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Sefiores

SUPERINTENDENCIA DE INDUSTRIA'Y COMERCIO

Direccion de Nuevas Creaciones

E. S. D.

REF. PCT- PATENTE DE INVENCION
Invencion: MOLECULAS DE ANTICUERPO ANTI-GCC Y COMPO SICIONES Y
METODOS RELACIONADOS
Expediente: 14.058.208
TITULAR: MILLENNIUM PHARMACEUTICALS, INC. Y AMGEN BRITISH
COLUMBIA
Asunto: RESPUESTA ACCION OFICIAL DE FONDO

MAURICIO PATINO BONNET, mayor de edad, vecino de esta ciudad, identificado como
aparece al pie de mi firma, en mi calidad de apoderado de MILLENNIUM
PHARMACEUTICALS, INC. Y AMGEN BRITISH COLUMBIA , por medio del presente
memorial y dentro del término legal correspondiente, presento respuesta a la accion oficial

notificada mediante el oficio No. 15117 del 22 de diciembre de 2015 , en los siguientes términos:

.  MODIFICACIONES A LAS REIVINDICACIONES

Se presenta junto a este memorial un nuevo capitulo reivindicatorio que consta de diez (10)

reivindicaciones, las cuales han sido enmendadas de la siguiente manera:

 El solicitante presenta modifica las reivindicaciones para que el nuevo set de
reivindicaciones se dirija a moléculas de anticuerpo bioespecificas que comprenden todas
las seis regiones determinantes de complementariedad del anticuerpo denominado “5F9”
en la descripcion, asi como también a anticuerpos que se unen al mismo epitope sobre

GCC como, o compite por la unién a GCC con, el anticuerpo 5F9. Dado que el solicitante
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ha identificado un Unico epitope conformacional sobre GCC y describe al menos un

anticuerpo que se une a dicho antigeno (el anticuerpo 5F9), el solicitante deberia tener el

derecho para este alcance de proteccion. El solicitante hace énfasis en que este alcance es

similar pero no idéntico al alcance de la solicitud parenta | y por tanto, insiste en obtener

la proteccion para el objeto descrito en el capitulo reivindicatorio adjunto a esta respuesta.

» En procura de aclarar aln mas el alcance de la presente invencién y superar las objeciones

planteadas por el examinador, el solicitante elimina las reivindicaciones 4 a9, 12 a 14, 16 a
20, 22 a 25, 27, 31y 34 a 40.

* Modifica las antiguas reivindicaciones 3, 10, 15, 26, 28, 30, 32, 33, 42.

e Seincluyeron las reivindicaciones 14y 17 a 32.

» El nuevo capitulo reivindicatorio esta soportado en la descripcién de la siguiente manera:

Reivindicacion

Soporte en las antiguas reivindicaciones o en la descripcidn.

Reivindicacion 1

Reivindicacion 2

Reivindicacion 3

Reivindicacion 6

Reivindicacion 11

Reivindicacién 15; parrafos [0209]-[0210], [0223], [0267], y [0401]

Reivindicaciones 12 y 21

Reivindicaciones 26-27

Reivindicacion 28
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10 Reivindicacion 29

1 Reivindicaciones 30-31; parrafos [051], [0162], [0196], [0265]-[0272], [0326]-

[0327], y [0381]

12 Pérrafos [051], [0162], [0196], [0326]-[0327], y [0381]

13 Pérrafos [051], [0162], [0196], [0326]-[0327], y [0381]

14 Parrafos [034]-[035], [0265], y [0276]-[0278]

15 Reivindicacion 41

16 Reivindicacién 42; parrafos [055] y [0340]

17 Parrafos [0112] y [0325]

18 Parrafos [030], [098], y [0162]-[0163]

19 Parrafos [097] y [0135]-[0137]

20 Parrafo [0397]; Tablas 2y 3

21 Parrafo [0163]

22 Pérrafos [0103]-[0106], [0132]-[0133], y [0405]

23 Parrafos [032], [0195], [0264]-[0265], y [0368]

24 Parrafos [034]-[035], [051], y [0265]

25 Pérrafos [051], [0162], [0196], [0326]-[0327], y [0381]

26 Parrafos [034]-[035], [0265], y [0276]-[0278]

27 Parrafos [043], [0165]-[0171], y [0175]-[0176]

28 Parrafos [046], [0155]-[0156], y [0172]-[0174]

29 Parrafos [0157], [0171], [0179], [0182], y [0185]-[0190]
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30 Parrafos [0185]-[0190]

31 Parrafo [0367]

32 Parrafos [0330] y [0340]

* Sumados a los cambios ya mencionados, el solicitante renumera y corrige la dependencia

de las reivindicaciones que ahora hacen parte del capitulo reivindicatorio.
Las modificaciones antes precisadas se ajustan a las disposiciones del articulo 34 de la
Decisién 486 toda vez que ellas no implican una ampliaciéon a la materia divulgadas en la
solicitud tal como fue presentada inicialmente.
Basandonos en el alcance de las nuevas reivindicaciones, me permito proceder a dar respuesta

a cada una de las objeciones realizadas por el examinador en el oficio antes citado.

