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Asunto : Solicitud de patente para: “UN ANTICUERPO

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

Solicitante : UAR RESEARCH FOUNDATION
Clase : CO7K, CO7K 001/000
1. Yo, Emilio FERRERO, obrando como apoderado del solicitante en

el asunto anteg identificado, me refiero al Oficio No. 5253

notificado por fijacidén en lista del 18 de Abril de 2008.

2. Mediante el Oficio No. 5253 se puso en conocimiento del
solicitante el informe del examen de fondo que contiene las
observaciones hechas por su Despacho sobre la presente solicitud de

patente. Atiendo a las observaciones de la siguiente manera:

3. De la solicitud de patente :

3.1 Reivindicaciones (articulc 30 D.486)

Su Desgpacho concluye que el capitulo reivindicatorio carece de

concisgién y claridad.

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

articulo 34 de la Decisién 486, se presenta un nuevo capitulo

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

se efectuarcon conforme a las observaciones del Sefior Examinador, las
cuales en el mismo orden en que fueron seflaladas por el Examinador

fueron las siguientes:

3.1.1 La reivindicacidén independiente 1 se modificd de tal forma que
ge define el anticuerpo a partir del hibridoma que lo produce. Por
tanto, debido a que la nueva caracterizacidn del anticuerpo esté
acorde con lo solicitado por el Examinador, al referirse a la
caracteristica definitoria y distintiva del mismo, la objecién

formulada a este respecto se debe tener por superada.

3.1.2 Igualmente, las reivindicaciones en las cuales se reivindican
los Acidos nucleicos,v los polipéptidos vy demds desarrollos
relacionados fueron modificadas con el fin de aclarar que los mismos
. corresponden a los del anticuerpo divulgado en la reivindicacién 1,

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

la presente solicitud.

3.1.3 Finalmente, el término imprecisc y vago “por menos de 50%”
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, vya
gque la materia divulgada en estas reivindicaciones se incluyo en la

reivindicacién 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 8-52 reclaman un método

para inducir apoptosis de manera selectiva en células objetivo gue
expresan DR4 gue comprende la etapa de poner en contacto dichas
células objetivo con una cantidad terapéutica de los anticuerpos de
las cliusulas 1 y 7 y otros agentes terapéuticos, lo gque corresponde
en si con un método terapéutico para tratamiento de humanos o
animales, y Qque segiin la norma comunitaria estos métodos de
tratamiento estdn excluidos de patentabilidad se considera gque la

materia reclamada en estas cllusulas no puede ser patentada”.

Al respecto, mi representada respetuosamente argumenta gque no esta
de acuerdo con dicha conclugidn, por cuanto en las reivindicaciones
8-52 se especifica que el método se desarrolla in vitro, lo cual
guiere decir que el procedimiento se realiza en un tubo de ensayo,

y/©o en un ambiente controlado fuera de un organismo vivo.

La anterior aclaracidn resulta fundamental, pues de acuerdo con el
desarrollo que ha tenido en la préctica la aplicabilidad de esta
excepcidén de patentabilidad, cuando un método no se lleva a cabo en
el cuerpo del ser humanc o animal, el mismo no cae dentro de la

misma.

Lo anterior resulta evidente gi se tiene en cuenta gue un método que
no se lleva a cabo en el cuerpo del animal o del ser humano no
encaja per se en la definicién de método terapéutico pues su
objetiveo inmediato no es el de tratar o curar una condicién

patolégica.

. En este sentido, el Manual Andino de Patentegs al explicar la

aplicabilidad de esta excepcidn de patentabilidad, seflaléd:

“.Bagsicamente un método llevado a cabo fuera del cuerpo es poco
probable que sea considerado como excluido de patentabilidad”

(pag.51)
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Asi entonces, por no corresponder los métodos acd reivindicados a

métodos terapéuticos para el tratamiento de humanos o animales, la
excepcidén de patentabilidad en cuestién no resulta aplicable al
presente caso.

A contrario sensu, debido a que el método se lleva a cabo fuera del
cuerpo de un ser humanc o animal en ninguna etapa, el mismo debe ser

congiderado como patentable.

5. Novedad.

Su Despacho enuncia lo siguiente:

“ el concepto de desarrollar un anticuerpo para induccidén de
apoptosis en células objetivo especifico para DR4 y los productos
asociados al mismo (ADN gue codifica sus cadenas pesadas y livianas,

los vectores y células de expresién y las composiciones que lo
. contienen) era previamente conocido y por lo tanto no puede

concebirse como novedoso”.

Con respecto a lo seflalado por su Despacho mi representada desea

seflalar lo siguiente:

El documento D1 (WO 99/37684) no describe ni sugiere anticuerpos gque ge
unan especificamente a DR4 e induzcan apoptosis de las células objetivo
que expresan DR4 in vitro en donde la actividad que induce apoptosis se
caracteriza por menos del 50% de la viabilidad de la célula objetivo a
concentraciones de anticuerpo de aproximadamente 100 ng/ml como se

muestra en la Figura 19C de la presente solicitud. Como se muestra en
. la Figura 3 de la WO 99/37684, a 100 ug/ml (es decir, a 100 veces la
concentracién de los anticuerpos reivindicados) los anticuerpos DR4
solo indujeron apoptosis en el 25% de las células, significando que el
75% de las cé€lulas eran viables. Ademds, como se mostrd en la Figura 6A
Yy se establecid en la pagina 27 de WO 99/37684, el anticuerpo DR4, 4H§,
mostrd reactividad cruzada a DR5S (también conocido como Apo-2), DcR1l vy

DcR2. En contraste, los anticuerpos de la presente solicitud se unen
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egpecificamente a DR4 (es decir, no se unen a DR5, DcR1 y DcR2).
Ademas, en razdn a que los anticuerpos de la presente solicitud y los
anticuerpos degcritos en la WO 99/37684 tienen diferentes efectos
fisioldgicos, la WO 99/37684 no describe ni sugiere anticuerpos que
tengan la misma especificidad de epitope como los anticuerpos
producidos mediante el hibridoma 2E12 como se definié en la
reivindicacién 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 reivindicatorio se
define el anticuerpo a partir del hibridoma gque lo produce y se
reclama como una caracteristica definitoria del anticuerpo, el

documento D1 no continua siendo relevante respecto a la novedad.

Por tanto, la objecién formulada a este respecto se debe tener por

. superada.

6. Respuesta a los argumentosg del golicitante.

Con base en lo divulgado en el nuevo capitulo reivindicatorio mi

representada respetuosamente argumenta:

6.1 Sustento de la materia reivindicada en el nuevo capitulo
reivindicatorio se puede encontrar en la especificacidn
particularmente en la figura 19C. Por tanto, tal comc se encuentran
modificadas las reivindicaciones, es claro gue no se amplia la

materia inicialmente divulgada en la descripcién.

La reivindicacidén 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 nlUmero de acceso ATCC
PTA-3798. Debido a gque los anticuerpos con la misma especificidad
epitope incluyen versiones guiméricas y humanizadas de anticuerpos
monoclonales, una persona versada razonablemente preveria que dichos

anticuerpos con especificidades epitopes iguales presentan
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caracteristicas similares. Lo anterior debideo a que la egtructura de

los anticuerpos es bien conocida por personas versadas en la materia
y se correlaciona con la funcidén del anticuerpo. Por ejemplo, se
conoce qgue los anticuerpos comprenden dos cadenas pesadas idénticas
(H) y dos cadenas ligeras idénticas (L), cada cadena comprende una

regidn constante y una regidén variable.

Como se describid en la descripceidén, las regiones variables de las
cadenags H y L de un anticuerpo forman el sitio de unidn de antigeno,
también conocido como el epitope. Las partes de la regidén variable
conocidag como las regiones complementarias determinantes (CDRs)
determinan la especificidad epitope del anticuerpo como se describe

enn la especificacidn ( Ver pagina 41).

