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RESPUESTA AL AUTO NOTIFICADO POR FIJACION EN LISTA NO. 402
DEL 18 DE JULIO DE 2012, OFICIO NO. 12526 (EXAMEN DE FONDO)

ALVARO CORREA ORPONEZ, mayor de edad y vecino de Bogota D.C., identificado tal como
aparece al pie de mi firma, en mi carcter de apoderado de la sociedad en referencia, doy

respuesta al auto emanado por ese Despacho dentro del término de prorroga solicitado en mi

memorial 08-095703-000050000 de fecha 8 de octubre de 2012:
1. Objeciones del Examinador

1.1 Titulo

Su Despacho solicita eliminar del titulo la referencia los usos.

1.2 Reivindicaciones

Su Despacho hace las siguientes observaciones:
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"El objeto de las reivindicaciones 1, 3- 10 y 40-47 no se considera una invencion, de

acuerdo con el Arte citado.

No obstante, las reivindicaciones 36 - 39 se encuentran encabezadas come composicion,
esta se encuentra definida por su uso, por lo tanto no es patentable de acuerdo con el Art

14.

La reivindicacion 11 se refiere a un anticuerpo humanizado o quimérico, sin definir sus
secuencias, esta forma de definirlo no es adecuada porque no permite caracterizar al
anticuerpo. Se sugiere definir al anticuerpo por su estructura completa con las secuencias
que le conforman en la cadena ligera y cadena pesada, o las secuencias variables de las
cadenas Ligera y pesada incluyendo las secuencias-de los 6 CDR's que conforman ambas

cadenas.

Las reivindicaciones 16, 17 y 18 - 25 se refieren a fragmentos de los anticuerpos
nombrando diferentes secuencias para la regién variable de cadena pesada y cadena ligera
que no son estructuras activas, probadas, ni definidas, también se encuentra la expresion al
menos 2 CDRs, la cual no es aceptable puesto que es conocido en el campe técnico que
pequefias variaciones en las secuencias del anticuerpo influyen en su unién con el antigeno,
especialmente si estas se realizan en los CDRs. Adicionalmente, se da lugar a una serie de
combinaciones entre las secuencias variables de cadena ligera y cadena pesada que no
encuentran soporte en la descripcion. No es posible definir un anticuerpo por fragmentos
del mismo per lo cual se sugiere caracterizarlo a partir de su estructura complela,
mencionando las secuencias que lo conforman en la cadena ligera y cadena pesada, o las
secuencias variables de las cadenas ligera y pesada incluyendo las secuencias de los 6
CDR's que conforman ambas cadenas, restringiendo la solicitud a los anticuerpos que
presentan alguna modificacion, tales come los humanizados e quiméricos, puesto que

anticuerpos murinos o fragmentos de los mismos no se consideran una invencion.

No es claro a que se refiere el solicitante con un anticuerpo quimérico humanizado en las
reivindicaciones 12 - 16 y 18, debido a que estas reivindicaciones son dependientes de la
reivindicacion 11 o de alguna reivindicacion dependiente de esta, se piensa que puede ser

un error de trascripcion y que el solicitante se refiere a un anticuerpo quimérico o
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Y en referencia a la reivindicacion 26 y sus dependientes dice:

“La reivindicacidn es obvia, porque la persona del oficio normalmente versada en la
materia enfrentada al problema de obtendria (SIC) un conjugado de un anticuerpo anti-5T4

Y un fdrinaco como un agente citotoxico segun las ensefianzas de los documentos DI y D2,

logrando de esta forma el conjugado de esta solicitud.”

2. Argumentos a favor de la patentabilidad de la solicitud

2.1  Titulo

De acuerdo con la solicitud de su Despacho el titulo se ha modificada y ya no menciona el

uso, quedando ahora como: " Anticuerpos anti-5T4".

2.2. Reivindicaciones

2.2.1.  Su despacho considera que las reivindicaciones 1, 3-10 y 40-47 no se
consideran una invencion de acuerdo con el articulo 15 de la Decision 486. En respuesta a
esta observacion la reivindicacién 1. se ha corregido para' especificar un anticuerpo
humanizado o quimérico y las reivindicaciones 3 y 6-11 se han cancelado. Las
reivindicaciones 40-47 también se han cancelado.

2.22.  Su despacho considera que las reivindicaciones 36-39 estan dirigidas a una
composicion que se define mediante su uso y como tal no son patentables de acuerdo con el

articulo 14 de la decision 486. Dichas reivindicaciones se han cancelado.

2.23.  Su despacho considera que la reivindicacién 11 se refiere a un anticuerpo
humanizado o quimérico sin definicion de su secuencia. Su despacho también sugiere que el
anticuerpo se defina con su estructura completa que incluye las secuencias de seis CDR. En
respuesta a su observacion la reivindicacion 1 se ha corregido para describir los anticuerpos
reivindicados mediante referencia a los seis CDR. Por favor tenga en cuenta que al
momento de la presentacion de la presente solicitud era bien conocido que la especificidad

de union del anticuerpo era atribuible a la region de union de anfigeno formada por los seis

CDR.



2.2.4.  Sudespacho consideré que las reivindicaciones 16, 17 y 18-25 se refieren a
fragmentos de los anticuerpos que tienen diferentes secuencias que no son conocidos por
tener la misma actividad de unién o que se alega que no estan soportados en la descripcion.
En respuesta a su observacion por favor note que las reivindicaciones 16-25 dependen de la
reivindicacion 1 las cual se corrigi6 para especificar los anticuerpos que tienen regiones de

union de antigeno particulares caracterizadas por los seis CDR indicados.

225, Su despacho considera que la expresion "anticuerpo quimérico
humanizado" en las reivindicaciones 12-16 y 18 no es clara y que se puede deber a un error
de transcripcién. Dicha referencia se ha corregido en las nuevas reivindicaciones. La

reivindicacion 18 se ha cancelado.

2.2.6.  Su despacho considera que las reivindicaciones 12-15 no son concisas por
que se refieren a las regiones constantes definiéndolas por ser humanas y derivadas de una
cadena constante de cadena ligera kappa humana de IgG1, IgG2, IgG3, o 1gG4 humano. En
respuesta a esta observacion las actuales reivindicaciones 12-14 (reenumeradas como
reivindicaciones 5-7) se corrigieron para suprimir el lenguaje que indicaba derivacion de
una secuencia de regién constante proveniente de una secuencia conocida. Por favor
también note que las secuencias de region constante humana eran bien conocidas en la

técnica al momento de la presente invencion.

2.2.7. Su despacho considera que las reivindicaéiones 17, 24, 25, 26, y 47 no son
aceptables por que no permiten definir una secuencia exacta ni caracterizar un anticuerpo.
En respuesta a esta observacion los elementos de las reivindicaciones 17, 24-25 y 46-47
(reivindicaciones reenumeradas 10, 13-14 y 26-27) que incluyen tales porcentajes se han

suprimido.

2.2.8.  Su despacho considera que las reivindicaciones 26-30, 34 y 36 definen
componentes de un conjugado que se puede encontrar en una composicion (a) como el
anticuerpo de la reivindicacién 1, que no estd adecuadamente caracterizado, (b) un farmaco
sin definicion especifica del farmaco o sin definicion de su funcionalidad, efecto terapéutico
o mecanismo de accion, y (¢) un ligador que tampoco esta definido. Su despacho considera
que esta definicion de un conjugado es insuficiente sobre la base de que el farmaco de

anticuerpo y el ligador no estan definidos. Se considera ademas que solo se encuentra



soporte en la descripcion cuando el farmaco es caliqueamicina y el ligador es 4cido 4-

(4'acetilfenoxi)butanoico.

En respuesta a esta observacion por favor note que la eficacia de los conjugados de
anticuerpo/farmaco es dependiente de la selectividad de la porcidén de anticuerpo del
conjugado. Como se describié aqui adelante, la selectividad mejorada de los conjugados de
anticuerpo/caliqueamicina A1 y A3 parte del supuesto de los epitopos tinicos unidos por los
anticuerpos Al y A3, que son diferentes del anticuerpo H8 de la técnica anterior. Basados
en esta selectividad, una persona medianamente versada en la materia entenderia facilmente
que cualquier molécula terapéutica (es decir, farmaco) se podria conjugar a los anticuerpos

A1y A3 con la expectativa razonable de que tal conjugado fuera similarmente ventajoso.

Por favor también tenga en cuenta que en la solicitud originalmente présentada existe
soporte para el uso de una variedad de farmacos terapéuticos que eran conocidos en la
técnica por ser eficaces. Ver, por ejemplo, descripcion en la pagina 63, linea 9 a pagina 67
linea 10 (que describe, por ejemplo, que las citotoxinas representativas incluyen
antibidticos, inhibidores de polimerizacién de tubulina, agentes alquilatantes que se unen y
afectan el ADN, y agentes que afectan la sintesis de proteina o la funcién de las proteinas
celulares esenciales tales como las proteinas quinasas, fosfatasas, topoisomerasas, enzimas,
y ciclinas); en las paginas 65-69 el parrafo puente (que describe citotoxinas representativas
que incluyen, por ejemplo, citotoxinas que también son conocidas en la técnica como
antibidticos (por ejemplo, puromicina, actinomicina, autramicina)); en las paginas 65-69, el
parrafo puente (que describe radio isotopos representativos) ; en la pagina 70 primer
parrafo completo que describe agentes inmunomoduladores representativos; en la pagina 36,
segundo parrafo (que describe agentes antiproliferativos y proapoptdsicos representativos) ;
en la pagina 71-72 el parrafo puente (que describe agentes quimioterapéuticos
representativos); y desde pagina 72, ltimo parrafo (que describe agentes terapéuticos

representativos adicionales).

2.2.9 Menciona su despacho que la reivindicacién 32 no es clara debido a la referencia al
"andlogo". Por favor note que una persona medianamente versada en la materia entenderia
el término "andlogo" en razon a que este término se utiliza para describir una molécula de
caliqueamicina significando con esto versiones de una caliqueamicina especifica que

comparte similaridades estructurales y funcionales
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2.2.10 Su despacho considera que las reivindicaciones 36-39 indican el uso que puede
darsele al producto reivindicado y ademas hace alusién a métodos de tratamiento los cuales

no son patentables. En respuesta a esta observacion el solicitante ha decidido cancelar

dichas reivindicaciones.

2.2.11 Su despacho ha considerado que las reivindicaciones 46 y 47 no serian patentables
por que se refieren a acidos nucleicos de murino y se sugiere limitarlo a los 4cidos nucleicos
humanizados solamente. En respuesta a esta observaciéon las reivindicaciones se han

corregido para establecer secuencias de anticuerpo A1y A3 humanizadas.

2.2.12  Su despacho considera que las reivindicaciones 46 y 47 definen los acidos nucleicos
reivindicados por un resultado a alcanzar en razén a que estas reivindicaciones se refieren a
un acido nucleico que hibridiza de manera especifica al complemento de cualquiera de (a)-
(d) bajo condiciones de hibridizacion severa. En respuesta a su observacién por favor note
que los elementos de las reivindicaciones mencionadas ~que comprenden variantes

hibridizantes se han cancelado.

2.2.13 Adicionalmente se han realizado otras correcciones como en la reivindicacién 2
donde se ha suprimido la referencia a "un anticuerpo especifico de dominio" y "anticuerpos
de dominio Unico". La reivindicacion 17 (nueva reivindicacion 10) se han corregido para
reemplazar las designaciones indicadas de las regiones de estructura (por ejemplo, "DP-21

(VHT)" con identificadores de secuencia especificos.
2.3. Descripcion

En respuesta a las observaciones hechas por su despacho en relacién con la descripcidn
como por ejemplo los signos de interrogacion, la referencia a "Kg (1", la referencia al

anticuerpo A43, se han hecho las correcciones correspondientes en la descripcion.

Como complemento por favor note lo siguiente: en relacién con la segunda observacion a la
descripcion relacionada con la Tabla 1 y Tabla 2 el solicitante no ha entendido la
observacion, sin embargo, desea manifestar lo siguiente: para evaluar la novedad de A1, A2

y A3 las secuencias de region variable A1, A2 y A3 se hicieron busquedas de BLASTn y
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BLASTp para identificar las secuencias de nucledtido y de proteina mas cercanamente
relacionada, respectivamente El algoritmo BLAST para la comparacion de secuencias es
bien conocido y se practica rutinariamente en la técnica. Ver también descripcion en la
pagina 62 ultimo parrafo. Las Tablas 1 y 2 presentan los resultados de este analisis cuando
se utilizan las secuencias de consulta A1, A2 o A3 indicadas (columna mas a la izquierda).
LLa secuencia publicamente conocida mas cercanamente relacionada con la secuencia de
consulta se lista (con una mas a la derecha), y se calculé el porcentaje de identidad entre las
dos secuencias (columna de la mitad). Estos porcentajes fueron la base para los porcentajes

especificados en las reivindicaciones 24-25 (reivindicaciones reenumeradas 13-14), cuyos

elementos se han suprimido de estas reivindicaciones.

En la Tabla 3 la referencia a "Kg (1" corresponde a "ka (1/Ms)"

La referencia al anticuerpo A43 se refiere realmente a anticuerpo "A3".

Su despacho solicita la inclusion de la definicion de CMA-676 en la descripcidn puesto que

este se define como un conjugado anti-CD3/caliqueamicina. En particular el examinador

busca aclaracion del anticuerpo anti-CD33. En respuesta a su observacién por favor note

- que al momento de la presentacion de esta solicitud el CMA-676 era conocido en la técnica.

Ver por ejemplo, Sievers et al., Blood, 1999, 93: 3678-84 (Copia anexa) cuya referencia y

referencias relacionadas se describen en la solicitud originalmente presentada. Ver

descripcion, parrafo puente entre las paginas 1y 3.

Su despacho establece que existe una inconsistencia en la informacién del capitulo
descriptivo por que en la pagina 145 (lineas 19-22) se encuentran que las secuencias SEQ
ID No. 52 y 54 corresponden a regiones variables de cadena pesada A1 humanizadas y en la
Tabla 10 estas aparecen como secuencias de la regiéon variable de cadena ligera. El
solicitante desea manifestar que no entiende la observacion. De acuerdo con la pagina 145,
renglones 15 y 16 se dice que "La similitud de las regiones variables de cadena pesada Al

humanizadas se muestra en la tabla 10.". Por su parte-la pagina 146, renglones 11y 12 dice
que: "La similitud de las regiones variables de cadena ligera A1 humanizadas se muestra en

la tabla 10.". La tabla 10 muestra estas similitudes porcentualmente tal y como lo menciona
la descripcion. De acuerdo con esto no es claro porque su Despacho considera que las

secuencias 52 y 54 se consideran como de cadena pesada en un lado y de cadena ligera en
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otro.

El solicitante presenta nuevamente la figura 15 en el cual se ha corregido el término

"cynomolgus" que aparecid mal escrito originalmente.
2.4. Nivel inventivo

El nivel inventivo de una solicitud se encuentra definido en el Articulo 18 de la Decisién
486 y se establece cuando “si para una persona del oficio normalmente versada en la
materia técnica correspondiente, esa invencién no hubiese resultado obvia ni se hubiese

derivado de manera evidente del estado de la técnica”.

Contrario a lo que plantea el Examinador, el documento del arte previo citado no afecta el
nivel inventivo de la presente solicitud por cuanto no es posible derivar la presente

invencion a partir de las ensefianzas presentadas en los documentos D1y D2.

En relacion con el nivel inventivo el solicitante desea manifestar que el problema a ser
resuelto por la presente invencién no es simplemente el suministro de un anticuerpo anti-
5T4 alternativo sino, el suministro de anticuerpos anti-5T4 que tengan selectividad y
citotoxicidad mejoradas cuando se utilizan en conjugados de anticuerpo/farmaco citotoxico.
Los diferentes efectos técnicos logrados son atribuibles, al menos en parte, a los diferentes

epitopos 5T4 especificamente unidos por los anticuerpos de la presente invencién y aquellos

de los documentos citados, como se describe adelante.

Inicialmente, note que el anticuerpo anti-5T4 quimérico de D1 fue preparado utilizando
regiones variables del anticuerpo H8 murino. Especificamente, D1 establece que un ScFv
especifico de 5T4 se amplifico mediante PCR utilizando el anticuerpo monoclonal que
produce hibridoma mAbS5T4, ver Shaw et al., Biochim. Biophys. Acta, 2000, 1524: 238-246
(copia adjunta). Ver DI, pagina 885, columna 2, segundo parrafo. Shaw describe la
preparacion de anticuerpos de cadena Unica y también muestra las secuencias de aminoacido
amplificadas de las secuencias de regidén variable mAb5T4 ver Shaw figura 1B. D2
establece que el anticuerpo 5T4 0 mAbS5T4 como se describié en las referencias D1/Shaw es

el mismo que el anticuerpo denominado como anticuerpo anti-5T4 "H8" murino. Ver D2,

pagina 16, renglones 23-25.
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Como se anot6 anteriormente, los anticuerpos de la presente invencién suministran
selectividad mejorada cuando se utilizan en los conjugados anticuerpo/farmaco citotoxico
comparado con el anticuerpo H8 humanizado. El ejemplo 6 de la presente solicitud describe
los resultados d elos ensayos utilizando tinte vital (MTS) para evaluar la supervivencia de
las células que expresan 5T4 cuando se exponen a conjugados de anticuerpo anti-
5T4/caliqueamicina. Despues de 96 horas, los conjugados preparados utilizando los
anticuerpos Al y A3 reducen sustancialmente la viabilidad de las células que expresan
5T4(MDAMB435/5T4). Para evaluar la especificidad del efecto citotéxico, se calcularon
los valores de selectividad como la proporcién del efecto citotéxico del conjugado contra las
células que expresan 5T4 (es decir, actividad especifica) sobre el efecto citotoxico del
conjugado contra las células a las que le falta la expresion de 5 T4 (es decir, actividad no
especifica). Los conjugados preparados con Al (al-AcBut-CalichDMH) mostraron un valor
de selectividad alto de 93, mientras que los conjugados preparados con anticuerpo H8
humanizado (huH8-AcBut-CalichDMH) mostraron un valor de selectividad relativamente

bajo D8. Ver descripcion, Tabla 9.

Ademas con respecto a la selectividad de los conjugados de anticuerpo/firmaco luego de la
revision de los datos incluidos en la Tabla 9 y el texto que lo acompafia en el Ejemplo 6
hemos notado que el texto "selectividad: ...A3=1.6" incluido debajo de la Tabla 9 es una
representacion incotrecta y/o incompleta de los datos. Convbase en los resultados de los
ensayos MTS descritos en el Ejemplo 6, los inventores concluyeron que los conjugados de
anticuerpo/caliqueamicina preparados utilizando los anticuerpos anti-5T4 Al y A3
redujeron sustancialmente la viabilidad de las células que expresan 5T4. Ver descripcion,
pagina 140, renglones 1-5. El Ejemplo 6 también se refiere a la Tabla 9 que presenta
resultados de los ensayos MTS y explica que los valores de selectividad se calcularon como
sigue:

Los valores de selectividad se calcularon al comparar la actividad especifica del conjugado
con la actividad no especifica. Esto es, las veces de CalichDMH para las células que
expresan 5T4 se dividieron por las veces de los valores CalichDMH para las células que no

expresan 5T4, Descripciénkpﬁégina 72 renglones 5-10.

Utilizando esta ecuacion, la selectividad de los conjugados preparados utilizando los varios

anticuerpos se indica debajo de la Tabla 9 como sigue:

12
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selectividad: H8=8; Hp67.6=1; A1=93;A3=1.6

Sin embargo, notamos que cada una de las entradas correspondientes en la Tabla 9 para
"veces de CalichDMH" cuando se aplico a las células que expresan 5T4 (MDAMB435/5T4)
es un rango de valores, y por lo tanto, los valores de selectividad calculados también deben

ser un rango de valores en lugar de los valores especificos ubicados delante de la Tabla 9.