II. MATERIA CONTENIDA EN LA SOLICITUD DIVISIONAL

El examinador rechaza las reivindicaciones 29-39 y 42, porque comprende as mismas materia
que las reivindicaciones 8-18 y 33 de la patente parental. En concreto, el examinador sostiene
que estas reivindicaciones enumeran un método para producir un inmunoconjugado
caracterizado solamente por las caracteristicas del propio inmunoconjugado, y por lo tanto, se

solapa con las reclamaciones del caso parental.

En primer lugar, se hace énfasis en que las reivindicaciones de esta solicitud divisional se
ajustan a las reivindicaciones concedidas en la patente australiana No. 2013202036 (Adjunta).
Como se discutira mas adelante, y fue reconocido por la Oficina Australiana de Patentes (APO),
las reivindicaciones pendientes en la presente solicitud son distintas de las reivindicaciones de
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las respectivas patentes parentales, pues esta dirigida a anticuerpos 5F9 y sus

inmunoconjugados.

Sumado a lo anterior, llamamos la atencién sobre el hecho que este rechazo no es consistente
con la concesioén de la reivindicacion 23 de la patente parental en Colombia (No. 13-220722),
que se refiere a un método de produccién de una molécula de anticuerpo que "comprende
cultivar la célula de la reivindicacién 22 en condiciones que permiten la producciéon de una

molécula de anticuerpo, produciendo de este modo la molécula de anticuerpo”.

Sobre este hecho, el solicitante sostiene que, si esta reivindicacion se considera una
descripcién adecuada para describir los pasos para la produccion de la molécula de anticuerpo
en las reivindicaciones de la solicitud parental, pero no para superponerse en su alcance con
las reivindicaciones dirigidas a la molécula de anticuerpo en si, se deduce que las
reivindicaciones pendientes también deberian ser permitidas, pues el método no esta dirigido
a producir los anticuerpos definidos en la solicitud parental, sino a generar los anticuerpos
definidos en la reivindicacion 1 de la presente solicitud divisional. Adicionalmente, el hecho que
la materia prima (el anticuerpo anti.GCC (5F9)) sea diferente, hace que el resultado del método
de produccion sea un inmunoconjugado cuya estructura es distinto al que se reclama en la
reivindicacion 8 de la solicitud parental. Siendo asi, si la materia prima es novedosa y el
producto resultante es novedoso, necesariamente el método que se basa en dicha materia
prima también cumple con el requisito de ser novedoso o diferente de cualquier otro donde el
anticuerpo 5F9 no est4 presente.

Dicho de otra manera, todos los métodos reivindicados en la presente solicitud requieren de
una etapa de poner en contacto una molécula de anticuerpo (es decir, una molécula de
anticuerpo que comprende todas las seis secuencias de CDR de el anticuerpo 5F9) con un
motivo no anticuerpo que comprende un agente terapéutico o un marcador, bajo condiciones

propicias para la conjugacion.

Siendo de esta manera, una persona versada en la materia es absolutamente capaz de poner

en practica la invencién aqui reivindicada mediante la realizacion de solo esto paso. Esto, a
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diferencia de los métodos de produccion de inmunoconjugados que requieren hacer ingenieria
a la estructura del anticuerpo (por ejemplo, la mutacion de los residuos especificos de cisteina
o de aminoacidos no naturales, de la insercion de aminoacidos adicionales o de la fusion del
marcador), los métodos que utilizan anticuerpos en estados post.translacional permiten
reacciones de conjugacion rapidas y eficiente por simple contacto de los componentes

apropiados en proximidad bajo condiciones convencionales.

En algunas formas de realizacion preferidas de la invencion, se conjuga el anticuerpo 5F9 a
una maitansinoides o una auristatina. El solicitante sefiala que los maitansinoides pueden ser
conjugadoscon anticuerpos "mediante un proceso de un Unico paso", y que las auristatinas son
simplemente "ligada a cisteinas de la cadena del anticuerpo” bajo condiciones parcialmente
reductoras (Ver parrafos [0431] - [0433]). Por lo tanto, las reivindicaciones del solicitante, de
hecho, proporcionan los pasos necesarios para la produccion de inmunoconjugados del
anticuerpo 5F9. Sin embargo, muchos de estos pasos son presentados en reivindicaciones
dependientes, ya que no son criticos para el proceso y pueden facilmente ser ajustados por las
personas versadas en la materia. Ademas, dado que las reivindicaciones 8 a 18 y 33 de la
solicitud parental se dirigen a composiciones y no a procedimientos que comprenden tales
pasos, no puede afirmarse que exista una superposicién en alcance de la reivindicacion. Por

las razones expuestas, el solicitante requiere que la objecidon en comento sea retirada.

.  CLARIDAD DE LA SOLICITUD

a. Reivindicaciones

e La reivindicacion 1 no es clara porque define un método de produccion de un
inmunoconjugado a partir de la estructura aminoacida del anticuerpo anti — GCC, y no se
encuentra definido a partir de sus caracteristicas técnicas esenciales, especificando una
secuencia légica de etapas y condiciones especificas que permitan a la persona
normalmente versada en la materia producir un inmunoconjugado que comprende un
anticuerpo anti - GCC y un radical no anticuerpo tal como un agente terapéutico o marcador,
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y por lo tanto reproducir el método. Se le recuerda a la solicitante que no es correcto definir
un método a partir de la estructura aminoacida de un anticuerpo o inmunoconjugado, ya
gue esta definicion no permite distinguir la invencién del estado de la técnica. Se le sugiere
a la solicitante especificar en una reivindicacion independiente cada una de las etapas y
condiciones especificas que permiten la produccion del inmunoconjugado, tal como se
evidencia en las reivindicaciones dependientes de capitulo reivindicatorio segun el

Radicado N° 14-058208-00000-0000.