La actividad del anticuerpo se determina por su habilidad de ligar
. antigenos (habilidad para ligar un epitope) . Por lo tanto, la

estructure del epitope y la funciona relacionada son conservadas
manteniendo las regiones CDR. Por ejemplo, anticuerpos quiméricos
son generados incorporando la regidén CDR de un anticuerpo monoclonal
en la regidén CDR de otro anticuerpo; Un anticuerpc humanizado, un
tipo de anticuerpo gquimérico, es generado incorporando la regidn CDR
de un anticuerpo monoclonal en la regidén CDR correspondiente de un

anticuerpo humano.

En consecuencia, anticuerpos quiméricos y humanizados mantienen la
especificidad epitope y funcién del anticuerpo monoclonal original.
Estos métodos de generacidn de anticuerpos quiméricos y humanizados
. que mantienen la especificidad epitope y funcidn de un anticuerpo

monoclonal son bien conocidos en el estado del arte. De este modo,
una persona vergada en la materia esperaria que anticuerpos con la

misma especificidad epitope funcionarian de la misma manera.

Adicionalmente, con base en la literatura se obgerva gque log métodos
para determinar si la especificidad epitope de un anticuerpo tienen la

misma especificidad epitope como otro anticuerpo diferente c=on
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conocidos por agquellas personas versadas en la materia y que no es
necesario determinar la especificidad epitope exacta del anticuerpo
monoclonal producide por el hibridoma PTA-3798 (2E12) antes de
determinar si el anticuerpo en cuestién tiene la misma especificidad

epitope que 2E12.

En efecto, una persona versada en la materia puede determinar que el
anticuerpo en cuesgtidn compite con 2E12 para unirse a DR4 dado gue si
un anticuerpo compite con 2E12 para unirse a DR4 (previniendo que 2E12
se una a DR4), el anticuerpo en cuestidn tiene la misma especificidad
epitope de 2El12. Tales ensayos competitivos son conocidos en el estado
del arte y son descritos por ejemplo en Griffith et al., J. Immunol.

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

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

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

misma especificidad epitope de un anticuerpo monoclonal producido por

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

Por lo tanto, las reivindicacicnes de la presente solicitud son claras
Yy se encuentran debidamente sustentadas en la descripceidn vy los

ejemplos de la misma.

6.2 Dirigimos la atencidén del Seflor Examinador al ejemplo 29 donde el
ensayo exhibido corresponde con experimentacidén in vivo y a las figuras
20 y 21. Por tanto la objecién formulada a este respecto se debe tener

por superada.

6.3 Ademés, para el anticuerpo divulgado, se aclara que tal como se
muestra en las Figuras 19 y 20 y se describid en los Ejemplos 28 vy 29,
los anticuerpos DR4 suministrados por la presente especificacidén

inducen apoptosis in vitro e in vivo.

De conformidad con los anteriores argumentos vy modificaciones

efectuadas, se tiene que la presente invencidén cumple con el requisito
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de claridad y con los requisitos de patentabilidad establecidos en la

Decisidén 486.

Puesto que se han atendido a cabalidad las observaciones hechas por su
Despacho sobre la presente solicitud de patente, respetuosamente

solicito se continle con su tramitacién.

8. Anexos:
e Nuevo pliego reivindicatorio con 72 reivindicaciones.
¢ Formulario para modificaciones.

® Recibo por concepto de modificaciones en solicitud pendiente.

e Griffith et al., J. Immunol. 162:2597-605 (1999).
Sefiora Jefe, ///“ —
(‘4—/ - '
EMILIO FERRERO

T.P.A. No. 31.929

COLO-13529-841-002-2
$§‘MGM\MGM\ID—12997S\WPC13529
" No. M-2008-129975\MGM
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FORMULARIO UNICO DE CORRECCIONES Y MODIFICACIONES

Espacio reservado para el adhesivo de radicacion

. ,,f ,,,,, i ,,,,,,,,,,,,,soucwun DE::

D Correczclon,,,qg;Error Matenal | - ,,Modlﬂcaglon a una solicitud .
Nombre UAB RESEARCH FOUNDATION
Smiedad constituida y existente bajo’las leyes del
Eatado de Alabama Estados Unidos de;América
~SOLICITANTE | pireccion: 701'South 20th Street; b, IDENTIFICACION
""" o 0 - Suite 120G, e Ml
Blrmlngham ;
"Alabama 35294 i o c.C. D NIT D
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Estados Umdos de América C.E. D Oftro D
,,,,,,,,,,,,, . 7w | Domicilie: Birmingham, .- o Namero:
‘ I i Alabama, G |
N, L i : Estados-Unidos de;Américas:: e
® \ ©_|Teléfono: 546 09 70 Fax: 2494070
i T - E-mail: clientes@camyp.com
- IDENTIFICACION
Nombre: Emilio FERRERQO
Direccion: Carrera 4% No. 72-35 C.C. Nt [
RSITAITD%SEI)EIIE\:;FAABISE Teléfono: 347 36 11 Fax: 21792 11 CE (1 owo [
E-mail: cavelier@cavelier.com
Numero: 438.019 TP 31.929

— — i
Enn !

@ Descnpcmn de la correcmon o qulﬂcaclon sollmtada, ,,,,,,,,,,
‘ Presenw nuevo capitulo reivindicatorio compuesto por 72 rawmdlcacnpnes con.el fm de superarias

‘objeciones-hechas por.Su Despacho a esta solicitud y pido raspetuosamente gue el examen de

patantabmdad sea reallzado sobre estas nuevas relvmdncacnones presentadas

Comprobante de pago de la tasa por $103.000, por concepto de modificaciones.

@ E‘] Anexos
[

Poderes, si fuere el caso

D Documento que acredita la existencia y representacion legal de las partes, cuando sean

personas juridicas.
= T N S T
NO“MBF?%E” 'éMlLlo’”#”ERRE% ( i A
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REIVINDICACIONES

1. Un anticuexrpo monoclonal purificado el cual liga
especificamente a un receptor DR4 TRAIL humano, en donde -dicho
anticuerpo, en su forma soluble, tiene una actividad de induccidn
de apoptosis in vivo e in Vitro en células objetivo que expresan
el DR4 humano, caracterizado porgque el anticuerpo tiene la misma
especificidad epitope como la del anticuerpo producido por el

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

2. El anticuerpo purificado de la reivindicacidén 1, en donde la

célula objetivo es una célula de cancer.

3. El anticuerpo purificado de la reivindicacidén 1, en donde la

célula cobjetivo es una célula sinovial de artritis reumatoide.

4, El anticuerpo purificado de la reivindicacidén 1, en donde la

célula objetivo es un linfocito activado.

5. El anticuerpo de 1la reivindicacién 1, en donde dicho

anticuerpo es humanizado.

6. Un método para inducir apoptosis de manera selectiva en
células objetivo que expresan DR4, comprende la etapa de poner en
contacto las cé&lulas objetivo c¢on una cantidad terapéutica del

anticuerpo de la reivindicacidén 1.

7. El mé&todo de la reivindicacién 6, en donde el poner en

contacto es Iin vitro.
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8. El método de la reivindicacidén 6, en donde la célula objetivo

es una célula de céancer.

9. El método de la reivindicacidén 6, en donde la célula objetivo

es una célula sinovial de artritis reumatoide.

10. El método de la reivindicacidén 6, en donde la célula objetivo

es un linfocito activado.

11. El método de la reivindicacidn 6, en donde la célula objetivo

eg una célula infectada viralmente.

12. El método de la reivindicacidn 6, que comprende
adicionalmente poner en contacto las <¢élula objetivo con una
cantidad terapéutica 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 células objetivo que expresan el DRS.

