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2020
Bogota, D.C.,

Abogado(a)/Sefior(a)
ALICIA LLOREDA RICAURTE

Asunto: Radicacion: 12-14021- -7

Tramite: 11

Evento: 379

Actuacion: 519

Oficio: 14601

Folios: 25
Patente de Invencion X Patente de Modelo de Utilidad
Via Nacional
Via PCT (Fase Nacional) X Capitulo | Capitulo 11 X
No. Solicitud Internacional PCT/EP2010/062527
Fecha de Presentacion Internacional 27/08/2010

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 comunica:

1. Documentos estudiados

Descripcion: Radicado No. 12-014021-00000 @ 30/Enero/2012
Reivindicaciones: Radicado No. 12-014021-00006 01/Febrero/2013
Dibujos: Radicado No. 12-014021-00000 30/Enero/2012
Secuencias: Radicado No. 12-014021-00000 @ 30/Enero/2012
Oposiciones: Radicado No. 12-014021-00004 Procaps
24/Octubre/2012
Respuesta del solicitante: = Radicado No. 12-014021-00006 01/Febrero/2013
Prioridad: US 61 238 505 31/Agosto/2009

2. Andlisis de la Prioridad

Se acepta la reivindicacion de prioridad porque ésta solicitud fue presentada dentro del
plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con el de la prioridad
reivindicada.

3. Objeto de la invencién
De acuerdo con lo establecido en el numeral 1.2.2.2 del capitulo primero del Titulo 10 de

la Circular Unica para efectos del examen de patentabilidad, se tendra en cuenta la tasa
pagada por el solicitante al momento de comenzar el examen para las reivindicaciones
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adicionales; esto es que cuando la solicitud contenga méas de diez (10) reivindicaciones y
no se haya pagado la tasa complementaria, solo se estudiaran las cubiertas por la tasa
pagada. Para la presente solicitud se estudid el capitulo reivindicatorio completo
(Radicado No. 12-014021-00006).

Titulo de la solicitud: “Anticuerpos monoclonales anti-CEA, humanizados y de afinidad
madurada”.

El problema planteado en esta solicitud consiste en la necesidad de proporcionar
enfoques terapéuticos mejorados con diana CEA Utiles para el tratamiento de canceres en
primates, incluido el humano.

Para resolver este problema técnico la solicitud en estudio proporciona un anticuerpo
humanizado Anti-CEA que se une al mismo epitope del anticuerpo monoclonal murino
PR1A3 o es capaz de competir por la unién el mismo.

El objeto de la presente solicitud se relaciona con la Clasificacién Internacional de
Patentes (CIP): CO7K 16/30.

4. Excepcioén a la Patentabilidad (Art 20 D 486 literal (d))

Los métodos de tratamiento y diagndéstico en humanos y/o animales hacen parte de la
materia exenta de patentabilidad segun el articulo citado. Por lo cual, el método para
induccion de lisis celular de las reivindicaciones 25 — 27 no es patentable.

5. De la solicitud de patente

Reivindicaciones (Art 30 D 486, Art 22 PCT)

1) La reivindicacibn 1 carece de claridad y concision ya que no incluye las
caracteristicas técnicas esenciales de la invencién. Se sugiere al solicitante tener
en cuenta que la reivindicacion independiente debe ser autosuficiente y no debe
declarar las caracteristicas esenciales en las reivindicaciones dependientes. Asi
mismo, un anticuerpo no debe reclamarse sélo por su funcién, modo de accion ni
por parametros como la afinidad de union a antigeno, puesto que esto no son
caracteristicas técnicas de la invencion y se consideran un resultado a alcanzar,

que no permite tener claridad sobre la materia reclamada. Se recuerda a la

solicitante que la forma correcta de reclamar un anticuerpo es definirlo a partir de
su estructura completa, esto es, de las secuencias de las regiones variables de la
cadena liviana y cadena pesada, por las secuencias de las cadenas pesada y
ligera o por las secuencias de las seis regiones CDR’s (3 de la cadena liviana y 3
de la cadena pesada) identificadas por un namero de identificacion SEQ ID N°.
(reivindicacién 1);

2) Secuencias de aminoacidos del anticuerpo reclamado no deben definirse a partir
de porcentajes de identidad (Reivindicacion 8), sino por su estructura particular;

3) Las reivindicaciones 12 — 17 y 19 estan definidas por un resultado a alcanzar que
no permite tener claridad sobre la materia reclamada, puesto que la reivindicacion
incluiria no solo la solucion propuesta por la solicitante, sino todas las alternativas
presentes o futuras que lleguen a ese mismo resultado o funcion efectora. Se
sugiere reemplazarlo por las caracteristicas esenciales, estructurales o funcionales
gue le confieren a la AMB de la invencion la obtencién de dicho efecto;
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4) La reivindicacion 18 presente multiples opciones que no permiten delimitar el

objeto de la invenciébn. Se sugiere restringir la materia reclamada a las
realizaciones que tienen sustento en la descripcion.

5) La molécula de &cido nucleico debe ser caracterizada a partir de la secuencia

nucleotidica de la misma y hacer referencia a la(s) secuencia(s) del anticuerpo completo
(reivindicacion 20);

6) Un vector debe reclamarse con una identificacion y una estructura definida,
indicando al menos el tipo de vector y la secuencia de &cido nucleico que contiene
(reivindicacion 21);

7) La célula huésped transformada, reclamada en la reivindicacion 22, debe ser
definida como una linea celular o hibridoma, y debe estar sustentada con un
namero de depdsito;

8) Las reivindicaciones de procedimiento deben referirse a unas actividades organizadas

en una serie de pasos de manera determinada. El método de la reivindicacion 23
corresponde a un resultado a alcanzar, que no permite tener claridad sobre la materia
reclamada puesto que busca producir un anticuerpo anti-CEA, sin indicar las condiciones
especificas en que debiera realizarse el cultivo de la célula hospedera, las caracteristicas
del medio que le permitieran a la célula producir la proteina de interés, ni la forma en que
se lograra la recuperacion del anticuerpo del medio de cultivo. Se sugiere caracterizar
dicho método a partir de las etapas especificas que posee.

9) Una composicion farmacéutica debe estar definida por su estructura en términos de
sus elementos esenciales (compuesto activo y excipientes) y sus proporciones
(reivindicacién 24).

6. Analisis de la Oposicién
Argumentaciones de Procaps

Dice el opositor que esta solicitud pretende obtener patente para anticuerpos
monoclonales anti-CEA, ya comprendidos en la técnica. El opositor traslada la publicacion
cientifica Conaghan et al. 2008, la cual antecede la fecha de prioridad de la presente
solicitud y afirma que ésta no cumple con el requisito de novedad pues el documento del
estado del arte arriba mencionado da a conocer “moléculas de union a antigeno (AMBS),
anticuerpos  monoclonales recombinantes, incluyendo anticuerpos quiméricos,
primatizados o humanizados o variantes de los mismos especificos para CEA humano de
superficie celular o unido a membrana, y métodos e utilizacion de dichas AMBs en el
tratamiento e enfermedades, sobre lo cual se busca proteccion en el capitulo
reivindicatorio”.

Respuestas del Solicitante

En respuesta a la oposicion la solicitante presentd un nuevo capitulo reivindicatorio que
segun manifiesta presenta de manera mas clara y concisa las caracteristicas técnicas de
la invencion. La solicitante sefiala que “la modificacion realizada a la reivindicacion 1
permite definir claramente la novedad de la presente solicitud” frente a las ensefianzas del
documento citado por la oposicion.

Respuesta del Examinador Técnico

El documento presentado en la oposicién se refiere al uso de un anticuerpo humanizado
hPR1A3 (previamente divulgado) para el tratamiento del cancer colorrectal. Si bien, esta
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oficina encontr6 un documento méas apropiado para soportar la falta de novedad de la

presente solicitud, el documento presentado por la oposicion desvirtia el nivel inventivo
del objeto de esta solicitud, por lo cual se considerard dentro del examen de
patentabilidad.

7. Unidad de invencién (Art 25 D 486)

La solicitud no cumple con el requisito de unidad de invencién porque se refiere a 16
grupos inventivos. Los grupos inventivos estan definidos por las siguientes caracteristicas
esenciales:

- Grupo inventivo 1: constructo de anticuerpo 1C8hc/wt que tiene un conjunto de
CDRs de dominio variable. Acido nucleico aislado caracterizado porque codifica la
secuencia de aminoéacidos del anticuerpo y un vector que lo contiene y una
composicién farmacéutica que comprende el anticuerpo. (Reivindicaciones 1 — 22).

- Grupo inventivo 2: constructo de anticuerpo H4E9hc/wt que tiene un conjunto de
CDRs de dominio variable. Acido nucleico aislado caracterizado porque codifica la
secuencia de aminoéacidos del anticuerpo y un vector que lo contiene y una
composicién farmacéutica que comprende el anticuerpo. (Reivindicaciones 1 — 22).

- Grupo inventivo3: constructo de anticuerpo H3Full(5)19hc/wt que tiene un conjunto
de CDRs de dominio variable. Acido nucleico aislado caracterizado porque codifica
la secuencia de aminoacidos del anticuerpo y un vector que lo contiene y una
composicion farmacéutica que comprende el anticuerpo. (Reivindicaciones 1 — 22).

- Grupo inventivo 4: constructo de anticuerpo H3Full(5)8hc/wt que tiene un conjunto
de CDRs de dominio variable. Acido nucleico aislado caracterizado porque codifica
la secuencia de amino&cidos del anticuerpo y un vector que lo contiene y una
composicion farmacéutica que comprende el anticuerpo. (Reivindicaciones 1 — 22).

- Grupo inventivo 5: constructo de anticuerpo 3Alwt/lc que tiene un conjunto de
CDRs de dominio variable. Acido nucleico aislado caracterizado porque codifica la
secuencia de aminodcidos del anticuerpo y un vector que lo contiene y una
composicion farmacéutica que comprende el anticuerpo. (Reivindicaciones 1 — 22).

- Grupo inventivo 6: constructo de anticuerpo 2F1lhc/wt que tiene un conjunto de
CDRs de dominio variable. Acido nucleico aislado caracterizado porque codifica la
secuencia de aminoacidos del anticuerpo y un vector que lo contiene y una
composicion farmacéutica que comprende el anticuerpo. (Reivindicaciones 1 — 22).

- Grupo inventivo 7: constructo de anticuerpo 5L1A10hc/wt que tiene un conjunto de
CDRs de dominio variable. Acido nucleico aislado caracterizado porque codifica la
secuencia de aminoacidos del anticuerpo y un vector que lo contiene y una
composicién farmacéutica que comprende el anticuerpo. (Reivindicaciones 1 — 22).

- Grupo inventivo 8: constructo de anticuerpo 5SHFF12hc/wt que tiene un conjunto de
CDRs de dominio variable. Acido nucleico aislado caracterizado porque codifica la
secuencia de aminoéacidos del anticuerpo y un vector que lo contiene y una
composicién farmacéutica que comprende el anticuerpo. (Reivindicaciones 1 — 22).