Como se discutié anteriormente, cualquier persona versada en la materia, basandose en su
propio conocimiento general y con la especificacion del solicitante en la mano, es plenamente
capaz de producir inmunoconjugado 5F9 mediante el paso de "poner en contacto la molécula
de anticuerpo anti-CCG con un motivo no-anticuerpo en condiciones que permiten la produccion
de un inmunoconjugado. "En el momento de la invencion, el experto en la materia habria sido
consciente que los métodos de la toma de conjugados anticuerpo-farmaco se agrupan en dos

categorias generales:

0 una que requiere mdltiples etapas (por ejemplo, la ingenieria de
anticuerpos/mutagénesis, seguida por una conjugacién especifica de sitio), y

0 otra que requiere una Unica etapa (es decir, conjugacion directa).
Claramente, el objeto de la reivindicacién 1 corresponde a esta Ultima categoria.

Asi mismo, una persona versada en la materia también seria capaz de definir "Las condiciones
gue permiten la produccion de un inmunoconjugado.”, métodos simplificados de conjugacion
anticuerpo-farmaco estan bien documentados en la literatura cientifica y de patentes, y han
estado disponibles desde hace muchos afios. Por ejemplo, véase la Patente de EE.UU.
5.194.594 (Citado en el parrafo [0196]) y la patente de EE.UU. N° 6.441.163 (citada en el parrafo
[0431]), los cuales describen la conjugaciéon de una sola mezcla de reaccién. Véase también
Doronina et al. Nature Biotechnology 21 (7): 778-784 (2003) y Sun et al. Bioconjugate Chemistry
16 (5): 1282-1290 (2005), dos articulos publicados con anterioridad a la fecha de prioridad de

la solicitud, que describen métodos para la conjugacién de anticuerpos monoclonales. Para su
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facil referencia, ponemos a su disposicion copias de estos articulos. El soporte y la instruccion
detallada para la conjugacion de toxinas a anticuerpos a anti-GCC pueden ser también

encontrados en el parrafo [0196] y el ejemplo 1 de la descripcion ([0431]-[0437]).

» Las reivindicaciones 29, 34 — 40 no presentan sustento en la descripcion (Radicado N° 14-
058208-00000-0000) con pruebas técnicas, que demuestren la produccion de polimeros de
los inmunoconjugados representados por las formulas |, I, | =4, | =5y | -7 en donde m sea
un entero desde 1 hasta 15. Se sugiere a la solicitante restringirse a una razonable
generalizacién de los inmunoconjugados evaluados ya que de esta manera se encuentran

debidamente sustentados.

En primer lugar, hacemos énfasis en que las anteriores reivindicaciones 34-40 han sido

canceladas, con lo que se consideran superadas las objeciones relativas a dichas clausulas.

En respuesta a la objecion de la reivindicacion 29, nos permitimos argumentar que la legislacién
vigente, y especificamente el articulo 28 de la Decision 486 es claro en establecer que “La
descripcion debera divulgar la invencién de manera suficientemente clara y completa para su
comprension y para que una persona capacitada en la materia técnica correspondiente pueda
ejecutarla. La descripcion de la invencion indicara el nombre de la invencion e incluira la
siguiente informacion:

... €) una descripcion de la mejor manera conocida por el solicitante para ejecutar o llevar a la

practica la invencion, utilizando ejemplos y referencias a los dibujos, de ser éstos pertinentes;

Y,...

Lo anterior deja en claro que no es necesario que el solicitante aporte un ejemplo de cada una
de las modalidades o alternativas de la invencién, pues la norma es clara en establecer que, si

es pertinente , la descripcion incluira la mejor manera__ conocida por el solicitante para ejecutar

o llevar a cabo la invencion. Siendo asi, el requerir, como lo hace el examinador, que se aporten
pruebas técnicas, para demostrar la produccion de polimeros de los inmunoconjugados
representados por las formulas I, Il, | =4, 1 = 5y | -7 en donde m sea un entero desde 1 hasta

15, va mas alla de los requisitos establecidos por la norma andina, pues segun dicha norma,
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los ejemplos son opcionales y basta con hacer alusién sobre el soporte de las reivindicaciones,
el articulo 30 es claro en indicar que “Las reivindicaciones definiran la materia que se desea
proteger mediante la patente. Deben ser claras y concisas y estar enteramente sustentadas
por la descripcion.” . A la luz de este articulo, no es correcto afirmar que la reivindicacién 29
carezca de soporte o sustento, pues ella estd debidamente sustentada en la descripcién, aun
cuando no haya un ejemplo para cada una de las alternativas que ella cumple. Adicionalmente,
el sugerir a la solicitante restringir el alcance de la invencion a los inmunoconjugados evaluados
€s una exigencia que va mas alla de los parametros establecidos en la Decision 486 y atenta
directamente contra el sistema de patentes, que de ninguna manera establece que el alcance
de la proteccion deba limitarse a los ejemplos o pruebas que ha efectuado el solicitante.