13. El1 método de la reivindicacién 6, que comprende
adicionalmente poner en contacto las células objetivo con un

agente terapéutico.

14. El método de la reivindicacién 13, en donde el agente

terapéutico es un agente gquimioterapéutico.

15. El método de la reivindicacién 13, en donde el agente
terapéutico se selecciona del grupo que consiste de bleomiscina,
carboplatina, clorambucil, cisplatina, colchicina, ciclofogfamida,

daunorubicina, actinomiscina, dietilestilbestrol doxorubicina,

'
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etopocida, 5-fluorouracil, floxurcodina, mefalan, metotrexato,
mitomicina, 6 mercaptopurina, teniposida, 6-tioguanina,
vincristina, y vinblastina.

16. E1 método de 1la reivindicacién 13, en donde el agente
terapéutico es doxorubicina.

17. El método de la reivindicacién 13 en donde el agente
terapéutico es paclitaxel.

18. E1 método de la reivindicacidén 13, en donde el agente
terapéutico es metotrexato.

19. El método de la reivindicacidn 6, que comprende

adicionalmente irradiar las células objetivo.

20. El método de la reivindicacidén 13, que comprende
adicionalmente poner en contacto las células objetivo con un

agente terapéutico.

21. El método de 1la reivindicacidén 20, en donde el agente

terapéutico es un agente quimioterapéutico.

22. El1 método de la reivindicacidén 20, en donde el agente
terapéutico se selecciona del grupo que consiste de bleomiscina,

carboplatina, clorambucil, cisplatina, colchicina, cicleofosfamida,

daunorubicina, actinomigcina, dietilestilbestrol  doxorubicina,
etopocida, 5-fluorouracil, floxurodina, mefaldn, metotrexato,
mitomicina, 6~ mercaptopurina, teniposida, 6-tioguanina,

vincrigtina, y vinblastina.
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23. El método de la reivindicacién 20, en donde el agente
terapéutico es doxorubicina.

24, El método de la reivindicaciédn 20, en donde el agente
terapéutico es paclitaxel.

25. El método de la reivindicacidén 20, en donde el agente
terapéutico es metotrexato.

26. El método de la reivindicacién 12, que comprende

adicionalmente irradiar las células objetivo.

27. El método de la reivindicacidén 12, que comprende

adicionalmente irradiar lag célulag objetivo.

28. Un método para inducir de manera selectiva la apoptosis en
células objetivo que expresan DR4, qgue comprende la etapa de poner
en contacto las células objetivo con una cantidad terapéutica del

anticuerpo de la reivindicacidn 1.

29. El método para inhibir la proliferacidén de c¢élulas objetivo
gque expresan DR4, que comprende la etapa de poner en contacto las
células con una cantidad terapéutica del anticuerpo de la

reivindicacidédn 1.

30. El método de la reivindicacién 28, en donde el poner en

contacto se hace in vitro.

31. El método de la reivindicacién 29, en donde la célula

objetivo es una ¢élula de céancer.
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32. El método de 1la reivindicaciédn 29, en donde la célula

objetivo es una célula sinovial de artritis reumatoide.

33. El método de la reivindicacién 29, en donde 1la c¢célula

ohjetivo eg un linfocito activado.

34. El método de la reivindicacidn 29, gue comprende
adicionalmente poner en contacto las c¢élulas objetivo con una
cantidad terapéutica de un anticuerpo que liga especificamente a
un receptor DR5 TRAIL, en donde diche segundo anticuerpo, en su
forma soluble, tiene una actividad inductora de apoptosis in Vitro

en células objetivo que expresan DRS.

35. El método de la reivindicacién 29, que comprende
adicionalmente poner en contacto las c¢élulas objetivo con un

agente terapéutico.

36. El método de la reivindicacidén 29, en donde el agente

terapéutico es un agente guimioterapéutico.

37. El método de 1la reivindicacidn 35, en donde el agente
terapéutico esgs seleccionado del grupo que consiste de bleomiscina,

carboplatina, clorambucil, cisplatina, colchicina, c¢iclofosfamida,

daunorubicina, actinomiscina, dietilestilbestrol doxorubicina,
etopocida, 5-fluorouracil, floxurodina, mefalén, metotrexato,
mitomicina, 6~ mercaptopurina, teniposida, 6-tioguanina,

vincristina, y vinblastina.

38. El método de la reivindicacién 35, en donde el agente

terapéutico es doxorubicina.
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39. El1 método de la reivindicacidn 35, en donde el agente

terapéutico es paclitaxel.

40. El1 método de la reivindicacidén 35, en donde el agente

terapéutico es metotrexato.

41. EI método de la reivindicacién 35, que comprende

adicionalmente irradiar las células objetivo.

42. EI método de la reivindicacién 35, que comprende
adicionalmente poner en contacto las células objetivo con un

agente terapéutico.

43. El1 métodeo de la vreivindicacién 42, en donde el agente

terapéutico es un agente quimioterapéutico.

44. E1 método de la reivindicacidén 42, en donde el agente
terapéutico es seleccionado del grupo gue consiste de bleomiscina,

carboplatina, c¢lorambucil, cisplatina, colchicina, ciclofogfamida,

daunorubicina, actinomiscina, dietilestilbestrol doxorubicina,
etopocida, 5-fluorouracil, floxurodina, mefaldn, metotrexato,
mitomicina, 6-mercaptopurina, teniposida, 6-tioguanina,

vincristina, y vinblastina.

45. El métcdo de la reivindicacidén 42, en donde el agente

terapéutico es doxorubicina.

46. El1 método de la reivindicacidén 42, en donde el agente

terapéutico es paclitaxel.
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47. E1 método de la reivindicacidén 42, en donde el agente
terapéutico es metotrexato.

48. E1 método de la reivindicacién 34, que comprende
adicionalmente irradiar las células objetivo.

49. E1 método de la reivindicacién 35, que comprende
adicionalmente irradiar las células objetivo

50. Un método para inhibir la proliferacién de célulag objetivo

gue expresan DR4,

comprende la etapa de poner en contacto las

células objetivo con una cantidad terapéutica del anticuerpo de la

reivindicacidén 1.

51. Una composicidén gque comprende
anticuerpo de la reivindicacién 1 y

aceptable.

52. Una composicidn gue comprende

anticuerpo de la reivindicacién 1 vy

aceptable.

53. Un &cido nucleico aislado,

una cantidad terapéutica del

\,

un portador farmacéuticamente

una cantidad terapéutica del

un portador farmacéuticamente

que comprende una secuencia de

nucledtido que codifica una cadena pesada de inmunoglobulina del

anticuerpo de la reivindicacidén 1.

54 . El &cido nucleico aiglado de la reivindicacidén 53,

la secuencia de nucledtido

inmunoglobulina expresada por

nimero de acceso ATCC PTA-3798.

en donde
codifica la cadena pesada de
el hibridoma 2E12 que tiene el



10

15

20

25

30

55. El acido nucleico aislado de la reivindicacidén 53, en donde
la secuencia de nucledtido que codifica la cadena pesada de
inmunoglobulina expresada por el hibridoma 2E12 tiene el nimerc de
acceso ATCC PTA-3798 con uno o mas sustituciones de aminodcido

conservativas.

56. El &cido nucleico aislado de la reivindicacién 53, en donde

la cadena pesada codificada es humanizada.

57. Un vector que comprende el acido nucleico de la
reivindicacién 56 y un elemento regulatorio operablemente enlazado

a dicho acido nucleico.

58. Una ¢élula cultivada que comprende el vector de la

reivindicacién 57.

59. Un polipéptido purificado gque comprende una secuencia de
aminodcido de una cadena pesada de inmunoglcobulina del anticuerpo

de la reivindicacidén 1.