- Grupo inventivo 9: constructo de anticuerpo M4F1hc/wt que tiene un conjunto de
CDRs de dominio variable. Acido nucleico aislado caracterizado porque codifica la
secuencia de aminoacidos del anticuerpo y un vector que lo contiene y una
composicion farmacéutica que comprende el anticuerpo. (Reivindicaciones 1 — 22).

- Grupo inventivo 10: constructo de anticuerpo H4E9/2F1 que tiene un conjunto de
CDRs de dominio variable. Acido nucleico aislado caracterizado porque codifica la
secuencia de aminodcidos del anticuerpo y un vector que lo contiene y una
composicion farmacéutica que comprende el anticuerpo. (Reivindicaciones 1 — 22).

- Grupo inventivo 11: constructo de anticuerpo H4E9/3A1 que tiene un conjunto de
CDRs de dominio variable. Acido nucleico aislado caracterizado porque codifica la
secuencia de aminodcidos del anticuerpo y un vector que lo contiene y una
composicion farmacéutica que comprende el anticuerpo. (Reivindicaciones 1 — 22).

- Grupo inventivo 12: constructo de anticuerpo 1C8/2F1 que tiene un conjunto de
CDRs de dominio variable. Acido nucleico aislado caracterizado porque codifica la
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secuencia de aminodcidos del anticuerpo y un vector que lo contiene y una
composicion farmacéutica que comprende el anticuerpo. (Reivindicaciones 1 — 22).

- Grupo inventivo 13: constructo de anticuerpo 1C8/3Al que tiene un conjunto de
CDRs de dominio variable. Acido nucleico aislado caracterizado porque codifica la
secuencia de aminoacidos del anticuerpo y un vector que lo contiene y una
composicion farmacéutica que comprende el anticuerpo. (Reivindicaciones 1 — 22).

- Grupo inventivo 14: constructo de anticuerpo H3Full(5)19/2F1 que tiene un
conjunto de CDRs de dominio variable. Acido nucleico aislado caracterizado porque
codifica la secuencia de aminoacidos del anticuerpo y un vector que lo contiene y
una composicion farmacéutica que comprende el anticuerpo. (Reivindicaciones 1 —
22).

- Grupo inventivo 15: constructo de anticuerpo H3Full(5)8/2F1 que tiene un conjunto
de CDRs de dominio variable. Acido nucleico aislado caracterizado porque codifica
la secuencia de aminoacidos del anticuerpo y un vector que lo contiene y una
composicién farmacéutica que comprende el anticuerpo. (Reivindicaciones 1 — 22).

- Grupo inventivo 16: Método de produccion de una molécula de unién a antigeno
gue se un especificamente a CEA. (Reivindicacion 23).

No se guarda un concepto comudn inventivo porgue los anticuerpos no comparten una
estructura esencial para la actividad coman. Asi mismo, el concepto comun inventivo,
molécula de union a antigeno que se un especificamente a CEA, no cumple con el
requisito de novedad y nivel inventivo de acuerdo con los documentos D1 y D2 (Analisis
de patentabilidad para las reivindicaciones 1y 2).

Se le sugiere al solicitante restringir la materia a patentar en un solo concepto comun
inventivo especificando el avance tecnoldgico sobre el estado de la técnica. Esto se logra
entre otras formas definiendo las caracteristicas esenciales de la invencién y mostrando
las otras caracteristicas particulares como dependientes, pero sin perjuicio de la concision
de las nuevas reivindicaciones tanto independientes como dependientes.

El solicitante también puede realizar una 0 mas de las divisionales de acuerdo a los
grupos de conceptos técnicos inventivos presentados en esta solicitud, esto claro, sin
ampliar el objeto inicial de la invencion.

8. Determinacion del Estado de la Técnica
El estado de la técnica se determin6 con base en la fecha de presentacién de la solicitud

de prioridad: 31 de Agosto 2009 y se encontraron los siguientes documentos que
anticipan el objeto de esta solicitud:

Fecha de

Item | Documento Titulo Publicacién

“Humanisation and characterisation of PR1A3, a

D1 Stevxizrége tal. monoclonal antibody specific for cell-bound 1999
carcinoembryonic antigen”

“Targeted killing of colorectal cancer cell lines by a

humanised IgG1 monoclonal antibody that binds to 18/Marzo/2008

membrane-bound carcinoembryonic antigen”

Conaghan et

D2 al. 2008

El documento D1* ensefia la humanizacién del anticuerpo murino PR1A3 el cual se une
especificamente y con gran afinidad al antigeno CEA unido a membrana (Resumen).

1 Stewart, L., et al. 1999. Humanisation and characterisation of PR1A3, a monoclonal antibody specific for
cell-bound carcinoembryonic antigen. Cancer Immunol Immunother 47(6):299-306.
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El documento D2? ensefia su capacidad de reaccion un anticuerpo humanizado hPR1A3
con un panel de lineas celulares de cancer colorrectal que expresan niveles altos y bajos
de CEA, asi como investiga si CEA soluble inhibe la actividad ADCC de hPR1AS3 in vitro
(Introduccion Pag. 1218).

9. Examen de Patentabilidad (Art 14 D486)
Novedad (Art 16 D486)

La reivindicacion 1 consiste en “Una molécula de unién a antigeno (AMB) que comprende
un dominio humanizado de union a antigeno...”

Comparacion de las caracteristicas técnicas esenciales, con las del estado de la técnica:

Caracteristicas esenciales D1
Molécula de unién a antigeno que se un especificamente | Anticuerpo de unién a CEA (resumen)
a CEA gue comprende
Un dominio humanizado del anticuerpo monoclonal Humanizado a partir del anticuerpo murino
murino PR1A3 PR1A3 (resumen)

Las caracteristicas técnicas esenciales del anticuerpo de la reivindicacion 1 habian sido
divulgadas previamente en el documento D1, el cual ensefia una variante humanizada del
anticuerpo monoclonal murino PR1AS3, el cual es un anticuerpo, fragmento de anticuerpo
0 a molécula de union a CEA de membrana con una region Fc de IgG humana. Dicho
documento también da a conocer métodos para la produccion de anticuerpos
humanizados anti-CEA a partir del cultivo de una célula hospedera que expresa el
polinucledtido que codifica para la AMB (Pag. 300 Materiales y métodos).

En consecuencia, la reivindicacion 1 no es nueva, segun lo divulgado en el documento
D1.

Las reivindicaciones dependientes 9 — 23 no mencionan alguna caracteristica que haga
nueva a la molécula de unién de antigeno de la reivindicacién 1, por lo cual se considera
gue no son nuevas.

Nivel inventivo (Art18 D486)

La reivindicacién 2 consiste en “ABM segun la reivindicacion 1 en la que dicho dominio de
union a antigeno comprende una region variable...”

Comparacion de las caracteristicas técnicas esenciales, con las del estado de la técnica:

Caracteristicas esenciales D1 D2
Molécula de unién a antigeno que se un Anticuerpos anti-CEA (resumen) | Anticuerpo de union a
especificamente a CEA que comprende CEA (resumen)
Un dominio humanizado del anticuerpo Humanizados del anticuerpo Humanizado de mPR1A3
monoclonal murino PR1A3 monoclonal murino PR1A3 (Resumen)

(resumen)

Que comprende una region variable de Para VH las secuencias No menciona
cadena pesada que comprende un CDR1 | CDR1:VFGMN,
seleccionado del grupo de secuencias CDR2:WINTKTGEATYVEEFKG
SEQ 1-3,5-10y 12, y un CDR2 y CDR3: WDFYDYVEAMDY y

seleccionado del grupo e secuencias 13- | para VL las secuencias de

24,y un CDR3 seleccionado del grupo e CDR1: KASQNVGTNVA,
secuencias 25 — 35, una region variable CDR2:SASYRYS y

de cadena ligera que comprende un CDR3:HQYYTYPLFT (Pag. 302
CDR1 de secuencia seleccionado de figura 1)

SEQ 36 — 45, un CDR2 seleccionado de
las secuencias SEQ 46-55y un CDR3 de

2 Conaghan, PJ., et al. 2008. Targeted killing of colorectal cancer cell lines by a humanised IgG1 monoclonal
antibody that binds to membrane-bound carcinoembryonic antigen. British Journal of Cancer 98, 1217— 1225.
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Los documentos D1 y D2 se consideran en el estado de técnica cercano a la invencion,
puesto que divulgan un anticuerpo monoclonal humanizado del anticuerpo murino PR1A3
que se une especificamente a CEA. El documento D1 ensefia la estructura de un
anticuerpo anti-CEA donde las regiones variables CDRs de cadena pesada son CDRI1:
VFGMN, CDR2: WINTKTGEATYVEEFKG y CDR3: WDFYDYVEAMDY vy para la cadena
ligera CDR1: KASQNVGTNVA, CDR2: SASYRYS y CDR3: HQYYTYPLFT (Pag. 302
figura 1). El documento D2 ensefia el empleo del anticuerpos humanizados hPR1A3
previamente conocidos en el estado de la técnica (obtenidos de la casa comercial
Biotherapeutics Development Unit, Clare Hall, Cancer Research UK, London, UK) (Pag.
1218), para el tratamiento de cancer colorrectal, revelando la importancia del uso de
composiciones terapéuticas de dicho anticuerpo en conjugacién con otros agentes
farmacéuticos (Pag. 1224). Ademas, da a conocer un método para inducir la muerte de
células de cancer colorectal por accion del anticuerpo hPR1A3 in vitro (resumen).

La diferencia entre los anticuerpos de las anterioridades y las ABM de la presente solicitud
consiste en que esta Ultima reclama anticuerpos con una estructura que difiere en
determinados aminoé&cidos de las secuencias de CDRs de la anterioridad.

Esta diferencia no parece conceder un efecto técnico inesperado o una ventaja al
anticuerpo reclamado en la presente solicitud, puesto que se une especificamente a CEA,
tal como lo hace el anticuerpo de la anterioridad mencionada. Ademas, los valores de
afinidad del anticuerpo divulgado en el documento D1 son mayores teniendo un valor
promedio de alta afinidad de 0.5nM (Pag. 304 col. Izquierda).

El problema técnico objetivo de la presente invencion se entiende como la necesidad de
proporcionar anticuerpos anti-CEA diferentes o alternativos a los divulgados en el
documento D1.

Teniendo en cuenta que el documento D1 ya divulgaba las secuencias de cadena pesada
y cadena liviana, asi como las CDRs de las regiones variables de anticuerpos capaces de
unirse a CEA, la persona del oficio normalmente versada en la materia, teniendo en
cuenta los métodos empleados en dicha anterioridad para la elaboracién de anticuerpos
humanizados a partir de un anticuerpo murino conocido y siendo conocidas las ventajas
de introducir modificaciones puntuales en las CDRs para mejorar la estabilidad o afinidad
de los anticuerpos, lograria la construccidon de nuevos anticuerpos alternativos con
actividad anti-CEA. Por lo tanto, la solucién propuesta se considera obvia.