Al efectuar el calculo de la selectividad como se describi6 en la solicitud originalmente
presentada se llega a lo siguiente:

Selwctividad:H8=8-13; Hp67.6=1 (note que el valor de 1 se calcula para varios extremos de
un rango); A1=87-93; 43=2-68 (note que el valor de selectividad establecido de 1.6 parece

ser el resultado de dividir incorrectamente el fold CalichDMH mds bajo para las células que
expresan 5T4 por el fold CalichDMH mads alto para las células de control).

De acuerdo con esto, un célculo adecuado de los valores de selectividad con base en los
datos presentados en la Tabla 9, indican que los conjugados preparados con el anticuerpo
A3 muestran selectividad sustancial, comparados con los conjugados H8/caliqueamicina,

que es la conclusion sacada de los ensayos MTS tal como se establece en el Ejemplo 6.

La citotoxicidad de los conjugados de caliqueamicina anti-5T4 también se ensayo utilizando
un cultivo celular esferoide tridimensional que se aproximé mas cercanamente a un
ambiente celular in vivo. Los conjugados preparados utilizando tanto los anticuerpos Al
como A3 inhibieron significativamente el crecimiento de las células que expresan 5T4 pero
no las células de control. Ver descripcion, pagina 141, primer parrafo delante de la Tabla 9
hasta pagina 142, renglén 24, y Figura 8. También como se muestra en la Figura 8, los
conjugados preparados con anticuerpo H8 humanizado (CME-548) fueron sustancialmente
citotéxicos tanto a las poblaciones de células que expresan 5T4 como a las células de
control, consistente con la baja selectividad observada en los ensayos MTC. Estos

resultados también subcalifican la ventaja técnica ofrecida por los conjugados anticuerpo
Al y A3/caliqueamicina.

Los efectos técnicos mejorados exhibidos por los anticuerpos de la presente invencion

resultan de unir a los epitopos tnicos sobre el antigeno 5T4. Shaw et al., Biochem J., 2002,
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363:137-145 (copia incluida) describe el mapeo del epitopo del anticuerpo mAb5T4/H8
sobre el antigeno 5T4, y que el anticuerpo mAb5T4/H8 se une a un epitopo conformacional
‘ (es decir, no lineal) que est4 influenciado por la glicosilacion compleja del antigeno 5T4.

Ver Shaw 2002, resumen. La presente solicitud caracteriza ademds que los residuos 213 y

214 del antigeno 5T4 humano son esenciales para la unién del mAbST4/H8. Ver
’ descripcién, Ejemplo 4 y Tabla 6. Para identificar los epitopos a los cuales cada uno delos
| anticuerpos A1, A2 y A3 se une, se efectuaron ensayos ELISA utilizando (1) construcciones
Fe de ectodominio 5T4 con secuencias suprimidas o mutadas y (2) construcciones quimeras
5T4 transitoriamente expresadas en células COS-1. Ver descripcién, Ejemplo 4. Ademas,
los ensayos de union co,mpetitivos se efectuaron utilizando H8 humanizado biotinilado y

cada uno de los anticuerpos A1, A2 y A3. Ver descripcion, Ejemplo 4. El mapeo del epitopo

5. Los resultados combinados dan apoyo a que cada uno de los anticuerpos A1, A2y A3 se

une a un epitopo 5T4 que es distinto de aquel unido mediante el anticuerpo H8. Ver
descripcion, Figura 7.
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\1 se refind adicionalmente utilizando ensayos de union competitiva BIACORE®.Ver Ejemplo
|
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‘l Con base en lo anterior, los anticuerpos de la reivindicacién 1 tienen nivel inventivo sobre
! los anticuerpos citados en el estado de la técnica. Las reivindicaciones 2, 4-5, 12-17, 22-36
|

|y 46-47 (reivindicaciones renumeradas 2-27 y nuevas reivindicaciones 28-29) finalmente

{

| dependen de la reivindicacion 1, y por lo tanto incluyen los elementos inventivos de la
v reivindicacion 1.

|
|
{

3. Solicitudes concedidas en otros paises para esta misma invencién,

A manera informativa, pongo en conocimiento del Examinador que la patente peruana No.
“ 6145 del 13 de septiembre de 2011 equivalentes a la presente solicitud colombiana ha sido
l\ otorgada. El nuevo capitulo reivindicatorio presentado en la presente solicitud es
"sustancialmente el mismo de la solicitud peruana con la excepcion de que 1) las
",‘reivindicaciones que comprende anticuerpos de murino se han cancelado en las
rreivindicaciones de Colombia, y 2) se han agregado las nuevas reivindicaciones 26 y 27 que
{

';muestran un aspecto particular de la invencion comprendida por las reivindicaciones de la

lpatente peruana. Adn cuando entiendo que estas decisiones de ninguna manera obligan al

! e . . L
Despacho para decidir de igual forma, considero que por tratarse de una pregunta factica la
{

14
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determinacion de la existencia de nivel inventivo, las decisiones de otras oficinas de

patentes constituyen un antecedente persuasivo en la materia.
En virtud de lo anterior, solicito que se acepten las razones expuestas en el presente
documento y en consecuencia, se otorgue el privilegio de patente de invencién para el

invento que se tramita en este expediente.

Atentamente,

LVARKO CORREA ORDO

.C. No. 79.143.366 de Usaquén
.P.20.281

Anexos: Capitulo reivindicatorio modificado
Recibo por reivindicaciones adicionales
Recibo por modificacién voluntaria
Formulario de modificacion
Capitulo descriptivo modificado en versién digital
Reemplazo figura 15
Documento Shaw 1
Documento Shaw 2
Documento Sievers
Copia de la patente Peruana

BM_ALM/BOGDMS-#1287633-V1-P2008_000392-MEMORIAL_DE_RESPUESTA_PRIMER_EXAMEN_DE_FONDO.DOC
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‘ REIVINDICACIONES

{ 1. Anticuerpo quimérico o humanizado gque se une

especificamente al antigeno 5T4 humano, caracterizado porque:

|

peéada que tienen una secuencia de aminodcido establecida con SEQ

{a) los tres CDR de una regiéh variable de cadena
ID No.: 2 y tres CDR de una regidén variable de cadena ligera que
tiene una secuencia de aminocacido como se establece en la SEQ ID
No.: 4; o
(b) tres CDR de una regidén variable de cadena pesada

que tienen una secuencia de aminodcido como se establece en la

SEQ ID No.: 10 y tres CDR‘de una regidén variable de cadena ligera
|

qu% tienen una secuencia de aminodcido como se establece en la

SEQ ID No.: 12.

| 2. Anticuerpo de conformidad con la reivindicacién 1,

ca¥acterizado porque el anticuerpo es un anticuerpo quimérico, un

anﬁicuerpo humanizado, un anticuerpo de cadena indiﬁidual, un

frggmento Fab, un fragmento F (ab) ,, un fragmento Fv, un
I .

an£icuerpo tetramérico, un anticuerpo tetravalente, un anticuerpo

multiespecifico, 0 una proteina de fusidn.

3. Anticuerpo de conformidad con la reivindicacién 1,

caracterizado porque tiene una afinidad de unidén para el antigeno

5T4 humano de al menos aproximadamente 1 x 107 M a

aproximadamente 1 x 10712 M.

1287368-v1\BOGDMS 1
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1
!

|
|

4. Anticuerpo de conformidad con la reivindicacién 1,

|
|
!
!
caracterizado porque selecciona especificamente como objetivo
|
{
¢élulas que expresan 5T4 in vivo.

]

|

5. Anticuerpo quimérico o humanizado de conformidad

con la reivindicacidén 1, caracterizado porque comprende regiones
|

constantes humanas.

6. Anticuerpo quimérico o humanizado de conformidad
con la reivindicacidén 5, caracterizado porque comprende una

regién constante de cadena ligera kappa humana.

7. Anticuerpo quimérico o humanizado de conformidad

Q

regién constante de cadena pesada de IgGl, IgG2, IgG3 o IgG4

humana.

!
l
o
l
{
e
l
1
1
| 1 . . o s ]
on la reivindicacién 5, caracterizado porque comprende una
1
e
E
1
Y

1 8. Anticuerpo quimérico o humanizado de conformidad
|

con la reivindicacidén 7, caracterizado porque la regidn constante

deicadena pesada de IgG4 humana comprende prolina en la posicién

|

241.
! 9. Anticuerpo quimérico o humanizado de conformidad
|

com la reivindicacién 1, caracterizado porque comprende al menos
!
una regidén variable de cadena ligera y al menos una regidn

va%iable de cadena pesada que comprende:
i (a) una regidén de estructura que comprenden residuos
de!una regién de estructura de anticuerpo humano.
{
10. Anticuerpo quimérico o humanizado de conformidad

|

con; la reivindicacién 9, caracterizado porque los residuos
\
|

1287368-v1\BOGDMS
{

|
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humanos son residuos de estructuras humanas seleccionados del

g#upo gue consiste de:
i (a) una regién de estructura de cadena pesada de
aﬁticuerpo humano de una cualquiera de las SEQ ID NO.: 14 - 23,

74 y 88, 93;

‘ (b) una regidén de estructura de cadena 1ligera de

aﬁticuerpo humano de una cualquiera de las SEQ ID No.: 27 - 34,

|
35 - 44 y 94 - 99; y

(c) una secuencia de <consenso de una regién de
estructura alterna de cadena pesada de (a).

! 11. Anticuerpo humanizado de conformidad con 1la

relivindicacién 9, caracterizado porque la regidén variable de la
caﬁena pesada comprende tres CDR de la SEQ ID Nos:2.

12. Anticuerpo humanizado de conformidad con 1la
reivindicacién 16, caracterizado porque comprende las CDR de SEQ
ID‘No:Z y 4.

13. Anticuerpo quimérico o humanizado de conformidad
con la reivindicacién 11, caracterizado porque la secuencia de
regién variable de cadena pesada comprende:

(a) una secuencia de aminoacidos de los residuos 20-

13% de SEQ ID No:2;

| (b) una secuencia de aminoacido de los residuos 20 -
14£ de la SEQ ID No.: 10; o

i (c) un secuencia de aminodcido de wuna cualquiera de

las SEQ ID No.: 49, 51, 52, 54, 56 u 82.

|

1287368-v1\BOGDMS 3
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|
] 14. Anticuerpo quimérico o humanizado de conformidad

con' la reivindicacién 9, caracterizado porque la secuencia de
|

regién variable de cadena ligera comprende:

|
! (a) una secuencia de aminoacidos de los residuos 21-

|
127 -de SEQ ID No:4;
! {b) una secuencia de aminodcidos de los residuos 21 -

1271de la SEQ ID No.: 12;

! (c) una secuencia de aminodcidos de cualquiera de las
SEQ!ID Nos: 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 83 u 84.

1 15. Conjugado de anticuerpo/farmaco para distribucién
de ﬁérmaco, caracterizado porque comprende:

1 ' (a) un anticuerpo de acuerdo a la reivindicacién 1; vy

‘ (b) un farmaco, que esté unido directa o)

indqrectamente al anticuerpo.

| 16. Conjugado de anticuerpo/fadrmaco de conformidad con
la %eivindicacién 15, caracterizado porque el farmaco es un
agen#e terapéutico seleccionado del grupo que consiste de una
cito%oxina, un radioisdtopo, un agente inmunomodulador, un agente

antirangiogénico, un agente anti-proliferativo, un agente pro-

apoptdético, un agente quimioterapéutico, un &cido nucleico

!

| .
terapéutico.

!
| 17. Conjugado de anticuerpo/fadrmaco de conformidad con
la ‘reivindicacién 16.27, caracterizado porgue el agente
1
terapéutico es una citotoxina.
|

1287368-(\/1 \BOGDMS 4
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18. Conjugado de anticuerpo/fédrmaco de conformidad con
la reivindicacidén 20, caracterizado porque la citotoxina es un
antibidético, wun inhibidor de polimerizacién de tubulina, un
agente de alquilacidén, un inhibidor de sintesis de proteina, un
inhibidor de proteina-cinasa, un inhibidor de fosfatasa o un
inhibidor de topoisomerasa, o una enzima.

19. Conjugado de anticuerpo/farmaco de conformidad con
la reivindicacidén 16, caracterizado porque la citotoxina es un
antibidtico.

20. Conjugado de anticuerpo/férmaco de conformidad con
la reivindicacidén 19, caracterizado porgue el antibidtico es
caliqueamicina.

21. Conjugado de anticuerpo/farmaco de conformidad con
la reivindicacién 20, caracterizado porque la caliqueamicina es
un analogo de disulfuro o N-acetil-derivado de caliqueamicina.
22. Conjugado de anticuerpo/farmaco de conformidad con
la reivindicacién 21, caracterizado porque la caliqueamicina es
gN—acetil—y—caliqueamicina.

23. Conjugado de anticuerpo/farmaco de conformidad con
la reivindicacidén 15, caracterizado porque el farmaco estd unido

al anticuerpo mediante un ligador.

|
{

24. Conjugado de anticuerpo/farmaco de conformidad con

la reivindicacidén 23, caracterizado ©porque el ligador se
selecciona del grupo que consiste de acido 4-(4° -
acetilfenoxi)butandico (AcBut), acido 3-acetilfenil-acidico

1287368-v1\BOGDMS 5
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|
1
|
{
1

(A@Pac), acido 4-mercapto-4-metil-pentanoico (Amida), y derivados

1

de ‘1los mismos.
|
|

25. Una composicidén farmacéutica que comprende un
conjugado de anticuerpo/fadrmaco que comprende (i) un anticuerpo

|
anti-5T4 de la reivindicacidén 1, y (ii) un férmaco que estd unido
|-

al %nticuerpo anti-5T4 directamente o de manera indirecta.

i 26. Acido nucleico aislado que codifica para una
regién variable de cadena pesada anti-5T4, caracterizado porque
com$rende una secuencia de nucleotiedo que codifica una

|
cua}quiera de las SEQ ID No.: 49, 51, 52, 54, 56 y 82.
l 27. BAcido nucleico aislado que codifica para una regién

variable de cadena ligera anti-5T4, caracterizado porque comprende una
!

secu?ncia de nucledtido que codifica una cualquiera de las SEQ ID No.: 49,

51, ?2, 54, 56 y 82.

| 28. El anticuerpo quimérico o humanizado de la reivindicacién
!
9, q%e comprende:

|
1 (@) una regién variable de cadena ligera que comprende una

secuéncia de aminodcido seleccionada del grupo que consiste de una
1
secu%ncia de aminocdcido de los residuos 21-127 de la SEQ ID No.: 4 y una

cual@uiera de las SEQ ID No.: 58, 60, 62, 64, 66, 68, 70, 72, 74 o 76; y
\ (b) una regidén variable de cadena pesada que comprende

una Ssecuencia de aminodcido seleccionada del grupo que consiste
!

de l?s residuos 10 - 138 de la SEQ 'ID No.: 2 y una cualquiera de

las SEQ ID No.: 49, 51, 52, 54 o 56.
|
29. E1 anticuerpo quimérico o humanizado de la

|
|
|

[
1287368-v1\BOGDMS 6



|
|
!
|

|
|
\
!
i
|
!
!
o

reivindicacidén 9, que comprende:

|

| .

| (a) una regidén variable de cadena ligera que comprende
| .

Il
una! secuencia de aminodcido de la SEQ ID No.:

1
i
|
|
1
!
1
i

70; y
(b)

una regidén variable de cadena pesada que comprende
|
una 'secuencia de aminoacido de la SEQ IN No.: 54.
|
|
1

RAC/BOGD“S-# 1287368-V1-P2008_000392-NUEVO_CAP{TULO_REIVINDICATORIO.DOCX
1

I
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: Espacio reservado para el adhesivo de radicacion
Industria y Comercio
SUF’E‘IRINTENDENCIA

| DIRECCION DE NUEVAS CREACIONES
'. MODIFICACIONES Y/O CORRECCIONES

1.

Identificacion del Tramite
[1_] Error material Modificacion a una Solicitud en tramite
:5 Patente de Invencion

Z Patente de Modelo de Utilidad

[T Registro de Disefio Industrial

'[_1] Esquema de Trazado de Circuitos Integrados
Il.

2. Datos del solicitante
: fiikccd) Persona Natural =~ [ ] Persona Juridica| |
WYETH | '

Nombre o denominacién / Nombre o razén social completa

Nombre representante legal

Tipo de empresa Micro [ = Pequeda[ | Mediana [ | Otra| X
Documento de identificacion: [ e [JcE [N [] otro Nimero

Nacionalidad/Pais de constitucién

Direccién y domicilio del titular ' Ciudad
Estadas Unidos de América Five Giralda Frams, Madison, NJ 07940 Madison
i [
Direcc{dn electrénica No. Fax Numero telefénico
alvaro.correa@bakermckenzie.com -

3762211 6341500

[]

1
Autorizo expresamente a la Superintendencia de Industria y Comercio para que todas las
comunicaciones sean enviadas a través de Ja direccidn de correo electrénico

3. Datos del apoderado:

Correa Ordoiiez, Alvaro 79.143.366 20.281
Apellidos y Nombre | Documento de identificacion Tarjeta profesional

Direccién y domicilio Ciudad

AV. 82 No. 1062 Piso 6 | Bogotd
Direccidn electrdénica I No. Fax Nimero telefénico
aluaru.conea@bakermckgl' nzie.com 3762211 6341500

En caso de haber presentado poder general para asuntos que se adelanten ante la Delegatura de Propiedad Industrial,
sirvase indicar el nimero de su radicacién o protocolo de poder general

PI02-F17 vrl (2012-04-19)




4. Datos del tramite

Correccion:

Expediente No 08.095.703

Af)'arece
Ii.

Debe ser
i

Modificacion:

B Modificacion al capitulo reivindicatorio.

|:| Modificacién al capitulo descriptivo.

D Modificacion al resumen.

fai
X | Modificacion a los dibujos. . :
Se ptfesenta modificacién en:la figura No. 15 de |a solicitud con el fin de correqir error tipografico
en eltérmino "Cynomolgus"

] Modificacién al solicitante.

5. Anexos!
|

Comprol_bante de pago de la tasa para la presentacion de la correccién y/o modificacién

b 4
|:| Poder, si fuere el caso.

% Documento que contiene las modificaciones o correcciones.

l:' Copia de la solicitud y sus anexos en formato magnético.

6. Firma

| | ’/Z b
| e —

Nombre y .apellidosi Firma/ RN

Alvaro Correa Ordofiez

C.C. 79.143.366 | ; Tarjefa Profesional 20,281

'. /
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| FIG. 15

5T4 de mono titi de cola negra
|

MPGGCSRGPAAGNGRLRLARLALVLLGWVSSSSPTSSASSSSSSAPFLASAVSAQPLLPGQCPA
LCECSEAARTVKCVNRNLTEVPTDLPPYVRNLFLTGNQLAVLPAGAFARVPPLAELAALNLSGS
RLEDVOAGAFEHLPSLRQLDLSHNPLAVLSPFAFSGSNASVSAPSPLVELILNHIVPPEDERNN
RSFEGMVVAALRAGGALHGLHRLELASNHFLYLPRDVLAQLPSLRHLDLSNNSLVSLTYVSFRN
LTHLESLHLEDNALKVLHNGTLAELQGLPHVRVFLDNNPWVCDCHMADMVAWLKETEVVQGKYQ
LTCAFPEKMRNRVLLELNSADLDCDPILPPSLQTSYVFLGIVLALIG (SEQ ID NO:85)

5T4 de mono Cyl_nomolgus
|

MPGGCSRGPAAGDGRLRLARLALVLLGWVSSSSPTSSASSFSSSAPFLASAASAQPPLPDQCPA
LCECSEAARTVKCVNRNLTEVPTDLPLYVRNLFLTGNQLAVLPAGAFARRPPLAELAALNLSGS
RLDEVRAGAFEHFPSLRQLDLSHNPLAYLSPFAFSGSNASISAPSPLVELILNHIVPPDDKRQN
RSFEGMVAARLV&GRALQGLHLLELASNHFLYLPRDVLRQLPSLRYLDLSNNSLVSLTYVSFRN
LTHLESLHLEDNALKVLHNGTLAELQGLPHVRVFLDNNPWVCDCHMADMVTWLKQTEVVQGKDR
LTCAFPEKMRNRVLLELNSADLDCDPILPPSLQTSYVFLGIVLALIGAIFLLVLYLNRKGIKKW
MHNIRDACRDHMEGYHYRYEINADPRLTNLSSNSDV ({(SEQ ID NO:86)

|

|

20
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Abstract

Received 13 June 2000; received in revised form 19 October 2000; accepted 19 Oclober 2000

The Innc&:uf'oetal antigen 5T4 is a 72 kDa glycoprotein expressed at the cell surface. 1 is defined by a monoclonal antibody, mAbST4, that
recognilsas a conformational extracellular epitope in the molecule. Overexpression of 5T4 antigen by tumours of several types has been
linked with discasc progression and poor clinical outcome. Tts restricted expression in non-malignant tissue makes 5T4 antigen a suitable
target for the development of antibody directed therapies. The use of murine monoclonal antibodies for targeted therapy allows the tumour

specific delivery of therapeutic agents. However, their use has several drawbacks, including a strong human anti-mouse immune (HAMA)

response and limited tumou

‘propertiesrof scRvs.

s:10-improved targeting,
- mABSTA heavy and light

prot:

vitliiasrar \gdifiersitoibe
© 2000 Elsevier

rved.