El experto en la materia, con la especificacién del solicitante en la mano, seria perfectamente
capaz de hacer muchos diferentes inmunoconjugados que contienen secuencias de anti-CCG
del solicitante, incluyendo inmunoconjugados de la Férmula | representados en la reivindicacion

29 (nueva reivindicacion 10).

Como se describié anteriormente, los protocolos genéricos para la conjugacion anticuerpo-
farmaco son proporcionado en el Ejemplo 1 de la descripcidn, especificamente en los parrafos
[0431] - [0435]), y un protocolo detallado para la preparacion del conjugado 5F9-veMMAE es
proporcionada en los parrafos [0436] - [0437]. El solicitante describe, ademas, cémo ajustar la
la carga promedio del farmaco de un inmunoconjugado (es decir, el valor de "m"), en el parrafo
[0435]. En vista de la divulgacién del solicitante y los ejemplos técnicos representativos, la
persona versada en la materia seria totalmente capaz de poner en practica la invencion
reivindicada. Dado que la Guia de Examinadores establece que esta en cabeza del examinador
probar que la materia reivindicada no cumple con los requisitos establecidos en la norma, y a
la fecha no se ha presentado ninguna prueba que sugiera que la materia reivindicada no cumple
con las propiedades adjudicadas por el solicitante y el examinador no ha probado lo contrario,
respetuosamente se solicita al examinador retirar esta objecion.
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» La reivindicacion 42 no es clara porque no define la composicion en términos de sus
caracteristicas técnicas esenciales, especificando sus ingredientes, excipientes en las

cantidades o proporciones especificas caracteristicas de dicha composicion.

El examinador rechaza la reivindicacién 42 como carente de suficiente claridad, y alega que no
define adecuadamente la composicién farmacéutica reivindicada en términos de sus
caracteristicas técnicas (por ejemplo, ingredientes, excipientes). Con todo respeto, el solicitante
no comprende las razones de de esta afirmacion, ya que una reivindicacion similar (pero no
idéntico) en su alcance fue aceptada en la la solicitud principal. Sin embargo, en un intento de
responder a las preocupaciones del examinador, el solicitante ha modificado la reivindicacion
42 (correspondiente a la nueva reivindicacion 16) para establecer "una cantidad
terapéuticamente eficaz del inmunoconjugado y un vehiculo farmacéuticamente vehiculo
aceptable.” El soporte de esta frase se puede encontrar en los parrafos [055] y [0339] - [0340]
de la descripcién, donde el solicitante divulga especificamente un rango ejemplar para una
cantidad terapéuticamente eficaz como "0,1-20 mg / kg, o desde 1 hasta 10 mg/kg".
Adicionalmente, ejemplos no limitativos de los vehiculos farmacéuticamente aceptables
también se definen en la descripcion, ver parrafo [0330]. Ademas, la solucién salina se identifica

como el vehiculo para los estudios in vivo descritos en el ejemplo 3.

IV.  NIVEL INVENTIVO

En la accion oficial en comento, el examinador rechaza la reivindicacion 1, a la luz de las
ensefianzas de D1 en combinacién con D2. En concreto, el examinador sostiene que no hay
evidencia de progreso asociado con el procedimiento reivindicado porque la reivindicacién no
describe la secuencia de pasos que permitirian a un técnico especializado para hacer el
inmunoconjugado 5F9 divulgado.

Con todo respeto, se hace énfasis en que el propdsito técnico de la solicitud no es proporcionar

un método alternativo para la produccion de cualquier inmunoconjugado , Sino divulga ry
proporcionar métodos relacionados con un anticuerpo que se une a un Unico epitopo

10
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conformacional sobre la enzima Guanilato Ciclasa C (GCC). Por lo tanto, dado que la porcion
de anticuerpo 5F9 de la reivindicacién es novedosa e inventiva (como se evidencia por las
reivindicaciones de la patente parental), los métodos de produccién conjugados que contienen
dicho anticuerpo también son nuevos e inventivos. La inclusion de técnicas de conjugacion
conocidas no hace que la invencién carezca de novedad y el nivel inventivo. Sea este el
momento de subrayar que una persona versada en la materia no habria sido capaz de llegar a
la invencion reivindicada baséndose tan solo en la informacion contenida en el estado de la
técnica citado.

D1 y D2 no ensefian ni sugieren ningn método para la produccién de inmunoconjugados 5F9.
D1 se dirige especificamente a ligandos del receptor ST, y de hecho describe que "es preferible
que el ligando del receptor ST sea una molécula no péptido pequefia o un péptido pequefio,

preferiblemente de menos de 25 aminoacidos, mas preferiblemente menor de 20 aminoacidos.

D1 seguramente ensefia al técnico en la materia a alejarse de la utilizacién de anticuerpos
monoclonales, como el motivo de unién del receptor ST: "Debido a la sensibilidad, especificidad,
y el perfil de efectos adversos de los anticuerpos monoclonales, los resultados obtenidos
utilizando productos terapéuticos basados en anticuerpos monoclonales han demostrado que

ellos son menos de las herramientas de segmentacién ideales.