60. El1 polipéptido purificado de la reivindicacién 59, en donde
la gecuencia de amincdcido es la secuencia de amincicide de 1la
cadena pesada de i1nmunoglobulina expresada por el hibridoma 2E12

que tiene el numero de acceso ATCC PTA-3798.

61. El1 polipéptido purificado de la reivindicacidn 59, en donde
la secuencia de aminocdcido es el amincdcido de la cadena pesada de
inmunoglobulina expresada por el hibridoma 2E12 que tiene el
nimero de acceso ATCC PTA-3798 con una o mas sustituciones de

aminodcideo conservativas.
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62. El polipéptido purificado de la reivindicacidn 59, en donde

la cadena pesada de inmunoglobulina es humanizada.

63. Un &cido nucleico aislado, gue comprende una secuencia de
nucledtido que codifica una cadena liviana de inmunoglobulina del

anticuerpo de la reivindicacién 1.

64 . El Acido nucleico aislado de la reivindicacidén 63, en donde
la secuencia de nucledtido codifica la cadena liviana de
inmunoglobulina expresada por el hibridoma 2E12 gque tiene el

numero de acceso ATCC PTA-3798.

65. E1 &cido nucleico aislado de la reivindicacidén 63, en donde
la secuencia de nucledtido codifica 1la cadena liviana de
inmunoglobulina expresada por el hibridoma 2E12 que tiene el
nimero de acceso ATCC PTA-3798 con uno o mAs sustituciones de

aminoacido conservativas.

66. El &acido nucleico aislado de la reivindicacidn 63, en donde

la cadena liviana codifica es humanizada.

67. El1 wvector que comprende el dcido nucleico de la
reivindicacidén 66 y un elemento regulatorio operablemente ligado a

dicho acido nucleico.

68. Una célula cultivada que comprende el vector de la

reivindicacién 67.
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69. Un polipéptido purificado gue comprende una secuencia de
aminodcido de una cadena liviana de inmunoglobulina del anticuerpo

de la reivindicacién 1.

70. El polipéptido purificado de la reivindicacidén 69, en donde
la secuencia de aminocdcido es la secuencia de aminodcido de la
cadena liviana de inmunocglobulina expresada por el hibrideoma 2E12

que tiene el nlmero de acceso ATCC PTA-3798.

71. El1 polipéptido purificado de la reivindicacidn 69, en donde
la secuencia de aminoidcido es el aminodcido de la cadena liviana
de inmunoglobulina expresada por el hibridoma 2E12 gque tiene el
nimero de acceso ATCC PTA-3798 c¢on una © mas sustituciones de

aminodcido conservativas.

72. El polipéptido purificado de la reivindicacidén 69, en donde

la cadena liviana de inmunoglobulina es humanizada.
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Functional Analysis of TRAIL Receptors Using Monoclonal
Antibodies

Thomas S. Griffith,'* Charles T. Rauch,” Pam J. Smolak,* Jennifer Y. Waugh,?
Norman Boiani,’ David H. Lynch,* Craig A. Smith,* Raymond G. Goodwin,’ and
Marek Z. Kubin*

mAbs were generated against the extracellelar domain of the four known TNF-related apoptosis-inducing ligand (TRAIL) re-
ceptors and tested on a panel of human melanoma cell lines. The specificity of the mAb permitted a precise evaluation of the
TRAIL receptors that induece apoptosis (TRAIL-R1 and -R2) compared with the TRAIL receptors that potentially regulate
TRAIL-mediated apoptosis (TRAIL-R3 and -R4). Immobilized anti-TRAIL-R1 or -R2 mAbs were cytotoxic to TRAIL-sensitive
tumor cells, whereas tumor cclls resistant to recombinant TRAIL were also resistant to these mAbs and only became sensitive
when cultured with actinomycin D. The anti-TRAIL-R1 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
carbobenzyloxy-He-Glu(OMe)-Thr-Asp (OMe) fluoromethyl ketone (2IETD-fmk). When used in solution, one of the anti-
TRAIL-R2 mAbs was capable of blocking leucine zipper-human TRAIL binding to TRAIL-R2-expressing cells and prevented
‘FRAIL-induced death of these cclls, whereas two of the anti-TRAIL-RT mAbs could inhibit leucine zipper-human TRAIL binding
to TRATL-RI1:Fe. Furthermore, use of the blocking anti-TRAIL-R2 mAb allowed us to demonstrate that the signals transduced
through cither TRATL-R1 or TRAIL-R2 were necessary and sufficicnt to mediate cell death. In contrast, the expression of
TRAIL-R3 or TRAIL-R4 did not appear to be a significant actor in determining the resistance or sensitivity of these tumor target

cells to the effects of TRAIL,

he TNF family of cytokines influences a variety of im-
munological functions, such as cell activation and death
(1, 2). TNF and Fas ligand, which are both capable of
inducing apoptosis, have received the most intense study due to
their participation in autoimmune disorders, activation-induced
cell death, immune privilege, and tumor evasion from the immunc

(8) is another family member that is capable of inducing apoptosis;
TRAITL interacts with five distinct receptors: DR4 (9), DRS/
TRAIL-R2 (10--12), TRID (TRAIL receptor without an intracel-
talar domain)/DcR1/TRAIL-R3 (10, 11, 13), TRAIL-R4/DcR2
(14, 15) (hereaftcr referred to as TRAIL-R1, -R2, -R3, and -R4,
respectively), and osteoprotegerin (OPG) (16). Both TRAIL-R1
and TRAIL-R2 contain cytoplasmic death domains, and their over-
expression mediates the apoptosis of sensitive cells (9 -12). In con-
trast, neither TRAIL-R3 (which is glycosylphosphatidylinositol-
linked) nor TRAIL-R4 (which is a type [ membrane protein)
containg a complete cytoplasmic death domain, and neither can
mediate apoptosis upon ligation with TRAIL (10, 11, 13~15). OPG
is a soluble roceptor that is capable of binding to TRAIL in vitro

Departments of *[mmunobiology. {Protein Chemisiry, *Biochemistry, $Molecular Bi-
ology. and "ybridoma, Immunex Corporation, Seartle, WA 98101

Received for publication August 6, 1998, Accepted for publication Noveuber 16,
1993,

I'he costs of publication of this article were defrayed in part by the payment of page
charges. This article must therefore be hereby marked advertisement in accordance
with 18 U.5.C. Scction 1734 solely to indicate this fact,

' Address correspondence and reprint requests to Dr. Thomas S. Grittith, Tmmunex
Corporation, 51 University Street, Seattle, WA 98101-2936, FE-rnail address;
teriffith@imemuncx.com

* Abbreviations used in this paper: TRAIL, TNF-related apoptosis-inducing ligand;
OPG, osteoprolegerin, PBSA, 3% BSA in PBS: PARP, poly(ADP-ribosc) polymer-
ase; HRP, horseradish peroxidase; SA, streptaviding NFIDM, nonfat dry milk: Act D,
actinomycin D: LZ-huTRALIL, leucine zipper-human TRAIL.

Copyright €2 1999 by The American Association of Imnunologists

The Journal of Immunology, 1999, 162: 2597-2605,

and blocking TRAIL-induced apoptosis (16). Because they bind 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-R3, TRAIL-R4, and/or QPG
may determine whether a cell is resistant or sensitive, respectively,
10 TRAIL-induced apoptosis (10, 11, 15, 16).

To further study the function of the death-inducing TRAIL, re-
ceptors (TRAIL-R1 and -R2) alone or in combination with the
receptors that do not induce death (TRAIL-R3 and -R4), mAbs
were generated against cach of the human TRAIL receptors and
used to study a pancl of TRAIL-scnsitive and -resistant human
melanoma cell lines characterized previously for mRNA expres-
sion of the four known TRAIL receptors (17). Thesc 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
cxpressing TRAIL-RI and/or -R2, and to inhibit the death of
TRAIL-scnsitive target cells upon cxposure to TRAIL. These
mAbs also allowed us to test whether resistance to the cytotoxic
ctfects of TRAIL is influenced by the expression of the putative
“decoy receptors”, TRAIL-R3 and/or TRAIL-R4.