Xeyword.r} Single chain antibody; scFv; Affinity; Surface plasmon resonance: 5T4 oncofetal antigen; Tumor; Targeted therapy

|
1. Intro:duclinn

The use of tumour antigen specific antibodies for the
delivery| of therapeutic agents offers the possibility of spe-
cific therapy with reduced toxicity to normal tissues com-
pared to conventional treatments [1]. However, the effec-
tiveness lof the use of whole monoclonal antibodies (mAbs)
is restricted by several factors [2]. Repeated administration
of murine antibodies generates a strong human anti-mouse
immune (HAMA) response in up to 50% of patients after
the first dose, and approximately 90% following a second
treatment [2,3]. This causes a rapid clearance of subse-

* Corresponding author. Fax: +44-161-446-3109;
E-mail: dshaw@picr.man.ac.uk

quent -doses, and immune complex formation can lead to
a severe anaphylactic response [4]. The severity of the
HAMA response can be lessened by the use of antibody
fragments lacking the Fc domain, in particular single
chain Fv antibodies (scFvs) [5,6]. ScFv antibodies may
also show mugh greater target specificity for tumour local-
isation compared with whole IgG. The small size of scFv
constructs allows increased diffusion into a solid tumour
mass {7], and more rapid clearance from the blood [8].
Thus, although lower levels of antibody may localise at
the site of the tumour, a higher labelling index (tumour:
riormal) can be achieved, as normal tissue labelling is
minimised, in particular renal uptake [8,9]. A further ad-
vantage of scFvs is that they greatly simplify the design of
genetically modified constructs for therapy, comparcd with
whole antibody molecules, and may be expressed in vivo
by recombinant viral vectors.

The oncofoetal antigen 5T4 is defined by a mouse

0304-4165/00/% ~ sec front maiter © 2000 Elsevier Science B.V. All rights reserved,

PII: S0304-4165(00)00165-3
!
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monoclonal antibody, mAbST4, raised against wheat germ
agglutinin purified placental glycoproteins that recognises

a 72 kDa membrane molecule [10,11]. 5T4 antigen is ex- -

pressclld in human trophoblast and many different carcino-
mas [10], but shows limited expression in normal adult
tissue [[12]. Studies in gastric [13], ovarian [14] and colo-
rectal carcinoma [15] have demonstrated a prognostic sig-
niﬁcan'Icc for tumour associated 5T4 expression. The
shared expression of 5T4 antigen between trophoblast
and tumours is thought to reflect a common function pos-
sibly including tissue invasion. The ¢cDNA sequences en-
coding! both human and mouse 5T4 molecules have been
determined [16,17]; these predict conserved molecules
. comprising cytoplasmic and transmembrane domains and
an extracellular domain containing two leucine rich repeat
domains separated by a hydrophilic domain and seven
potential N-linked plycosylation sites, Leucine rich repeats
are mvolved in protein-protein interactions and are
present m a wide range of proteins with diverse functions
[18-24).| Overexpression of the gene in normal mouse
mammary epithelial cells led to a reduction’ in cell-cell
contacts, a rearrangement of the actin cytoskeleton, in-
creased rnotll:ty and a more dendritic morphology [25].

Here we report the isolation from the parent hybridoma
ofa smgle chain antibody with specificity for the oncofoe-
tal antigen 5T4. This was adapted for expression in eu-
karyotic cells via a retroviral system. Affinities of the anti-
bodies were. measured in real time by surface plasmon
resonancc using a fusion protein constructed from the
extracsllular domain of 5T4 and the Fc of human IgG.
The specificity and high affinity of this scFv make it a
suitable platform for the development of tumour specific
targeted therapies.

|

|
2. Materipls and methods

2.1. Cell culture

Cells were cultured in Dulbecco’s modified Eagle’s me-
dium supplemented with 10% foetal bovine serum and
2 mM L-glutamine at 37°C in a humidified atmosphere
of 5% COsfair, Cultures were passaged as they reached
visual confluence, using trypsin—-EDTA. Murine L cells
(A9 cells) transfcctcd with human 5T4 (A95T4a) or con-
trol plasmld pCMVo (A9H12) [26] were maintained under
antibiotic szlectmn by the addition of 1 mg/ml G418.

|
2.2. Purification of monoclonal antibodies and preparation
of 9Ei [IJ affinity matrix

MAb5T4Ii[lU] was purified on protein A Sepharose in
high salt loading buffer (3 M NaCl, 1.5 M glycine pH 8.9)
and eluted in 100 mM pH 6 citrate buffer. 9E10 (mouse ot
myc tag) [27] supernatant was concentrated 40X by am-
monium su!!lphate precipitation and used in subsequent

|

assays. 9E10 affinity chromatography matrix was prepared
by coupling protein G purified 9EI0 to CnBr activated
Sepharose (Pharmacia) at a concentration of 5 mg of anti-
body per ml of matrix, according to the manufacturer’s
instructions. *

2.3. Construction and production of 5T4 extracellular
domain-IgGFe fusion protein

A 974 bp fragment encoding the-exiracellular domain of
ehiwas amplified by PCR and directionally
c]oned into the HindIIl and BamH] sites of the eukaryotic
expression vector, sig-pIg plus (Ingenious, R&D Systems).
Escherichia coli XL1-Blue was transformed with the plas-
mid, and recombinants analysed for the presence of the
insert by endonuclease restriction digest. Positive clones
were sequenced using a range of specific primers.

Aliquots of 5% 10¢ COS-7 cells were transfected by elec-
troporation with 10 pg of STA-IgGFc plasmid DNA using
the conditions 200 V, 1050 UF. A stable bulk culture ex-
pressing the 5T4-IgGFc fusion protein was established
under neomycin selection by the addition of G418 at
1 mg/m! and adapted for culture in 1% serum.

The fusion protein was precipitated from 7 day condi-
tioned medium by ammonium sulphate at 60% saturation
and dialysed against several changes of phosphate buffered
saline (PBS) before loading onto a 5 ml wheat germ ag-
ghitinin (WGA) agarose column (Vector Labs). 5T4-
IgGFc fusion protein was eluted in 500 mM ' n-acetylghu-
cosamine, the concentration determined by Fc capture
ELISA and positive fractions further purified by protein
G affinity chromatography using 2 1 ml ‘Hi-Trap’ column.
5T4-1gGFc was eluted in 100 mM glycine pH 2.5 and
neutralised with 1 M Tris-HCI pH 9. Positive fractions
were dialysed against PBS and their protein content deter-
mined by modified Bradford assay [28], purity assessed by
silver stained SDS-PAGE [29], and antigenicity by West-
ern blot [30] and ELISA using mAb5T4.

2.4. Assembly and cloning of 5T4 scFv

Total RNA was prepared from mAb5T4 hybridoma
cells using RNeasy and QIAshredder spin columns (both
Qiagen), first strand cDNA synthesis was performed using
MMLV reverse transcriptase (Promega) using Cy, and Cy
specific primers.

Template cDNAs were amplified by PCR with Vy and
V. gene specific primer pairs, these were linked by PCR
using primers that encoded the polylinker sequence (G4S);
to form the single chain antibody cDNA. The final prod-
uct was ligated into the Sfil and Notl sites of the pHenl
vector which includes a Myc tag cassette and directs phage
production in the amber suppressor strain TG1, or secre-
tion of the scFv in the non-suppressor strain HB2151. This
was electroporated into E. coli HB2151. Several clones
were assessed for soluble production of scFv in the super-
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A
GAG GTC CAG CTT CAG CAG TCT GGA CCT GAC CTG
GTG AAG CCT GGG GCT TCA GTG ARG ATA. TCC TGO
AMG GCT TCT GGT TAC TCA CTTC  ACT GGC TAC TAC
ATG CAC TGG GTG ARG CAG AGC CAT GGA ARG AGC
CIT GAG TGG ATT GGA CGT ATT AAT CCT AAC AAT
' GGT GGT ACT CTC TAC AAC CAG AAA TIC RAAG GAC
ARG GCC ATA TTA ACT GTAR GAC AAG TCA TCC ACC
ACA GCC TAC ATG GAG CTC CGC AGC CTG ACA TCT
GAG GAC TCT GCG GTC TAT TAC TBT GCA 2AGA TCT
ACT ATG ATT ACG AAC TAT GTT ATG GAC TAC TGG
GET CAA GTA ACC TCA GTC ACC GTC TCC TCA ggt
| ggt ggt ggg age ggt ggt gge gge act gge gge
| gge gga tct AGT ATT GTG ATG ACC CAG ACT CCC
| ACA" TIC CTG CTT GTT TCA GCA GGA GAC AGGE GTT
ACC ATA ACC TGC AAG GCC AGT CAG AGT GTG AGT
| AAT GAT GTA GCT TGG TAC CAA CAG ARG CCA GGG
| CAG TCT CCT ACA CTG CTC ATA TCC TAT ACA TCC
| AGT CGC TAC GCT GGA GTC CCT GAT CGC TTC ATT
GGC AGT GGA TAT GGG ACG GAT TTC ACT TTC ACC
ATC AGC RACT TTG CAG GCT GAA GAC CTG @GCA GTT
TAT TTC TGT CAG CAR GAT TAT AAT TCT CCT CCG
ACG TTC GGT GGA GGC ACC AAG CTG GAA ATC ARAA
CGG 5 :

‘ B

EVOLQQSGPDLVKPGASVKISCKASGY SFTGYYMHWVKQSHGKSLEWIGRINPNNGY
TLYNQKFKDKAILTVDKSSTTAYMELRSLTSEDSAVYYCARSTMITNYVMDYWGQVT

SVTVSSggggsggggsggggs SIVMTQTPTFLLVSAGDRVTITCKAS)SVSNDVAWY
QQKPGQSPTLLISYTSSRYAGVPDRFIGSGYGSDFTFTISTLQAEDLAVYFCQQDYN

SPPTFGGGTKLEIKR

srruc;e -linkersVi polylinker is shown in lower case.

natant. Of :those sequenced, all had the same nucleotide
sequence (Fig. 1); a clone designated scFv5ST4WT19 was
selected. |

Production of scFvSTAWTI9 was accomplished by
growing the cells in 2XTY broth to an ODggp of 0.9
and inducing evernight with 1 mM isopropyl-B-p-thioga-
lactoside at|30°C; yield was quantified by ELISA against
5T4-1GgFc. The supernatant was clarified by centrifuga-
tion, and the scFv ammonium sulphate precipitated at
65% saturation and dialysed against PBS, Dialysed mate-
rial was loaded onto a 9E10 Sepharose affinity column and
scFv was eluted in 100 mM glycine pH 2.5, neutralised
fractions were assessed for protein content and dialysed
against PBS. The purity of the preparation was assessed
by silver stained SDS-PAGE and Western blot using
9E10. Reactivity toward 5T4 antigen was asscssed by
FACS on Calu-1 and A95T4a cells and against 5T4—
IgGFc by ELISA.

|
2.5. Cloning and production of LscFv3T4

The. sequence encedmg a translanon initiati on sequencc
| b5 o .

tlde {v_ s-'c_Ioned in f’::ame. mmed;a __.,y"upstream of the: scFv
sequence-in pBSIL. This cassette was then cloned into

. 1. cDNA and m:no acid sequence of scFvSTAWT19. DNA scquence of scFvST4WTI9 (a) and deduced amino acid sequence (b), scFv was ‘con-

PHITLXSN, to produée a recombinant retrovirus via a
three plasmid expression system [31] and used to stably
transduce BHK-21 cells. The LscFvST4 was purified
from cell culture supernatant using the His tag on a 1 ml
His Trap column (Pharmacia).

2.6, ELISA analysis

ELISA plates (Falcon) were coated overnight at 4°C
and non-specific binding blocked using 2% casein in PBS
containing 0.05% Tween 20 (PBST) at 37°C for 1 h. All
subsequent steps were 1 h incubations performed at room
temperature, plates were washed four times in PBST be-
tween each step. Assays were developed using tetramethyl
benzidine, and the colour reaction arrested by the addition
of 1 M H380y4, absorbance was read at dual wavelength,
450-650 nm. For the Fc capture ELISA, plates were
coated with goat a-human IgG, Fc specific, at 10 pg/ml
in 100 mM sodium borate pH 8.5 containing 150 mM
NaCl and developed with Fc specific goat o-human IgG
horseradish peroxidase (HRP) conjugate (Sigma) at
1:15000. For the 5T4-IgGFc ELISA plates were coated
with 5T4-IgGFec at 1 pg/ml in 100 mM carbonate buffer
pH 9.5. MAbS5T4, scFvST4WT19 and LscFv5T4 were as-
sayed in serial dilution, for the single chain antibodies

A
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9E10 o-myc (1:10) was used as a second layer. All anti-
bodies were detected with rabbit a-mouse HRP (Dako,
1:1000). ’

2.7. FACS analysis

FACS alnalysis was performed on aliquots of 2X 10°
cells suspended in FACS buffer (PBS, 0.2% bovine serum
albumin, 0.1% sodium azide). Antibodies were diluted in
this buffer, and all steps were performed on ice. Antibod-
ics were titrated by doubling dilution against A9 5T4a
cells, or control ASHI2 transfectants. Monoclonal 5T4
was used blctween 6 pM and 24 nM, and the single chain
antibodies |between 400 pM and 960 nM. For the single
chain antibodies, 9E10 o-myc was used as a second layer
(1:10). All antibodies were detected using rabbit c-mouse
(F(ab"),)-FITC (Dako 1:40).

2.8. Biacore kinetic analysis

The 5T4—lIgG fusion protein was immobilised by amino-
coupling to the surface of a carboxymethyl-dextran
({CM5) bios:ensor chip, at a level of 500 RU. The surface
was activated for 7 min with 1-ethyl-3-(3-dimethylamino-
propyljcarbodiimide/N-hydroxysuccinimide coupling re-
agent at a|flow rate of 5 pl/min followed by 10 ut of
5T4—IgGFc antigen at 50 pg/ml in 10 mM acetate buffer
pH 4.5. Surplus binding sites were blocked using 1 M
ethanolamine for 7 min. Kinetic analysis was performed
at a flow r:nte of 30 pl/min to minimise mass transport
effects. Association was measured over a 3 min injection,
and dissocmtmn for 15 min. The antigenic surface was
regenerated | by a 10 pl pulse of 20 mM HCI, and a baseline
re-established. MAbS5T4 was assessed over the concentra-
tion range 0.25-6 nM, and scFy5T4WTI19 and LscFv5T4
were assessed at 2.5-25 nM.

2.9. Immunohistochemistry

Cryostat slcctions (5 pm) of normal human term placen-
ta and gastric carcinoma were fixed in ice cold acetone for
5 min. Sections were rehydrated in PBS and blocked with
normal rabbit serum (10%) for 20 min. All subsequent
steps were performed at room temperature, incubations
were for 1 h. Three PBS washes were performed between
each antibody step. Sections were incubated with primary
antibodies: | mAbST4 4 pg/ml; scFvST4WTI19 and
LscFv5T4 3 pg/ml, mouse IgGy 4 pg/m! or PBS controls.
Sections stained with the scFvs or PBS control were then
incubated with 9E10 o-myc (1:10). All sections were in-
cubated with rabbit o-mouse biotin (Dako 1:400). Endog-
enous peroxidase was blocked by incubating for 10 min
in 0.3% H;O; in ethanol. Sections were then incubated
with HRP conjugated avidin-biotin complex (Dako) and
developed using diaminobenzidine. The sections were
counterstain?d with Mayer’s haematoxylin, dehydrated

and mounted in Pertex. Imapes were captured using Image
Proplus software (JVC) on a Zeiss Axioskop microscope.

3. Results
3.1. Production of 5T4-IgGFc fusion protein

A fusion protein comprising the extracellular domain of
human 5T4 and the Fc portion of human IgG, was ex-
pressed in COS-7 cells as a source of soluble 5T4 antigen.
This was used to assess specificity and measure the affin-
ities of single chain antibodies made from the mAbST4
hybridoma. Production levels were typically 5-7 mgfl
from 7 day cultures; purification on WGA-agarose and
protein G Sepharose gave a yield of approximately 60%.
The predicted size for the mature protein was 92 kDa.
Silver stained SDS-PAGE of the purified protein showed
three main bands of 95, 180 and > 220 kDa plus a diffuse
band of >70 kDa (Fig. 2). By Western blot the three
higher molecular weight bands labelled with both
mAbST4 and goat o-human Fc. The lower molecular
weight band labelled only with goat a-human Fc. Follow-
ing reduction with B-mercaptoethanol 5T4-1gGFc was re-
solved as a single 95 kDa band with o-Fc and mAbST4.
This suggests that the two highest molecular weight bands *
represented di- and trimeric forms of 5T4-IgGFc and that
the formation of aggregates was disulphide bond depen-
dent. The immunogenicity of the 5T4-IgGFc construct
was further confirmed by ELISA (Fig. 5). Plates were
coated with the fusion protein, or human IgG as control
(not shown), and probed with mAb5T4 at various concen-
trations, no binding to human IgG was observed.

Fig. 2. SDS-PAGE and Western blot nnalysis of punﬁ:d ST4-1gG -
sion protein. Purified 5T4-IgG was run on 8% non-reduced (lanes 1-3)
and 10% reducing (lanes 4-5)} acrylamide gels. Silver stain lane |,
mAbS5T4 lanes 2 and 4, goat o-human IgG Fc lanes 3 and §, positions
of molecular weight markers are indicated.
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Fig. 3. FACS analysis of mAb and scFv 5T4 antibodics on A95T4a cells. 2 10° cells were stained with mAbSTS or conlrel 1gGy at 2 pgiml (a),
scFvST4WTI9 (b), or LscFv5T4 (c) at 16 peg/ml, titration of 5T4 antibodies against A9 5Tda cells (d), mAbST4 8 pM-16 nM, seFvSTAWTI9 (470 pM-

960 nM) and LscFv5T4 (360 pM-800 nM). 9E10 a-myc was used 1:10 as a control, rabbil a-mouse F(ab")2-FITC was used 1:40,

3.2. Isolation and production of scFv5T4

The single chain antibody scFvST4WTI9 was con-
structed from the mAb5T4 hybridoma by RT-PCR, ex-
pressed as a secreted product from overnight cultures of
E. coli HHB2151, and purified from culture supernatant by
9E10 o-mye tag affinity chromatography. A retroviral ex-
pression system was used to express the construct in BHK-
21 cells as LscFv5T4, and this purified by nickel affinity
chromatography. Production of scFv was 858 pg of puri-
fied | protein for scFvST4WTI19, from approximately
8X 10" E. coli, and 1.25 mg of LscFv5T4 from 3 day
cultures of approximately 5x10° BHK-21 cells. Purity
of the scFvs was assessed by silver stained SDS-PAGE
(data not shown). Two bands of equal intensity were de-
tected in the scFvST4WT19 preparation, one of the pre-
dicte:d size, approximately 27 kDa, and one approximately
60 kDa. Both bands labelled with 9810 by Western blot,
suggesting that the higher M, band was due to aggregation
of the scFv. In the LscFv5T4 preparation, a single band of

approximately 30 kDa was detected both in silver stain
and by Western blot.

