ft I 
and/or -R2, carhohenzyloxy-Val-AIa-Asp (OMe) fluoromethyl ketone 
(VAD-fink), carbobenzyloxy-Ile-Olu(OMe)-Thr-Asp (OMc) fluororn-
ethyl ketone (IETD-fmk) (20 tiM: Enzyme Systems Products, Livennorc, 
CA), or aetinomycin D (Act D) (30 nglml) was added to the culture me-
dium before incubation with LZ-huTRA.I L or inAb. Cell death was deter-
mined by chromium release (5) or crystal violet staining (IS) after 8 or 
24 Ii, respectively, as described previously. Results are presented as the 
percentage ol’ cell death using the following equations: 100 X ([experi-
mental group epni -’ background cpm]/]maxinuum cpm - background 
cpm]) for the chromium release experiments, or 100 X (1 - [experimental 
group OD]/[untreated group OD]) for the crystal violet experiments. 
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FIGURE 2 Cytotoxic effects of soluble anti-TRAIL-RI and -R2 mAb on human melanoma cells. A total of 10,000 °Cr-labeled  melanoma cells were 

added to each well of 96-well tnicrotiter plates containing soluble anti-TRAIL-RI mAb (M270, 271 272, or 273), TRAIL-R2 mAb (M411, 412, or 413), 

or LZ-huTRAIL. Each value represents the mean of three wells. For clarity, SE bars were omitted from the graph but were <10% for all data points. 
Experiments were performed at least three times with each cell line. 

Results Production of TRAIL mAb 

Experiments analyzing the TRAIL receptor family have been lim-

ited by the lack of receptor-specific Abs. Thus, mAbs Were gen-

erated that could serve as tools to measure protein expression and 

dissect individual receptor function. Soluble iision proteins con-

sisting of the extracellular portion of each human TRAIL receptor 

coupled to the Fe domain of human igGi (huTRAIL-R:Fc) were 

used to immunize mice and generate mAbs that were reactive with 

the specific huTRAIL-R:Fc but not human IgGI by ELISA (data 

not shown) or Western blotting (Fig. IA). In addition, the anti-

TRAIL receptor mAb only reacted with the appropriate CV1/ 

OW -encoded nuclear Ag cells transfeeted with cDNAs for each of 
the four TRAIL receptors in a slide binding assay (data not 

shown), further demonstrating receptor specificity and no cross -

reactivity with the other three TRAIL receptors. 

These mAbs were then used to screen a panel of human mela-
noma cell lines by Western blot analysis (Fig. 1B); this panel had 

been characterized previously for its expression of TRAIL receptor 
mRNA (17). The results of this screening identified several pairs of 

TRAIL-sensitive and -resistant cell lines as having the sonic 
TRAIL receptor expression pattern. For example, WM 35 (sensi-

tive) and WM 3211 (resistant) only expressed TRAIL-R2. 

TRAIL-R2 and -R3 were expressed by WM 793 (sensitive) and 
WM 164 (resistant), whereas WM 98-I (sensitive-) and WM 

1341-D (resistant) expressed both TRAIL-RI and TRAIL-R2 

Lastly, the TRAIL-sensitive line WM 9 was found to express all 

thur TRAJL receptors. The seven melanoma cell lines were also 

analyzed for OPG expression, and none were found to express this 
protein (data not shown). The doublet seen in the blot with the 
anti-TRAIL-R2 mAb (M413) is consistent with previous observa-
tions predicting two Variants of TRAIL-R2 resulting from an Il -ait 
deletion at the amino terminus (12). These results on TRAIL re-
ceptor protein expression are concordant with the RT-PCR results 