Materials and Methods
Cell lines

The human melanoma cell lines (WM 9, 35, 98-1, 164, 793, 1341-D, and
3211) were provided by Dr. M. Herlyn (Wistar Instituic, Philadelphia, PA)
and cultured in DMEM supplemented with 10% FBS, penicillin, strepto-
mycin, and glutaming.

Generation of anti-TRAIL receptor mAb
BALB/c mice (The Jackson [Laboratory, Bar Harbor, ME) were immunized

with a purified fusion protein consisting of the extracellular domain of

(0022-1767/99/$02.00
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human TRAIL-R1, -R2, -R3, or -R4 coupled to the constant region of
human [pG1 (haTRAIL-R:F¢) in Titennax (Cytrx Corporation, Norcross,
GA). Mice were boosted three times, and spleen cells were fused with the
murine mycloma NS1 in the presence of 50% polyethylene glycol in PBS
followed by culture in DMEM/HA'T and IDMEM/IT selective media, Su-
pernatants (rom positive wells were Losted for the abilily to bind the ap-
propriatc TRAIL receptor in an ELISA (cell-based ELISA using CV1 cells
ransfected with TRAIL reeeptor ¢cDNA) and for reactivity to huTRAIL-
W:Fe in Western blots, Hybridomas that produced Abs that bound to
huTRA!L-R:Fc but not human lgG1 were cloned by three rounds of Him-
iting dilution. mAb isotypes were determined lo be 1gGl (M270, M272,
M412, M413, M431, and M445), 1gGa (M271, M273), and 1gG2b
(M411); all mAbs were purified by protein A affinity chromatography.

Leucine zipper-human TRAIL (LZ-huTRAIL)

The LZ-huTRAIL expression plasmid (12) and the production and purili-
cation ol LZ-huTRAIL have been described clsewhere (28).

Analysis of LZ-huTRAIL binding 1o melanoma cells

The surface expression of TRAILL receptor(s) was detenmined by flow cy-
tometric analysis by measuring the binding of LZ-huTRAIL (17). Briefly,
cells were incubated with 10 pg/ml LZ-huTRAIL in 3% BSA in PBS
(PBSA) for 30 min on ice. The cells were washed in PBS, followed by the
addition of a biotinylated anti-leucine zipper mAb (M15: 10 pg/ml in 3%
PB3SA) for 30 min on ice. After incubation, cclls were washed in PBS and
then incubated for 30 min on ice with phycoerythrin-conjugated strepta-
vidin (SA) (diluicd 17200 in 3% PBSA; Sigma, 5t. Louis, MO). In some
cases, cells were preincubated with the TRATL receptor-specific mAb (10
pg/ml for 30 min on ice) to determine which mAb could inhibit LZ-
huTRAIL binding, Cells were analyzed on a FACScan (Becton Dickingon.,
San Jose, CA),

Inhibition of LZ-huTRALL binding to TRAIL-RI.:Fc

To determine whether any of the anti-TRAIL-R1 mAb could block the
hinding of LZ-huTRAIL to TRAIL-RI, a modified ELISA was used. We
coated 96-well ELISA plates (Coming, Coming, NY) with 1 pgint goat
anti-human 1gG (Jackson ImmunoRescarch, West Grove, PA) for 4 h at
4°C (all subsequent steps were also performed at 4°C), followed by the
addition of TRAIL-R1:Fc (! pg/ml in 5% nonfat dry milk (NFDM) in
PBS-Tween 20 (0.05% v/v)) overnight. Wells were washed with PBS-
Tween and subsequently blocked with 5% NEFDM in PBS-Tween. Afler
1 h, the mitk was removed and the anti-TRAIL-R1 mAbs were added (10
ug/mi starting concentration diluted in 5% NFDM in PBS-Tween) for | h.
Wells were washed, followed by the addition of LZ-bWTRAIL (1 ug/ml
dituted in 5% NFDM in PBS-Tween) for 1 h. After washing, biotinylated
anti-leucine zipper mAb (M15; 1 puginl diluted in 5% NFDM in PBS-
Tween) was added for 1 h. Following the washing of the wells, horseradish
peroxidase (LHIRM-SA (dituted 1/500 in 5% NEDM in PBS-Tween; Zymed,
San Francisco, CA) was added for 1 h. Wells were washed, and colori-
metric substrate (TMIP microwel! peroxidase substrate system; Kirkegaard
and Perry Laboratories, Gaithersburg, MID) was added. Upon color devel-
opment, H,SO, was added to stop the reaction, and the plate was analyzcd
on an ELISA plate reader at OD,¢,,. The percent inhibition of LZ-huTRAIL
binding was determined using the following equation: 100 X (1 — {ex-
perimental group O - background OIY]/[untrcated group O.1. — back-
ground OD]).

Western blotting

TRAIL receptor/OPG blot. Melanoma cells were lysed in PBS containing
% Nonidet P-40, 0.35 mg/ml PMSF, 9.5 pg/ml leupeptin, and 13.7 pg/ml
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
colorimetric bicinchoninmic acid analysis (Pierce, Rockford, IL). Equal
amounts of protein were scparated by SDS-PAGE, transterred 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
TRAIL receptor mAb (1 pg/ml in 5% NFDM in PBS-Tween) or QPG
polyclonal Ab (dituted 1/1000 in 5% NFDM in PBS-Tween; provided hy
Dr. E. Clark, University of Washington, Seatile, WA) for | h. After wash-
ing, the membrane was incubated for 1 h with an anti-mouse HRP Ab
(Amersham, Arlington Heights, IL). Following several washes, the blots
were developed by chemiluminescence according to the manufacturer’s
protocol (Renaissance chemiluminescence reagent. DuPont-New England
Nuclear, Boston, MA),
Poly(ADP-ribose) polymerase (PARP) blor. Melanoma cells were incu-
bated with 10 pg/mt TRAIL-RI and/or -R2 mAb for 30 min, [ollowed by

TRAIL RECEPTOR ANALYSIS WITH mAb
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FIGURE 1. Specificity of TRAIL receptor mAb and Western blot anal-
ysis of TRAIL receptor expression in human melanoma cell lines, A,
TRATL rceeptor mAb specificity was confinned using the four different
huTRAIL-R:Fe¢ chimerie molecules by Western blot analysis. HuFas:I'c
was used as a negative control. B, TRAIL receptor expression in human
melanoma cells was determined by Western blotting as deseribed in Ma-
tericals and Methods.

the addition ol 100 ng/ml LZ-huTRAIIL.. Cells were lysed after 4 h, and
protein concentrations were determined, electrophoresed, and transferred
1o a nitrocellulose membrane as outlined above. The membrane was incu-
bated with a rabbit anti-PARP Ab (Research Diagnostics, Flanders, NJj lor
1 h. After washing, the membrane was incubated for 1 h with an anti-rabbit
HRP Ab (Amersham). Following scveral washes, the blots were developed
by chemiluminescence as described above.