Reactivity of both versions of the single chain antibody
towards the 5T4 antigen was confirmed by immunohisto-
chemistry, ELISA and by FACS. The FACS profiles of
A9 5T4a cells stained with mAb5T4, scFvST4WTI19 and
LscFv5T4 were similar, having the same distribution and a
mean fluorescence of approximately 200 (Fig. 3). Normal
mouse IgG, and 9E10 a-myc controls were negative, none
of the antibodies labelled A9HIZ control transfectants
(data not shown). Cryostat sections of normal term hu-
man placenta (Fig. 4) and gastric carcinoma (Fig. 5) were
stained for 5T4 expression using mAb5T4 at 4 pg/ml, and
single chain antibodies scFv5T4WTI9 and LscFv5T4 at
3 pg/ml. In placenta, staining was localised to the syncytio-
trophoblast plasma membrane. Normal mouse 1gG, was
negative, whilst 9E10 a-myc showed some background
staining, 5T4 staining in the gastric carcinoma specimen
showed a cytoplasmic distribution. All three 5T4 specific
antibodies showed saturable binding on 5T4IgGFc in
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fis ey B
Fig. 4.| Immunohistochemistry of norma! term hum

o
R

4 ng/ml (b), and scFy5T4WT19 or LscFv5T4 at 3 pg/ml {c and ¢). 9E10 a-myc 1:10 (d) and normal mouse 1gG; (2) at 4 pp/ml were used as controls.
Staining was localised to the syncytiolrophoblast layer (arrows). Images were captured at 40X magnification.

ELIS;A, at the highest concentrations used (Fig. 6). No
binding was seen with human IgG control, or a2 mouse
5T4-1gGFc construct (data not shown).

3.3. Affinity measurements of 574 antibody variants

Relative affinitics of the mAb5T4, scFv5ST4WTLY and
LscFv5T4 were compared by parallel titration in FACS,
ELISA and using a Biacore based assay. MAbST4 was
titrated by doubling dilution against A9 5T4a cells, over
the concentration range 6 pM to 24 nM, ScFviT4WT19
between 470 pM and 960 nM and LscFv5T4 between 400
pM and 800 nM (Fig. 3). The geometric mean fluorescence
was calculated and expressed as percentage maximal fluo-
rescen;ce relative to a saturating concentration of mAbST4.
All three antibodies showed saturable labelling of the cells,
and titrated out to near zero fluorescence. The position of
the curves indicates the relative affinities of the antibodies,
dccrca;sing from left to right, The steady state equilibrium
affinity constant, Kp, can be estimated from the concen-

tration piving 50% maximal binding. In this cell based
assay, scFv5T4WTI19 showed an affinity of 64 nM and
LscFv5T4 of 14 nM, 82X and 18X lower respectively
than mAb5T4 (780 pM).

Titration of the three 5T4 specific antibodies by ELISA
on the 5T4-1gGFc fusion protein (Fig. 6) showed the same
overall ranking for the affinities of the antibodies. By this
method, the affinities were estimated as 46 nM for
scFvST4WT19, 6 nM for LscFv5T4, and 150 pM for
mAb5T4.

Affinities for the three antibodies measured in real time,

Table 1

Biacore affinity measurement of mAbST4 and single chain 5T4 antibod-
ies

5T4 antibody Association rate k, Dissociation rate  Affinity Kp
M~ s Ka (s™1 (M)
mAbS5T4 56X 10° 1x1073 1.8x10~ 1
scFySTAWTLO  6.64% 104 1.57% 1074 2.3%x1077
LscFvST4 9.88x 10* 7.81x10°% 7.9x% 1071

L.
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| under concentration limiting conditions using a biosensor
| based assay with the 5T4-IgGFec fusion protein as antigen.
Their affinities showed the same rank order as seen in both
ELISA and FACS assays, Association rates for the two
single chain antibodies were approximately 10 fold
(scFv3T4WT19) and 5 fold (LscFv5T4) lower than that
of mAb5T4, at 6.64X10% and '9.88% 10* compared with
5.6X10° M~ s~! (Table 1). Their dissociation rates, how-
ever, were approximately 10 fold faster, 1.57 % 10™* and
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Fig. 6. ELISA titration ol 5T4 antibody variants. Monoclonal 5T4,
scFvSTAWTI1Y and LscFv5T4 were titrated by doubling dilution against
?S"N—IgGFc. 9E10 (1:10) was used as a second layer for the scFvs and
| the plate developed with rabbit e-mouse HRP 1:1000. Colour was de-
fvclﬂped by acidified TMB,

7.81 % 10™° compared to 1x10~* M. Overall monoclonal
5T4 had an affinity of 1.8x10°" M (18 pM),
scFvST4WTI9 23X10™° M (2.3 nM) and LscFv5T4
7.9%X107"° M (790 pM), approximately 130 fold and
44 fold lower than mADbST4,

4. Discussion

The extracellular domain of human 5T4 expressed as a
fusion with the Fe portion- of human IgG was used to
characterise single chain antibodies prepared from the
mouse monoclonal antibody mAbST4. The Fc was fused
to the C-terminus of the 5T4 extracellular domain, pre-
serving the conformation of the 5T4 molecule, and there-
fore its antigenicity (article in preparation).

Expressed in COS-7 cells, the fusion protein was affinity
purified utilising propertics of both component molecules,
WGA lectin and protein G affinity chromatography. The
presence of di- and trimeric forms of 5T4-1gGFc at all
stages of purification was demonstrated by Western blot

.using antibodies against both component molecules. The

presence of these multimers was disulphide bond depen-
dent, the protein resolving as a single band of the pre-
dicted molecular weight following reduction. The forma-
tion of 5T4 aggregates has previously been noted in
material isolated from placenta, this tendency being accen-
tnated by the Fc portion of the fusion protein.
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Tab!n -2
Rcla.uu: ‘affinity measurements: of '5T4 specific antibodies by FACS,
‘ELISA und/Biacore

Kn (M.

The single chain scFv5T4WTI19 was prepared by RT-
PCR from the 5T4 hydridoma, and expressed in E. coli, It
was 'adapted for secretion from BHK-21 cells by the addi-
tion |of the human x light chain signal peptide (LscFv5T4),
stable transfectants being produced via a retroviral system.

The expression vector pHenl directs secretion of the

scFv in the E coli amber non-suppressor  strain,

HB2151. ScFvSTAWTI19 was present in the periplasm
and secreted into the culture broth from where it was
purified. Following affinity purification, production levels
for both scFvs were found to be similar, 858 pg/l and 830
pgll for scFvST4WTI9 in bacterial cultures and LscFv5T4
in BHK-21 cells respectively. However, the presence of 2
high molecular weight aggregate in scFvST4WT19 sug-
gesteé_i that not all of the scFv may be correctly folded
and in an active form. Further purification or refolding
would be required to recover all of the scFv or to remove
the in'lactive fraction. For this comparison of the two scFv
variants no further purification ‘was attempted, therefore
this lower effective concentration may account for the dif-
ferences in the observed affinities between scFvSTAWTI19
and LscFv5T4,

Thel_ three antibodies described the same distribution of
5T4 antigen expression in placenta, localised to the tro-
phoblast layer. Intensity of staining with LscFv5T4 was
greater than that seen with scFv3T4WTI9 at the same
conccntrahon (3 ug/ml), suggesting that its effective con-
centration or affinity was higher. In gastric carcinoma
scFv5STAWTI19 showed ' the same distribution as
mAbS'Il‘tt. However, in some tumours the level of back-
ground 9E10 staining was considerably greater than that
shown| here and proved limiting for the use of either scFv
in staining tumour specimens with higher levels of myc
expression.

Three different methods, FACS, ELISA and surface
plasman resonance, were employed to measure the affin-
ities ofmAbST4 and the two 5T4 specific scFvs (Table 2).
The rank order of affinity in all three assays was
mAb5ST4 > LscFv5T4 > scFvST4WT19, the extent to
which these differed varied between the methods, possibly
due to the nature of the antigen used in each. The oligo-
meric nature of 5T4IgGFc may result in a greater antigen
de:ns:ty than is seen at the cell surface, thus offering multi-
ple bmdlng sites. This could stabilise the bivalent binding
of mAbST4, resulting in a higher apparent affinity due to
its greater avidity [32]. In the Biacore 3000 assay, the anti-
bodies werc diluted to a range *10X their estimated af-

finities as determined by FACS and ELISA. The observed
affinity for mAbST4 was near the sensitivity limit of the
machine, ~10~!"" M. Affinities for the two single chains
were lower than that of the monoclonal, as predicted by
titration against cells and by ELISA, but still retained
nanomolar or better affinities. Similar reductions in affin-
ity have been reported for other single chain antibodies
derived from monoclonal antibodies. Laroche et al. re-
ported a 20 fold drop in affinity for the anti-fibrin mono-
clonal MA-15C5 [33] while Benedict et al. showed a sim-
ilar reduction for the anti-CD34 monoclonal Myl0 [34].
These reductions in affinity are in part due to removal of
structural regions of the heavy and light chains and the
change to monovalent binding of antigen (9,32]. The affin-
ity of scFv3T4WTI9 was greatly reduced compared to
that of mAbST4 at 128X lower, but can be explained by
the presence of aggregates, whereas the affinity of
Lscl"vST4 was on]y reduced 44 fold

thas been performed
) their mhercnt spe-
1 molecules However,

ii8ingle ‘chain’ antibodies
offer -bcttcr platforms for the targeted therapy of tumours,
as- their pharmacokinetic properties are superior to other
antibody constructs. They show a faster clearance [rom
‘the circulation resulting in lower normal tissue uptake,
in particular the kidneys, preater tumour penetration
which results in an overall greater labelling index and low-
er ‘toxicity towards:the patlent [8,9,36,37). In addition to
radlononjugatcs —:anubo es rnny ‘beused to:dctivate the
f U tumcur .Antibodies
K cell:mediated. cytotoxlcny
ifected “agaifist tumour cells
i Vitro and 1n vlva i[38 .Howavel:, ithe"degree ‘of hast
immune Activation: Achieved: by naked- aritibodies is limited
[39]. Fusions of antibody fragments with immune effector
molecules offer the potential of both reduced toxicity and
higher penetration and increased imumune activation at the
site of the tumour. This immune activation may be antigen
driven, using fusion with co-stimulatory molecules that
increase the propmtinn of T cells activated by contact
with a tumous,. such as B7.2- (CD86)- [40]. Antigen inde-
pendent immune’ achvatlon can; be achieved using' anti-
body—supcranhgen t‘us:on Supcrantlgcus non-specifically
activate T cells: wnh 4 Véry High efficiency by cross-linking
MHC:class II-on antigen presentifig cells and a subset of T
cells bearing the vi3 TCR [41]. Such fusion constructs,
including one based on a 5T4 Fab, have been used suc-
cessfully to induce T cell mediated tumour therapy in ex-
perimental models [42,43] and have been taken forward to
clinical trial [44,45). Tumour necrosis factor-a, which is
active against a number of tumours, and interleukin-2
have:both been used successfully as antibody fusions in
animal models [46,47]. In both cases, the treatment was
Lighly selective for the tumours, and toxicity was signifi-

{y. whole antibodies.

M
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cantly lower than seen with systemic adiministration of;the
cytokmcs However, the greatest success has been with
tumours of small size, indicating that antibody ‘therapy,
:ncludmg scFvs, is likely.to have greatcst utility ‘in. the
treafment. of-m:mrpal resmluql disease:[48;

mour:has’been destroyed;
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Glycosylation and epitope mapping of the 5T4 glycoprotein

oncofoetal antigen
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The human 5T4 oncofoetal antigen is a focus for development of
several antibody-directed therapies on the basis of the murine
monoclonal antibody against 5T4 (mAbS5T4), which recognizes a
conformational epitope. 5T4 molecules are highly N-glycosylated
transmembrane glycoproteins whose extracellular domain con-
tains two regions of leucine-rich repeats (LRRs) and associated
flanking regions, separated by an intervening hydrophilic se-
quence. Using a serics of deletion and mutated cDNA constructs
as well as chimaeras with the murine homelogue, we have
mapped the mAb5T4 epitope to the more membrane-proximal
LRR2 or its flanking region. Analysis of the glycosylation of the
seven consensus Asp-Xaa-Ser/Thr sites was consistent with all of
the sites being glycosylated. A combination of two high-mannose
chains (prcdomm'mtly octasaccharide) and five mostly sialylated
bi-, tri- 'mdte:ra -antennary complex chains with minor quantities

of core fucose were detected. The two glycosylation sites, which
are the most likely to have predominantly high-mannose chains,
are in the only two regions that show significant differences
between the human and the 81 % identical mouse sequence. A
site-directed mutation, which abolished glycosylation at one of
these sites (position 192), did not alter antigenicity. The other,
which is nearest to the N-terminus in the human, has an Asn-
Leu-Thr to Asn-Leu-Leu conversion in the mouse, so cannot be
glycosylated in the latter species. The large complex glycosylation
at the other sites is likely to influence the antigenicity and tertiary
structure generating the 5T4 epitope.

Key words: leucine-rich repeat protein, metastasis, oncotropho-
blast antigen, oligosaccharide, tumour-associated antigen.

INTRODU c'rl'luu

The expression of specific trophoblast cell-surface molecules is
likely to contribute to the controlled invasion of maternal tissue
and/or avoid immune recognition [1]. Such functional molecules,
where cxpressed in malignant tissucs, may allow the tumours to
invade surrounding normal tissue whilst avoiding host immunity.
Such similarities in the propertics of embryonic cells, like
trophoblast and tumour cells, have stimulated the search for
common functional oncofoetal antigens.

The humdn 5T4 oncofoctal antigen is a 72 kDa leucine-rich
repeat (LRR) glycoprotein that is strongly exprcsscd by tropho-
blasts throughout gestation [2-4]. This antigen is only weakly
expressed in adult tissues, but strongly expressed in a number of
human carcinomas [3,5-10], and its expression is prognostic in
gastric, colorectal and ovarian tumours [5-7,9]. Expression of
5T4 molecules in fibroblast and epithelial cell lines localizes to
microvillous projections, and overexpression of the cDNA en-
coding the human gene results in increased cell motility and
altered morphology [11,12], consistent with a role in tumour
and trophoblast invasion.

LRR proteins are a diverse family of approx. 60 members and,
although no commen function has been ascribed, many are
involved in protein-protein interactions [13-15]. The tertiary
structures of se:veral LRR proteins have now been solved by
X-ray crystallography [15-18]. Despite low levels of sequence

identity between the different proteins, a remarkable degree of
structural similarity is observed [15]. The basic LRR structure is
of repeating units of #-strand and anti-parallel a-helix, and this
structure has been used to model other family members [16,19,20].
However, due to the presence of other functional domains and
differences in the lengths of the LRRs, the precise structure
varies. The short 20-22-amino-acid repeat length of the YopM
protein of Yersinia pestis results in a conformation where most of
the repeats have no «-helical component and the f#-strand is less
twisted than in porcine ribonuclease inhibitor, which has the
longest repeat length of 29 amino acids. 5T4, having a repeat
length of 24 amino acids, might be expected to show an
intermediate conformation between these two extremes [4,14,17].

5T4 antigen is a highly N-glycosylated protein [21], with seven
putative consensus N-linked glycosylation sites in the extra-
cellular domain [4]. Therefore the diversity of the oligosaccharide
structures may influence functional aspects both by protecting
the antigen from proteolytic attack or promoting interactions
with other molecules important to the invasive process.

The murine monoclonal antibody against 5T4 (mAbST4),
which defines the human protein, recognizes an epitope that is
dependent upon both glycosylation of the molecule and intra-
molecular disulphide interactions [21], consistent with it being
a conformational epitope. Comparison of the human and mouse
5T4 sequences [22] shows that the structure is highly conserved
between the two species. The cytoplasmic and transmembrane

Abbreviations used: 2-AB, 2-aminobenzamide; ECL® (Amersham Biosciences), enhanced chemiluminescence; GU, glucose unils; HPAEC-PAD,
high-pH anion-exchange chromatography-pulsed amperomelric detection; LRR, leucine-rich repeal; mAbST4, murine monoclonal antibody against
5T4; PNGase F,| peptide N-glycosidase F; RT-PCR, reverse transcriplase-PCR; SIMPM, syncyliotrophoblast microvillous membrane; SHRP,

slreptavidin-| horseradmh peroxidase; WGA, wheatgerm agglutinin.

! Present address: Oxford Biomedica, Medeware Centre, The Oxford Science Park, Oxford OX4 4GA, UK.
? Present address: Lonza Biologics, 228 Balh Road, Slough SL1 4DY, UK.
3 To whom correspondence should be addressed (e-mail pstern@picr.man.ac.uk).
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| domains are identical and the molecules as a whole share 819
| identity at the amino acid level. Six of the seven predicted N-
linked glycosylation sites of the human molecule are conserved in
the mouse; the most N-terminal glycosylation site is absent, but
| there is another in the C-terminal flanking region [22]. The
| murine protein contains an additional six amino acids adjacent
to the glycosylation site in the hydrophilic domain, which is a
direct repeat of the preceding six amino acids. Despite this high
|level of identity between 5T4 molecules of the two specics,
|mAb5T4 does not recognize the murine molecule, suggesting
(that these small differences significantly influence the antigenicity
lof the molecule.
[ In the present study, we report the characterization of the
poligosaccharide structures present on the human 5T4 antigen by
a combination of chromatographic methods involving sensitive
analysis of fluorescent derivatives, Furthermore, we have investi-
gated the location of the antigenic epitope within the extracellular
domain of human 5T4 by using a series of variant ¢cDNA

constructs.
|

|
MATERIALS AND METHODS

T4 puritication

Human 5T4 was purified from syncytiotrophoblast microvillous
membranes (St(MPM) by wheatgerm agglutinin (WGA) aflinity
chromatography, cluting with 0.3 M N-acetylglucosamine, and
was purified further by mAbST4 immunoaflinity chromato-
graphy, eluting in 8 M urea, as described by Hole and Stern [21].
Purity of the 5T4 antigen was assessed by SDS/PAGE [23]. 5T4-
ct')ntaining fractions were pooled and desalted using Centriplus
30 centrifugal concentrators (Millipore, Watford, Herts., U.K.)
and proteins were quantified by a modificd Bradford assay [24].

Concentrated desalted material was freeze-dried prior to further
analysis.