Ahora bien, D2 no se refiere a cualquiera de los métodos que requieren un anticuerpo anti-
CCG, y mucho al anticuerpo 5F9. Por lo tanto, a la luz de la informacion reportada en D1y D2,
el técnico experto no estaria motivado a desarrollar un método que requiere el anticuerpo 5F9,

ni estaria habilitado para ejercer la invencién aqui reivindicada.

Con todo respeto, en este caso es claro que el objeto es un método para producir un
inmunoconjugado basado en el anticuerpo 5F9, para ello se requeria que el anticuerpo 5F9
fuera conocido, de lo contrario ninguna persona versada en la materia pensaria en producir un
inmunoconjungado basado en un anticuerpo que no existia en el estado de la técnica. En el

presente caso, la informacion de D1 y D2 no ensefia la existencia del anticuerpo 5F9. Siendo

11
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asi, no habria lugar a que una persona versada en la materia pudiera tan solo pensar en
producir dicho inmunoconjugado.

Sumado a lo anterior, en el estado de la técnica tampoco se conocia el inmunoconjugado que
aqui se divulga, siendo asi, es absolutamente valido reivindicar un método para producir un
nuevo inmunoconjugado, caracterizado porque toman el nuevo anticuerpo 5F9 y lo pongan en
contacto con un motivo no anticuerpo que comprende un agente terapéutico o marcador.
Sumado a lo anterior, dado que el anticuerpo 5F9 no era conocido, tampoco era posible predecir
el grado de simplicidad o complejidad requerido para producir un inmunoconjugado basado en
dicho anticuerpo. EIl hecho que el método comprenda un Unico paso que sea el poner en
contacto el anticuerpo 5F9 con el motivo no anticuerpo que comprende un agente terapéutico
0 marcador no era predecible a partir de D1 o0 D2, que ni siquiera hacen mencién a la existencia

de la materia prima mas importante del método, que es el anticuerpo 5F9.

El examinador plantea una objecion similar con la reivindicacién 29, a la luz de la informacién
de D1 y D3. En particular, el examinador sostiene que, como D3 da a conocer
inmunoconjugados con la estructura de la Férmula | (es decir, anticuerpo-ligador-farmaco),
seria evidente para el experto técnico llegar a la invencion reivindicada mediante la combinacion

de los inmunoconjugados de D3 con los métodos de D1.

Una vez mas, se argumenta que, similar a D1 y D2, D3 no ensefia ni sugiere ninglin método
gue requiera o tenga relacion con un anticuerpo anti-GCC, mucho menos con el anticuerpo
5F9. Por lo tanto, no es posible que una persona versada en la técnica llegara a la invencion
reivindicada teniendo como punto de partida los documentos del estado de la técnica citados

por el examinador.

Asi las cosas, insistimos en que la patentabilidad de los métodos reivindicados reside en la
novedad y la inventiva del anticuerpo 5F9. Nadie puede predecir un método basado en un
componente que no existia y menos puede deducir la simplicidad o complejidad de un método
cuya materia prima no habia sido divulgada o conocida antes de la fecha de prioridad de la

presente solicitud.

12



Philippi

Prietocarrizosa

Ferrero DU

&Uria
Dado que la presente solicitud cumple con las disposiciones de los articulos 30, 14, 16 y 18 de
la Decisién 486, respetuosamente solicito a ese Despacho que se proceda con la concesion de

la presente solicitud.
V. ANEXOS

* Nuevo capitulo reivindicatorio conformado por 32 reivindicaciones.

« Copia de la patente australiana No. 2013202036

» Copia del articulo Doronina et al. Nature Biotechnology 21 (7): 778-784 (2003)
» Copia del articulo Sun et al. Bioconjugate Chemistry 16 (5): 1282-1290 (2005)

VI. PETICION

Por todo lo anterior, considero que las objeciones presentadas por el Examinador han sido
superadas, que el nuevo capitulo reivindicatorio es claro y conciso, y que la invencion
reivindicada cumple con los requisitos de patentabilidad. Por consiguiente, solicito
respetuosamente que el Despacho proceda a conceder el privilegio de patente para la solicitud

de la referencia.

VII.  NOTIFICACIONES

Recibiré notificaciones en la Carrera 9 # 74-08, Oficina 305, en la ciudad de Bogota D.C.

Del Sefior Jefe de la Direccion de Nuevas Creaciones,

\’TW(E,QM
MAURICIO PATINO BONNET

C.C. 11.342.699 de Zipaquira
T.P.73.583 del C.S. de la J.
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REIVINDICACIONES