Cytotoxicity assays

Tumor cell sensitivity to TRAIL or TRAIL-R1/-R2 mAb was assayed by
incubating the cells in 96-well plates with the indicated arnount of purified
LZ-huTRAIL, TRAIL receptor-specific mAb, or both in solution or im-
mobilized to the culture plate. In some experiments, mAb to TRAIL-R!
and/or -R2, carbobenzyloxy-Val-Ala-Asp (OMce) fluoromethyl ketone
(zVAD-[mk), carbobenzyloxy-lle-Glu(OMe)-Thr-Asp (OMe) fluorom-
cthyl ketone (zIETD-fmk) (20 uM; Enzyme Systems Products, Livermore,
CA), or actinomyein D (Act D) (30 ng/ml) was added to the culture me-
dium before incubation with LZ-huTRAIL or mAb. Cell death was deter-
mined by chromium release (5) or crystal violet staining (18) after 8 or
24 h, respectively, as described previously. Results are presented as the
percentage of ccll death using the following equations: 100 X ([experi-
mental group cpm -~ background cpm]/jmaximum cpm — background
cpm]) for the chromium release experiments or 100 X (1 — [experimental
group OD}/funtreated group ODY]) for the crystal violet experiments.



The Journal of Immunology

WM 35
1901 O LZ-TRAIL 100
. M- M411 (sol)
07 - M412 (s0l) 80 -
£ ~A— M43 (s0l)
[v:]
8 60 80
8 40 - 40 4
&
20 4 20
o 0

mAb (ug/mi): 30.0 10.0 3.33 1.11 0.37 0.12 NX

LZT (ng/ml): 1000 333 111 37.0 12.3 4.1 NX

WM 3211
100 O rzrran. 190 7
| - M411 (sol)
- 80 A Marzoy B0
= M413 (sel
3 60~ v fel 60
(=]
g 40 40 4
Ed
20 4 20
a O——W 0 %

30,0 10.0 3.33 1.11 037 042 NX

1000 333 111 37.0 123 41 NX

WM 164

2599

WM 793 WM 9§-1
O~ Lz-TRAIL 100 4 O LZ-TRAL
- m4t1 (sol) - M270 (sol)
- Ma12 (g0 80 4 A M271 (s01)
- M413 (s01) - M272 (z0l)
60 1 - M273 (i)
AD -
20 1
0

30.0 10.0 3.33 111 0.37 012 NX

1000 323 111 37.0 123 41 NX

WM 1341.D

-O- 1Z-TRALL 100 -O- \2-TRAIL
B M411 (sol) a0 - - M270 (sol)
—A M412 (s0l) —A- M271 (sol)
- M413 (s01) - M272 (s0l)

80 1 - M273 (s01)

40 4

20 -

0

T T T T T 1
mAb (ug/mi): 30.0 10.0 3.33 111 0.37 0.12 NX

LZT (ng/ml): 1000 333 111 37.0 123 41 NX

WM 8
100 1 O LZTRAL
J - Mat1 (sol)
e g0 - M412 (w0l
T‘. -v‘- M413 (s01}
4 60
el
S 401
&
20 =
0 -

T T T T T L} 1
mAb {(pg/ml); 30.0 10.0 3.33 1.11 0.37 Q.12 NX

LZT (ng/ml): 1000 333 111 37.0 123 49 NX

T T T T 11
30.0 10.0 3.33 1.11 0.37 012 NX

1000 333 111 370 123 41 NX

1 T 1 T b
30.0 10.0 3.33 1,11 0.37 0.12 NX

1000 333 111 37.0 123 41 NX

FIGURE 2. Cytoloxic effects of soluble anti-TRAIL-R1 and -R2 mAb on human melanoma cells. A total of 10,000 31Cr-labeled melanoma cells were
added to each well of 96-well microtiter plates containing soluble anti-TRAIL-R1 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 cach 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 fusion proteins con-
sisting of the extracellular portion of each human TRATL rceeptor
coupled to the Fo domain of human 1gG1 (huTRAIL-R:Fc) were
used to immunize mice and generate mAbs that were reactive with
the specific huTRAIL-R:Fc but not human igG1 by ELISA (data
not shown) or Western blotting (Fig. 14). In addition, the anti-
TRAIL receptor mAb only reacted with the appropriate CV1/
EBV-encoded nuclear Ag cells transfected with cDNAs for cach 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.

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

been characterized previously for its expression of TRAIL receptor
mRNA (17). The results of this screcning identified several pairs of
TRAIL-sensitive and -resistant cell lines as having the same
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 98-1 (sensitive) and WM
1341-D (resistant) expressed both TRAIL-R1 and TRAIL-R2.
Lastly, the TRAIL-sensitive line WM 9 was found to express all
four TRAIL receptors. The seven melanoma cell lines were also
analyzed for OPG expression, and none werc 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 TRATL-R2 resulting from an 11-aa
deletion at the amino terminus (12). These results on TRAIL re-
ceptor protein expression arc concordant with the RT-PCR results
cxamining TRAIL receptor mRNA expression (17) and extend the
carlier observed lack of correlation between decoy TRAIL recep-
tor (TRATL-R3 and -R4) mRNA expression and TRAIL resistance.
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FIGURE 3. Cytotoxic effects of immobilized anti-TRAIL-R1 and -R2 mAb on human melanoma cells. For immobilization, 96-well microtiter plates
were incubated overnight at 4°C with the different mAbs diluted in 0.1 M sodium bicarbonate buffer. After washing wells with PBS, 10* 5!Cr-labeled
melanoma cells were added to each well of microtiter plates containing immobilized anti-TRAIL-R1 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 cach cell ling.

Anti-TRAIL-RI and -R2 mAb-induced apoplosis

The results of previous studies using Fas-specific mAbs have dem-
onstrated that although they may act as antagonists when added in
soluble form, these mAbs can act as potent agonists when appro-
priately cross-linked (19). Thus, it was of interest to determine
whether the anti-TRATL-R1 and -R2 mAbs acted in a similar fash-
fon. None of the anti-TRAIL-R1 and only one of the anti-
TRATL-R2 mAbs (M412) tested were able to induce lysis of
TRAIL-sensitive melanoma cells when added to cultures in solu-
tion in an 8-h *'Cr releasc assay, and the lysis induced by M412
was weak (Fig. 2). Morcover, the TRAL-resistant melanoma lines
(WM 164, 1341-D, and 3211) were also resistant to soluble anti-
TRAIL-R1 and -R2 mAb-induced lysis. Interestingly, all of the
anti-TRAIL-R2 and two of the TRAIL-R1 mAbs that failed to or
minimally induced lysis of TRATL-scnsilive melanoma cells when
added in solution displaycd increased lytic ability when immobi-
lized to the culture plate (Fig. 3). Again, this lysis was only seen
with the TRAIL-sensitive melanoma lines and not with the

TRAIL-resistant lines. Thus, these results demonstrate that mela-
noma cell sensitivity to anti-TRAIL receptor mAb is comparable
with that of TRAIL, and further suggest that the nonsignaling
TRAIL-R3 and -R4 do not play a major role in resistance to
TRAIL-induced apoptosis.

Inhibition of TRAIL binding and TRAIL-induced apoptosis by
anti-TRAIL-R1 and -R2 mAb