examining TRAIL receptor mRNA expression (17) and extend the 

earlier observed lack of correlation between decoy TRAIL recep-
tor (TRAIL-16 and -R4) mRNA expression and TRAIL resistance. 
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FICIJRE 3. Cytotoxie effects of immobilized anti-TRAIL-RI and -R2 mAb on human melanoma cells. For immobilization, 96-well inicro)iter plates 
were incubated overnight at 4’C with the different mAbs diluted in 0.1 M sodium bicarbonate buffer. After washing wells with PBS, 10451Cr-labeled 

melanoma cells were added to each well of microtiter plates containing immobilized anti-TRAIL-RI mAb (M270, 271, 272, or 273), TRAIL-R2 tnAb 
(M41(, 412, or 413), or LZ-hu’lRAiL. Each value represents the mean of three wells. For clarity, SE bars were omitted from the graph but were <10% 

for all data points. Experiments were perfoniied at least three times with each cell line. 

Ant i-I i?,) iL-RI and -R2 inAb-indticed apoptosis TRAIL-resistant lines. Thus, these results demonstrate that IT1CI5-

The results of previous studies using Fas-specific mAbs have dem- noma cell sensitivity to anti-TRAiL, receptor mAb is comparable 

onstrated that although they may act as antagonists when added in with that of TRAIL, and further suggest that the nonsignaling 

soluble form, these mAbs can act as potent agonist.s when appro- TRAIL-R3 and -PA do not play a major role in resistance to 

priately cross-linked (19). Thus, it was of interest to determine TRAIL-induced apoptosis. 

whether the anti-1’RAIL-11l and -P2 mAbs acted in a similar fash-
ion. one of the anti -TRAIL-10 and only one of the anti- .,. .., . . - 
TRAIL-R2 

. - Inhibition of IRAIL binding and fRAIL-induced apoptosis by 
IRA)L-R2 mAbs (M412) tested were able to induce lysis of . 
TRAIL-sensitive 

.. - anti-IRA IL-Ri and -R2 i/IA/I 
I RAIL-senstive melanoma cells when added to cultures to solu-

tion in an 8-h 5Cr release assay, and the lysis induced by M412 Three methods were employed to determine whether the anti -

was weak (Fig. 2). Moreover, the TRAIL-resistant melanoma lines TRAIL-RI and -R2 niAbs were able to block LZ-huTRAIL bind-

(WM 164, 134.1-I), and 32.11) were also resistant to soluble anti- ing to the appropriate receptors and prevent TRAIL-induced apo-

TRAIL-Ri and -P2 mAb-induced lysis. Interestingly, all of the ptosis. Using the ’FRAIL-sensitive melanoma cell lines shown to 

anti-TRAIL-R2 and two of the TRAIL-Ri mAbs that failed to or express only ’FRAIL-R2 (WM 35), TRAIL-RI and -P2 (WM 98 -
minimally induced lysis of TRAIL-sensitive melanoma cells when I), or TRAIL-R2 and -R3 (WM 793), the anti-TRAJL-R2 mAbs 

added in solution displayed increased lytic ability when immobi- were first assessed for their ability to block the binding of I.Z-

lized to the culture plate (Fig. 3). Again, this lysis was only seen huTRAIL as measured by flow cytonietry. Cells were incubated 
with the TRAIL-sensitive melanoma lines and not with the with the anti -TRAIL-R2 mAb, control mAb, or no mAb for 20 
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FIGURE 4. Inhibition ofLZ-huTRAlLbinding by anti -
TRAIL-RI and -R2 mAb. A, WM 35 (TRAIL-R24), 
WM 98-1 (TRAIL-111, -R2), and WM 793 (TRAIL-
R2, -R3’) cells were incubated for 20 inin with 
TRAIL-112 mAb M412, M413, control inAb W6/32, or 
no Ab. Cells were washed and subsequently incubated 
with LZ-huTRAIL, biotinylated mouse anti-Ieueine zip-
per Ab M15, and phycoerythrin-conjugated SA as de-
scribed in Materials and Methods. Cells were analyzed 
by flow cytometry to measure LZ-huTRAIL binding B 
and C, Inhibition of LZ-huTRAIL binding to TRAiL-
RI Fe and TRAIL-R2:Fc, respectively, by the receptor-
specific inAb as described in Materials and Methods. 