1. Un método de produccion de un inmunoconjugado, el método comprende
proporcionar una molécula anticuerpo anti-GCC que comprende una region
variable de cadena ligera y una regién variable de cadena pesada, en donde la
region variable de cadena ligera comprende tres regiones de cadena ligera
determinantes de la complementariedad (LCDR1, LCDR2, y LCDR3), y la region
variable de la cadena pesada comprende tres regiones de cadena pesada
determinantes de la complementariedad (HCDR1, HCDR2, y HCDR3),

en donde la region variable de la cadena ligera comprende: un LCDR1 que
comprende la secuencia amino acida de SEQ ID NO:112, un LCDR2 que
comprende la secuencia de amino acido de SEQ ID NO:114 y un LCDR3 que
comprende la secuencia de amino acido de SEQ ID NO:116; y

en donde la regién variable de la cadena pesada comprende: un HCDR1 que
comprende la secuencia de amino &cido de SEQ ID NO:106, un HCDR2 que
comprende la secuencia de amino acido de SEQ ID NO:108 y un HCDR3 que
comprende la secuencia de amino acido de SEQ ID NO:110, y

poner en contacto la molécula anticuerpo anti-GCC con un motivo no anticuerpo
gue comprende un agente terapéutico o marcador bajo condiciones que permitan
la produccidn de un inmunoconjugado, produciendo de esta manera el

inmunoconjugado.

2. El método de la reivindicacion 1, que ademas comprende unir el agente

terapéutico o marcador con un radical de enlace.

3. El método de la reivindicacién 2, en donde la unién del agente terapéutico o
marcador con el radical de enlace es llevada a cabo antes del contacto de la
molécula anticuerpo anti-GCC con el radical no anticuerpo que comprende el

agente terapéutico o marcador.

4. El método de una cualquiera de las reivindicaciones 1 a 3, que ademas

comprende contactar la molécula anti-GCC con un agente reductor.

5. El método de una cualquiera de las reivindicaciones 1 a 4, que ademas
comprende contactar la molécula de anticuerpo anti - GCC con N-acetil cisteina.



6. El método de una cualquiera de las reivindicaciones 1 a 5, en donde el
motivo no anticuerpo esta conjugado con uno o mas residuos lisina de la molécula

de anticuerpo anti - GCC.

7. El método de una cualquiera de las reivindicaciones 1 a 6, que ademas

comprende el aislamiento del inmunoconjugado.

8. El método de una cualquiera de las reivindicaciones 1 a 7, en donde la
molécula anticuerpo anti-GCC ademas comprende marcos de la region variable de
cadena pesada y de cadena ligera humana o derivada de humano o donde la
molécula anticuerpo anti-GCC es un anticuerpo IgGL1.

9. El método de una cualquiera de las reivindicaciones 1 a 8, en donde la
region variable de la cadena ligera de la molécula de anticuerpo anti GCC
comprende la secuencia amino &cidos de SEQ ID NO:20 y la region variable de la
cadena pesada de la molécula de anticuerpo anti GCC comprende la secuencia de
amino acido de SEQ ID NO:18.

10. El método de la reivindicaciéon 1, en donde el inmunoconjugado tiene una

Ab%X—Z)
™o

0 una sal farmacéuticamente aceptable de la misma, en donde:

estructura de formula (1):

Ab es la molécula anticuerpo anti-GCC

X es un motivo conector el cual conecta Aby Z;

Z es un agente terapéutico o un marcador; y

m es el numero de radicales —X-Z por molécula anticuerpo anti-GCC en el
inmunoconjugado que tienen la estructura de formula (1), y m es un entero desde 1
hasta 15.

11. El método de la reivindicacion 29, en donde Z es un marcador detectable,

un radiomarcador terapéutico o maitansina, dolastatina o una auristatina.

12. El método de la reivindicacion 11, en donde el radiomarcador terapéutico

comprende un a-emisor, un B-emisor o un radionuclido emisor de positrones.

13. El método de la reivindicacién 12, en donde el a-emisor es 2:3Bi 0 2?°Ac, y el

B-emisor es Y o Y7Lu.



14. El método de la reivindicacion 10, donde Z es un agente citostatico o
citotoxico opcionalmente seleccionado a partir de antimetabolitos, agentes
alquilantes, antraciclinas, antibidticos, agentes antimitoticos, inhibidores de

topoisomerasa, e inhibidores de proteasomas

15.  Un inmunoconjugado producido por el método de cualquiera de las
reivindicaciones 1 a 14.

16. Una composicion farmacéutica que comprende una cantidad
terapéuticamente efectiva del inmunoconjugado de la reivindicacién 15 y un

portador farmacéuticamente aceptable.

17. Una molécula de anticuerpo que se une al mismo epitome sobre GCC
como, o compite por la union a GCC con, una molécula de anticuerpo de
referencia, donde la molécula de anticuerpo de referencia comprende una regién
variable de cadena ligera que comprende la secuencia de aminoacidos de SEQ ID
N° 20 y la region variable de cadena pesada comprende la secuencia de
aminoacidos de SEQ ID N°18, proviendo que la molécula de anticuerpo no
comprende SEQ ID N° 20 o SEQ ID N°18.