Three methods were employed to determine whether the anti-
TRAIL-R] and -R2 mAbs were able to block LZ-huTRAIL bind-
ing to the appropriate rcceptors and prevent TRAIL-induced apo-
plosis. Using the TRATL-sensitive melanoma cell lines shown to
express only TRAIL-R2 (WM 35), TRAIL-R] and -R2 (WM 98-
1), or TRATL-R2 and -R3 (WM 793), the anti-TRAIL-R2 mAbs
were first assessed for their ability to block the binding of 1.7-
huTRAIL as measured by flow cytometry. Cells were incubated
with the anti-TRAIL-R2 mAb, control mAb, or no mAb for 20
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WM 98-1 (TRAIL-R1™, -R2%), and WM 793 (TRAIL-
R27, -R3') cells were incubated for 20 min with
TRAIL-R2 mAb M412, M413, control mAb W6/32, or
no Ab. Cells were washed and subsequently incubated
with LZ-huTRAIL, biotinylated mouse anti-leucine zip-
pet Ab M15, and phycoerythrin-conjugated SA as de-
scribed in Materials and Methods. Cells were analyzed
by flow cylometry to measure LZ-huTRAIL binding. B
and C, Inhibition of LZ-huTRAIL binding to TRALL-
R1:Fe and TRAIL-R2:Fc, respectively, by the receptor-
specilic mAb as described in Materials and Methods.
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min, 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 1.7.-
huTRAIL binding to WM 35 (Fig. 44). However, as cxpected
M413 could not fully inhibit LZ-buTRAIL binding to either WM
98-1 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-R1 mAb also dis-
played a similar ability to block LZ-huTRAIL binding to TRAIL-
R1, a modified ELISA was used with the TRAIL-R1:F¢ fusion
protein. This assay was used because none of the melanoma cell
lines available expressed TRAIL-R1 in the absence of TRAIL-R2.
Two of the anti-TRAIL-R1 mAbs (M271 and M273) significantly
inhibited the binding of LZ-huTRAIL to TRAIL-R1:Fc (Fig. 48).
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 LZ-huTRAIL binding, a sim-
ilar experiment was performed using TRAIL-R2:F¢ and the anti-
TRAIL-R2 mAbs M412 and M413 that are shown in Fig. 44,
Indeed, only M413 inhibited [.Z-huTRAIL binding to TRAII.-R2:
Fe, whereas M412 did not (Fig. 40). Collectively, these results
demonstrate that two of the anti-TRAIL-R1 mAbs and one of the
anti-TRAIL-R2 mAbs are capable of inhibiting the binding of LZ-
huTRAIL to their respective receptors.

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 decrcased the amount of death
seen following LZ-huTRAIL addition to WM 35 and WM 793
target cells, both of which cxpress TRAIL-R2 but not TRAIL-R1
(Fig. 54). 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 cytotoxic ac-
tivity of both M412 and LZ-huTRATL, because M412 was the only
anti-TRAIL-R2 mAb that demonstrated this activity when in so-
fution (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-R1 signaling. Based on the results from Fig. 48 dem-
onstrating that the anti-TRAIL-R1 mAb M271 could inhibit LZ-
huTRAIL binding to TRAIL-R1:Fe, 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 scen with
the individual mAb, there was significant inhibition when both
mAbs were added before LZ-huTRAIL. (Fig. 53B).

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 981 cells (Fig. 6). Thus, these
results demonstrate that the addition of M413 mAb in solution can
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FIGURE 5. Inhibition of LZ-huTRAIL-induced death with soluble M413 and M271. 4, The 96-well microtiter plates were sceded with § X 10 WM
35 (TRAIL-R2*), WM 98-1 (TRAIL-R1™, -R2*), or WM 793 (TRAIL-R2', -R3™) cclls/well and allowed to adhere for =6 h. M412 (10 ug/ml), M413
(10 pg/ml), W6/32 (10 pg/ml), or medium was added to each well 30 min before adding LZ-huTRAIL. 5, LZ-huTRAIL-induced death of WM 98-1
(TRAIL-R1Y, -R2™) following trcatment with soluble M413 (10 pg/ml), M271 (10 pg/ml), or M413 and M271 (10 wmg/ml each). Protection against
1.Z-huTRAIL-induced death was only provided by pretreating with both M413 and M271. Each valuc 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 1.Z-huTRAIL binding to TRAIL-R2 and inhibit TRAIL-in-
duced death in cclls cxpressing TRAIL-R2 in the absence but not
the presence of TRAIL-R1. The results also show that LZ-
huTRAIL binding to TRAIL-R] can be blocked by two of the
anti-TRATL-R1 mAbs (M271 and M273), and that the addition of
both M271 and M413 can inhibit the TRAIL-induced death of
cells expressing both TRATL-R1 and -R2.

Resistance 10 anti-TRALIL receptor mAb-induced killing is
mediated by an intracellular inhibitor of caspase activation

Previous studies examining TR ATL-induced apoptosis revealed the
activation of several caspases and determined that TRAIL-resistant
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FIGURE 6. Soluble M413 inhibits PARP cleavage in TRAIL-R2- but
not TRAIL-R1/-R2-expressing melanoma cells. Flasks containing 5 X 10°
WM 35 (TRAIL-RZ™), WM 98-1 (TRAIL-R1', -R2"), or WM 793
(TRAIL-R2 ', -R3") cclls were incubated with W6/32 (10 pghnl), M412
(10 pg/mM). or M413 (10 pg/ml) for 30 min. LZ-huiRAIL (100 ng/ml) was
then added to the cells for 4 h, 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-R1 and -R2 mAb-induced death, the sensitive
melanoma line WM 98-1 was incubated with immobilized 1.7-
huTRAILL, M271, or M413 mAb along with the caspasc inhibitors
ZVAD or zIETD (20-23), The death induced by cach reagent was
inhibited by the addition of zVAD or zIETD (Fig. 7). Next, the
TRAIL~rcsistant lines WM 164 and WM 1341-D 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 occurred in its absence
(Fig. 8). Similar results were also scen when other anti-TRAIL-R1
and -R2 mAbs were 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 dcath results from the activation of the sig-
naling cascade seen during TRAIL-induced apoptosis.

Discussion

The four TRAIL receptors bind TRAIL with comparable affinities
(14), and when this fact is combincd with the observation that
TRAIL-R3 and -R4 arc primarily expressed in normal tissucs and
absent in tumor cells (10, 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 distribution of the
different TRATL receptors were at the transeript level via Northem
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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Experiments were performed at least three times with each cell line.

receptors, it was unknown whether thesc same cells and tissues
actually expresscd the predicted repertoire of TRAIL receptor pro-
teins. More importantly, perhaps, it was uncertain whether the nat-
ural expression levels of TRATL-R3 and -R4 were responsible for
mediating resistance to TRAIL-induced apoptosis, as originally
suggested (10, 11, 13-15).