A B 

WM 35 
Bkg 

-----M412 

I �M413 

I 

:::::: NoAb 

WM 98-I 

LZ-TRAIL binding 

nfl, followed by incubation with LZ-huTRAIL. Secondary re-
agents were then added to measure the level of LZ-huTRAIL bind-
ing to the cells. M413 mAb was found to completely inhibit 1.2-
huTRAIL binding to WM 35 (Fig. 4A). However, as expected 

M413 could not fully inhibit LZ-huTRAIL binding to either WM 

98-I or WM 793 cells, which express additional TRAIL receptors. 
The anti-TRAIL -R2 mAb, M412, was unable to inhibit LZ-
huTRAIL binding as seen with M413. 

To determine whether any of the anti-TRAIL-RI mAb also dis-
played a similar ability to block LZ-hufR.AIL binding to TRAIL-
RI, a modified ELISA was used with the TRAIL-RI.-Fe fusion 
protein. This assay was used because none of the melanoma cell 
lines available expressed TRAIL-RI in the absence of TRAIL-R2. 
Two of the anti-TRAIL-RI mAbs (M271 and M273) significantly 
inhibited the binding of 1.2-huTRA]L to TRAIL-RI:Fc (Fig. 4B). 
In addition, M270 could also inhibit LZ-huTRAIL binding, but 
only at the highest Ab concentration. To confirm that this assay 
accurately measured the inhibition of L.Z-huTRA1L binding, a sim-
ilar experiment was performed using TRAil.-R2:Fc and the anti -

TRAIL-R2 mAbs M412 and M413 that are shown in Fig. 4A. 
Indeed, only M413 inhibited LZ-hriTRA1L binding to TRAIL-R2: 
Fe, whereas M412 did not (Fig. 4C). Collectively, these results 
demonstrate that two of the anti-TRA.F [,-R I mAbs and one of the 
anti -TRAIL-R2 mAbs are capable of inhibiting the binding of LZ-
huTRAIL to their respective receptors. 
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Next we tested the capability of the M271 and M413 mAbs to 
act as antagonists by protecting these TRAIL-sensitive melanoma 
cell lines from TRAIL-induced death. The data demonstrate that 
the addition of M413 significantly decreased the amount of death 
seen following LZ-huTRAIL addition to WM 35 and WM 793 
target cells, both of which express TRAIL-R2 but not TRAIL-Ri 
(Fig. 5A). Whereas the preincubation of M412 was unable to pre-

vent the TRAIL-induced death of the melanoma cells, there was an 

increase in cell death upon incubation with M412 and LZ-
huTRAIL. This increase probably resulted from the cytotoxie ac-
tivity of both M412 and LZ-huTRAIL, because M4 12 was the only 
anti -TRAIL-R2 mAb that demonstrated this activity when in so-
lution (Fig. 2). The fact that no such inhibition was observed with 
WM 98-1 target cells suggests that death in this case was mediated 
via TRAIL -R.1 signaling. Based on the results from Fig. 4E dem-
onstrating that the anti-TRAIL-RI mAb M271 could inhibit LZ-
huTRAIL binding to TRAIL-Rl:Fc, we tested whether the coin-
cubation of M271 and M413 could inhibit the TRAIL-induced 
death of WM 98-1. Whereas no inhibition of death was seen with 
the individual mAb, there was significant inhibition when both 
mAbs were added before LZ-huTRAIL (Fig. SB). 