Asi, la reivindicacion 2 carece de nivel inventivo frente a las ensefianzas de los
documentos D1 y D2 e incumplen el articulo 18 de la D486.

Las reivindicaciones dependientes 3 - 8 y 24 no aportan caracteristicas inventivas por lo
que también incumplen con el requisito del articulo 18.

De esta manera, los grupos inventivos 1 - 16 carecen de nivel inventivo y no cumplen con
el articulo 18 de la D486.

10.Conclusién

Los requisitos de Patentabilidad de la presente solicitud estan afectados asi:

Item Documento Reivindicaciones afectadas Requisito que afecta
D1 Stewart et al. 1999 1,9-23 Novedad
D1 Stewart et al. 1999 2-8y?24 Nivel inventivo
D2 Conaghan et al. 2008 2—-8y24 Nivel inventivo
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En cumplimiento del articulo 45 de la Decision 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de la fecha de notificacion de la presente comunicacion. En caso de no
dar respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran los
impedimentos para la concesion, se denegara la patente.

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término faltante de
sesenta (60) dias para dar respuesta a este requerimiento y presentarla por escrito.

Finalmente, se le recuerda al solicitante que si como respuesta a este requerimiento llegara
a modificar el capitulo reivindicatorio y éste contenga mas de diez (10) reivindicaciones, no
pagard la tasa de modificacidbn voluntaria pero si la correspondiente al pago por
reivindicacion adicional.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001.

_—

—

JOSE LUIS SALAZAR LOPEZ
Diractor de Nuevas Craaciones (c)

El anterior requerimiento fue notificado por fijacion en lista, de fecha 2013-08-13

Elabord: Edna Carolina Bonilla Leon
Reviso: Consuelo Leguizamon Leguizamon
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Abstract Carcinoembryonic antigen (CEA) is highly
expressed by most tumours of gastrointestinal origin,
but its use as a target for tumour therapy is complicated
by the high levels of soluble CEA that are found circu-
lating in the blood of cancer patients. A monoclonal
antibody PR1A3 has been prepared, which binds pre-
ferentially to cell-surface rather than soluble CEA, this
cell selectivity should make PR1A3 an ideal candidate
for antibody-targeted tumour therapy. PR1A3 has been
humanised and shown to retain its cell-surface specificity
and affinity. Stable expression of the humanised anti-
body from chinese hamster ovary (CHO) cells has been
achieved after transfection and amplification. Since
PR1A3 binds preferentially to cell-associated CEA, a
cell-free enzyme-linked immunosorbent assay (ELISA)
has been developed to allow characterisation and rou-
tine assay of the antibody. This assay was developed
using a recombinant chimeric protein constructed by
cloning the domain of CEA that is bound by PR1A3
(the B3 domain) into a hybrid gene containing the Fc
portion of IgG and three domains of biliary glycopro-
tein. Stable expression of this hybrid protein has been
achieved from CHO cells. In ELISA both humanised
and murine PR1A3 bound strongly to this antigen but
only at a minimal level to soluble CEA. Two binding
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sites for the antibody were found on the gastric carci-
noma cell line MKN45, one of higher affinity (1 nM)
and the other at lower affinity (60 nM). Similar affinities
were found for both murine and humanised antibodies.
The data presented make it unlikely that the differential
binding to cell-surface as distinct from soluble CEA can
be accounted for by low affinity of PR1A3 for CEA, and
provides further support for the hypothesis that some
conformational change takes place on CEA release from
cells and that it is this change that blocks PR1A3
binding to its epitope.

Key words Carcinoembryonic antigen - Monoclonal
antibody - Humanisation - Reombinant antigen

Introduction

Carcinoembryonic antigen (CEA) has elevated expres-
sion on many carcinomas of epithelial origin, specifically
those from the gastrointestinal tract such as colorectal
cancers [33]. CEA has potential as a target for antibody-
directed therapy, but has the disadvantage that high
levels of the antigen have frequently been found
circulating in the serum of cancer patients, which can
become sequestered in lymph nodes in the absence of
local cancer [13]. A monoclonal antibody, PR1A3, was
produced after immunisation of mice with normal hu-
man colonic epithelia [22]. PR1A3 was specific for CEA
but, unlike other CEA antibodies, bound preferentially
to cell-surface CEA and did not appear to react with the
circulating antigen in the serum of cancer patients [4].
CEA is a member of the immunoglobulin superfamily
and is composed of seven domains [28] linked to the cell
membrane through a glycosylglycerophosphoinositol
anchor [7]. The epitope bound by PR1A3 was con-
formational, not linear, and was situated on the most C-
terminal of these domains, the B3 domain [4]. Since the
B3 domain was retained by CEA when it was shed from
cells [14], it has been proposed that the lack of binding to
soluble CEA was caused by a conformational change
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which resulted in steric blocking of antibody access to
the B3 domain [4].

Technetium-99m-labelled PR1A3 has been used suc-
cessfully in the clinic to image colorectal tumours in 127
patients. A 94% accuracy with a negative predictive
value of 100% was achieved [6]. Unlike previous ima-
ging studies using radiolabelled C46 anti-CEA antibody,
false positives caused by circulating antigen trapped in
the lymph nodes were not found in these studies, pre-
sumably because the trapped soluble CEA did not pre-
sent the epitope bound by PR1A3 [5]. The antibody’s
performance in tumour imaging, taken in conjunction
with the cell selectivity for antigen binding, make
PR1A3 an excellent candidate for use as a tumour-tar-
geting antibody in cancer therapy, but, to allow its serial
administration during the course of therapy, it would be
preferable for the antibody to have been humanised. The
current studies describe the humanisation and further
characterisation of the antibody as part of its develop-
ment for use in targeted therapy. These studies included
the development of a non-cell-based enzyme-linked
immunosorbent assay that allowed routine measurement
of antibody-binding activity.

Materials and methods

Antibody cloning

mRNA was isolated from the PR1A3 hybridoma, using an In-
vitrogen FastTrack mRNA isolation kit. First-strand cDNA
synthesis [23] was followed by amplification of the x chain by the
primers and methods of Larrick et al. [15] and the heavy chain by
the method of Tarran Jones and Bendig [26]. The products were
cloned and sequenced in M13mpl8.

Chimeric versions of light and heavy chains were created using
primers P1 CTCAAGCTTATGGGCATCAAGATG, P2 TGG-
TGCAGCCACAGTCCGTTTCATTCCAA, P3 TTGGAAAT-
GAAACGGACTGTGGCTGCACCA, P4 TTATCTTATGGG-
ATGGAGCTGTATCATGCTCTTCTTGGCAGCA, PS5 CTCA-
AGCTTAATGGGATGGAGCTGTATCATGCTCTTCTTGGC-
AGCAACAGCTACAGGTGTCCACTCC, P6 CTTGGTGGA-
GGCTGAGGAGACGGTGACCGT, P7 ACGGTCACCGTC-
TCCTCAGCCTCCACCAAG and P8 TTATCTAGATTACTA-
TTACCCGCAGACAG. Primers P1 and P2, P5 and P6 were used
to amplify the variable light and heavy chains. Primers P3, P4, P7
and P8 were used to amplify the x constant region from the human
antibody REI and the heavy constant region from NEWM and
introduced a 5" overlap in each of the products that was homo-
logous to the sequence at the 3’ end of the variable fragments.
These fragments were then joined by splice-overlap polymerase
chain reaction (PCR) [8]. The resultant chimeras were cloned, uti-
lising the Notl and Xbal restriction enzyme sites introduced at the
5" and 3’ ends of the construct during the PCR steps, into pBlue-
script KSII(-) for sequence verification and into pCDMS8 for
co-transfection into COS 7 cells and transient expression.

Humanised antibodies

The humanised heavy chain was constructed using framework-re-
gion sequences derived from the human antibody RF-TS3’CL [9].
The PR1A3 framework 4 was retained since the differences from
the human framework were minimal and this allowed the use of
framework 4 and the constant region of the previously constructed
chimera to be used as a template.

The variable region was synthesised using six overlapping pri-
mers, which were used in a series of PCR reactions to manufacture
the whole fragment: P9 CTACTAAGCTTGCGGCCGCTAC-
ATGGGATGGAGCTGTATCATCCTCTTCTTGGTAGCAAC-
AGCTACAGGTGTC, P10 CTTGCAGGAAACCTTCACTGA-
GGCCCCAGGCTTCTTCAACTCAGACCCAGATTGCACCA-
GCTGCACCTGGGAGTGGACACCTGTAGC, P11 GTTTCC-
TGCAAGGCTTCTGGATACACCTTCACTGTGTTTGGAAT-
GAACTGGGTGCGACAGGCCCCTGGACAAGGGCTTGA-
GTGGATG, P12 GTCCAAGGAGAAGACAAACCGTCCCTT-
AAACTCTTCAACATATGTTGCCTCTCCAGTTTTGGTGTT-
TATCCATCCCATCCACTCAAG, P13 TTCTCCTTGGACAC-
CTCTGTCAGCACGGCATATCTGCAGATCAGCAGCCTA-
AAGGCTGACGACACTGCCGTGTATTACTGTGCGAGA,
P14 TGAGGAGACGGTGACCGTGGTCCCTTGGCCCCAG-
TAGTCCATAGCCTCCACGTAATCATAGAAGTCCCATCT-
CGCACAGTA, P15 ACGGTCACCGTCTCCTCAGCCTCCA-
CCAAG and P16 GGTCTAGATCATTTACCCGGAGACAG.
Primer pairs P9 and P10, P11 and P12, P13 and P14 were used to
amplify three fragments encoding the variable domain, which were
subsequently joined together by splice-overlap PCR. Primers P15
and P16 were used to amplify framework 4 and the constant region
from the chimeric heavy chain. The variable region was then joined
to the constant region, using outside primers P9 and P16. The
construct was cloned for sequence verification and vector con-
struction using restriction enzymes incorporated into the 5 and 3’
ends of the construct.

The murine PR1A3 « light chain has 70% homology with the
framework regions of the human REI light chain [9]. Using an REI
light chain sequence, which had been modified in the construction
of another humanised light chain at positions 39 T - K and 71 Y
— F to make it identical to the majority of human subgroup 1 k
chains [9] and, in these positions, to murine PR1A3 light chain,
eight primers were synthesised to amplify the k variable and con-
stant regions: P17 CTACTAAGCTTGCGGCCGCATGGGA-
TGGAGC, P18 TACCCACATTCTGACTGGCCTTACAGGT-
GAT, P19 GAATGTGGGTACTAATGTTGCCTGGTACCAG,
P20 ACCGGTAGGATGCCGAGTAGATCAGCAG, P21 ATC-
CTACCGGTACAGTGGTGTGCCA, P22 GGATAGGGTAA-
TATTGGTGGCAGTAGTA, P23 TACACCTATCCTCTATTC-
AGCTTCGGCCAAGGG and P24 TTATCTAGATTACTAA-
CACTCTCCCCTGTT. Primer pairs P17 and P18, P19 and P20,
P21 and P22 PCR-amplified the framework regions 1, 2 and 3
respectively from the modified REI template. Primers 23 and 24
were used to amplify the framework 4 region plus the x constant
region from the previously constructed chimera. The fragments
were constructed to contain 5" and/or 3’ tails, which encoded par-
tial complementary determining regions (CDRs). These fragments
were then annealed to each other via the overlapping CDR se-
quence and amplified using the outside primers P17 and P24, which
encoded restriction-enzyme sites to allow cloning for sequence
verification and vector construction.