Cloning of varianl 5T4 constructs

Variant 5T4 ¢cDNA constructs (Figure 1) were generated and
expressed in various eukaryotic cell lines using the vector pCMVa
neo. Truncated 5T4 variants L1, L1H and TM- were prepared by
PCR using sequence-specific primers encompasing the LRR1
(amino acids 1-184), LRR1 plus the hydrophilic domain (amino
acids 1-200) and the entire extracellular domain (amino acids
1-335) respectively. A 5T4 variant with a truncated cytoplasmic
domain CYT- was made by digestion with Nsil [12]. Site-
directed mutations, with deletion of the consensus N-linked
glycosylation site (Asn') and tyrosine phosphorylation site
(Tyr'™), were made by PCR using primers introducing substitu-
tions of phenylalanine for Asn'®® and Tyr'"' respectively. A
chimaeric 5T4/CD44 molecule was made by fusing the extra-
cellular domain of 5T4 to the transmembrane and cytoplasmic
domains of human CD44 (human CD44 cDNA provided by
Professor Clare Isacke, Chester Beatty Labs, The Institute of
Cancer Research, London, U.K.). The human/mouse chimacric
5T4 molecule (H/M 5T4) was constructed by PCR, utilizing a
nucleotide sequence common to both molecules encoding amino
acids 166-172 (bp 499-517) as the splice site. The mouse/human
chimaera (M/H 5T4) was made by digestion of both ¢DNAs
with BsmBI at nucleotide 511 (corresponding to amino acid 170)
and ligating the 5’ fragment of the mouse cDNA with the human

3’ region.
Expression of varfant 5T4 molecules

Variant 5T4 ¢cDNA constructs werce expressed variously in A9
mouse fibroblasts, CL-S1 mouse mammary epithelial cells,

LRR1 HP LRR2 ™ CYT
' AR R
| o) o O W0 WP WO W©
| (o o SO~ O o s S 5T4
I '142(1
| 7.8 5T4-YtoF
| 3= 5T4-Nto F
| = 5T4-CYT
», Nsil 386
. 2 5T4-TM-
I I 5T4/CD44
| 200 5T4-L1-H
|
| = 5T4-L1
| lﬁzmmm Fe 5T¢1-IgGFc
172
' el s - H/M 5T4 CHIMERA
|
| ) MOUSE 171 JUMAN » bR Gl

|
Figure 1  Construction of 5T4 variant cDNA molecules

Truncatian, deletion and chimaeric 5T4 molecules were construcled by PCR using specilic primers or by reslriction digest. The position of carbohydrate (CHO) and hydraphilic (HP), transmembrane
(TM) and cylosolic (CYT) domains are indicaled, The size of each construcl (in amino acids) is given. The location of the subslitulion of Tyr'®' (5T4-Y to F) and Asn'™ (5T4-N to F) to phenylalaning

is indicated (F).
|
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Madin-Derby canine kidney, Chinese-hamster ovary and Cos-7
cells. Cells were maintained in Dulbecco’s modified Eagle's
medium supplemented with 109, (v/v) foctal-bovine serum and
2mM vr-glutamine in a humidified atmosphere of 59, CO,
and 959, air at 37 °C. Transfected cclls were maintained under
antibiotic selection by the addition of 1 mg/ml G418. Cell lysates
| were prepared at 2 x 10° cells/ml in Tris-buffered saline [50 mM
Tris/HCI (pH 8) and 150 mM NaCl] containing 0.5%, Nonidet
| P40 and 0.2 xM PMSF. Cell-culture supernatants for Western-
and dot-blot analysis were collected from cultures incubated for
48 h in serum-free Dulbecco’s modified Eagle's medium supple-
| mented with L-glutamine and non-essential amino acids. The
supernatant was concentrated up to 20 times using centrifugal
|concentrators. A secreted human 5T4-IgGFc fusion protein was
{expressed in Cos-7 cells and purified on WGA-agarose and
|Protein G (Amersham Biosciences, Little Chalfont, Bucks., U.K.)
as described previously [25]. The Fe was removed by digcsnon
|with Factor Xa protease (Roche Diagnostics, Lewes, East Sussex,
U.K.) and Protein G-Sepharose. Disulphide bonds in [ull-length
|5T4, derived from transfected A9 cells, were reduced using
20 mM 2-mercaptoethanel and alkylated with 40 mM iodo-

| -
acetamide.

|
Fal polyclonal sera

Rat anti-mousc 5T4 and -human 5T4 polyclonal sera were
developed in Lou rats infected with vaccinia encoding the human
or mouse 5T4 cDNA (kindly provided by Dr Miles Carroll,
Oxford Biomedica, Oxford Science Park, Oxford, U.K.).

|
FAGS analysis

FACS analysis was performed on 2x10%cclls suspended
in FACS bulfler (PBS containing 0.2%, BSA and 0.1 2} sodium
aIZIdc} Antibodies were diluted in this buffer, which was used for
subsequent washes; all steps were performed on ice. Cells were
post-fixed in 1% paraformaldehyde before analysis. MAbST4
was used at 1 gg/ml and detected using FITC-conjugated rabbit
F(ab"), anti-mouse immunoglobulins (1:40; Dako, Denmark
House, Ely, Cambs., U.K.). Rat polyclonal anti-mouse 5T4 or
-human 5T4 were used at 1:300 dilutions and detected with
FITC-conjugated rabbit F(ab’), anti-rat immunoglobulins (1:40
dilution; Dako).

|
Fhlwerse transcriptase (RT)-PCR

Total RNA was extracted from cells using RNAzol B according
to the manufacturer’s instructions (Biogenesis, Poole, Dorset,
U.K.). Removal of genomic DNA was ensured by re-extraction
of the RNA with RNAzol B. cDNA was prepared from § pg of
the RNA using AMV RT (Promega, Chilworth, Southampton,
UIK.) in a total reaction volume of 100 1. For constructs, the
presence of 5T4 mRNA in the cells was detected by PCR on 5 zl
ofithe cDNA using primers in the 5T4 LRRI regjon, yielding a
338 bp 5Td-specific band.

SDS/PAGE, Western and dot blotting

SDS/PAGE was performed by the method of Laemmli [23] using
a mini-gel system. Separated proteins were transferred on to
nitrocellulose as described by Towbin and Gordon [26] using a
semi-dry transfer system. Membranes were blocked using PBS
containing 2% (w/v) non-fat dried milk for at least 1 h before
developing, and probed for 1 h with cach antibody. MAb5T4
(1 ;i'gfml] was detected using biotinylated rabbit anti-mouse

immunoglobulins (1:3000 dilution; Dako) followed by strept-
avidin-horseradish peroxidase (SHRP; 1:6000 dilution; Dako),
Membranes were developed by using enhanced chemilumin-
escence (ECL*; Amersham Biosciences) according to the manu-
faclurer’s instructions.

Samples were applicd to nitrocellulose by vacuum dot blotting
and developed as for Western blots.

Monosaccharide analysis

Neutral and amino monosaccharides were released by hydrolysis
with 100 gl of 2M HCI for 2 h at 100 °C, and sialic acids were
released from the protein with 100 zl of 0.1 M HClI for 1 h at
70 °C. The samples were dried and washed three times with 100 4l
of water prior to analysis by high-pH anion-exchange chromato-
graphy-pulsed amperometric detection (HPAEC-PAD) [27].
HPAEC-PAD of neutral and amino monosaccharides was
carried out using a CarboPac PAl column (4 mm x 250 mm;
Dionex, Camberley, Surrey, U.K.) fitted with amino trap [28]
and borate trap guard columns [29]. Sialic acids were analysed
with a CarboPac PA1 guard column and a borate trap guard
column. Neutral and amino monosaccharides were eluted in 29,
50 mM NaOH/1.5 mM sodium acetate and 98 % H,O for 30 min,
followed by regeneration in 100 mM NaOH for 10 min; 300 mM
NaOH was added as a post-column reagent to increase sensitivity
and baseline stability. Detection was with a PED-2 detector
(Dionex). Potentials for the gold electrode were as follows: £, =
0.1V; E,=0.7V;and E;, = —0.3 V. Sialic acids were eluted in
a gradient from 100 mM NaOH to 300 mM sodium acetate/
100 mM NaOT in 30 min, followed by regeneration in 100 mM
NaOH for 10 min. All neutral and amino monosaccharides
samples were analysed with 2-deoxyglucose added as a reference
peak after hydrolysis and quantified against hydrolysed mono-
saccharide mixtures.

Oligosaccharide release

Portions of affinity-purified 5T4 were desalted further and
concentrated on Microcon 10 centrifugal concentrators (Milli-
pore). 5T4 glycoprotein was denatured by boiling for 2 min in
200 ¢l of a solution containing 1% (w/v) SDS, 0.5% 2-
mercaptocthanol, 20 mM Na,HPO,, 50 mM EDTA and 0.02%,
sodium azide (pH 7.5). To this, 2 units of peptide N-glycosidase
F (PNGase F; Oxford GlycoSciences, Abingdon, Oxon., U.K,)
and 10xl of 109% (v/v) Nonidet P40 were added prior
to incubation for 72h at 37°C. The digested glycoproteins
were centrifuged bricfly at 13000 g and transferred to Microcon 10
centrifuge concentrators, pre-spun with 500 yl of water to remove
glycerol. The samples were centrifuged at 13000 g for 20 min and
the retentate was washed with a further three times with 100 xl
of water. The retained material was frecze-dried and assayed
for monosaccharides by HPAEC-PAD as described above. The
filtrate and washes were pooled, concentrated and purified on a
Biogel P2 column (2 ml bed volume; Bio-Rad, Hemel Hemp-
stead, Herts., U.K.). Glycans were eluted in the veid volume.

Fluorescence labelling of oligosaccharides

Oligosaccharides released from 500 yg-2 mg of 5T4 werc labelled
with 2-aminobenzamide (2-AB) (Oxford GlycoSciences) as de-
scribed by Bigge et al. [30]. Briefly, the oligosaccharides were
suspended in 5 ul of a solution containing 0.35 M 2-AB, 0.1 M
sodium cyanoborohydride and 309 (v/v) acetic acid in DM SO,
and incubated for 2 h at 60 °C. Labelled oligosaccharides were
purified on a cellulose membrane (supplied with labelling kit) by
cluting with decreasing proportions of acctonitrile, and the

@© 2002 Biochemical Society
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|
samples were freeze-dried. Samples for GlycoSep C HPLC were
then analysed directly. Following labelling and Biogel P4 (Bio-
Rad) chromatography, neutral oligosaccharidcs, either naturally
occuring or produced by mild acid hydrolysis to remove sialic
z'}cid, were then desalted further on a 1 ml mixed bed anion-
exchange column of AGIL (tricthylamine form) and AGS50 in
water,

GlycoSep € HPLC

Fluorescently labelled oligosaccharides were fractionated on the
basis of charge by chromatography on a GlycoSep C HPLC
colurrm (4.6 mm x 100 mm; Oxford GlycoScicnces) [31]. Oligo-
saccharides were cluted wuh a gradient of 209, ﬂcclomlnle;’BO Db
wzllilcr to 20% acetonitrile/30% water/50% 0.3 M ammonium
acetate (pH 4.5) over 40 min at a flow rate of 0.4 ml/min, and
detected by fluorescence at 330 nm and 420 nm for excitation

and emission respectively.
|

|
|
Biopel P4 chromatography

An'g]yticai Biogel P4 chromatography was performed using
a RAAM 2000 GlycoSequencer (Oxford GlycoSciences) at a
temperature of 55°C in water at a flow rate of 30 ul/min for
11 ml, ramped to 160 zl/min over 27 ml and held for 7 ml.
Detection was by fluorcscence at 330 nm and 420 nm for ex-
citation and emission respectively. Data were analysed by the
Glyco-link software supplied. Preparative Biogel P4 chromato-
graphy was carried out on the same instrument using a constant
flow!  program 45 ;:l;‘mm) Assignment of glucose units (GU)
was rmdc by comparison with a dextran hydrolysate run either
concurrcnt]y (analytical runs) or scparately (preparative runs)
and dctcclcd by refractive-index detection. Peak assignments
were I']C]]IC\-"C(‘[ using comparisen with the New-Bio2 database of
the Eve software supplied with the RAAM 2000 instrument and
relating these to the results of the monosaccharide analysis
and GlycoSep C.
|

|
Glycopeptide mapping

5T4 \\Ifas desalted as described above and then reduced and
carboxymethylated. Trypsin digestion was performed for 5 h at
37 °C in 50 mM ammeonium bicarbonate buffer (pH 8) using a
1:100 (w/w) 5T4/enzyme ratio. After freeze-drying, the digest
was dissolved in 20 xl of buffer A [0.1 9 aq. trifluoroacetic acid].
Peptides were separated by HPLC on a graphitized carbon
column (HyperCarb, 4.6 mm x 100 mm; Thermo Hypersil, Run-
corn, Cheshire, U. K) using a gradient of 29, buffer B (0.19%
ml'luoroacellc acid in acetonitrile) in bulfer A for 2 min, followed
by a ]mcar gradient to 829, buffer B over 80 min at | ml/min.
The orQer of elution of the peptides was predicted from their
hydrophobicity index [32]. Fractions (1 ml) were collected over
80 min and a sample was added to the wells of a microtitre plate.
This was followed by 25 xl of 4%, aq. phenol and, after 5 min,
200 sl of concentrated sulphuric acid was added. The absorbance
was read at 490 nm and compared with a hexose standard curve.
O]igosacc]nrldcs from selected fractions were released with
0.01 unll of PNGase F in 40 mM potassium phosphate buffer
(pH 7. 4) containing 10 mM EDTA for 48 h at 37°C. The
ohgos«ccll'nndcs were desalted, desialylated and fluorescently
labelled as described above, prior to analysis by Biogel P4
chromatography.

|
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RESULTS
Epitope mapping

To investigate the contribution of different regions of the 5T4
molccule in the presentation of the epitope for mAb5T4, a
number of deletion and mutation variant molecules were con-
structed (see Figure 1). These were cloned into the vector pCM Ve
neo and expression was assessed in various stable and transicntly
transfected mammalian cell linecs by RT-PCR, SDS/PAGE and
Western blotting, dot blotting and FACS analysis, as summarized
in Table 1. All constructs were tested for expression of the
mAbS5T4 epilope in at least two cell lines.

Decglycosylation of 5T4 leaves a 42 kDa core protein [21], with
removal of the carbohydrate by either chemical or enzymic
means leading to a loss of mAbST4 reactivity, but the core
protein is still recognized by polyclonal sera. Additionally,
disruption of the intramolecular disulphide bonds leads to a loss
of mADb5T4 reactivity (Figure 2); these data are consistent with
the 5T4 epitope being conformational in nature.

Table1 Expression of the monaclonal 5T4 epitope in variant 5T4 molecules

The presence (4} of the mAbST4 epilope was delermined al the cell surface by FACS, and in
cell lysates or culture supernatanis by Western and dot bloling. The presence { -} o mRNA
was confirmed by AT-PCR. nt, nol tesled; —, absence.

Western blot (kDa)

FACS (cell
5T4 construct RT-PCR  surfzce) Cell lysales  Supernalant Dot blot
Full-length + + 72 72 +
ST4-Cyt™ + + 67 67 +
ST4YtoF -+ + i2 nt +
ST4Nto F + + 69 69 +
5T4/CD44 + + 80 nl n
STA-TM™ + - nt 64 -
5T4-1gGF¢ + - nt 92 +
5T4-11 + = = = =
5T4-L1-H + = = = =
H/M 5T4 chimaera <+ - - nl -
M/H 5T4 chimaera  + + 75 nl nt

* Human/mouse chimaera posilive with polyclonal sera against both species.

NR R R+A

Figure 2 Reduction and alkylation of full-length 5T4

Lysates from A9 cells expressing 574 were separated by SDS/PAGE [10% (w/v) gel] under
non-reducing (NR), reducing (A) o reducing and alkylaling condilions (R + A). Western blols
were probed with mAbST4 (1 zg/ml), biolinylaled rabbit anti-mouse Immunaglobulins (1:3000
dilution) and SHRP (1:6000 dilulion). Blots were developed using ECL®. The positions of
molecular-mass markers (in kDa) are indicated on Ihe right.

o



138
3

| A9 5T AYSTH v
|
l sG 156 mAb5STS
| |
AbSTS X
| y Hm | ’,4 3
| s
| u"""Tf"""m N =
|| ; CL-S1 CYT 3 MDCK sT4/CD44

IpG
£ mADbSTS

/".

- % N
1 R = a1 --.nra;-———--_ﬁ,;. T

140 =%

2308

MDCK 5T4 . pio:
mAbST4

A9 STATNM-
IgG

mAb3TY

130 -4

. A9 T/MSTY
NRIS

|

1 RIGMST4

I s oy

| 2 .

[ A9 M5TY 1 A9 M/H5T4

|

| NRtS MAST4
| 3 RiaMsTS !

| it }?,

Figure 3  FACS profiles of variant human 5T4 translectant cell lines

Cells [A9, CL-S1 and Madin-Darby canine kidney (MDCK); 2 x 10%) were labelled using
mAhﬁTd or mouse 196G, (lgG) at 1 yegfml, followed by FITC-conjugated rabbil F(ab®), anti-
mouse |mmun0globul:ns (1:40 dilulion). Wild-type 5T4, 5T4-N to F (5T4y,1q,) and 5T4-Y to
F (5T4yp4qy) Site-direcled mutants, 5T4-CYT~, 5T4/CD44 and human/mouse chimaeric 5T4s
(H/M5T4 and M/H5T4) were labelled with mAbST4. Mouse 5T4 (M5T4) and human/mouse
chimaeric 5T4 (H/MST4) were labelled using rat anti-{mouse 5T4) (RlzMS5T4) or normal
ral ‘serum (NRIS) at a 1:300 dilution, followed by FITC-conjugaled rabbit Fab’), anii-rat
immunoglobuling (1:40 dilulion).
|

|
|
Human 5T4 variants predicted to be expressed at the cell
surface were assessed by FACS using mAb5T4 or an isotype-
matched control. The full-length wild-type 5T4 stained with
mADbST4, but not the control antibody (Figure 3); a neo control
transfectant was negative with both antibodies (results not
shown). Mutation of the putative tyrosine phosphorylation site
in the cytoplasmic tail of 5T4 to phenylalanine (5T4-Y to F) did
not 'alter the expression of the epitope at the cell surface, nor
did lremoval of the entirc cytoplasmic domain (5T4-CYT-).
A 5T4/CD44 chimaera, comprising the extracellular domain of
5T4 'md transmembrane and cytoplasmic domains of CD44, also
expressed the mAbST4 cpitope. Together, these data show that
there is no *inside-out’ influence on 5T4 conformation mediated

specifically by the 5T4 transmembrane or cytoplasmic domains
|

i mAbSTYS
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Figure 4 Western and dot blots of key 5T4 variant constructs

(A) Full-length 5T4 and H12 (CON), ST4-TM~, 5T4-lgGFc, 5T4-L1 and 5T4.L1H, expressed
in A9 cells, were analysed by Western blotting. The position of molecular-mass markers (in kDa)
is indicated on the left. (B) Full-length 5T4 and H12 (COM), 5T4-TM~ and 5T4-lgGFc were
serially doubly diluled (1:2-1:64) and analysed by dot blotling. Bath Western and dot blols
viere probed with mABST4 (1 seg/ml), biotinylated rabbit anti-mouse immunoglobulins (1:3000

dilulion) and SHRP (1:6000 dilution). Blots were developed using ECL®.

Cos-75T4
Cos-7 pCMVor
Cos-7ST4 LIH

Cos-7
AHaelll

1350
1070
R72

Figure 5 RT-PCR of variant 5T4 iransient expression in Cos-7 cells

RT-PCR products were run on a 1% (w/v) agarose gel. Full-length 5T4 and 5T4-L1H contained
the 5T4-specific band of 338 bp, whereas Cos-7 and a neo transfectant control (Cos-7 pChVa)
did nol. The position of the markers (AHaelll) is indicated on the right.

Expression of the monoclonal 5T4 epitope was not detected in
the supernatant or lysate from stable transfectants of the two
extracellular deletion constructs 5T4-L1 and 5T4-L1H by either
Western (Figure 4A) or dot blot (results not shown). Transient
expression, over 48 h, of full-length 5T4 and 5T4-L1 and 5T4-
L1H ¢DNAs in Cos-7 cells confirmed expression of the full-
length molecule at the cell surface (results not shown), but
neither deletion construct could be detected using mAb5T4, The
presence of 5T4 mRNA in all of the 5T4 transfectants was shown
by RT-PCR using primers specific for the L1 region (LRRI1) of
the gene, yielding a 338 bp 5T4 band (Figure 5).
The transmembranc deletion construct (5T4 TM-) was not
detected at the cell surface, but was detected using mAb5T4 in

© 2002 Biochemical Scciety
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the| supernatants of transfected cells as a 64-67 kDa band by
Western blot (Figure 4A). However, it could not be detected in
the same samples, or 20 times concentrates thereof, by dot blot
(Figure 4B). A lusion protein comprising the extracellular domain
of human 5T4 and human IgGFe (5T4-IpGFc) was detected by
both Western and dot blotting techniques. Removal of the Fe
domain by protease Xa cleavage and purification on Protein G
resulted in a product cssentially identical with the 5T4-TM-
construct, which retained no human Fc immunoreactivity. How-
cvcr unllkc 5T4-TM, this molecule was recognized by mAbST4
by dot-blot analysis (Tablc 1).