Western blot analysis of PARP cleavage in these three lines 
found that M413 could prevent this apoptotic event in WM 35 and 
WM 793 cells but not in WM 98-1 cells (Fig. 6). Thus, these 
results demonstrate that the addition of M413 mAb in solution can 
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FIGURE 5. Inhibition of 11-huTRAIL-induced death with soluble M413 and M271 - A, The 96 -well microliter plates were seeded with 5 X 1 04 WM 

35 (TRAIL-P,2), WM 98-I (TRAIL-Rl, -112), or WM 793 (TRAIL-112 , -R3) cells/well and allowed to adhere for ?-6 h. M412 (10 g/ml), M413 

(10 pg/mI), W6/32 (10 pg/mI), or medium was added to each well 30 min before adding LZ-huTRAIL. B, LZ-huTRAIL-induced death of WM 98-I 

(TRAIL-RI’, -112) following treatment with soluble M413 (10 pg/nil), M271 (10 pg/mI), or M413 and M271 (10 pg/mI each). Protection against 

l..Z-huTRAIL-induced death was only provided by pretreating with both M413 and M271. Each value represents the mean of three wells. For clarity, SE 

bars were omitted from the graph but were <10% for all data points. Experiments were performed three times with each cell line. 

block 12-hu’T’RAIL binding to TRAIL-1112 and inhibit TRAIL-in-

duced death in cells expressing TRAIL-R2 in the absence but not 

the presence of TRAIL-R.I. The results also show that LZ-

huTRAlL binding to TRAIL-RI can be blocked by two of the 

anti-TRAIL-RI mAbs (M271 and M273), and that the addition of 

both M271 and M413 can inhibit the TRAIL-induced death of 

cells expressing both TRAIL-RI and -R2. 

H es/s/once to anti-TRAIL receptor in.  0-induced killing is 

ined/atcul by an inti-ocelluiar inhibitor of caspase activation 

Previous studies examining TRAIL-induced apoptosis revealed the 

activation of several caspases and determined that TRAIL-resistant 
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FIGURV 6, Soluble M413 inhibits PARP cleavage in TRAIL-k2- but 

not TRAIL-RP-R2 -expressing melanoma cells. Flasks containing 5 X 10’ 

WM. 35 (TRAIL-R2), WM 98-1 (TRAIL-RI , -R2’), or WM 793 

(TRAIL-R2’, -R3’) cells were incubated with W6/32 (It) pg/mi), M412 

10 pg/mI). or M4 3 (10 pg/nil) for 30 mm. .LZ-hul’ltAlL (100 ng/ml) was 

then added to the cells for 4 Ii, alter which cell lysates were prepared and 
PARP cleavage was determined by Western blot analysis. 

cells could be converted to TRAIL-sensitive upon the addition of 

Act D (17). To determine whether these events also occurred dur-

ing anti-TRAIL-Ri and -R2 mAb-induced death, the sensitive 

melanoma line WM 98-1 was incubated with immobilized 1.7-

huTRAIL, M27 1, or M413 mAb along with the caspase inhibitors 

zVAD or zIETD (20-23). The death induced by each reagent was 

inhibited by the addition of zVAD or zIETD (Fig. 7). Next, the 

TRAIL-resistant lines WM 164 and WM 1341-0 were incubated 

with immobilized LZ-huTRAIL, M413, or M271 in the presence 

or absence of Act D. Significant cell death was induced only in the 

presence of Act D, whereas minimal death oeeurred in its absence 

(Fig. 8). Similar results were also seen when other anti -TRAIL-RI 

and -R2 mAbs wet-c used with Act D (data not shown). These 

results indicate that mAb cross-linking of the death-inducing 

TRAIL receptors does not always lead to apoptotic cell death, and 

that the mAb-induced death results from the activation of the sig-

naling cascade seen during TRAIL-induced apoptosis. 