CHO expression

The constructs were expressed in chinese hamster ovary (CHO)
cells by insertion into a vector containing the dihydrofolate
reductase gene (dhfi) (pcDNA3-dhfr), which was constructed by
ligating a blunt-ended Pst1/Pvull fragment from pSV2-dhfr [25],
containing the dhfr gene, to a Pvull fragment from pcDNA3 (In-
vitrogen), which contained the Amp*, cytomegalovirus (CMYV)
promotor, polycloning site and bovine growth hormone poly(A)
sequences.

Humanised PR1A3 heavy and «x chains were inserted in the
Hindlll/Xbal site in the polylinkers of pcDNA3-dhfr vectors. A
Bglll fragment derived from the x chain vector containing the
CMV promoter, PRIA3 x chain and bovine growth hormone
poly(A) sequence, was then ligated into a Bg/II site of the heavy-
chain vector. The resulting vector, with the light- and heavy-chain
genes in tandem, was electroporated into DukX dhfr™ CHO cells
[29]. Transformed cells were initially selected in glycine-deficient
modified Eagle’s medium (MEM) with 10% dialysed fetal calf



serum. Surviving clones were amplified with increasing amounts of
aminopterin up to micromolar concentrations. High-yield cultures
derived from single colonies were recloned for humanised antibody
production [21].

NABA construction

The biliary glycoprotein (BGP) NA1 and A2 domains were PCR-
amplified, using BGP ¢cDNA [30] as a template and primer pairs
p25 CTCAAGCTTATGGGGCACCTC and P26 AGTCTGGG-
GGGGAAATGGTGGGGGTGTCC and P27 ATCACAGTCT-
CTGCACTAAGTCCAGTAGTA and P28 GATCGAATTCAC-
TTACCTGTATTTTCTTGTGGTAGAGCATTATA  respecti-
vely. The CEA B3 domain was amplified from a CEA cDNA [4]
template, using primers P29 GGACACCCCCACCATTTCC-
CCCCCAGACT and P30 TACTACTGGACTTAGTGCAGA-
GACTGTGAT. Fragments NA1, B3 and A2 were joined by splice-
overlap PCR to form the NA1B3A2 hybrid. Outside primers P31
CTCAAGCTTATGGGGCACCTC and P32 GATCGAATT-
CACTTACCTGTATTTTCTTGTGGTAGAGCATTATA  were
used in a PCR amplification to add a 5" HindIII restriction-enzyme
site, a 3" EcoR1 site and a splice acceptor site for expression of the
fusion product with the Fc portion of human IgG using the plg-1
vector [24]. The product was digested with HindIIl/EcoRI and
ligated into the HindIII/EcoRI site in the plg-1 polylinker.

COS cells were transfected with this vector for transient ex-
pression of secreted NA1B3A2-Fc fusion protein (NABA). For
stable expression of this construct, NABApIG was inserted into the
Hindlll/Xbal site in the polylinker in pcDNA3-dhfr for expression
and amplification in CHO cells. Transfected cells were initially se-
lected in glycine-deficient MEM with 10% dialysed fetal calf serum.
Surviving clones were selected in sequential rounds of increasing
amounts of aminopterin up to micromolar concentrations [21].

Antibody and antigen purification and assays

Antibodies and NABA antigen were purified by protein A affinity
chromatography. ELISA were performed on plates coated at
20 pg/ml antigen. Detection was by anti-(mouse Fc) or anti-
(human «) alkaline-phosphatase-conjugated antibodies. CEA was
purchased from Rougier Biotech (Montreal, Canada).

Cell binding assay

Binding of **™Tc-radiolabelled antibody to MKN45 [11] cells was
measured on 10° cells/sample in 0.5 ml 1% bovine serum albumin
in phosphate-buffered saline (BSA/PBS) pH 7.4. Nine 0.25-ml
serial dilutions of **™Tc-radiolabelled antibody from 30 pg/ml in
PBS/1%BSA were added to the cells. To determine non-specific
binding, 200 pg (more than 25-fold excess) unlabelled antibody was
added to an identical set of tubes. All tubes were mixed and then
incubated for 4 h at 37 °C with gentle agitation. Tubes were then
centrifuged for 2 min at 300 rpm, the supernatent was discarded
and the cell pellet was washed with 1 ml cold 1% BSA/PBS. Bound
radioactivity was determined by a Compugamma counter using
0.25 ml each **™Tc-radiolabelled antibody dilution as a counting
standard. The assay was performed in duplicate, and the experi-
ment was repeated four times. Data were analysed by the non-
linear least-squares fitting facility of the ORIGIN data analyse
software (Microcal, Mass., USA).

Flow cytometry

The human gastric cancer line MKN45 [11] was used to assess
comparative binding of humanised and murine PR1A3 to mem-
brane-bound CEA. Cells (5 x 10°/sample) were incubated in the
dark for I hin 100 pl primary antibody diluted to 50 pg/mlin PBS.
Samples were washed in 1 ml PBS and 100 pl isotype-specific
fluorescein-isothiocyanate-conjugated secondary antibody diluted
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1:60 (v/v) in PBS was added to each sample. The mixture was
incubated in the dark at room temperature for 30 min. Cells were
washed as before in PBS, fixed in 0.125% paraformaldehyde so-
lution and stored at 4 °C. Isotype-matched Irrelevent antibodies
(murine or humanised HMFGI1 with specificity for human Mucl
mucin) were included in each assay as controls. Antibody labelling
was assessed by flow cytometry on a FACScan flow cytometer
(Beckton Dickinson) and data were analysed by the Cell Quest
software package for Macintosh.

Results
Cloning of PR1A3

The sequence of cloned variable regions of the heavy
and light chain were obtained by reverse-transcription
(RT)/PCR. To confirm that these sequences were de-
rived from the variable regions of PR1A3 they were
linked either to human constant regions for REI light
chain or the NEWM heavy chain and the resultant
chimeric antibody was expressed transiently in COS
cells. Levels of immunoglobulin above 100 ng/ml were
achieved which, on immunofluorescence assay, specifi-
cally stained MKN45 cells in a manner identical to that
of the parent monoclonal antibody (data not shown).

Humanisation and production of PR1A3

Analysis of the sequences of the variable-region light
and heavy chains and comparison with published se-
quences in the Kabat database [9] identified PR1A3 as
light-chain x V class and the heavy chain of type Ila.
Comparison of these sequences with the human se-
quence database allowed the selection of known se-
quences with a high degree of similarity to the mouse
PR1A3 sequences. The human sequences chosen were
REI for the light chain and RF-TS3 for the heavy chain.
Comparisons of the sequences are shown in Fig. 1; the
hybrid humanised sequence designed for PR1A3 used
the human sequence exactly, except for the CDR when
the murine sequence was used. The overall identity be-
tween the variable-region frameworks was 81.9% for the
heavy chain and 81.7% for the light chain. Three-di-
mensional models were constructed for both the murine
and humanised antibodies, using the 3D-JIGSAW pro-
gram [1]. Visual inspection of the models indicated that
the conformation of the CDR and hence the shape of the
antigen/antibody-binding face was unaffected by the
sequencing changes proposed. The humanised variable-
regions were synthesised de novo by overlap PCR and
then linked to NEWM heavy-chain constant regions or
REI light-chain constant regions by PCR.

Stable expression of the humanised antibody was
achieved from DukX dhfr™ CHO cells. The light- and
heavy-chain genes were placed in tandem in a vector
derived from pcDNA3 and pSV2. Each immunoglobulin
gene was under the control of separate CMV promotors
and enhancers and the transfected cells were select-
ed initially by growth in glycine-deficient medium
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Fig. 1 The amino acid sequence of the variable regions of PR1A3
light and heavy chains. The murine sequence is shown with the
humanised sequence indicated below only where it differs from the
murine sequence

containing dialysed serum. Amplification of expression
levels was achieved by the addition of increasing levels of
aminopterin to a final concentrations of 1 uM. The level
of antibody produced by a selected cloned line was
routinely above 10 pg/ml in stationary flasks, and values
as high as 30 pg/ml were achieved on some occasions.
These lines have retained stable expression for over 12
months after isolation. The humanised antibody pro-
duced gave specific flow-cytometric staining of MKN45
cells, which was indistinguishable from that given by the
murine antibody (Fig. 2).

PR1A3 epitope binding

The low to neglible binding of PR1A3 to soluble CEA
meant that routine cell-free assays using this antigen
were not practicable. A recombinant hybrid antigen
(NABA) was created that avoided this problem and

provide the basis of a reproducible cell-free ELISA. A
hybrid structure was created, which comprised two do-
mains of BGP, the N and Al domains, the B3 domain of
CEA and the A2 domain of BGP linked to the Fc of
human immunoglobulin (N-A1-B3-A2-Fc). This hybrid
gene was expressed in DukX dhfr™ CHO cells and, after
amplification in 1 uM aminopterin, yields of around
15 pg/ml were achieved. The protein was purified by
protein A chromatography and gave a diffuse doublet of
bands of approximately 120 kDa in a sodium dodecyl
sulfate/polyacrylamide (SDS PAGE) gel (Fig. 3). Sam-
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Fig. 2a-d Flow-cytometric analysis comparing the binding speci-
ficity of murine and humanised PR1A3. Purified PR3B10 (b)
murine PR1A3 (c¢) and humanised PR1A3 (d) were tested on the
carcinoembryonic antigen (CEA)-expressing human stomach
cancer line MKN45. No specific binding was observed with the
isotyped-matched irrelevant control (a) antibody
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Fig. 3 Sodiumdodecyl sulfate/polyacrylamide gel electrophoresis
(SDS-PAGE) analysis of purifitd NABA antigen. NABA was
purified from supernatants using protein A chromatography and

run on an 8% SDS gel. 4, B Reduced and non-reduced forms of
NABA respectively



ples that were not reduced had a molecular mass in ex-
cess of 200 kDa; this would be expected through di-
merisation and disulfide bridging between the Fc
domains of the Ig component of the antigen. The pre-
dicted molecular mass of the NABA antigen was
78 kDa, the increased molecular mass and diffuse nature
of the bands on SDS-PAGE were probably evidence of
extensive glycosylation, which would be expected on
those components of the NABA antigen derived from
BGP and CEA [32, 28].