Murine 5T4 is not recognized by the monoclonal antibody to
the human molecule, but can be labelled at the cell surface by
polyclonal anti-mouse 5T4 sera in transfected (Figure 3) and
naturally expressing cells. A difference in sequence within the
hydrophilic domain, where an additional six amino acids are
inserted adjacent to the N-glycosylation site in mouse 5T4,
suggested that this site might be important in the recognition of
human 5T4 by mAb5T4. However, mutation of Asn'? within
this|rcgion to phenylalanine (5T4-N to F), deleting the potential
glycosylation site, did not affect mAb5T4 binding by FACS
analysis, Western or dot blotting. The size of product recognized
by mAbS5T4 in Western blot was approx. 3-5 kDa smaller than
full-length 5T4, confirming that this site is normally glycosylated
(Table 1).

A human/mouse 5T4 chimaera (H/M 5T4) was made by
replacing the first LRR, LRRI, of mouse 5T4 with that of the
human molecule. This construct was not recognized by mAb5T4
by cnher FACS or Western blotting, but the molecule was
dclcclcd at the cell surface with polyclonal sera specific for both
human and mouse 5T4. The reciprocal mouse/human 5T4
chimaera (M /H 5T4) was shown to express the mAb5T4 epitope,
as it/ was detected at the cell surface of transfected cells by FACS
(Figure 3) and in lysates by Western blot,

Thus these data show that the mAb5T4-recognized cpitope is
dependent solely on the extracellular domain of the molecule,
and it is possible to positively assign the epitope to the membrane-
proxlma[ LRR2. The 5T4 molecule has been shown to be highly
glycosylated, probably exclusively through N-linked structures.
The |extent and complexity of the glycosylation of the seven
potential sites in the extracellular domain was investigated in
trophoblast-derived 5T4 molccules.

Garh!uhydrale studles

The initial extraction of nine full-term placentae yiclded 12.95 g
of StMPM. Purification of 5T4 from StMPM by lectin affinity
chromatography on a WGA column and mAbST4 column
yielded purc 5T4 in 81 Iml fractions. Two representative
fractions were assayed by SDS/PAGE under non-reducing
conditions to confirm the isolation of 5T4. The major band
cluted at 72 kDa for both fractions, confirming the isolation of
the 5|T4 antigen. Higher-molecular-mass bands seen in the non-
reducing gc]s include multimeric forms of 5T4, as they were not
observed in reducing gels and drop out at 72kDa in non-
reduced /reduced two-dimensional gels (results not shown). Brad-
ford assay revealed that 400 ytg of 5T4 antigen had been purified,
allholugh this value must be regarded as approximate, due to the
lack ?fquanliﬁcd 5T4 standards with which to build a calibration
curve.

Monosaccharide analysis by HPAEC-PAD revealed the pres-
ence of fucose, galactose, glucosamine, mannose and N-acetyl-
ncur:;iminic acid (Table 2). The absence of galactosamine in 5T4
confirms the absence of oligosaccharides linked via GalNAc 1-O-
Ser/Thr [21]. Oligosaccharides were therefore released from 5T4

© 2002 Biochemical Society

Table 2 Manosaccharide compositional analysis of 5T4 before and aiter
PNGase F treatment

Quanlification was performed by comparison with a mixture of hydrolysed monosaccharides
prepared simuliangously with the glycoprotein hydrolysates, 2-Deoxyglucose was added to each
sample prior to injection as a reference peak. nt, not tested.

[Monosaccharide] — Manosaccharide/

Sample Monosaccharide (nmol) 5T4 ratio
5T4 before PNGase ' Fucose 0.04 negligible
Galaclose 16,69 462
Glucosamine 2567 [RR]
Mannose 10.83 300
MAcetylneuraminic  5.64 1.56
acid
5T4 aiter PNGase F Fucose 0 0
Galaclose 225 4.00
Glucosamine 298 540
Mannose 167 30
NAcetylneuraminic  nl -
acid

by PNGase I treatment under reducing conditions and purified by
centrifugation through 10 kDa meolecular-mass-cut-ofl filters
and Biogel P2 chromatography. In addition to releasing the
oligosaccharides from untreated 5T4, the oligosaccharides were
released from a sample of 5T4 that had been mildly acid hydrolysed
to generate a library of neutral oligosaccharides. The cfficacy of
enzymic release was shown to be 87 % by performing HPAEC-
PAD monosaccharide compositional analyses on the PNGase F-
treated 5T4 protein (Table 2).

Fluorescently labelled oligosaccharides released from 5T4 and
purified into charged groups by GlycoSep C HPLC were shown
to have one to four {al-a4) sialic acid residues. Neutral oligo-
saccharides were collected in the void volume (Figure 6A). The
latter were purified further by preparative Biogel P4 chromato-
graphy (Figure 6B). Calculation of GU by comparison with an
external dextran standard showed an oligosaccharide of approxi-
mately a dodecasaccharide, probably a trianntennary complex-
type chain with core fucosylation (peak 4) and Man,-type high-
mannose chains (peak 2). In addition, the presence of small
amounts of Man; and Man, high-mannose chains was shown
(peaks 1 and 3 respectively).

The ncutral glycan library obtained by PNGasc F digestion of
5T4 after mild acid hydrolysis was analysed by Biogel P4
chromatography (Figure 6C) after fluorescent labelling. Cali-
bration of the resulting peaks with respect to a dextran hydro-
lysate, detected by refractive index run simultaneously, allows
the description of the N-glycans in terms of GU, Comparison of
these values with a database of N-linked structures and their
GU, coupled with the monosaccharide compositional data
(Table 2) and peak area ratios, allowed assignment of the glycan
structures as approximately the follows: two high-mannose
oligosaccharides of the Man-type (with minor amounts of other
high-mannose varicties); onc each of triantennary oligo-
saccharides with (compared with Figure 6B) and without core
fucose; one cach of tetra-antennary oligosaccharides with and
without core fucose; and an additional biantennary chain with
50 9 core fucosylation. The monosaccharide ratios for mannose:
galactose were consistent with this ratio of chains.

Other interpretations of the GU data are possible due to the
great potential in variation of different fucosylation, branching
patterns, bisecting N-acetylglucosamine and hybrid chains ete.
[33]. The amount of sialylation found (Table 2 and Figure 6) was
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Flgtlzre 6 Chromatographic analysis of 5T4 carbohydrate structures

(A) GlycoSep C HPLC of neutral 2-AB-labelled oligosaccharides released from 5T4 by PNGase
F calibrated against a dexiran hydrolysate. Fractions nand a1—a4 represent neulral and mano-
to tetra-sialylated structures. (B) Biogel P4 chromateqraphy of the neutral Iraction (n) from (A).
Pcaks were as follows: 1, Man, (6.6 GU); 2, Man; (7.6 GU); 3, Man, (8.6 GU); and 4,
tnanlennar).r complex chain (14.4 GU), where GU was calibraled 2gainst a dexiran hydrolysate.
(C) Biogel P4 chromatography of the oligosaccharide pool represented in (A) after the release
of sialic acid. Peak assignments were made by comparison with a struclural database (Eve New-
Bio2;| Oxfard GlycoSciences), with calibration against 3 dexiran hydroslysate, and from the
monosaccharide compositions] data as lollows: 1, Man, (6.4 GU); 2, Man; (7.5 GU); 3,
blantennary {11.2 GU); 4, biantennary + core lucose (12.2 GU): 5, Iriantennary (13.5 GU); 6,
trianlennary +- core fucose (14.5 GU): 7, letra-antennary (16.5 GU): 8, télra-antennary + care
fuwsél (17.3 GU); 9, penta-antennary 4 core fucose (19.7 GU); and 10, unidentified,

consistent with mainly complex rather than hybrid chains. As
Blogcl P4 is primarily a sizing column, we can be sure of the
extcnt of the hydrodynamic mass of the oligosaccharides if

Table 3 Position of carbohydrate chains within the 5T4 sequence

Compositions of the carbohydrale struclures at each of the seven N-linked glycosylation sites
(M) in the extracellular domain of 5T4 were determined.

HPLC fraction  Peptide Carbohydrate struclure

1-12 B81-NLTEVPTOL Penta-anntennary + Macetylglucosaming
14-16 256-MLTHLESLHLED Penta-anntennary + fucose

25-31 116-PLAELAALNLSGSRL  High-mannose or penla-anniennary -+ fucose
25-31 23B-HLDLSAMNSLVSL

25-31 267-HLEONALKVLHNGT

67-70 166-NASVSAPS ... Bi-, tri- or lelra-antennary 4 fucose

6770 183-IVPPEDERQNRS

information is also known about the occupancy of the N-
glycosylation sites. Further information on the latter can be
gained by analysis of glycopeptides and peptides from the tryptic
digests fractionated by relative hydrophobicity on reverse-phase
HPLC. Their predicted cleavage sites and hydrophobicity [32]
can be used to assign them to the carbohydrate-containing
fractions, as determined by hexose content (Table 3). The results
for 5T4 showed that the most hydrophobic peptides having N-
glycosylation sites were QNR(S), followed by NLTEVPTDL-
PAYVR (Asn'®® and Asn*' respectively; where single-letter
amino-acid notation has been used). These were assigned to the
early eluting hexose-positive peaks, which were shown after
PNGase F treatment, mild acid hydrolysis, fluorescence labelling
and Biogel P4 analysis to have only high-mannose chains.

The largest hexose-containing peak eluted next on the
reverse-phase HPLC and was shown to contain predominantly
biantennary chains with and without fucose, together with high-
mannose chains. From the amount of hexose and the hydro-
phobicity read-out, it was likely that this would contain the
glycopeptides NLTHLESLHLEDNALK, HLDLSNNSLVSL-
TYVSFR, VLHNGTLAELQGLPHIR, RPPLAELAALNLS-
GSR (where single-letter amino-acid notation has been used),
corresponding to amino acid residues 256-271, 238-255, 272-288
and 114-129, all of which are very close in hydrophobicity. This
identified complex N-glycosylation at all, or one or more, of the
Asn', Asn®3 Asn®® and Asn®?® sites.

Hexose was spread thinly over the later fractions of the
reverse-phase PLC and was available in two small amounts for
adequate analysis by Biogel P4, but from the hydrophobicity
read-out and the above resulls on mono/oligosaccharide com-
position, we would predict that they will contain other glycopep-
tides containing Asn'®, Asn*?, Asn®® and Asn®™ with difTerent
peptide cleavage sites [34,35] and the tri-, tetra- and penta-
antennary or equivalent size chains discussed above.

There were few trypsin cleavage sites around the seventh
N-glycosylation site at Asn''®, and therefore it was predicted that
glycopeptides containing this site were very large and with much
greater hydrophobicity. A late-running cluster of hexose-positive
peaks in the reverse-phase HPLC was consistent with these large
glycopeptides, and Biogel P4 analysis gave some indication of
oligosaccharides of tri- and tetra-antennary size.

DISCUSSION

MADS5T4 is a high-affinity monoclonal antibody that recognizes
the oncofoetal antigen 5T4 [2,25]. The restricted expression of
this molecule in normal adult tissue and its more widespread
expression in malignancy means that it is a suitable vector for the
development of antibody-targeted tumour therapy. Strategies
using 5T4 specificity on the basis of Fab fragments and single-
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chain antibodics 1o deliver Stapfiyfoceccus aurens superantigen
(‘SEA’) and other immunological response modifiers to the site
of a tumour are under development [25,36]. A better under-
standing of the nature of the 5T4 antigen, which is dependent on
the appropriate folding and its carbohydrate structure, is im-
portant in optimizing these approaches.

The cpitope for mAb5T4 is conformational in nature, being
dependent on both glycosylation and the presence of intact
intramolecular disulphide bonds. Despite human and mouse 5T4
sharing 81 %, identity and a conserved domain structure [22], the
monoclonal against the human molecule does not cross-react
with the mouse. Comparison of the sequences highlights only
two significant dilferences between the two species, as discussed
further below.

We have shown that the 5T4 epitope lies entircly within the
extracellular domain, as both the 5T4-TM" construct and 5T4—
IgGFc fusion protein, which include only the extracellular
domain of 5T4, were recognized by mAbST4 by Western blot.
Further analysis of the soluble molecule, 5T4-TM-, has given
some insight into the conformational nature of the 5T4 epitope.
Although recognized by Western blot, the construct was not
detectable by dot blot. Tn contrast, the lusion protein, 5T4—
IeGFc, was recognized in both Western and dot blots. Moreover,
proteolytic removal of the Fe yields a protein essentially identical
with the 5T4-TM- construct, but that retains the 5T4 epitope by
dot blot. Taken together, these results suggest that the most
thermodynamically stable conformation of the truncated mol-
ecule, when newly synthesized, is one in which the epitope is
obscured. Furthermore, the denaturation and subsequent refold-
ing of the mature fully glycosylated molecule during SDS/PAGE
and Western blotting leads to the molecule assuming its correct
conformation, thus exposing the epitope. In addition, the influ-
ence of the transmembrane domain on the correct folding of the
protein can be substituted by other sequences, here immuno-
globulin Fe, and once this folding has been imprinted on the
molecule during translation, it remains stable when the additional
sequence is removed.

The extracellular domain deletion constructs, 5T4-L1 and
5T4-L1H, were not expressed at the cell surface and could not be
detected in culture supernatants by either Western or dot blotting.
Although these constructs were transcribed, the proteins were
either not translated, unstable, or did not present the 5T4 epitope
through cither misfolding or its being located within another
region of the extracellular domain.

Analysis of the two human/mouse chimaeric 5T4 constructs
| indicates that the epitope lies within the more membranc-

proximal region of human 5T4. The lack of effect upon expression
| of the epitope by the removal of the glycosylation site within the

hydrophilic domain indicates that the epitope must reside in
| either LRR2 or its C-terminal flanking domain.

The remaining challenge is to determine which of the carbo-
hydrates are likely to contribute to the final structure and what
[role, if any, they play in the function of 5T4. Co-transitional
addition en bloc of the core glycan to nascent polypeptides
|confers stability and regulates folding both directly and through
\interaction with lectin chaperones [37]. Thesc in turn are involved
lin the sorting through the Golgi apparatus of the correctly
processed mature protein. Incorrect glycan processing may in
iturn lead to an inability to interact correctly with protein
(disulphide-isomerase and a failure of disulphide-bond formation
[38].
| From the studies presented in this report, high-mannose chains
predicted at Asn'* in the hydrophilic domain do not appear
to be necessary for presentation of the epitope. This is one of
Ilhr: two sites which differ significantly in mouse and human; the
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Figure 7 Carloon diagram of 5T4 structure

Deduced position ol the carbohydrale chains and proposed location of the mABST4 epitope are
indicated. (7, asparagine residues; Y, high-mannose; §, biantennary (with and wilhoul fucose)
and larger complex oligosaccharides; }, mAbST4 epitope; halched box, transmambrane
domain; dolted line, hydrophilic sequence; &, large sialated complex oligosaccharides.
Disulphide bonds (C- =« - C) are also indicated.

other is the putative high-mannose occupying site at Asn®!,
which is absent in the mouse. The mouse has an extra N-
glycosylation consensus sequence in the C-terminal membrane-
proximal region. Other differences in protein sequence are slight,
the only other non-conservative amino acid differences being
an increase in acidity in the mouse, with aspartic acid re-
placing human Phe*” and human Gly®' and glutamic acid replacing
human Val'’®, There are some changes in the position of the
basicamino acid arginine in residues 50-250 (human numbering),
but no differences in number. Thus the major differences between
the mouse and the human are likely to be found in the structure
of the oligosaccharides. No O-glycosylation was found in the
present study in placental 5T4, but two regions of the amino acid
sequence in both mouse and human show several close serine and
proline residues, which are indicators of potential O-glycosylation
sites. One of these is near the N-terminus of the human before the
cysteine-rich region and the second leads up to the hydrophilic
loop. The complex oligosaccharides discussed in the present
study (Figure 7) are candidates for carrying oligosaccharide-
recognition motifs, which may vary with different sources of 5T4.
Oligosaccharide sequences are well known as tumour-associated
antigens and with functions in cell-cell interactions [39). 5T4
appears to influence cellular motility and organization of the
cytoskeleton, This function is dependent on the cytoplasmic
domain and may be mediated through a recently identified
cyloplasmic-interacting protein [40]. The conformation of the
extracelluar domain may influence its interaction with other extra-
cellular molecules, either at the plasma membrane or in the
extracellular matrix, which may in turn modulate the cflects of
5T4 on the cells. From our present results, the site at Asn'® is
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likely to be glycosylated with relatively large sialylated oligo-
saccharides. This and glycosylation at Asn®*® and Asn*®, the sites
of which arc within the LRRs (Figure 7), are most likely to be
important in overall structure and antigenicity
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Cancer Research Campaign for financial supporl.

|
REFERENCES

Stern, P. L, Beresford, M., Thompson, S.. Johnsan, P. M., Webb, P. D. and Haole, M.
(1986) Characterization of the human trophobilasl-leukocyte antigenic molecules
defined by a monoclonal antibody. J. Immunol, 137, 16041609

Holg, N. and Stern, P. L. (1988) A 72 kD trophablast glycoprotein defined by a
manaclonal antibody. Br. J. Cancer 57, 239-246

Southall, P. J., Boxer, G. M., Bagshawe, K. D., Hole, N., Bromley, M. and Stem, P. L.
(1930) Immunohistological diskibulion of 5T4 antigen in normal and malignant
tissues. Br. J, Cancer 61, 89-95

Myers, K. A, Rahi-Saund, ¥., Davison, M. D., Young, J. A, Cheater, A. J. and Slemn,
P. L. (1994) Isolalion of a cONA encoding 5T4 oncofetal trophoblast glycoprotein. An
antigen associated with metastasis contains leucine-rich repeats. J. Biol. Chem. 269,
9319-9324

Starzynska, T., Rahi, V. and Stern, P. L. (1992) The expression of 5T4 anligen in
colorectal and gastric carcinoma, Br. J. Cancer 66, 867-869

Starzynska, T., Marsh, P. J., Schotield, P. F., Roberls, S. A, Myers, K. A. and Slern,
P. L. (1994) Prognoslic signiticance of 5T4 oncoletal antigen expression in colorectal
carcinoma. Br, J. Cancer 69, 899-902

Starzynska, T., Wiechowska-Kozlowska, A. Marlica, K., Bromley, M., Roberts, S. A,
Lawniczak, M., Kolodziej, B., Zyluk, A. and Stern, P. L (1998) 574 oncofetal antigen
In gastric carcinoma and its clinical significance. Eur. J. Gastroenlerol. Hepatol, 10,
479484

Mulder, W. M., Stemn, P. L, Slukart, M. J., de Windl, E., Butzelaar, R. M., Meiier, S.,
Ader, H. J., Claessen, A M., Vermorken, J. B., Meijer, C. J. et al. (1997) Low
intercellular adhesion molecule 1 and high 5T4 expression on tumor cells correlate
viith reduced disease-free survival in coloreclal carcinoma patients. Clin. Cancer Res,
3, 1923-1930

Wrigley, E., McGowan, A. T., Swindell, R., Crowther, D., Starzynska, T. and Stern,

P. L (1995) 5T4 oncofetal antigen expression in ovarian carcinoma. Int. J. Gynecol,
Cancer 5, 269-274

Ali, A, Langdon, J., Stem, P. and Partridge, M. {2001) The paltern ol expression of
the 574 oncofoetal anligen on narmal, dysplastic and malignant oral mucosa.