Discussion 

The four TRAIL receptors hind TRAIl.. with comparable affinities 

(14), and when this fact is combined with the observation that 

TRAIL-R3 and -R4 are primarily expressed in normal tissues arid 

absent in tumor cells (It), 11, 15), one could conclude that the 

expression of either or both of these receptors would provide re-
sistance to TRAIL-induced apoptosis However, it is important to 

remember that the initial reports examining the distrihutit.m of the 

different ’IRAIl.. receptors were at the transcript level via Northern 

blot analysis (9-15). Although these reports indicated the cells and 

tissues that could potentially express one or more of the TRAIL 
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plates overnight at 4°C with M271 and M413 diluted in 0.1 M sodium bicarbonate buffer. After washing wells with PBS, 104 Cr-labeled WM 98-I 

melanoma cells were added to each well of microtitcr plates containing zVAD (20 MM), zlbl’D (20 jiM), DMSO, or media and immobilized LZ-huTRAII.., 

M271, or M413. Each value represents the mean of three wells. For clarity, SE bars were omitted f’roin the graph but were <10% for all data points. 

Experiments were performed at least three times with each cell line. 

receptors, it was unknown whether these same cells and tissues 

actually expressed the predicted repertoire of TRAIL receptor pro-

teins. More importantly, perhaps, it was uncertain whether the nat-

ural expression levels of TRATL-113 and -R4 were responsible for 

mediating resistance to TRAIL-induced apoptosis, as originally 

suggested (10, II, 13-1). 

Using mAhs against the four TRAIL receptors, we were able to 

survey a panel of human melanoma cell lines for TRAIL receptor 

protein expression; this panel had been characterized previously 

for TRAIL receptor mRNA by RT-PCR (17). We found the ex-

pression of the TRAIL receptor proteins to be completely concor-

dant with the mRNA expression, such that no correlation between 

the expression of the presumed decoy TRAIl.. receptor proteins 

and resistance or sensitivity to TRAIl. was observed. Although a 

lower amount of TRAIL-R3 and -R4 protein was detected in the 

cells expressing these receptors as compared with TRAIL-RI and 

-R2, it is difficult to determine whether this low protein level pre-

vents these TRAIL receptors from conferring resistance to TRAIL-

mediated apoptosis. This uncertainty is largely due to the fact that 

it is not currently known how the different TRAIL receptors in-

teract with one another on the cell surface, nor is it known how 

much TRAIL-R3 or -R4 must be present on the surface of normal 

(i.e., untransfcetcd) cells to disrupt the formation of TRAIL-RI or 
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M271 + ActD 
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-R2 signaling complexes to provide protection trotTi the cytotoxic 

etbeets of TRAIT., as initially predicted in overcxpressiomm experi-

ments (10, II, 13-15). Although TRAI l. -R3 or -R4 may act as a 

decoy when overexpressed subsequent to transfection, the results 

presented here suggest that they do not appear to be protective 

under physiological conditions. The mAbs used in this paper will 

permit further study of these issues. 

In addition to analyzing the expression of the different TRAIL 

receptors, the production of agonistic mAbs that were reactive spe-

cifically against the death -inducing receptors TRAIL-RI and -R2 

made it possible to bypass the proposed protective nature of 

TRAIL-R3 and -R4, thereby examining cell sensitivity solely 

through TRAIL-RI or -R2 cross-linking. The decoy receptor hy-

pothesis proposed that the inclusion of these protective receptors 

into a trimerized receptor complex hound by TRAIL would pre-

vent death-inducing signaling complex formation and thus confer 

resistance to TRATT.-induced apoptosis (10, 11, 15). The testing of 

this decoy receptor hypothesis with anti- I’RAII.-Rl or -R2 mAb 

demonstrated that mAb-induced apoptosis only occurred in the 

melanoma cell lines that were also sensitive to the natural ligand 

TRAIL, regardless of the presence or absence of TRAIL-R3 and/or 

-R4. Moreover, the TRAIL-resistant cells only became sensitive to 
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seeded with WM I341 -D or WM 164 (5 X l0 cells/well) and allowed to adhere for -=:,!6 h. Act D (30 ng/rnl) was added to each well immediately before 

adding LZ-huTRAIL. Each value represents the mean ol’three wells, for clarity, SE bars were omitted from the graph but were <10% for all data points. 