Antibodies used in the development of ELISA assays
included PR3B10, which cross-reacted with other
members of the CEA family including BGP [4, 27], and
C234, which was CEA-specific (Serotech). These anti-
bodies bound strongly to soluble CEA in ELISA
whereas PR1A3 demonstrated only very weak binding
(Fig. 4A). In contrast, PR1A3 bound to the NABA
antigen better than PR3B10. C234 is CEA-specific and
did not bind NABA, suggesting that its epitope was not
contained within the B3 domain of CEA (Fig. 4B).
PR3B10 binding to NABA could be a function either of
cross-reactivity to BGP or of specific binding to the
CEA-B3 domain. These assays demonstrated that
PR1A3 can show significant binding to the B3 domain
of CEA in cell-free assays if the epitope is correctly
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presented. The results obtained with soluble CEA clearly
indicate that this molecule presented the PR1A3 epitope
for antibody binding only very poorly. The humanised
PR1A3 showed a very similar binding pattern to murine
PR1A3 with low reactivity on CEA-coated ELISA
plates but significant binding to NABA protein (Fig. 4C,
D).

Binding affinity of PR1A3 mAb

The affinities of the murine and humanised antibodies
were measured by binding to MKN45 cells. Initial at-
tempts to label both the murine and humanised anti-
bodies radioactively with '*I resulted in inactivation of
the majority of the antibody probably because of the
presence of tyrosine residues in the binding site of
PR1A3. Antibodies were, therefore, labelled with **™Tc

Fig. 4a—d Enzyme-linked immunosorbent assays with NABA
antigen and soluble CEA. a, ¢ Assays with plates coated with
CEA; b, d NABA antigen was used. a, b Murine antibody binding,
detected with an anti-Fc alkaline-phosphatase-conjugated
antibody. ¢, d Humanised antibody binding detected with an
anti-k alkaline-phosphatase-conjugated antibody
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after partial reduction, resulting in labelled antibody
that retained full binding capacity. Scatchard analysis
and non-linear least-squares fitting to the untransformed
data each identified two binding sites for both huma-
nised and murine antibodies. The mean high binding
affinities were 1.4 nM for the murine and 0.5 nM for the
humanised antibodies and the lower affinities were
166 nM and 66 nM respectively. The lower-affinity
binding sites were present at a level that was an order of
magnitude greater than the high-affintiy sites. Typical
examples of binding data for the two antibodies with
curves fitted using the two-binding site function of
ORIGIN software are shown in Fig. 5.

Discussion

PR1A3 is specific for cell-bound CEA and has no ac-
tivity towards other CEA family members such as BGP
and non-specific cross-reacting antigen (NCA) [4]. Al-
though numerous anti-CEA monoclonal antibodies
have been reported, PR1A3 appeared unusual in that it
bound preferentially to CEA on cells but showed little
reactivity to soluble or serum-borne CEA [4]. PR1A3
has been shown to be an effective antibody for radio-
scintigraphy [6] and its properties are such that the
antibody is an attractive candidate for therapy. Huma-
nisation of PR1IA3 was undertaken to circumvent the
induction of human anti-(murine antibody) responses in
man and to allow multiple-dose therapies to be devel-
oped. The sequence of the humanised construct was
designed by comparison of the murine sequences with
database sequences, and selection of human sequences

Fig. 5 Binding of technetium-

that were as close as possible to the original murine
antibody. The engineered antibody was expressed at
moderately high levels from dhfr™ CHO cells and its
ability to bind cell-surface CEA confirmed by fluores-
cence-activated cell sorting analysis.

A previous report [4] described the apparent lack of
reaction of PR1A3 with circulating antigen in the serum
of cancer patients. However, in a sensitive ELISA a low
level of residual activity to soluble CEA was found. This
was consistent with the hypothesis that PR1A3 binding
to soluble CEA was inhibited by steric effects rather than
the epitope being lost on release from the cell, but sug-
gests that either a small percentage of the soluble antigen
may still present the PR1A3 epitope or that the affinity
for soluble protein was significantly reduced by con-
formational changes. Transplanting the B3 domain into
a different environment, where it was no longer linked to
a GPI anchor, allowed a soluble protein to be secreted
that retained the PR1A3 epitope. Since the epitope re-
cognised by PR1A3 was conformational and not linear
[4], to maximise the chance that the B3 domain would
fold properly and present the epitope correctly, the B3
domain was expressed in a recombinant protein that was
composed of domains from immunoglobulin super-
family members BGP and IgG [20, 31]. The production
of this soluble antigen has allowed the construction of
ELISA assays that gave avid binding of PR1A3, unlike
assays based on soluble CEA, which gave only a low
level of weak binding. This demonstrated that PR1A3
can bind to soluble antigen but only when its epitope is
correctly presented. The availability of an ELISA now
allows the antibody to be routinely assayed in a cell-free
system.
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In comparison with many tumour-associated anti-
bodies, the affinity of PR1A3 was reasonably high, and
values of approximately 1 nM are consistent with the
excellent imaging given by the antibody in the clinic [6].
However, a second lower-affinity binding was found on
the cells. This lower affinity could be caused by steric
hindrance of access to some CEA molecules, caused
either by different patterns of glycosylation or by di-
merisation and or aggregation of the CEA on the cell
surface. There were significant levels of low- and high-
affinity sites on the tumour cells used in these studies
(2 x 10° and 200 000 respectively) and elevated levels of
expression have been reported for tumour in comparison
to normal tissue [3, 10] which, in part, along with
changing tissue architecture and site of expression [19],
explain the success of PR1A3 and other antibodies in
tumour targeting. The magnitude of the affinity of
PR1A3 for cell-bound CEA, even at the lower affinity
measured in these studies, would support the view that
the lack of reaction with soluble CEA was not a con-
sequence of PR1A3 being a low-affinity antibody.

Some other anti-CEA antibodies have been described
that appear to bind better to cells than to soluble CEA
[2, 16, 18]. These differ from PR1A3 in that they bind
predominantly to the A2-B2 or N domains [18] whereas
PR1A3 binds to the B3 domain [4]. They also bound to
immobilised soluble CEA as effectively as other anti-
bodies that do not have the cell preference [2], or bound
in sandwich assays to soluble CEA to an extent that
allowed competition assays to analyse the competitive
binding with other anti-CEA antibodies [16], whereas
PR1A3 bound only very poorly to soluble CEA in a
solid-phase ELISA. However, the fact that antibodies to
the N domain, domains A2-B2 and, to a lesser extent,
A1-B1 [18], as well as PR1A3, which bound to B3, all
demonstrated preferential binding to cells rather than to
soluble CEA suggests that conformational changes that
take place on release of CEA from the cell are not re-
stricted to small regions or individual domains, but are
extensive and capable of being detected throughout the
length of the molecule. These changes could be caused
by dimerisation. CEA has been reported to be a dimer in
solution [17, 12], if it was monomeric on the cell surface,
then the dimerisation could result in partial or complete
loss of antibody binding if the epitope was located in
those regions where interaction between CEA chains
took place. However, if dimerisation is the cause, then
this cannot apply to the NABA antigen, which is di-
merised through disulfide bridging between the Fc
domains and yet still displays PR1A3 binding. A more
detailed analysis of the individual epitopes would be
required before it was certain whether homodimerisation
could block access to the PR1A3 antibody.

Successful humanisation of an antibody and its ulti-
mate clinical application depend upon the maintenance
of its properties. Humanised PR1A3 had an affinity for
its epitope that was similar to that of murine antibody,
and its specificity for cell-bound as distinct to soluble
CEA was maintained. The availability of this humanised

305

antibody now allows therapeutic strategies to be de-
signed that require repeat administration of antibody
without the induction of strong HAMA responses.
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There has been a recent resurgence of interest in the use of
monoclonal antibodies for the treatment of cancer, mostly in the
setting of metastatic disease, and already a number of antibodies
have been licensed for use (for review see Reichert and Valge-
Archer, 2007). Antibody therapy directed at cell surface compo-
nents, in particular cell membrane receptors, has the potential to
exploit the specificity and sensitivity of the immune system’s
ability to recognise cell membrane receptors, and so to achieve
selective therapeutic effects without the toxicity of standard
chemotherapy. As a result antibody therapy has become a useful
adjunct to the treatment of cancer. This comes despite poor initial
results with murine antibodies (Clynes, 2006). The development of
chimeric and humanised antibodies has led to the development of
a second generation of antibodies that hardly, if at all, stimulate
the development of human anti-mouse antibodies, and which are
potent activators of the immune system (Carter, 2006). Currently,
about 19 antibodies are licensed for clinical use, 11 of which are for
the treatment of cancer (Reichert and Valge-Archer, 2007). There
are, it is estimated, at least a further 150 antibodies in
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The distribution of carcinoembryonic antigen (CEA) in colorectal cancer (CRC) differs from that in normal colorectal tissue, being
found on all borders of the cell membrane and hence enabling access to intravenous antibody, making CEA a good target for
antibody-based therapy. The distinctive anti-CEA antibody, PRI A3, binds only membrane-bound CEA. Humanised PRIA3 (hPRIA3)
was assessed both in vitro cytotoxicity and binding assays with colorectal cancer cell lines expressing varying levels of CEA. Human
peripheral blood mononuclear cells (PBMCs) and purified natural killer (NK) cells were used as effectors. The in vitro assays
demonstrated hPR1 A3 CEA-specific binding and antibody-dependent and CEA-specific killing of human colorectal cancer cell lines by
human PBMCs. The effect increased with increasing concentration of antibody and surface CEA, and was lost by using the parent
murine 1gG | PRIA3. Killing was also blocked by antibody to the Fc-llIA receptor. Purified human NK cells were effective at much
lower effectortarget ratios than unfractionated PBMCs, indicating that NK cells were the main mediators of hPRIA3-based CEA-
specific killing. The results support the development of hPRIA3 for therapy of colorectal cancer.
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development. Antibody use has had a major impact on the
treatment of haematological malignancies with excellent response
rates seen using rituximab (anti-CD20) in follicular and B cell non-
Hodgkin’s Lymphoma (Olszewski and Grossbard, 2004). Their
impact in solid tumours has, however, been less dramatic. A major
reason for this must be the limited penetration of antibodies, being
large glycoproteins, into the tumour. Three antibodies have been
licensed by the US FDA for use in advanced colorectal cancer.
These include antibodies against EGFR (cetuximab) and VEGF
(bevacizumab). A problem with the former is the presence of EGFR
on cells of a variety of normal tissues leading to a degree of
nonspecificity with respect to cancer. The EGFR antibody also
appears to be effective in only a proportion of cancer patients. It is
therefore important to look for other potential antigens to use as
targets to broaden the number of patients for which antibody-
based immunotherapy may be effective.