Oral Oncol. 37, 57-64

Carsberg, C. J., Myers, K. A., Evans, G. S., Allen, T. D. and Stern, P. L. (1995)
Melastasis-associaled 5T4 oncoloetal antigen is concentrated al microvillus
projections of the plasma membrane, J. Cell Sci. 108, 2905-2916

Carsberg, C. J., Myers, K. A and Stem, P. L (1896) Metaslasis-associated 5T4
antigen disrupls cellcell contacls and induces cellular motility in epithelial cells.
Int. J. Cancer 68, 8492

Kobe, B. and Deisenhofer, J. (1994) The leucine-rich repeal: a versatile binding motil.
Trends Biochem. Sci. 19, 415-421

Kobe, B. and Deisenhofer, J. {1995) Proteins with leucine-rich repeats. Curr. Opin,
Struct. Biol. 5, 409-416

Hillig, R. C., Renault, L, Vetter, 1. R., Drell, IV, T., Wittinghofer, A. and Becker, J.
(1999) The crystal structure of malp: a new lold for a GTPase-aclivating protein.
Mal. Cell 3, 781-791

Kobe, B. and Deisenhafer, J. {1993) Crystal struclure of porcine ribonuclease
Inhibitor, a protein with leucine-rich repeats. Mature {London) 366, 751-756
Endokimov, A. G., Anderson, D. E., Routzahn, K. M. and Waugh, D. 5. (2001)
Unusual molecular architecture of the Yersinia pestis cytotoxin Yoph: a leucine-rich
repeat prolein with the shorlest repeating wnit. J. Mol. Biol. 312, 807-821

Liker, E., Fernandez, E., lzauralde, E. and Conli, E, {2000) The slucture of the
MRANA exporl factor TAP reweals a cis arrangement ol a non-canonical RMP domain
and an LRR domain. EMBO J. 19, 5587-5508

Received 14 September 2001/19 December 2001; accepted 24 January 2002

20

21

22

23

24

25

26

a

28

29

30

i

32

B

34

35

36

¥

38

39

40

Janosi, J. B, Ramsland, P. A, Moll, M. R, Firth, S. M., Baxter, R. C. and Delhanty,
P. J. (1999) The acid-labile subunil of the serum insulin-like growth faclor-binding
protein complexes. Struclural determination by molecular modeling and electron
microscopy. J. Biol. Chem. 274, 23328-23332

Kajava, A. V., Vassarl, G. and Wodak, S. J. (1995) Modeling of the three-dimensional
struclure of proteins with Ihe typical leucine-rich repeats. Structure (London) 3,
867-877

Holg, N. and Stern, P, L (1990) Isolation and characterization of 5T4, a tumour-
associated antigen, Int, J, Cancer 45, 179-184

King, K. W., Sheppard, F. C., Westwaler, G, Stern, P. L. and Myers, K. A (1999)
Organisation of the mouse and human 5T4 oncofoetal leucine-rich glycoprolein genes
and expression in foelal and adult murine tissues. Biochim, Biophys, Acla 1445,
257-210

Laemmli, U. K. {1970) Cleavage of structural protein during the assembly of
bacteriophage T4, Nature (London) 227, 680685

Bradford, M. M. (1976) A rapid and sensitive method for Ihe quantitation of
microgram quanlities of protein utilizing the principle of prolein-ye binding.

Anal. Biochem. 72, 248-254

Shaw, D. M., Embleton, M. J., Weslwater, C., Ryan, M. G., Myers, K. A, Kingsman,
S. M., Carroll, M. W. and Stern, P. L. Isolation of a high allinity scFv from a
monaclonal anlibody recognising the oncofoetal anligen 5T4. Biochim, Biophys. Acta
1524, 238-246

Towbin, H. and Gordon, J. (1984) Immunoblotiing and dol immuncbinding — current
slalus and outlook. J. Immunol. Methods 72, 313-340

Townsend, A. R. (1995) Analysis ol glycocanjugates using high pH anion-exchange
chromatography. J. Chromatogr. Libr. 58, 181-210

Weilzhandler, M., Pohl, C., Rohrer, J., Narayanan, L., Slingsby, R. and Avdalovic, N.
(1996) Eliminaling amino acid and peptide interference in high-performance anion-
exchange pulsed amperometric detection glycoprotein monasaccharide analysis,
Anal, Biochem, 241, 128-134

Weilzhandler, M., Slingsby, R., Jagodzinski, J., Pohl, C., Narayanan, L and Avdalovic,
M. (1996) Eliminating monosaccharide peak tailing in high pH anion-exchange
chromatography with pulsed amperometric detection. Anal. Biochem. 241, 135-135
Bigga, J. C., Patel, T. P., Bruce, J. A., Goulding, P. N., Charles, 5. M. and Parekh,
R. B. (1995) Nonselective and eflicient lluorescent labeling of glycans using 2-amino
benzamide and anthranilic acid. Anal. Blochem. 230, 229-238

Davies, M. J. and Hounsell, E. F. (1998) HPLC and HPAEC of oligosaccharides and
glycopeplides. Methods Mol. Biol. (Towota, N.J) 76, 79-100

Browne, C. A, Bennelt, H. P. 1. and Solomon, S. (1982) The isolation of peptides by
high performance liquid chromatography using predicted elution positions.

Anal, Chem. 124, 201-208

Prime, 5. and Merry, T. (1998) Exoglycosidase sequencing of N-linked glycans by
Ihe reagent array analysis method (RAAM). In Methods in Molecular Biology, vol. 86,
Glycoanalysis Protocols (Hounsell, E. F., ed.), pp. 53-68, Humana Press, Totowa, NJ
Smilh, K. D., Davies, M. J., Bailey, D., Renoul, D. ¥, and Hounsell, E. F. (1996)
Analysis of Ihe glycosylalion palterns of the extracellular domain of the epldermal
growth faclor receplor expressed in Chinese hamster ovary fibroblasts.

Growth Factors 13, 121-132

Wong, N. K. G, Kanu, M., Thandrayan, N., Rademaker, G. J., Baldwin, C. I, Renouf,
D. V. and Hounsell, E. F. (2000) Microassay analysis of prolein glycosylation.

Mol. Biotechnal, 14, 147-155

Farsberg, G., Ohlsson, L., Bradin, T., Bjork, P., Lando, P. A., Shaw, D., Stern, P. L.
and Dohlsten, M. (2001) Therapy of human non-small-cell lung carcinoma using
antibody largeting of a modified superantigen. Br. J. Cancer 85, 129-136
Drickamer, K. and Taylor, M. E (1998) Evalving views o protein glycosylation.
Trends Biochem. Sci, 23, 321-324

Mirazimi, A and Svensson, L. (1998) Carbohydrates facilitate correct disullide bond
farmation and folding of rotavirus VP7. J. Virol. 72, 3887-3892

Hounsell, E F,, Young, M. and Davies, M. J. (1997) Glycoprotein changes in
tumours: a rennaissance in clinical applications. Clin. Sci. 83, 287-293

Awan, A, Lucig, M. R, Shaw, D. M., Sheppard, F., Westwater, C., Lyons, S. A, and
Stern, P. L. (2002) 574 interacts wilh TIP-2/GIPG, a PDZ protein, wilh implications
for metastasis. Biochem. Biophys. Res. Commun. 290, 10301036

© 2002 Biochemical Society

U



| CLINICAL OBSERVATIONS, INTERVENTIONS i AND THERAPEUTIC TRIALS

Selective Ablation of Acute Myeloid Leukemia Using Antibody-Targeted
| Chemotherapy: A Phase I Study of an Anti-CD33 Calicheamicin

Immunoconjugate

By E.L. Sievers, F.R. Appelbaum, R.T, Spielberger, S.J. Forman, D. Flowers, F.0. Smith, K. Shannon-Dorcy,
M.S. Berger, and 1.D. Bernsteln

| Leukemic blast cells express the CD33 antlgen In most
patients with acute myelold leukemia (AML), but this anti-
|gem Is not expressed by hematopoiotic stem cells. We
conducted a study to determine whether narmal hematopoi-
esis could be restored In patients with AML by selective
| ablation of cells expressing the CD33 antigen. In a dose
escalation study, 40 patients with relapsed or refractory
| CD33* AML were treated with an immunoconjugate (CMA-
676) consisting of humanized anti-CD33 antlbody linked to
the potent antitumor antlbiotic calicheamicin, The capaeity
| of leukemic cells to offlux 3,3"-diethyloxacarbocyanine iodide
(DiOC;) was used to estimate pretreatment functional drug

DATIENTS WITH refractory or recurrent acute myeloid
| leukemia (AML) have a dismal prognosis. Toxic effects
associated with additional conventional chemotherapy are often
life-threatening, and few patients achieve a complete remission
(CR)- A therapy that more specifically targets leukemia is likely
to be safer, and possibly more effective than current nonspecific
chemotherapeutic agents,

During hematopoietic development, stem cells capable of
establishing long-term multilineage hematopoiesis give rise 1o
progenitors with diminished self-renswal capacity and a greater
degree of differentiation. During this process, hematopoictic
cells express distinet cell surface antigens that are also ex-
pressed by their malignant counterparts, Some of these antigens
(eg. CD33) are present on maturing normal hematopoietic cells
and on AML cells, but not on nomal hematopoietic stem
cells.! These findings raise the possibility that an antibody
can be used to deliver cytotoxic agents to selectively ablate
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resistance. Leukemia was eliminated from the blood and
marrow of 8 (20%) of the 40 patients; blood counts returned
ta normalin three (8%) patients. A high rate of elinical response
was observed in leukemias characterized by low dye efflux In
vitro. Infusions of CMA-676 were generally well tolerated,
and a postinfusion syndrome of fever and chills was the
most cammon toxic effect. Two patients who were treated
at the highest dose level (9 mg/m?) were neutropenic >5
weeks after the last dose of CMA-676. These results show
that an immunoconjugate targeted to CD33 can selectively
ablate malignant hematopoiesis in some patlents with AML.
1959 by The American Society of Hamatology.

malignant myeloid and immature normal cells while sparing
normal stem eclls.

The myeloid cell surface antigen CD33 is an attractive tarpet
for this approach, s it is expressed on AML blast cells from
about 90% of patients.?? CD33 also may be expressed by most,
if not all, of the malignant precursors in at least some cases of
AML, as precursor cells that lack CD33 from some patients
give rise to normal granulocyte/monocyte precursors in a
marrow long-term culture system,>$ The possibility that anti-
CD33 antibody could be used 1o deliver a cylotoxic agent to
malignant cells was suggested by studics showing rapid satura~
tion of leukemic blast cells in peripheral blood and marrow after
intravenous administration of approximately 5 mg/m? radioio-
dinated anti-CD33 antibodies.™® Funther, in vitro studies showed
rapid intemalization of the antibody by the target cell.” To test
the concept of selective ablation of malignant hematopoiesis
and to evaluate the safety of this approach, we treated patients
with relapsed or refractory AML with escalating doses of
CMA-G76, antibody-targeted chemotherapy consisting of an
enginecred human nnti-CD33 antibody linked with the potent
antitumnor antibiotic calicheamicin. !

MATERIALS AND METHODS

Patlenrs,  Patients were required to have AML that was efth er
refractory to standard therapy or that had recurcd afier remission,
Patients whose leukemia relapsed afier a marrow or peripheral blood
stem eell iransplant were required to have had suceessful engrafiment
(platelets =20 X 10%L without transfusion and an absolure neutrophil
count [ANC] =500/uL) before relupse. Each prospective patient
underwent a bone marrow aspirale to confirm that morphologic
cvidence of leukemia was present and to document leukemic blast cell
surface expression of the CD33 antien. Patients were required to have
a Kamolsky performance status =60%, a white blood cell count =30 X
103, serum creatinine =<2.0 mg/dL, and serum bilirubin =1.5 mp/dL,
10 have recovered from toxic cffects of previous antincoplasiic therapy,
and 1o he able to give informed consent. Palients were ineligible if they
had previously received anti-CD33 antibody treatment, were pregnant
or nursing, had a prior malignancy, or had adive symplomalic contral
Rervous system leukemia or an uncontrolled life-threatening infection,

Reeombinant hunanized anti-CD33-calicheamicin drug canfngate.
CMA-676 was produced and provided for clinical study by Wyeth-

Blood, Vol 93, No 11 {June 1), 1999; PR 3678-3684
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| Ayerst Research (Radnor, PA) under an Investigational New Drug

| Application. Celltech Therapeutics, Ltd (Slough, UK} transformed the
murinc-derived IgG) monoclonal antibody (p67.6)* into an engincered
human IgG4 zntibody (hP67.6), which was then conjugated to the
encdiyne calicheamicin'® using a Nac-gamma linker molecule {Hamznn
et al, manuscript in preparation). Calicheamicin binds in a sequence-
specific manner 1o the minor groove of DNA and induces double-strand
DNA breaks that ultimaely induce cell death,!? Specific cytooxieity of
CMA-676 against CD33* Jcukemia cells was documented in calony-
forming assays in vitro, against leukemic colf lines in vitre, and in vivo
in nude mice (data not shown).

Prorocol design.  In this open, single-arm, phase 1 dose escalation
study, CMA-676 was administercd 1o patients with relapsed or refrac-
tory CD33% AML at two study sites. Informed consent was obtained
from all patients in accordance with the instirutional review boards of
the panicipating institutions. In a single-dose tolerance study with
CMA-676 in chimpanzees, an intravenous dose of 0.5 mg/m? {twice the
initial clinical dose of 0.25 mg/m?) was well toleraled, with no
compaund-related clinical signs of clinical pathology changes evident
threughout a I5-day postinfusion period (data not shown). In previous
clinical studies in patients using radialebeled mP67.6 antibody® dose-

| limiting toxicily was not observed at doses up e und including 17
mg/m* antibody trace-labeled with P!, However, saturation of CD33
binding sites was achicved at a dose level of approximalely 5 mg/m?,
Hence, 2t least three patients were treated at each dose level of
CMA-676 with up to three infusions of 0.25, 0.5, 1.2, 4.5, 6.and ¢ mg
protein per square meter of body surface arcu. IT one or bwo of the first

| three of these patients experienced & grade LT toxie effect (sce below),
threc additional patients were to be treated a1 e same dose, The
maximum tolerated dose was defined as anc dose level below the dose

[that was associsted with unacceptable CMA-676-related foxicity.

!Dose-limiting loxicily was defined as severe marrow hypoplasia of

| more than 6 weeks duration afver asingle dose of CMA-676, one grade
| IV study drug-related toxic effect or two grade [V toxic conditions of
ambiguous relationship to CMA-676.

CMA-676 was administered 25 2 single 2-hour intravenous infusion.
All cytokines or chemotherapeutic agents were withdrawn before
treatment. Patients without leukemic progression and drug-related.
nonhematologic toxic effects judged 10 be grade 11 or less could receive
one or two subsequent cycles of CMA-676 with at least 14 daws
between cycles. Patiems were treated with acetaminophen 650 mg

|orally and diphenhydramine 25 to 50 mg intrevenously 15 1o 30 minutes

|before infusion of CMA-676. Paticnis who achieved a CR and
subsequently had a relapse of their Jeukemia could receive retreatment
at the dosage level being evalvated at the time of retreatment,

Patient evaluation.  Patients were examined for aeme toxic effects
in accordance with the World Health Organization toxic elfect gritdes,

|Peripheral blood specimens were obtained to study the pharmacokinet-
|ies of CMA-676, 10 evaluate for evidence of CMA-676 binding to
CD33-positive cells, and to measure the cffects of CMA-676 on
[hematalogic variables and serum chemistry parameters. A complete
|bload count was abtained bafore the initial dose and each day for 2
|weeks thereafter, or until recovery of grunulocyte und platelet levels (o
the prestudy levels. Hepatic and renal function were measured before
initial dosc administration, three times per week thereatter, and on day
28 after thie tast dose of CMA-676.

Bone marrow aspirates were obtained before initial dose adminisira-
tion with CMA-676 on duys 1, 7. znd 14 of each tresiment cyeleand on
io‘ays 1,7, 14, and 28 of the last treatment cycle. All marrow specimens
iwcrc examined by light microscopy to estimaie cellufarity and 10 deteet
\any residual leukemic blast cells, Patients with progressive disaase were
removed from the siudy. Diszppearance of lenkemia wus defined as the
‘absence of peripheral blasts and tle presence of =5% blast cclls in the
bone marrow by light microscopic evaluation. CR was defined as

disappesrunce of leukemia in addition 1o an ANC >1,500/pl. und a
platelet count =100 % 10¥L. without transfusions.

Lahoratory investigatians. Total hP67.6 amtibody concentrations in
plasma samples were determined using an enzyme-linked immunosor-
bent assay (ELISA). Formation of antigen-antibody CMA-676 bound 1o
peripheral blood mononuclear cells was detected by flow microfluorim.
ciry. Cells were incubated with, biotinylated goat monoclonal anii-
human 1gG,. followed by avidin-Auorescein isothiocvanate, Cells
incubated with avidin-fluorescain isothiocyanate alone comprised the
negalive comrol, The satwration percentape was defined as 100 times the
ratic of the fluorescence intensity of patient mononuclear cells (minus
the negative control) aver the maximym Muorescence intensity (minus
the negative control). Maximum achievable saturation was determined
by incubating patient mononuctear cells from the sume 1ime point with
salurating amounts of CMA-676 in vitro before the addition of the
unti-human 1gG; antibody. The efflux of 3,3"-diethyloxacarbo-
cyanine iodide {DiOC,) from CD33-positive blast cells was measyred
as an Indication of funcliona! drug efMlux.!! Serum samples obtained
frem euch patient before CMA-676 edministration, on day 7 after
initial doses, and on deys 7, 14, 21, and 28 aRer administation of the
final dose of CMA-676 were analyzed for anti-hP67.6 (humanized
mouse antibody) or anti-calicheamicinginker immune response by
ELISA.

RESULTS

Patient characteristics. A total of 40 patients with relapsed
or refraciory AML were enrolled. Patient characteristics are
shown in Table 1. Three to cight patients were treated a1 each of
eight dose levels of CMA-676; 0,25, 0.5, 1, 2, 4, 5. 6,and 9 mg
protein per square meter of body surface area.

Nonhematologic roxicitn.  The most frequently reported
drug-related adverse events are summarized in Table 2. The
most commonly observed nonhematologic side effect, a syn-
drome of fever and chills, occurmed in 32 of 40 (80%) paticnts
beginning 2 to 4 hours after the start of the 2-hour intravenous
infusion, The syndrome was limited to grade 110 11 except in
three instances. Grade Il fever and chills oceurred in rwo
patients afier receiving CMA-676 at 6 and 9 mg/m?, respee-
tively. The third patient (COH-008) who had asymptomatic

Table 1. Patient Characteristics (N = 40)

Age: median {range) 54 (24.73)
Sex 21M:1SF
Stage of discase
First relapse 20
=Second relapse 20
Prior stern ecll transplant
Allogenelc 14
Autologous L]
None 22
Cytogenetic abnormality
t{8:21) 1
Inv(16) 2
a1 ]
t(6:11) 1
1{%:17) 2
Complex abnormality 22
Naone tetected 10
Unknown 1
Prior myclodysplastic phase
Present 9
Absent 3

Ub
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Table 2, Most Frequently Reported Drug-Related Adverse Events (No. of Patients)
CMA-678 Dose (mgfm?)

‘ 0.25 0.5 1 z 1 s & 9
Event* (n=4) (n=3) (n=4) (n=3) {n=8) (n=5) (n= 8) (n=7)
Grade 0-l feverfehills 4 2 1 1 4 1 3 3
Grade Il fever/chills — 1 3 2 2 5 3 3
Grade NIt fever/chills - — —_ - - —_ 11 1
‘ Gradu IV fover/chills - —_ - - —_ . 1§ =

Grade Il hepatic enzymo

glevatlon [AST ar ALT) —_ 1 1 s = 4 1 1
Grade IV hepatic enzyme

elevallon (AST or ALT) - —_ - —_ — — 1 —_

A;bbmvlatians: AST, alanine serum transaminase: ALT, alanine aminotransferase,
*Grades ara delined according te modified World Health Organizationtoxicity grading scate,

Tf\dodil‘icu to include fever <40°C with asymptomatic hypotension.