Experiments were performed three times with each cell line. 
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the anti-TRAJL-R I and -R2 mAbs when cultured with Act I), fur-

flier supporting the idea that intracellular regulation of TRAIL-

induced apoptosis plays a greater protective role in TRAIL sensi-
tivity or resistance. We have recently found a correlation between 
high levels of the antiapoptotic protein FADD-like IL-I [3-convert-

ing enzyme-inhibitory protein (24) in these human melanoma cell 
lines and resistance to TRAIL-induced apoptosis (17). Although 
these data suggest a role for FADD-like IL-1 -converting enzyme-
inhibitory protein in the susceptibility of tumor cells to TRAIl.. the 

potential contribution of other intracellular molecules in regulating 
TRAIL receptor signaling and apoptosis cannot be excluded. 

To our knowledge, the mAbs used in this study have also led to 
the first demonstration that naturally expressed TRAIL-RI can sig-
nal for cell death. Previous studies with TRAIL-RI relied on over-
expression of the receptor on transfcctcd cells to demonstrate the 
apoptosis-inducing nature of this TRAIL receptor (9). The anti -
TRAIL-RI mAbs are able to directly induce apoplotic cell death in 
TRAIL-RI -expressing, TRAIL-sensitive melanoma cells. Because 
none of the cell lines available express TRAIL-RI alone, we could 

not determine whether any of the TRAIL-Rl mAbs are capable of 
blocking LZ-huTRAIL binding to the cells and inhibiting cell 
death as seen with M413. However, the use of an ELISA-based 
assay with TRAIL-Ri Pc found that two of the anti -TRAIL-RI 
mAbs could significantly inhibit LZ-huTRAIL binding in this set-
ting, suggesting that the mAbs against TRAIL-RI could inhibit the 
TRAIL-induced apoptosis of cells that only express TRAIL-RI or 

be combined with M413 to prevent the death of cells expressing 
TRAIL-RI and -R2. This finding proved to be correct when ex-

amining the ability of the anti -TRAIL-RI mAb M271 or anti -

TRAIL-R2 mAb M413 to inhibit the TRAIL-induced death of 
WM 9-I (TRAIL-RI and -R2’) melanoma cells when added 
individually or together. Protection was only seen when both 
blocking mAbs were added before adding LZ-huTRAIL. This pro-
tection was also seen when the other blocking anti-TRAIL-RI 
mAbs were combined with M413 (data not shown). 

Recent findings have demonstrated that another receptor, OPG, 
is capable of binding TRAIL (16). OPG is a secreted TNF recep-
tor-related protein that can block osteoclastogenesis in vitro and 
increase bone density and act as a protective agent against ovari-
ectorny-associated bone loss in vivo when overexpressed (25). 
Thus, soluble OPG may function as a competitive inhibitor of its 
cognate TNF family ligand, preventing the ligand from binding to 
its cellular receptor. In the search for a ligand for OPG, it was 
determined that OPG binds TRAII. and can inhibit the TRAIL-
induced apoptosis of Jurkat cells, even though the binding affinity 
of OI’O is slightly weaker than the affinities of the TRAIL recep-
tors for TRAIL (16). Further in vitro studies with OPG have found 
that TRAIL can inhibit the osteoclastogenic ability of OPG (16). 
These two observations suggest that OPG and TRAIL may func-
tion to inhibit one another. The release of OPG from a cell may 
also serve as a natural inhibitor of ’[’RAIL-induced death, similar 
to the protection conferred by soluble Fas (26, 27). it is unlikely 
that OPG is involved in determining TRAIL resistance in human 
melanoma cells, because none of the seven human melanoma cell 
lines used in this study were found to express OPG protein as 
determined by Western blot analysis (data not shown). However, 
OPG may play a role in preventing TRAIL-induced apoptosis in 
normal tissues or other tumor cell types. Additional studies will 
need to he performed to address these possibilities. 