Carcinoembryonic antigen (CEA or CEACAM5) was first
recognised as a potential human tumour-specific antigen in the
1960s (Gold and Freedman, 1965; Berinstein, 2002). CEA has
characteristics that make it a useful target for antibody therapy in
colorectal cancer (CRC). It is overexpressed in the vast majority of
CRCs (Chan and Stanners, 2007). More importantly, however it is
always aberrantly expressed in CRC. While the CEA expressed on
normal colonic epithelium is inaccessible to IgG antibody, being
found only on the luminal surface of the cell, this expression
pattern changes in the neoplastic cell so that CEA is additionally
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expressed on the basal and lateral membranes (Hammarstrom,
1999) making it accessible to blood-borne antibody. Although a
member of the Ig superfamily, CEA is linked to the cell membrane
by a glycophosphatidylinositol (GPI) anchor (Thompson et al,
1991) and thus has no direct intracellular signaling motif. The
functional significance, if any, of its overexpression in colorectal
cancer remains unclear. The biggest disadvantage of CEA as a
target is that it is readily cleaved from the cell surface and so shed
into the blood stream from tumours, either directly or via the
lymphatics, which is why the level of serum CEA has been used in
the clinic as a marker for screening and recurrence, especially of
colorectal cancer (Chau et al, 2004). Serum CEA binds to most of
the currently used anti-CEA antibodies hindering them from
reaching their target and so largely mitigating against any potential
clinical effect. This is, however, not the case for the murine
antibody, mPR1A3 developed in the ICRF laboratories in London
by Richman and Bodmer (1987).

PR1A3 was shown to target the B3 domain and GPI anchor of
the CEA molecule by Durbin et al, 1994 (see Figure 1), and was
subsequently humanised by Stewart et al, 1999. Murine PR1A3 has
been shown to react poorly with soluble CEA, which lacks the GPI
anchor, and has been used in immunoscintigraphy for the
detection of colorectal tumours with a high degree of specificity
(Granowska et al, 1989). In contrast to EGFR and VEGF, there are
so far no unconjugated, or ‘naked’ antibodies to CEA being used
for the treatment of colorectal cancer. The anti-CEA antibodies
that are currently used in pilot trials, are administered as
radioconjugates (Wong et al, 2004; Liersch et al, 2007).

Strong evidence for the suggestion that the antitumour effects of
antibodies are mediated mainly by ADCC (antibody-dependent
cellular cytotoxicity) comes from mouse knockout studies which
showed that antibody antitumour effects were largely absent in
mice lacking the appropriate Fc receptor (Clynes et al, 1998). In
humans, natural killer (NK) cells that express the CDI16
Fcyreceptor are thought to be the main cell type that could
mediate ADCC of tumours (Arnould et al, 2006). Several
criteria, therefore, need to be fulfilled before an antibody can be
considered for therapy (Reichert and Valge-Archer, 2007).
Humanised antibodies are more potent activators of the human
immune system than their murine equivalents. Internalisation of

NH,
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Figure |  Schematic diagram showing the binding site of PRIA3 on CEA.
The antibody binds at a site involving parts of the GPI anchor and the B3
domain of CEA. Access to the epitope appears to be blocked when CEA is
released from the cell.

British Journal of Cancer (2008) 98(7), 1217—1225

antibody-antigen complexes, leading to a loss of antibody
complexes available for binding to Fc receptor-bearing cells, will
diminish the effectiveness of antibody-based killing.

This study has three aims. First to analyse the ability of
humanised hPR1A3 to react with a panel of colorectal cancer cell
lines expressing high and low levels of CEA. Second to explore the
use of hPRIA3 in an in vitro cytotoxicity model and to compare
human PBMC with partially purified NK cells as effectors for
ADCC. The third aim was to investigate whether soluble CEA
inhibited the ADCC activity of hPR1A3 in vitro.

MATERIALS AND METHODS
Cell lines

The gastric carcinoma cell line MKN45 (Motoyama et al, 1979) was
obtained from Cell Services LIF, Cancer Research UK. All other cell
lines were colorectal cell lines:

HCT-116 (Brattain et al, 1981) and SKCO-1 (Fogh, 1975) were
originally obtained from ATCC; GP5d (Solic et al, 1995) and
HT55(Watkins and Sanger, 1977) were obtained from ECACC;
LS174T (Tom et al, 1976) was obtained from BH Tom, NW
University Med Centre, Chicago, Ill, USA, PC/JW (Paraskeva et al,
1984) was obtained from C. Paraskeva, Directors Lab, CRUK,
London and C70 (Browning et al, 1993) was established in the
Cancer and Immunogenetics Laboratory.

All cell lines were maintained in culture in Dulbecco’s modified
Eagle’s (E4) medium with 1% L-glutamine, 10% fetal calf serum
(FCS) and 1% penicillin/streptomycin. They were incubated at
37°C in a humidified 10% CO, environment. For the chromium-
release and EuTDA assays the cells were suspended in 2% RPMI-
1640 medium with 1% glutamine and 10% FCS.

Peripheral blood mononuclear cells

Peripheral blood mononuclear cells (PBMCs) were isolated either
from fresh whole blood from healthy laboratory volunteers, having
taken informed consent, or from leucodepletion filters obtained
from single donors following blood donation (Courtesy of Cristina
Navarrete, Colindale National Blood Service, London, UK). White
cells were eluted from the filter using 5mm ethylenediaminete-
traacetic acid. Fresh whole blood was mixed with an equal
volume of an RPMI-1640/citrate solution (40ml 3.3% sodium
citrate, 2ml 5 mMm 2-mercaptoethanol, 200 ml RPMI-1640 + hepes)
as an anticoagulant.

Both sources of PBMC were then processed in an identical
fashion. Following Ficoll/hypaque density centrifugation, the
PBMC layer was withdrawn from the interface and washed once
with RPMI-1640 to remove excess Ficoll, spinning at 800 g (Boyum,
1968) and then a second time, spinning at 200g for 10 min to
remove platelets. The resulting PBMCs were resuspended in RPMI-
1640/10% FCS/1% glutamine (complete RPMI-1640), kept at room
temperature and used within 12h of preparation.

Antibodies

PRIA3 The original is a murine IgGlx monoclonal antibody to
CEA (Richman and Bodmer, 1987) that was later humanised
(Stewart et al, 1999). Both murine (mPR1A3) and humanised
(hPR1A3) antibodies were obtained from the Biotherapeutics
Development Unit, Clare Hall, Cancer Research UK, London, UK.

Anti-CD16 Two different clones of this antibody were used:
MEMI154 (Biovendor Laboratory Medicine Inc.) and 3G8 (BD
Biosciences, Pharmingen, USA). Both are murine monoclonal
IgGlk antibodies against the human FcyIIIA receptor (CD16A;
FCGR3A). F(ab’), derived from the 3G8 clone was obtained from
Ancell Corp, Bayport, MN, USA.

© 2008 Cancer Research UK



Anti-prostate specific membrane antigen Murine monoclonal
antibody 107-1A4 to PSMA was kindly provided by Robert
Vessella (Univ Washington, USA).

Polyclonal rabbit anti-mouse antibody This was obtained from
DAKO A/S, Denmark, and was diluted to 1:100 in RPMI-1640/1%
FCS.

Anti-B-galactosidase antibody clone 4C7 (Durbin and Bodmer,
1987), was obtained from the Monoclonal Antibody Service, Clare
Hall, Cancer Research UK, London, UK, and used at a final
concentration of 0.4 ugml™"' in RPMI-1640/1% FCS.

AUA-1 This was obtained from the Monoclonal Antibody
Service, Clare Hall, Cancer Research UK, London, UK (Epenetos
et al, 1982). It has been shown to be an anti-EpCam antibody
(Spurr et al, 1986).

FITC-conjugated murine anti-human IgG and FITC-conjugated
rabbit anti-mouse IgG  These were obtained from Sigma-Aldrich,
Poole, UK.

CD3-FITC, CD16-PE, CD56-APC, IgGI-FITC (isotype control), IgG1-
PE (isotype control) and IgGI-APC (isotype control) These were
obtained from BD Biosciences Pharmingen, Oxford, UK.

Chromium-release cytotoxicity assay

Peripheral blood mononuclear cells were prepared as above
and suspended at a concentration of 1 x 10’ml~" in RPMI-1640
supplemented with 10% FCS and 1% glutamine (complete
medium). 2 x 10° target cells were centrifuged at 400 g for 5min,
decanted and labelled by resuspending the pellet in 0.1 ml of
7.4MBq of Na3'CrO,. This cell suspension was incubated at 37°C
for 60-100 min depending on the optimal labelling time for the
particular cell line. Optimal labelling time had previously been
determined by choosing the labelling time with the highest
maximal lysis:background radioactivity ratio. The cells were then
washed twice with RPMI-1640 and suspended in complete RPMI-
1640 at a concentration of 1 x 10° cells per ml. Target cells (100 ul
(1 x10*) and PBMCs (100 ul (1 x 10°)) were added to micro-
centrifuge tubes to give an effector: target ratio of 100: 1. Various
antibody concentrations (20 ul) were then added to the relevant
tubes. Triton (120 ul of 5%) was added to 100 ul of target cells to
obtain maximum release values. All tubes were made up to the
same volume using complete RPMI-1640. The tubes were spun at
200 g for 2 min and the pellet of combined target and effector cells
was incubated at 37°C for 4h in the presence of antibody. The
tubes were then spun at 200g for 5min and 35ul of the
supernatant added to 100 ul Optiphase Supermix (Perkin Elmer,
Boston, MA, USA) in a 96-well plate. The >'Cr concentration in
each well was then determined using a Microbeta plate reader.

Fluorescence-based EuTDA cytotoxicity assay

Five microlitres of BATDA (Blomberg et al, 1996) (Perkin Elmer,
Boston, MA, USA) were added to 2 x 10° target cells suspended in
complete RPMI-1640 and incubated for 10-25min at 37°C
depending on the optimal labeling time for the particular cell
line, determined as described for the *'Cr-release assays. The
relative concentrations of target cells and antibody in the
microcentrifuge tubes were similar to those used for the *'Cr
release assay. However, varying effector:target cell ratios were used
for the fluorescence-based assay. After spinning at 200 g for 2 min
the tubes were incubated at 37°C for 2h and then spun again at
200g for 5min. A total of 20ul of the resulting supernatant
was added to 200 ul of Europium in black 96-well plates and
the resulting fluorescence was then read in a time-resolved
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fluorometer using an excitation wavelength of 340nm and an
emission wavelength of 615 nm.

CEA ELISA assay

CEA levels were determined using a f-galactosidase/anti-
p-galactosidase ELISA (Durbin and Bodmer, 1987). Cells were
plated onto a poly-L-lysine coated 96-well Nunc-Immuno PolySorp
plate at a concentration of 2.5 x 10* cells per well. Murine PR1A3
was used as the CEA-detecting antibody with rabbit anti-mouse
antiserum as the secondary antibody. The GAG complex of
p-galactosidase with anti-f-galactosidase antibody was made by
dissolving fi-galactosidase (E.coli [-galactosidase lyophilised
powder; Sigma-Aldrich, Poole, Dorset, UK) at a concentration of
500Uml™' in 100mmM TRIS/100 mM MgCl,/100mM 2-mercapto-
ethanol with 300 ugml™' of 4C7 and incubating this complex
at 4°C overnight. The complex so formed was then added at a
dilution of 1:750 in RPMI-1640/1% FCS. The GAG complex binds
to free antigen-binding sites on the rabbit anti-mouse IgG
antibody, which is already bound to the PR1A3 attached to the
CEA on the cells. The substrate 4-methylumbelliferyl-B-p-galacto-
side (Sigma-Aldrich, Poole, Dorset, UK) was first prepared at a
concentration of approximately 0.3mgml~ ' in a buffer of 1 mm
MgCl,/100 mm 2-mercaptoethanol . After stirring for 30 min, the
solution was filtered to remove excess substrate. This substrate
solution was added to each well to start the reaction. After
incubation for 40min in the dark at room temperature,
fluorescence was measured using an excitation wavelength of
365nm and an emission wavelength of 445 nm.