#This patient (FH-007) Is represented in the table twice. He experienced grade I fever/chills after his initfa) treatment at 1 mg/m?, He developed
sheftness of breath in associatlon with retreatment with CMA.BTG aller his lcukemioa relapsed, presumably caused by an Immune reaction to

CMA-676.

Q‘Fhis patient (COH-008) wha had asymptomatic hypotension and was receiving low-tose dapamino before CMA-576 administration, had a
tempacrature >40°C and roversible symptamatic hypotension 5 hours after the Initiation of the CMA.676 infusion a1 6 mg/mi.

This patient (FH-020) with documented concurrent cholelithiasis had a pratreatment AST of 13 UL that increased 1o 304 UM 4 days after
receiving the first dose of CMA.676, and rapidly declined ta the narmal range within a week. Immediately before receipt of the second dose of
CMA-676, her AST increased 1o 1,804 URL and agaln rapidly returned to the normal range. Elevated enzymes were thought 1o be primarily due to

the patient’s cholelithiasls,

hypotension and was receiving low-dose dopamine before
CMA-676 administration, had a temperature >40°C and revers-
ible symptomatic hypotension 5 hours after the initiation of the
CMA-676 infusion at 6 mg/m®. Another patient (FH-007)
developed tansicnt shortness of breath in association with
rctmhzmcnr with CMA-676 after his leukemia relapsed, presum-
ably caused by an immune reaction to CMA-676 (see below).
Nausea and fatigue were among other less frequent toxic effects
thought possibly related 10 CMA-676.

Reversible, possibly drug-related hepatic transaminase eleva-
tions:from 510 10 times the normal range were observed in cight
patients (Table 2). One additional patient with documented
cencumrent cholelithiasis had a pretreatment alanine serum
mansaminase (AST) of 13 U/L that increased to 304 U/L 4 days
after receiving the first dose of CMA-676, and rapidly declined
10 thg'? normal range within a week. Imm ediately before reecipt
of the second dose of CMA-676, her AST increased to 1,804
U/L and again rapidly returned to the normal range. In this
patient, elevated enzymes were thought to be primarily due to
the patient’s cholelithiasis. No patient had a drug-related
bilirubin elevation of greater than five times the normal range.
No significant study drug-related central nervous system,
cardiac, or renal toxic cffects were observed. With regard to
nenhematologic toxic effects, a maximum tolerated dose was not
reached, and dosc-limiting toxicity was not observed.

Hematologic toxicity. Because most patients had concur-
rent neutropenia and thrombocytopenia cansed by active AML
ot the| time of enrollment, whether hematologic toxic effects
were directly auributable to CMA-676 was often impossible to
ascertain. However, among nine patients with ncutrophil counts
>1,500 cells/uL before treatment, eight had severe neutropenia
(<200 cells/uL) within 14 days of CMA-676 infusion regard-
less of dose level. Figure 1 shows the decline and recovery of
the neutrophil count from a representative patient during the 2
weeks after each infusion. Although dose-limiting toxicity was

not formally observed, two of seven evaluable patients had
prolonged drug-related neutropenia afler treatment at a dose
level of 9 mg/m?. The first patient (FH-023) required 38 days 1o
recover to an ANC >500 cells/uL aficr the third dosc of
CMA-G76, and the second patient (COH-015) did not achieve
neutrophil recovery and died of sepsis 50 days after receiving
the second dose (Table 3).

Elimination of blast cells from the peripheral blood and bone
marrow.  Blast cells were identified on  peripheral blood
smear in 31 (78%) patients before infusion ol CMA-676, One
week after treatinent, 22 (71%) of these paticnts had fewer hlast
cells and in six (19%) of these patients. blast cells had
completely disappeared from the peripheral blood smears, The
proportion of patients who experienced reductions in peripheral
blast cell counts was highest among those who received higher
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Table 3. Clinical Responses and Recovery of Hematologic Function in Patients Who Received Treatment With CMA-676
Time in Days From Lasi Dose 1o:
Dase  Peripheral Percentape ANC Platetet
Clinical Patlent  Age Cytogenetic Level  Blasis  of Marrow =1,5000 Count Site of
Response Nao. [yn) Abnarmality (mgim?) ({parpl) Blasys HL >100 % 10Ul Relapse Recurrance
CR* FH-007 43 16 1 12 50 4 7 122 Bone: marraw
FH012t 29 &%) 4 22377 83 20 35 188 Testes; central
| nervous system
FH:023t 34 None ] 748 60 42 180 >623 Nang
\ Eliminationol  FH.013 74 None 5 1912 88 Not attained Not atiained 70 Marrow
| blastcells from FH-0195 53 t(B:21) 6 3,560 57 Notattained Notattnined  Notapplicable Nat applicable
| peripheral FH.022 65 None 9 o B 18 Not attalned 40 Marrow; ceniral
1 blood and nervous system
marrowt FHO24 52 i1z 9 2.445 40 20 Not evaiuabley 14 Marrow
| COH-0155 34 Trisomy1l:dei(15) § 0 23 Notatalned Motattained  Not applicable Not appli
{ FH-007 43 g1y g 300 a5 8 Not attalned 56 Marrow
\ "Patient achiovod transfusion independence with ANC >1 500/
1

fPadent recelved donor lymphocyte infuslen after attaining CR
\ 1Patient had <5% blasts in the bons marow asplrate with vari
§Patlents died of Infectlan 12 (FH-01 9) and 50 {COH-015) days

| platelet count.
|
|
|

| doses of CMA-676, Reduced numbers of peripheral blast cells

|were observed in 10 of |l patients treated with either 6 or 9

\mg/m? of CMA-676 compared with 12 of 20 patieats rreated at

dose levels from 0.25 10 § mp/m®.

'. Morphologic evidence of leukemia within the bone marrow

{>5% blast cells) was seen in all patients hefore treatment,

Afier treatment with one to three doses of the drug conjugate, 8

(20%) of 40 patients had <5% leukemic blast eells on

njorphologic examination of bone marrow aspirate and biopsy

speeimens (Table 3). In onc of these paticnts (FH-007), blast
cells were also climinated from the bone marrow on a second
occasion after retreatment with CMA-676 (sce below),
Recovery of normal blood counts. Recovery of blood
neutraphil counts to greater than 1,500 eells/ulL was observed in
five_of cight patients who had <5% lcukemic blasts by
mo’mhc?agic examination of bone marrow aspirate and biopsy
specimens (Table 3). In addition, three of these five patients
achicved normal platelet counts. The first patient, FI1-007,
achieved a complete hematologic and cytogenetic remission 7
days after receiving the third dose of CMA-676 at i mg/m?.
After 140 days, local leukemia recurrences in his femurs and
iliac wing were identified by magnetic resonance imaging and
confirmed by surgical biopsy. He was treated with conventional
chemotherapy and local mdiation and achieved another CR. He
experienced relapse again 293 days after completing the first
course of CMA-676, was treated with two additional doses of
CMA-676 at 6 mg/m?, and his leukemia disappeared again for
56 days. His leukemic cells expressed CD33 at the time of each
of his relapscs.

The second patient, FH-012, achieved a complele hemato-
lagic and cytogenctic remission 35 days after the third dose of 4
mg/m?. [n an attempt to consolidate his remission, he was given
an infusion of lymphacytes from his bone marrow donor 40
days after infusion of the third dose of CMA-676, He remained

L. platelet count 100 % 10%L, and <5% blasts in tha bone morow aspiratg,
(FH-012) or beloee achleving platelet count >100 x 10%uL (FH-023).
ous degrees of hematopoiotic recovery,

after recoiving o third dose of CMA-676.
\ Patient antained CR aftor recelving CMA-676 at 1 mafm? and then was retreated wit

fPaticnt roceived a bone marrow transplant shortly after leukemia disa,

h CMA.676 at a dose of 6 mgfm?.
ppeared from the bone marrow and ovenlually recovered a normal

in CR for 214 days afier treatment until testicular and central
nervous system relapses occurred.

The third paticnt, FH-023, received three doses of CMA-676
at9 me/m?, and his ANC recovered to >1,500/L 42 days after
he received the third dose of CMA-676. His platelet coumt
reached a peak of 36 X 10%pl. 23 days afier he received the
third dose of CMA-676, but the patient subsequenily became
platelet iransfusion-dependent for approximately 3 weeks,
Evidence of antibody on the patient’s plateler surfaces was
documented. Megakaryocytes were present and platclet manira-
tion appeared normal on examination of the marrow aspirate. In
an attempt to consolidate his remission, he was given an
infusion of lymphocytes from his bone marcow donor 54 days
after receiving the third dose, and his platelet count eventually

rose to >100 X 10/l 106 days later. At the time of this report,
he remained in continuous cytogenetic and hematologic remis-
sion >623 days after receiving the third dose of CMA-676.
Pharmacokinetics and saturation of peripheral CD33 sitos,
Detectable plasma levels of CMA-676 were identified in all
patients immediately after intravenous administration and the
half-tife of CMA-676 was estimated to be 38 * 21 hours for
paticnts recciving the 9 mg/m? dose. Figure 2 shows the
relationship between the totl number of cell surfuce CD33 sites
ond CD33 sites bound with CMA-676 in peripheral blood cells
for a characteristic patient over time. Thirty minutes afrer
infusion, CD33 sites were almost completely saturated with
CMA-676. Twenty-four hours after administration, fewer CD33
sites and bound drug conjugate were evident, suggesting
intemalization of the CD33-immunoconjupate complex, In the
patients who received the maximum dose (9 mg/m?), a median
of 92.2% (range, 79.2% to 100%) of CD33 binding sites on
peripheral blood blast-sized cells were bound by the drug
conjugate 30 minutes afier infusion of a dose. Peak CD33
saturation levels in relation to reatment response are shown in

2
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Fig 2. Relationship between total number and CMA-876-baund
CD33 sitos on peripheral blood cells in a characteristlc patient aver
time. The solid line represents the number of CD33 sites avallable for
binding 1o CMA.676 as ostimated by the maximal flusroscence
intensity obtained by incubating an aliquot of cells in vitre with
excess CMA-876. The dashed line repr the fluor inten-
sity of bound CMA-676 to cell surfaces, Near-complcte saturation is
saan 30 minutes after the start of the infusion.

Fig 3. These results show that saturation of sites is not, by itself,
suflicient to insure treatment response,

Response correlation with drug effflux.  We cvaluated the
eMux of DiOCy from pretreatment leukemic blast cells as a
| measure of functional drug resistance. Figure 3 shows the
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Fig 3. Relation of loukemic blast cell dyo efflux and maxlmum
CMA-676 saturation of CD33 sites on peripheral blood blast-sized
collswith troatment respanse (N = 36). (A} Denotes paticnts who had
| «5% leukemic blasts by morphologic examination of bone marrow
| aspirate and hiopsy specimens alter trestmont. (8) Denotes patlents

whose leukemia did not disappoar. Peripheral blaod samples fram
II’u:n.n' patl were unavailable for analysis. The effiux from the
|dominant population Is ropresented in the five instances In which

\efMux profiles wors bimodal. *Leukemic cell spacimens from patients
FH-023 and FH-024 were 2 and 3 days old, rospectively, at the time of
elflux measuremnent. Becauso blast-sized cells frem each showed

uncharacteristically low DIOC; loading, obrained effiux values may
underestimate true eflux.
|
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relationship between measured Jeukemic blast cell drug eMux
levels and saturation of CD33 sites with response. Elimination
of leukemia appeared to be correlated with a low capacity by
leukemic blast cells 1o extrude DIOC,. For example. of the 30
patients evaluated with the assay in whom doses of CMA-676
saurated >75% of available CD33 sites on peripheral blood
blast cells, 8 of 17 paticnts with leukemic biast celis that showed
=40 channel numbers of DIOC, efMux had <5% blasts in the
bone marrow after treatment, In contrast, none of the 13 patients
with leukemic blast cells expressing >40 chunnel numbers of
DiOC, cfflux entercd remission. _

Immune responses. No humoral responses to anti-hP67.6
antibody were detected. A humoral response to the calicheamicin-
linker complex was documented in onc patient after reeeiving a
third dose of CMA-676 and in a second patient during
retreatment with CMA-676.

DISCUSSION

This srudy describes the use of an antibody-drug conjugate
capable of targeting and safely eliminating target leukemic cells
in vivo. Disappeamnce of AML cells from the bone marrow and
peripheral blood of eight patients with complete restoration of
normal hematopoiesis in three patients was observed afier
treatment with antibody-targeted chemotherapy. These results
show that eradication of CD33* AML cells can allow restara-
tion of normal hematopoicsis by remaining CD33- precursors.
For some patients, we hypothesize that the CD33~ precursors
arc predominantly or completely nonmalignant. This is based
on findings that, in some cases of AML, the clonal abnormality
originated in either a committed progenitor or an carly multipo-
tent cell whose proliferative expression is nwainly restricted 10
the granulocyte/monocyte fineage.'? Because seleclion of CD33-

precursors from some of these leukenias allowed normal
hematopoietic growth in culre, the malignant clone may
invalve few, ifany, CD33 precursors.S$
In other eases of AML, particularly in older patients, the
clonal abnormality has been found in both 1he erythroid and
myeloid lineages, showing malignant involvement of multipo-
tent precursors.! In addition, clonal karyatypic abnormalities
have been found in primitive precursor cells from some AML
patients.'*" It is conceivable that normal hematopoiesis could
also be restored in these patients even if a substantial portion of
CD33~ precursors were malignant because normal precursors
express at least a short-term proliferative advantage. While this
explanation appears inconsistent with the observed leukemic
growth in a immunodeficient mouse model after infusion of
isolated primitive (CD34* CD38-) preeursors from human
leukemia specimens,’® it is consistent with the report that a
patient underpoing allogencic transplantation who was inadver-
tently given an infusion of donor AML cells initially recovered
with normal doner hematopoiesis.!é
Each patient whose blood counts retumed completely to
nommal had experienced relapse after an allogencic bone
marrow transplant {data not shown). Thercfore, it is possible
that a graft-versus-leukemia cffect eliminated the remaining
CD33~ leukemic cells after climination of the bulk of AML
cells, Mowever, in a recently initiated phase I siudy of
CMA-676. normal hematopoiesis was restored in some patients

U
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who had not received a transplant,'? Molecular remissions have
been observed in 2 portion of patients with acute promyelocyric
| leukemiz who reccived unconjugated anti-CD33 antibody
(HuM195)."% Although an AML patient with 8% blasts in his
| bone marrow achicved a CR with HuM195 given ata supersatu-
rating dosc, complete clinical responses have not been reported
| in patients with large tumor burdens.!® Hence, the observed
elimination of leukemia aficr treatment with CMA-676 was not
| likely duc 1o antibody-mediated cffects alone.
Myelosuppression was the most clinically significant adversc
cevent. The severe marrow hypoplasia observed in two paticnis
who received 9 mg/m? is consistent with depletion of CD33*
hemnatopoieric progenitor cells and with the time required for
CD33" cells to restore hematopoietic function. To prevent
| prolonged neutropenia, two (instead of three) scheduled doses
i of CMA-676 at 9 mp/m? are generally administered in the phase
IT study. In that study, a third dose can only be administered if
| bone marrow cellularity is > 135% nfter two doses of CMA-676.
The 9-mg/m? dose level was selected for the phase [ study
| because consistently >75% of CD33 sites were saturated at this
dose and nonhematologic toxicity was not considered to be
|  dose-limiting in the phase | study.
Modest and reversible hepaic transaminase elevations and
| hyperbilirubinemia were observed in some patients who re-
ceived CMA-676 at high dose levels. Only two patients
| developed a positive immune response to the calicheamicin-
linker complex after receipt of several doses of CMA-676, in
| contrast with findings in other smdics in which frequent
immunc responses occurred after administration of immunocon-
| jugates containing either murine-derived monoelonal antibodies
or naturally occurring toxins.?
| Only patients with relapsed or refractory discase were
cligible for this clinical trial. In this serting, the lcukemia cells in
| many paticnts expressed functional drug resistance that may
have prevented killing by the drug conjugate (a known substrate
of p-glycoprotein, dara not shown). This was suggested by the
corrclation benween clinical response and low levels of dye
cfflux by leukemic blast cells. This observation raises the
possibility that the complete response rute might be improved
by using agents that specifically block p-glycoprotein activity
(eg. cyclosporine) in combination with CM A-676.

In summary, we found that CMA-676 selectively ablated
malignant hematopoiesis in some patients with reftactory or
| relapsed AML and that therapy was associated with few toxie
| effects. Smdies are currently undervay 10 evaluate this agent in

pediatric and elderly poputations. It is anticipated that CMA-
| 676 will be evaluated in the setiing of newly diagnosed and
minimal residual disease, Because CMA-676 was associated
with few nonhematologic toxic effects, it porentially could be
studied as a replacement for anthracycline in combination
chemotherapy regimens and combined with existing condition-
ing regimens for hematopoietic stem cell transplant,
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Presidencia

del Consgjo de Ministros _ J:

DIRECCION DE INVENCIONES Y NUEVAS TECNOLOGIAS

i EXPEDIENTE N° 000262-2007/0OIN

, RESOLUCION N° 001597-2011/DIN-INDECOP!
| :
| Lima, 13 de septiembre de 2011

ﬁatente de invencién: Concedida

|

i Mediante expediente N° 000262-2007/0IN, iniciado el 09
de marzo de 2007, con prioridades de fechas 10 de marzo de 2006 y 23 de febrero de
2007, WYETH de Estados Unidos de América, solicita patente de invencién para "
ANTICUERPOS ANTI-5TA Y SUS USOS", C.I.LP.7 CO7K 16/44; A61K 39/395: CO7K
16/30, cuyos inveniores son ERWIN R, BOGHAERT; NITIN K. DAMLE: PHILIP ROSS
HAMANN;  KIRAN KHANDKE; ARTHUR KUNZ; KIMBERLY A. MARQUETTE:
LIOUDMILA TCHISTIAKOVA; DAVINDER GILLy KODANGATTIL R. SREEKUMAR.

1..CUESTION PREVIA
i >

| Mediante Informe Técnico CJE N° 27-2010 que corre de
fojas 715 a 750 del expediente, se considera que el titulo de lo solicitado debe ser
"ANTICUERPOS ANTI-5T4", por definir mejor el objeto a proteger mediante sus
reiivindicaciones

|
2. EXAMEN DE PATENTABILIDAD

La invencion solicitada retine los requisitos establecidos
en|la Decisién 486 de la Comisién de la Comunidad Andina que aprueba el Régimen

ConJn sobre Propiedad Industrial, conforme aparece del informe que corre de fojas 816
a 822 del expediente.
|

| La presente resolucién se emite en aplicacion de la
norma legal antes mencionada y en uso de las facultades conferidas por los articulos 37 y
40 de la Ley de Organizacion y Funciones del Instituto Nacional de Defensa de la
Competencia y de la Proteccion de la Propiedad Intelectual (INDECOPI) sancionada por
Decreto Legislativo N°® 1033, concordado con el articulo 4 del Decreto Legislativo 1075
que aprueba las disposiciones complementarias a la Decisién 486 de la Comisién de la
Comunidad Andina.

i
i
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|
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3. RESOLUCION DE LA DIRECCION DE INVENCIONES Y NUEVAS TECNOLOGIAS

OTORGAR, patente de invencién para "ANTICUERPOS
ANTI 574", C.I.LP.7 CO7K 16/44; AB1K 39/395; CO7K 16/30, a favor de WYETH de

Estados Unidos de Ameérica, por un plazo de veinte (20) afios, contados desde el 09 de
marzo de 2007, fecha de presentacion de la solicitud, aprobandose las 28
reivindicaciones que corren de fojas 811 a 813 del expediente.
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