18. Una molécula de anticuerpo bioespecifica que tiene union especifica a GCC
y a un segundo antigeno, donde la molécula de anticuerpo bioespecifica
comprende una region variable de cadena sencilla y una region variable de
cadena pesada, donde la region variable de cadena liviana comprende tres
regiones determinantes de complementariedad de cadena liviana (LCDR1, LCDR2
Y LCDR3), y la region variable de cadena pesada comprende tres regiones
determinantes de complementariedad de cadena pesada (HCDR1, HCDR2 Y
HCDR?3),

donde la region variable de cadena ligera comprende: un LCDR1 que comprende
la secuencia de aminoacidos de SEQ ID NO:112, un LCDR2 que comprende la
secuencia de aminoacidos de SEQ ID NO:114 y un LCDR3 que comprende la
secuencia de aminoacidos de SEQ ID NO:116; y

donde la region variable de la cadena pesada comprende: un HCDR1 que
comprende la secuencia de aminoacidos de SEQ ID NO:106, un HCDR2 que
comprende la secuencia de aminoacidos de SEQ ID NO:108 y un HCDR3 que
comprende la secuencia de aminoacidos de SEQ ID NO:110.



19. La molécula de anticuerpo de la reivindicacion 17 o la reivindicacion 18, que
ademas comprende marcos de la region variable de cadena pesada y de cadena
ligera humana o derivada de humano o donde la molécula anticuerpo anti-GCC es

un anticuerpo IgG1.

20. La molécula de anticuerpo de la reivindicaciéon 18, en donde la regién
variable de la cadena ligera de la molécula de anticuerpo anti GCC comprende la
secuencia amino acidos de SEQ ID NO:20 y la region variable de la cadena
pesada de la moelécula de anticuerpo anti GCC comprende la secuencia de amino
acido de SEQ ID NO:18.

21. La molécula de anticuerpo de la reivindicacion 18, que comprende:

a. Dos moléculas de anticuerpo, una con unién especifica a GCC y la
otra con union especifica a un segundo antigeno, o

b. Una unica molécula de anticuerpo que comprende una cadena con
unién especifica a GCC y una segunda cadena con unién especifica
a un segundo antigeno, o

c. Una unica cadena de una molécula de anticuerpo que tiene union

especifica a GCC y a un segundo antigeno.

22. La molécula de anticuerpo de la reivindicacion 17 o la reivindicacion 18, que

ademas comprende una region Fc, donde la regidon Fc comprende una mutacion.

23. La molécula de anticuerpo de una cualquiera de las reivindicaciones 17 a
22, que donde dicha molécula de anticuerpo esta conjugada a un agente

terapéutico o un marcador.

24. La molécula de anticuerpo de la reivindicacion 24, donde el agente
terapéutico es un citostatico o agente citotoxico y el marcado es un marcador

detectable o un radiomarcador terapéutico.

25. La molécula de anticuerpo de la reivindicacibn 24, en donde el
radiomarcador terapéutico comprende un a-emisor, seleccionado de ?13Bi o 2*°Ac,
un B-emisor seleccionado a partir de *°Y o Y7Lu, o un radionlclido emisor de

positrones.

26. La molécula de anticuerpo de la reivindicacion 24, donde el agente

citostatico o citotoxico es seleccionado a partir de antimetabolitos, agentes
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alquilantes, antraciclinas, antibidticos, agentes antimitdticos, inhibidores de

topoisomerasa e inhibidores de proteasomas

27. Una secuencia de acido nucleico aislado que codifica una molécula de
anticuerpos de una cualquiera de las reivindicaciones 17 a 22, o una region
variable de una molécula de anticuerpo de una cualquiera de las reivindicaciones
17 a 22.

28. Un vector de expresion que comprende la secuencia de acido nucleico

aislado de la reivindicacion 27.

29. Una célula aislada que comprende la secuencia de acido nucleico aislado
de la reivindicacion 27, o el vector de expresion de la reivindicacion 28.

30. Un método para producir una molécula de anticuerpo de una cualquiera de
las reivindicaciones 17 a 22, que comprende cultivar la célula de la reivindicacién
29 bajo condiciones que permitan la produccién de una molécula de anticuerpo, y

asi producir la molécula.

31. Un método de identificacion de una molécula de GCC que comprende
colocar en contacto una molécula de GCC con una molécula de anticuerpo de una
cualquiera de las reivindicaciones 17 a 26, y determinar si dicha molécula de

anticuerpo de una a dicha molécula GCC.

32. Una composicion farmacéutica que comprende una cantidad
terapéuticamente efectiva de una molécula de anticuerpo de una cualquiera de las

reivindicaciones 17 a 26 y un cargador farmacéuticamente aceptable.
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CLAIMS:

1. A method of producing an immunoconjugate, the method comprising:
providing an anti-GCC antibody molecule and contacting the antibody molecule with a
non-antibody moiety comprising a therapeutic agent or label under conditions that allow
the production of an immunoconjugate, thereby producing the immunoconjugate, wherein
the antibody molecule comprises a light chain variable region and a heavy chain variable

region, wherein the light chain variable region comprises three light chain

2013202036 19 Jan 2015

complementarity determining regions (LCDR1, LCDR2, and LCDR3), and the heavy
chain variable region comprises three heavy chain complementarity determining regions
(HCDR1, HCDR2, and HCDR3),

wherein the light chain variable region comprises: an LCDR1 comprising the
amino acid sequence of SEQ ID NO:112, an LCDR2 comprising the amino acid sequence
of SEQ ID NO:114 and an LCDR3 comprising the amino acid sequence of SEQ ID
NO:116; and

wherein the heavy chain variable region comprises: an HCDR1 comprising the
amino acid sequence of SEQ ID NO:106, an HCDR2 comprising the amino acid sequence
of SEQ ID NO:108 and an HCDR3 comprising the amino acid sequence of SEQ ID
NO:110.