Using mAbs 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 ox-
pression of the TRATL 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 oxpressing these receptors as compared with TRAIL-R1 and
-R2, it is difficult to determinc 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 1s 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., untransfected) cells to disrupt the formation of TRAIL-R1 or
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-R2 signaling complexes to provide protection from the cytotoxic
effects of TRAIL, as initially predicted in overexpression experi-
ments (10, 11, 13-15). Although TRAIL.-R3 or -R4 may act as a
decoy when overexpressed subscquent 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-R1 and -R2
made it possiblc to bypass the proposed protective nature of
TRAIL-R3 and -R4, thereby examining cell sensitivity solely
through TRAIL-R1 or -R2 cross-linking. The decoy receptor hy-
pothesis proposed that the inclusion of these protective receptors
into a trimerized receptor complex bound by TRAIL would pre-
vent death-inducing signaling complex formation and thus confer
resistance to TRATL-induced apoptosis (10, 11, 15). The testing of
this decoy receptor hypothesis with anti-TRAIL-R] or -RZ mAb
demonstrated that mAb-induced apoptosis only occurred in the
melanoma cell lines that were also sensitive to the natural ligand
TRAIL, regardlcss of the presence or absence of TRAIL-R3 and/or
-R4, Moreover, the TRAIL-resistant cells only became sensitive to
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FIGURE 8. Act ] makes rcsistant melanomas sensitive to both recombinant TRAIL and TRAIL receptor mAb. The 96-well microtiter plates were
seeded with WM 1341-D or WM 164 (5 X 10* cells/well) and allowed to adhere for =6 h. Act D (30 ng/ml) was added to each well immediately before
adding 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 three times with each cell line.
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the anti-TRAJL-R1 and -R2 mAbs when cultured with Act D, fur-
ther supporting the idea that intracellular regulation of TRAIL-
induced apoptosis plays a greater protective role in TRAIL sensi-
tivity or resistance. We have rccently found a correlation between
high levels of the antiapoptotic protein FADD-like 1L-1B-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 1L-1-converting enzyne-
inhibitory protein in the susceptibility of tumor cells to TRAILL. the
potential contribution of other intracelfular 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-R1 can sig-
nal for ccll death. Previous studies with TRAIL-R1 relied on over-
expression of the receptor on transfected cells to demonstrate the
apoptosis-inducing nature of this TRAIL receptor (9). The anti-
TRAIL-R1 mAbs arc able to directly induce apoptotic cell death in
TRAIL-R1-expressing, TRAIL-sensitive meclanoma cells. Because
none of the cell lines available express TRAIL-R1 alone, we could
not determine whether any of the TRAIL-RT mAbs arc capable of
blocking LZ-huTRAIL binding to the cells and inhibiting cell
death as seen with M413. Howcver, the use of an ELISA-bascd
assay with TRAIL-R1:F¢ found that two of the anti-TRAIL-R1
mAbs could significantly inhibit LZ-huTRAIL binding in this set-
ting, suggesting that the mAbs against TRAIL-R1 could inhibit the
TRAIL-induced apoptosis of cells that only express TRATL-R1 or
be combined with M413 to prevent the death of cells expressing
TRAIL-R] and -R2. This finding proved to be correct when ex-
amining the ability of the anti-TRAIL-R1 mAb M271 or anti-
TRAIL-R2 mAb M413 to inhibit the TRAIL-induced death of
WM 98-1 (TRAIL-R1* and -R2™) mefanoma cells when added
individually or together. Protection was only scen when both
blocking mAbs were added before adding LZ-huTRAIL. This pro-
tection was also seen when the other blocking anti-TRAIL-R1
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 scereted TNF recep-
tor-related protein that can block osteoclastogenesis in vitro and
increase bone density and act as a protective agent against ovari-
ectomy-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 TRAIL and can inhibit the TRAIL-
induced apoptosis of Jurkat cclls, even though the binding affinity
of OPG is slightly weaker than the affinities of the TRAIL recep-
tors for TRATL (16). Further in vitro studies with OPG have found
that TRAIL can inhibit the osteoclastogenic ability of QPG (16).
These two observations suggest that OPG and TRAIL may func-
tion to inhibit one another. The relcase of QPG from a cell may
also scrve as a natural inhabitor of TRAIL-induced death, similar
1o the protection conferred by soluble Fas (26, 27). Tt is unlikcly
that OPG is involved in determining TRAIL resistance in human
melanoma cclls, because none of the seven human melanoma cell
lincs 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
nced to be performed to address these possibilities.

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

TRAIL RECEPTOR ANALYSIS WITH mAb

-R2 ligation docs not always lead to death and suggest that
TRAIL-induced apoptosis is not regulated simply through either
the competitive binding of TRATL by TRAIL-R3 or -R4 or by the
transduction of protective signals mediated by cither of these re-
ceptors, It scems Likely that multiple factors function together to
provide resistance against the cytotoxic effects of TRAIL, the most
important of which appears to be intracellular regulation of
caspase activation (17). Although many questions still remain un-
answered regarding the biological function of each of these TRALL
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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Como resultado del examen de fondo, realizado con fundamento en el articulo 45 de
la Decision 486 de la Comision de la Comunidad Andina, se le comunica:

1. Documentos estudiados

Descripciodn: Folios: 175 a 514 como se radico inicialmente
Reivindicaciones: Folios: 515 a 535 como se radico inicialmente g
Folios: 645 a 659 como se modifico el 11/02/08.
Folios: 674 a 683 como se modificd el 16/07/08.
Figuras: Folios: 231 a 232 como se radico inicialmente
Prioridad: Folio; 2
Fecha: 01/11/2001
Pais: us
Numero 60/346,402
Rta. del solicitante:  Folios: 665 a 672 como se radico el 16/07/08.
Anexos: Folios: 684 a 692 como se radico el 16/07/08.



AN

. Objeto de la invencion

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 células que expresan este receptor tipo simple.

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

Para solucionar este problema técnico 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 induccién de apoptosis in vivo e in vitro en células 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 Clasificacion Internacional de Patentes (IPC) es: CO7 K.

. De la solicitud de Patente

Reivindicaciones (articulo 30 D 486)

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

El método de las clausulas 6 y dependientes se encuentran redactadas de
forma tal que no excluyen la posibilidad de realizar la etapa de poner en
contacto las células con una cantidad terapéutica del anticuerpo reivindicado
dentro del cuerpo del paciente. Por esta razdn, dichas clausulas estan
exentas de patentabilidad por considerarse que abarcan un método de
tratamiento. Para que lo anterior sea consistente con los argumentos del
solicitante, dichas clausulas deberian especificar que la etapa se realiza in
vitro como si ocurre en la clausula 7 y hacer que las demas reivindicaciones
dependan de esta.

La reivindicacién 61 obedece a un polipéptido purificado que puede presentar
‘una o mas’ sustituciones de aminoacido conservativas. Esta reivindicacion
no define claramente la secuencia del polipéptido debido a que implica la
posibilidad de realizar multiples sustituciones que no estan definidas y que no
necesariamente fueron desarrolladas por la solicitud.

Por lo anterior, el capitulo reivindicatorio NO cumple con el requisito de
definicion, claridad, concision o sustento por la descripcidén de acuerdo al art. 30
de la Decision 486.y/o art.22 Tratado PCT.



4. Excepcion a la patentabilidad (articulo 20 D486 literal a)-d))

El literal c del articulo 20 de la decision 486 establece que "no seran patentables:

¢)las plantas, los animales los procedimientos esencialmente biolégicos para la
produccion de plantas o animales q no sean procedimientos no bioldgicos o
microbiol6gicos”.

d) Los metodos terapéuticos o quirdrgicos para el tratamiento humano o animal, asi
como los métodos de diagnostico aplicados a Jos seres humanos o a animales”,

» Las reivindicaciones 6, 8 a 29, 31 a 50 involucran un método para inducir
apoptosis de manera selectiva o la inhibicion de la proliferacion en células
objetivo que expresan DR4 que comprende poner en contacto las células
objetivo con una cantidad terapéutica del anticuerpo de la reivindicacion 1.
Dado que el método de las reivindicaciones analizadas contempla poner en
contacto células objetivo con el anticuerpo en cuestion, pero no especifica
que sea in vitro, este puede llevarse a cabo in vivo en células cancerosas en
un paciente, por tanto dicho metodo no puede ser considerado patentable.

De lo anterior la(s) reivindicaciones 6, 8 a 29, 31 a 50 no pueden ser
. consideradas patentables.
5. Determinacion del Estado de la Técnica
La fecha que se ha tenido en cuenta para determinar el Estado de la Técnica es:

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

Teniendo en cuenta la fecha indicada se realizd la busqueda en el estado de la
téecnica de documentos relacionados con la solicitud encontrandose los
siguientes documentos mas relevantes:

Fecha de
publicacién
Antibodies to death receptor 4 ,

(DR4) and uses thereof 29 Julio de 1999

N° Documento Titulo

D1 WO 9937684

6. Analisis de patentabilidad (articulo 14 D486)

Nivel inventivo (articulo18 D486)

* La reivindicacién 1 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 ¢n vivo e in Vitro en células objetivo que expresan el DR4
humano, carafterizado porque el anticuerpo tiene la misma especificidad
epitope como la del anticuerpo producido por el hibridoma 2E12 que tiene el
namero de acqeso ATCC PTA-3798.

El documento del Estado de la Técnhica mas proximo es D1 (ver folios 624 — 626)
que ensefia un anticuerpo monoclonal de union especifica a DR4 (ver abstract),
composiciones que lo contienen, el &cido nucleico que lo codifica, el hibridoma
que lo produce, los vectores, las células que lo contienen, vy las secuencias de