Flow cytometric analysis of CEA internalisation

The concentration of cells to be analysed was adjusted to
1 x10°ml ! and the cells washed once with phosphate-buffered
saline (PBSA) containing 2% FCS and then centrifuged at 400 g for
five minutes. The resulting pellet was resuspended in cold PBSA
containing 2% FCS and incubated on ice with either 100zl of
hPR1A3 at 20 ugml ™, 100 ul of AUA-1 at 15 ugml ™' or a medium
control for 30 min. The cells were next washed again, with PBSA
containing 2% FCS and incubated in a water bath at 37°C for 0, 1, 2
or 3 h. The cells were then incubated with a 1:50 dilution of FITC-
conjugated anti-human-IgG for hPR1A3 and a 1:100 dilution of
FITC-conjugated anti-murine IgG for AUA-1 on ice in the dark for
30min before being washed again and resuspended in PBSA
containing 2% FCS. The cells were then passed through a
fluorescence-activated cell sorting (FACS) Calibur flow cytometer
and the results analysed using CellQuest software.

NK cell enrichment

Fresh PBMC or eluted PBMC from leucodepletion filters were
enriched for NK cells using a Human NK Cell isolation kit
(Miltenyi Biotec) following the manufacturer’s instructions. This
involved adding the NK cell Biotin-Antibody cocktail (10 ul per
107 cells) which contained antibodies against T cells, B cells, stem
cells, dendritic cells, monocytes, granulocytes and erythroid cells.
Following incubation for 10 min at 4°C, the NK Cell magnetic
Microbead Cocktail was added. This was left for 15 min at 4°C and
the cells then washed with MACS buffer (PBSA/0.5% FCS/2mm
EDTA) and centrifuged. The cell pellet was resupended in 0.5 mls
MACS buffer and then passed through an LS magnetic column to
remove cells that bound the antibodies in the cocktail. The cells
that passed through were then collected and suspended in
RPMI-1640 with and without IL-2 (Peprotech) at 10 ng ml™! and
incubated overnight at 37°C. Aliquots pre and post sorting were
taken for FACS analysis with the antibodies CD3, CD56 and CD16
and the appropriate isotype controls. Thus, 1 x 10° cells were
suspended in 2 ml of FACS buffer (PBSA/1%FCS/1% sodium azide)
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and centrifuged. The supernatant was removed and the cells
resuspended in the residual buffer. The antibodies were then
added and left for 20 min at 4°C before washing and then fixing
with 300 ul of 2% paraformaldehyde. The fixed cells were analysed
on a FACS Calibur flow cytometer. Gating of the lymphocyte
population in the forward versus side scatter plot revealed a purity
of at least 85% with respect to CD16 and CD56 binding. The
resulting NK cells were used in cytotoxicity assays with hPR1A3
against SKCO-1, which is known to express CEA.

Effect of soluble CEA on PR1A3-induced ADCC

Purified CEA, obtained from human liver colorectal metastasis,
was purchased from Chemicon and diluted in RPMI-1640 for use
in ADCC assays with NK cells (CD3—/CD56 + /CD16 + ) that were
isolated from PBMC from a healthy volunteer. CEA was added to
achieve final concentrations of 2 and10 ugml™'. This concentra-
tion far exceeds any concentration that would be found in the
serum of a colorectal cancer patient. A level above 5ngml™" is
generally accepted as being raised. Patients with CEA levels above
15ngml ' have been found to have a worse prognosis (Wiratkapun
et al, 2001). The cytotoxicity assay was then carried out as
described above.

FACS analysis for competitive inhibition of hPR1A3
binding in the presence of soluble CEA

Soluble CEA at a final concentration of 10 ugml ' was added to
hPR1A3 (final concentration 20ugml™'). The mixture was
incubated in a 1.7ml eppendorf microtube for 45min at room
temperature. Humanised PR1A3 alone, at a concentration of
20 ugml™', and medium alone were similarly incubated in a
microtube. Cells to be assayed with these various mixtures were
adjusted to a concentration of 1 x 10°ml ™" in RPMI-1640 complete
medium and washed with FACS buffer (PBSA/1%FCS/1% sodium
azide). The resulting pellet was resuspended in 10 ul FACS buffer
and then incubated on ice with 100ul 20 ugml™' mPRI1A3,
hPR1A3/CEA (as prepared above) or medium control for 30 min.
The cells were then washed twice with FACS buffer and incubated
on ice in the dark for 30min with a 1:50 dilution of FITC-
conjugated anti-human-IgG (for hPR1A3). The resulting labelled
cells were washed again with 2 ml of FACS buffer and centrifuged
at 400g. The supernatant was removed completely and the cells
resuspended in 300ul of 2% paraformadehyde in PBSA. The
labelled cells were analysed using a FACS Calibur flow cytometer
as described before.
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Data analysis

Percentage lysis of the cell lines in the cytotoxicity assays was
calculated as (experimental release—background release)/(max-
imum release—background release) x 100. Percentage specific lysis
was calculated as (experimental release—antibody independent
release)/(maximum release—antibody independent release) x 100.
The s.e.m. of multiple experiments was calculated using Graphpad
Prism software, San Diego, CA, USA. Standard normal distribution
tests were used to assess the significance of the differences found.

RESULTS

hPR1A3 binds to membrane-bound CEA and the
antibody-antigen complex is not internalised after 3h

Humanised PR1A3 showed specific binding to MKN45, a high
CEA-expressor. After three hours incubation of MKN45 at 37°C
with hPR1A3, no change was observed in the amount of antibody
detected on the cell surface (Figure 2A). This is in contrast to the
results obtained in similar experiments using the anti-EpCAM
monoclonal antibody, AUA-1 (Figure 2B). In that case there is
already a significant reduction in the cell surface expression of
EpCAM after incubation for 1h at 37°C indicating a fairly rapid
internalisation of the surface EpCAM/anti-EpCAM complex. These
data show that the CEA/anti-CEA(PR1A3) complex is not
significantly internalised even after 3h of incubation at 37°C
(Figure 2).

hPR1A3 causes dose-dependent lysis of the high
CEA-expressing cell line, MKN45

MKN45 was used as a high CEA expressing cell line in cellular
cytotoxicity assays with *'Cr using different antibody concentra-
tions. In the absence of antibody, PBMCs effected a low but
significant level of spontaneous killing. The level of killing
increased with increasing concentrations of antibody, as would
be expected for ADCC (Figure 3).

Colorectal cancer cell lines express varying levels of CEA

The level of CEA expression on a subset of cell lines was assessed
using an ELISA assay with mPR1A3, and is given in Table 1 as
mean arbitrary fluorescence units (*s.d.).

These data correlate well with those obtained from FACS
analysis, RT-PCR and micro-array expression data (see
Supplementary Figure 1).

B AUA-1 treatment of MKN45 cells

Control:
FITC-anti-

128 1 murine 1gG

1hat37°C
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102 108 10*
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Figure 2 Time-course FACS analysis of hPRIA3 binding to CEA-expressing MKN45 cells. The cell line was labeled with primary antibody (PRIA3 or
AUA-1) at 4°C and then incubated for varying times at 37°C before addition of secondary antibody (FITC-conjugated anti-human IgG or anti-mouse IgG
respectively). (A) Analysis over time suggests that the CEA-PRIA3 complex is not internalised within 3 h of binding to CEA. (B) Binding of the monoclonal
antibody AUA-| to EpCAM on the surface of MKN45 cells leads to interalisation within one hour.
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Figure 3 Humanised PRIA3-induced ADCC-mediated lysis is depen-
dent on the concentration of antibody. Cr-release ADCC assays were
done using MKN45 as CEA-expressing target cells and human PBMC as
effectors at a ratio of 100: | effectors to targets. Columns represent mean
% lysis without antibody and with varying concentrations of hPRIA3. These
data shown are from the analysis of |4 separate experiments using MKN45
as the target cell and with triplicate wells for each condition in each
experiment. Error bars indicate standard error of the mean (sem.).
*Indicates that significance of values is P<0.05 compared with samples
given no antibody.

Table I CEA expression determined by GAG-ELISA and given as mean
arbitrary fluorescence units *s.d.

Cell line CEA expression (mean +s.d.)
SKCO-I 26804 (£ 1322)
PCHW 20160 (£2124)
LSI174T 19833 (£2618)
MKN45 19741 (£ 1769)
HT55 11954 (£ 1667)
HT29 4688 (£ 1185)
HCT-116 1995 (£ 1035)

The level of hPR1A3-mediated ADCC depends on the level
of CEA expression

HCT-116 was identified by FACS, ELISA and RT-PCR assays to
have no or at most a very low level of CEA expression. The killing
of the high expressing cell line MKN45 was therefore compared
with that of HCT-116 by hPR1A3 in the presence of human PBMC
using a EuTDA assay. While MKN45 was killed as expected, there
was no increase in lysis of HCT-116 above spontaneous killing
even with the highest concentration of antibody (Figure 4A). The
variation in hPR1A3-based ADCC lysis between cell lines
expressing different levels of CEA was assessed using PBMC and
a EuTDA assay. The results shown in Figure 4B indicate a good
correlation between CEA levels and the degree of hPRI1A3-
mediated killing (Figure 4).

hPR1A3-mediated ADCC-based killings depends on the Fc
portion of the antibody

Since the murine IgG1 isoform does not associate strongly with the
human FcyIIIA receptor (Lubeck et al, 1985), mPR1A3 was
compared with hPR1A3 in killing assays on MKN45. The results
(Figure 5) show that murine PR1A3 did not kill above background,
in contrast to hPR1A3. This adds to the support for the
specificity of hPR1A3-based killing and suggests its dependence
on appropriate interaction with an Fcy receptor (Figure 5).
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Figure 4 hPRIA3-mediated ADCC lysis of colorectal cancer cell lines
depends on their level of CEA expression. (A) Effect of increasing
concentrations of hPRIA3 on lysis of CEA-positive (MKN45) and -negative
(HCT-116) cell lines. Fluorescence-based ADCC assays were done using
human PBMCs as effector cells in a ratio of 100: 1 with target cells.
Columns represent % lysis in the presence of both target and effector cells
with no, or with increasing concentrations of hPRIA3. *P <0.05 comparing
the cell lysis between MKN45 and HCT 1 16. (B) Comparison of hPRIA3-
mediated ADCC based lysis in cell lines with different levels of CEA
expression (shown in parentheses) based on results in Table |. The
EuTDA-based ADCC assay was done using human PBMC:s as effector cells
at ratios of 100:1 with the various target cell lines. Nonspecific
spontaneous killing levels have been subtracted to reflect antibody-specific
lysis only.

hPR1A3-dependent and spontaneous killing are both
inhibited by an anti-CD16 antibody, but only antibody-
dependent killing is inhibited by an F(ab’), of anti-CD16

Since the NK effector cells in PBMC, which are presumed to
mediate the majority of antibody-dependent killing, do so via the
CD16 (FcylIIIA) receptor (Titus et al, 1987; Lanier et al, 1988;
Moretta et al, 1989), the blocking effects on hPR1A3 killing of
MKN45 by anti-CD 16 and a F(ab’), of the same antibody were
investigated (Figure 6).