The existence of four TRAIL receptors, two with the ability to 
signal for apoptosis (TRAIL-R.I and -R2) and two without 
(T1AII.-R3 and -R4), as well as the soluble TRAIL-binding pro-
tein OPG demonstrates the biological complexity of this receptor-
ligand system. The results presented here show that TRAIL-R1 or 

TRAIL RECEPTOR ANALYSIS WITH mAb 

-R2 ligation does not always lead to death and suggest that 
TRAIL-induced apoptosis is not regulated simply through either 

the competitive binding of TRAIL.. by TRAIL-R3 or -BA or by the 
transduction of protective signals mediated by either of these re-

ccptors. It seems likely that multiple factors function together to 
provide resistance against the cytotoxie effects of TRAIT.., the most 

important of which appears to he intracellular regulation of 
caspase activation (17). Although many questions still remain un-
answered regarding the biological function of each of these TRAIL 
receptors and the signals generated upon their ligation, the TRAIL 
receptor-specific mAbs described here will serve as valuable tools 

in the future study of these receptors. 
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1. Documentos estudiados 

DescriociÆn: Folios: 175 a 514 

Reivindicaciones 

Ficjuras: 

Prioridad: 

Rta. del solicitante: 

Anexos: 

Folios: 515 a 535 
Folios: 645 a 659 
Folios: 674 a 683 

Folios: 231 a 232 

Folio: 2 
Fecha: 01/11/2001 
Pals: US 
NUmero 60/346,402 

Folios: 665 a 672 

Folios: 684 a 692 

como se radicO inicialmente 

coma se radicO inicialmente 
como se modificO el 11/02/08. 
como se modificó el 16/07/08. 

como se radicO inicialmente 

coma se radicO el 16/07/08. 

como Se radicO el 16/07/08. 

i-

›



(A 

2. Objeto de la invención 

� TItulo de la solicitud (folio 1): "Un anticuerpo selectivo para un receptor de 
ligando que induce a apoptosis relacionada con factor de necrosis tumoral y 
usos de este’. 

� La presente solicitud se refiere a un anticuerpo capaz de ligar 
especIficamente un receptor de ligando (TRAIL) que induce apoptosis 
relacionado con el TNF; el anticuerpo es monoclonal e induce apoptosis in 
vivo e in-vitro en cØlulas que expresan este receptor tipo simple. 

� El problema planteado en esta solicitud es el potencial terapØutico de los 
receptores TRAIL y la necesidad consecuente de molØculas que lo activen. 

� Para solucionar este problema tØcnico la solicitud en estudio proporciona un 
anticuerpo monoclonal purificado el cual liga especificamente a un receptor 
DR4 TRAIL humano, en donde dicho anticuerpo en su forma soluble, tiene 
una actividad de inducción de apoptosis in vivo e in vitro en cØlulas objetivo 
que expresan el DR4 humano, caracterizado porque el anticuerpo tiene la 
misma especificidad epitope como la del anticuerpo producido por el 
hibridoma 2E12 que tiene el nUmero de acceso ATCC PTA-3798. 

La Clasificación Internacional de Patentes (IPC) es: C07 K. 

3. De la solicitud de Patente 

Reivndicaciones (artIculo 30 0 486) 

El capitulo reivindicatorio de la solicitud en estudlo presenta los siguientes 
defectos: 

� El mØtodo de las clÆusulas 6 y dependientes se encuentran redactadas de 
forma tal que no excluyen Ia posibUidad de realizar la etapa de poner en 
contacto las cØlulas con una cantidad terapØutica del anticuerpo reivindicado 
dentro del cuerpo del paciente. Par esta razón, dichas clÆusulas estn 
exentas de patentabilidad por considerarse que abarcan un mØtodo de 
tratamiento. Para que 10 anterior sea consistente con los argumentos del 
solicitante, dichas clÆusulas deberian especificar que la etapa se realiza in 
vitro coma Si ocurre en la clÆusula 7 y hacer que las demâs reivindicaciones 
dependan de esta. 