The results of blocking experiments with two different
concentrations of the reagents are shown in Figure 6. These data
show that anti CD16 completely blocked both spontaneous and
hPR1A3-induced killing. To ensure that this was a direct effect of
blocking the CD16 antibody receptor and not simply a conse-
quence of adding a second antibody which might compete for
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Figure 5 Comparison of humanised IgG| and murine IgG1 isotypes of
PRIA3 in fluorescence-based ADCC assays using human PBMCs as
effectors and the MKNA45 cell line. Effectoritarget ratios of 100: | were used
in all assays. Columns represent mean % lysis from triplicate wells containing
both target and effector cells with no, or with increasing concentrations of
hPRIA3.
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Figure 6 Effect of whole or F(ab'), anti-CD16 on hPRIA3-mediated
lysis. Fluorescence-based ADCC assays were done using human PBMCs as
effector cells in a ratio of 100:1 with MKN45 target cells. Columns
represent mean % lysis from triplicate wells containing both target and
effector cells + 10 ugml™' hPRIA3 +second antibody as indicated. The
anti-CD 16 constructs and anti-PSMA control were added at the same time
as the effector cells without prior incubation.

Fc-receptor sites, we added a non-specific antibody against
prostate membrane-specific antigen instead of anti-CD16 and this
did not block hPR1A3-mediated killing of MKN45.

In marked contrast to the blocking effects of whole CD16
antibody, the F(ab’), of the anti-CD16, which lacks the Fc-portion
of the antibody required for binding to the CD16 receptor on
effector cells, abolished only antibody-dependent killing but did
not affect the spontaneous lysis.

Purified NK cells are able to elicit ADCC with hPR1A3 at
much lower effector:target ratios than are unfractionated
PBMC

To establish that the major killing effect seen with hPR1A3 was
actually due to NK cells as conventionally defined, purified NK
cells were used in assays of hPR1A3 Kkilling of the high CEA
expressing colorectal cell line, SKCO-1. NK cells were enriched
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Figure 7 (A) Demonstration of NK cell purification. NK cells were
purified from a single donor buffy coat sample (NBS) using the Human NK
isolation kit. FACS analysis was performed using CD56 and CDI6
antibodies pre- and post-sorting to show the enrichment of NK cells, which
are both CD16- and CD56-positive. (B) Purified NK cells are much more
effective killers than unfractionated PBMC. PBMC and NK cells were
isolated from a single donor buffy coat (NBS). SKCO-1 was used as the
target in the presence of PBMC (A) or NK cells (<) with PRIA3
(50 ugmi™"), or with no antibody (PBMC, B; NK, V). The flouresence-
based EUTDA assay was used with effector:target ratios ranging from 10: |
to 50: 1.

from PBMCs obtained from buffy coat (NBS) using the Human NK
Isolation Kkit, as described in Materials and Methods.

The extent of enrichment for NK cells is illustrated by the FACS
analysis shown in Figure 7A, using antibodies to CD16 and CD56.
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The second panel clearly documents the extensive purification of
the CD16 and CD56 positive NK cells. The results of ADCC assays
with hPR1A3 using either these purified NK cells or unfractionated
PBMCs as effectors, and SKCO-1 as target cells, are shown in
Figure 7B. The difference in the effectiveness of killing by NK cells
as compared to unfractionated PBMCs is striking. Whereas in both
cases there is some spontaneous killing in the absence of antibody,
the NK cell antibody-specific killing is already very clear at the
lowest effector:target ratio of 10. There is, on the other hand,
barely detectable specific killing with the PMBCs even at a 50:1
effector: target ratio. Further data (see Supplementary Figure 2)
demonstrate that ADCC can occur in the presence of purified NK
cells even at effector: target ratios as low as 1:1. These results
provide strong support for the assumption that the hPR1A3
antibody-specific killing of CEA expressing human cell lines is
almost entirely due to the action of the human NK cells as effectors.

Neither hPR1A3 binding to, nor hPR1A3-mediated killing
of MKN45 are blocked by soluble CEA

The binding to the high expressing cell line SKCO-1 of hPR1A3
(20 ugml™") on its own, or after preincubation with soluble CEA
(10 ugml™") was investigated using a FACS analysis. The results,
illustrated in Figure 8A, show that there is no reduction in
reactivity of hPR1A3 with MKN45 after preincubation with CEA, as
compared to hPR1A3 alone. This corroborates for hPR1A3 the
earlier results obtained by Durbin et al, 1994 with mPR1A3, which
showed that soluble CEA does not block this antibody’s binding to
membrane bound CEA (Figure 8).

To show the same lack of effect of soluble CEA on hPR1A3-
specific killing, ADCC assays were carried out using fresh blood-
derived NK cells and SKCO-1 as target cells with hPR1A3 on its
own, or after preincubation with soluble CEA. The results,
illustrated in Figure 8B, clearly show that even preincubation with
10 ug ml ™" of soluble CEA does not reduce the specific killing effect
of hPR1A3.

DISCUSSION

Our study has clearly shown that the humanised PR1A3 antibody
can be used for targeted killing of colorectal cancer lines that
express cell surface CEA. Both the direct binding of the antibody to
cells, and the extent of its ADCC activity against cells are
dependant on the level of surface expression of CEA. The fact, as
we have also shown, that CEA is not significantly internalised adds
another advantage to CEA as a target for naked antibody therapy.
This effectively increases the exposure times to Fcy receptor-
bearing cells by promoting attachment to antibody-coated target
cells. We have confirmed, as was shown previously for the murine
version of PR1A3, that the binding of hPR1A3 to surface bound CEA
is not inhibited by soluble CEA, and in addition have shown that the
same is true for its ADCC activity. This property of PR1A3 accounts
for the low false-positive rate of lymph node detection in
immunoscintigraphy of colorectal cancers with PR1A3 in patients
(Granowska et al, 1989), given that it has been shown that soluble
CEA drains into lymphatics and so can become sequestrated into
regional lymph nodes in the absence of cancer cells (Kubo et al, 1992).

Human NK cells are known to express CD16 (homologous to the
Fcy IV receptor in mice (Nimmerjahn and Ravetch, 2005)) and are
thought to play an important role in responses to antibody therapy
(Liljefors et al, 2003). We have shown that the ADCC activity of
hPR1A3 is dependent on its Fc domain. The evidence for this
comes both from the fact that mPR1A3, though it binds to surface
CEA on human cells, has no ADCC activity using human PBMC as
effectors, and that the ADCC activity of hPR1A3 is blocked both by
whole antibody to CD16 and by a CD16 F(ab’), fragment. The fact
that enrichment of human NK cells can elicit hPR1A3-dependent
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Figure 8 (A) Indirect staining and FACS analysis to study the effect of

addition of soluble CEA on humanised PRI A3 binding to SKCO-1. The left
histogram plot is the isotype control. The light grey curve represents the
histogram curve for hPRIA3 only (20 ugml~") and the dark grey curve
represents the curve for hPRIA3 (20 ugml™') that has been preincubated
with 10 ugml™" of soluble CEA. (B) ADCC assay with hPRIA3 on its own,
or after preincubation with soluble CEA at final concentrations of 2 and
10 ugml~", using purified NK cells (CD56 +/CD 16 4 /CD3—) as effectors
and fluorescently labelled SKCO-| cells as targets (effector:target ratio used
was 10:1). The controls used were no antibody and purified CEA with
target and effector cells only. *Indicates P < 0.05 compared with the specific
lysis of target and effector cells alone.

ADCC at very low effector:target ratios when compared with
unfractionated PBMC, provides strong evidence that the ADCC
activity of hPR1A3 is actually mediated by human NK cells. That
the addition of the complete CD16 IgG, (but not the F(ab’),
fragment) also abolishes antibody independent killing may be
explained either by antibody binding to CDI16-bearing cells
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reducing their mobility in the wells due to formation of clusters of
CD16 + cells or that killer cells may destroy CD16 + cells which
have bound the antibody.

The affinity of hPR1A3 for CEA appears to be relatively low as
reflected by the higher concentrations of PR1A3 needed to mediate
ADCC as compared to cetuximab (see Supplementary Figure 2).
However, this may be a potential advantage in the treatment of
solid tumours, since higher affinity antibodies may penetrate less
into tumours due to the majority of binding taking place at the
outer most part of a tumour (Adams et al, 2001). Intermediate
affinity antibodies may, thus, be predicted to have greater
penetration into solid tumours.

Much research is now directed at conjugating antibodies with
radiolabels or toxins. Although this has had some success in
experimental animal models, there remain significant problems in
the true in vivo situation, including especially the development of
an immune response against the toxins or enzymes linked to a
therapeutic antibody.

We suggest that the appropriateness of CEA as a therapeutic
target, together with our evaluation of antibody hPR1A3’s
mediated ADCC activity makes this antibody a very attractive
target for clinical development as a naked antibody. The main
challenge may be to enhance PR1A3’s ADCC activity, and this may
be achieved by glycoengineering its Fc hinge region (Umana et al,
1999), which has been shown to be a very effective method for
enhancing the effectiveness of antibody-mediated ADCC in vitro.

As previously discussed, only a small percentage of antibody
administered intravenously actually reaches the cells of a solid
tumour ((Allum et al, 1986; Delaloye et al, 1986; Epenetos et al,
1986; Colcher et al, 1987; Welt et al, 1990). While a small number
of antibody molecules reaching their tumour target may be
sufficient to elicit immune-based killing by ADCC, it seems
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unlikely that such small amounts of antibody reaching a tumour
could have much effect in blocking function, since this would
require at least the majority of the antibody’s targets to be covered.
This emphasises the potential importance of immune mechanisms,
even for therapy with antibodies against targets such as EGFR and
ErbB with known functions, and so the importance of enhancing
ADCC for effective treatment, rather than improving the blocking
of function. The fact that CEA has no obvious function that might
be blocked by antibody does not mitigate against its use for naked
antibody-based therapy on the assumption that the primary
mechanism is immune and through ADCC. We believe that the
results we have presented here suggest that the naked anti-CEA
humanised antibody PR1A3, glycoengineered to increase its
efficacy in ADCC, may be an excellent candidate for therapy
of colorectal and other solid tumours that express significant levels
of CEA.
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