� La reivindicación 61 obedece a un polipØptido purificado que puede presentar 
"una o mÆs" sustituciones de aminoÆcido conservativas. Esta reivindicación 
no define claramente la secuencia del polipeptido debido a que implica la 
posibilidad de realizar multiples sustituciones que no estn definidas y que no 
necesariamente fueron desarrolladas par la solicitud. 

Por lo anterior, el capitulo reivindicatorlo NO cumple con el requisito de 
definición, claridad, concision o sustento por la descripción de acuerdo al art. 30 
de la Decision 486.ylo art.22 Tratado PCT. 



4. Excepción a la patentabilidad (artIculo 20 D486 literal a)-d)) 

El literal c del articulo 20 de la decisiOn 486 establece que "no serØn patentables: 
c) las plantas, los an/males los procedimientos esencialmente biologicos para la 

producción de plantas a animales q no sean procedimientos no biolOgicos a 
micro biológIcos". 

d) Los mØtodos terapOuticos a quirUrgicos para el tratamiento humano a animal, asi 
coma los mØtodos de diagnOstico aplicados a los seres humanos o a an/males". 

Las reivindicaciones 6, 8 a 29, 31 a 50 involucran un mØtodo para inducir 
apoptosis de manera selectiva o la inhibiciôn de la  proliferaciÆn en cØlulas 
objetivo que expresan DR4 que comprende poner en contacto las cØlulas 
objetivo con una cantidad terapØutica del anticuerpo de la reivindicación 1 
Dado que el mØtodo de las reivindicaciones analizadas contempla poner en 
contacto cØlulas objetivo con el anticuerpo en cuestión, pero no especIfica 
que sea in vitro, este puede Ilevarse a cabo in vivo en cØlulas cancerosas en 
un paciente, par tanto dicho mØtodo no puede ser considerado patentable. 

De lo anterior la(s) reivindicaciones 6, 8 a 29, 31 a 50 no pueden ser 
consideradas patentables. 

5 Determinación del Estado de la TØcnica 

La fecha que se ha tenido en cuenta para determinar el Estado de la TØcnica es: 

Fecha de presentación de  la solicitud prioritaria: 01 de noviembre de 2001 

Teniendo en cuenta la fecha indicada se realizó la  büsqueda en el estado de la 
tØcnica de documentos relacionados con la solicitud encontrÆndose los 
siguientes documentos mÆs relevantes: 

riDocumento - Titulo FechadepubIicación  

WO 9937684 Antibodies to death receptor 4 29 Julio de 1999] 
1 (DR4) and uses thereof 

6. AnÆlIsis de patentabilidad (artIculo 14 D486) 

Nivel inventivo (artIcul08 D486) 

� La reivindicaciOn I y sus dependientes divulgan un anticuerpo monoclonal 
purificado el cual liga especIficamente a un receptor DR4 TRAIL humano, en 
donde dicho anticuerpo, en su forma soluble, tiene una actividad de inducciOn 
de apoptosis un vivo e in Vitro en cØlulas objetivo que expresan el DR4 
humano, car4terizado porque el anticuerpo tiene la misma especificidad 
epItope como a del anticuerpo prod ucido por el hibridoma 2E1 2 que tiene el 
nUmero de acleso ATCC PTA-3798. 

El documento del stado de la TØcnica mÆs prOximo es Dl (ver folios 624 �626) 
que enseæa un anticuerpo monoclonal de union especIfica a DR4 (ver abstract), 
composiciones que lo contienen, el Æcido nucleico que lo codifica, el hibridoma 
que Ia produce, los vectores, las cØlulas que 10 contienen, y las secuencias de 