2. The method of Claim 1, wherein the antibody molecule further comprises
human or human derived light and heavy variable region frameworks, and/or wherein said
anti-GCC antibody is an IgG1 antibody.

3. The method of Claim 1 or 2, wherein the light chain variable region comprises

the amino acid sequence of SEQ ID NO:20 and the heavy chain variable region comprises the

amino acid sequence of SEQ ID NO:18.
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4. The method of any of Claims 1 to 3, wherein the immunoconjugate is

characterized by formula (J):

&%TX—E}

or a pharmaceutically acceptable salt thereof, wherein:

i}

Ab is the anti-GCC antibody molecule;

2013202036 19 Jan 2015

X 1s a linker moiety which connects Ab and Z;
Z is a therapeutic agent or a label; and
m 1is the number of —X-Z moieties per anti-GCC antibody molecule in the

immunoconjugate of formula (Z), and m is an integer from about 1 to about 15.

5. The method of Claim 4, wherein the linker —X- has the formula -Aa-Ww-Yy-,

and the immunoconjugate is characterized by formula (I7):

Ah—é% — W, —‘f—e{)
I m {(Ih

or a pharmaceutically acceptable salt thereof, wherein:
-A-1s a Stretcher unit;

aisOorl;

each —W- independently is an Amino Acid unit;

W is an integer ranging from O to 12;

-Y- is a self-immolative Spacer unit;

yis 0, 1, or 2;

Z 1s a therapeutic agent or label; and

m 1is an integer from about 1 to about 15.

6. The method of Claim 4, wherein Z is a detectable label or a therapeutic

radiolabel.
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Lo

i

o

AN

Jo) 7. The method of Claim 6, wherein the therapeutic radiolabel comprises an a-
— emitter.

O e 23 225

8 8. The method of Claim 7, wherein the a-emitter is “~ “Bi or “"Ac.

AN

o

% 9. The method of Claim 6, wherein the therapeutic radiolabel comprises a -
5' emitter.

AN

10. The method of Claim 9, wherein the B-emitter is **Y or '""Lu.

11. The method of Claim 4 or 5, wherein Z is a cytostatic or cytotoxic agent.

12. The method of Claim 11, wherein the cytostatic or cytotoxic agent is selected
from antimetabolites; alkylating agents; anthracyclines; antibiotics; antimitotic agents;

topoisomerase inhibitors; or proteasome inhibitors.

13. The method of Claim 12, wherein the antimetabolite is selected from
azathioprine, 6-mercaptopurine, 6-thioguanine, fludarabine, pentostatin, cladribine, 5-
fluorouracil (5FU), floxuridine (FUDR), cytosine arabinoside (cytarabine), methotrexate,

trimethoprim, pyrimethamine, or pemetrexed.

14. The method of Claim 12, wherein the alkylating agent is selected from
cyclophosphamide, mechlorethamine,  uramustine, = melphalan, chlorambucil,
thiotepa/chlorambucil, ifosfamide, carmustine, lomustine, streptozocin, busulfan,
dibromomannitol, cisplatin, carboplatin, nedaplatin, oxaliplatin, satraplatin, triplatin

tetranitrate, procarbazine, altretamine, dacarbazine, mitozolomide, or temozolomide.

15. The method of Claim 12, wherein the anthracycline is selected from

daunorubicin, doxorubicin, epirubicin, idarubicin, or valrubicin.
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16.  Themethod of Claim 12, wherein the antibiotic is selected from dactinomycin,
bleomycin, mithramycin, anthramycin, streptozotocin, gramicidin D, mitomycins,
duocarmycins, or calicheamicins.

17. The method of Claim 16, wherein the mitomycin is mitomycin C.

18.  The method of Claim 16, wherein the duocarmycin is CC-1065.

2013202036 19 Jan 2015

19. The method of Claim 12, wherein the antimitotic agent is selected from

maytansinoids, auristatins, dolastatins, cryptophycins, vinca alkaloids, taxanes, or colchicines.

20. The method of Claim 19, wherein the vinca alkaloid is selected from

vincristine, vinblastine, vindesine, or vinorelbine.
21. The method of Claim 19, wherein the taxane is paclitaxel or docetaxel.

22. The method of Claim 12, wherein the topoisomerase inhibitor is selected from

irinotecan, topotecan, amsacrine, etoposide, teniposide, or mitoxantrone.

23. The method of Claim 12, wherein the proteasome inhibitors is a peptidyl

boronic acid.
24, The method of Claim 4 or 5, wherein Z is a maytansinoid or a maytansine.
25. The method of Claim 24, wherein the maytansinoid or maytansine is N*-
deacetyl-N*-(4-mercapto-1-oxopentyl)maytansine (DM3), N?-deacetyl-N°-(3-mercapto-1-

oxopropyl)-maytansine (DM1), or N?-deacetyl-N”-(4-mercapto-4-methyl-1-
oxopentyl)maytansine (DM4).
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Lo
-
o
AN
fo) 26.  The method of Claim 24 or 25, wherein the immunoconjugate has formula (/-
— I):
< _ -
™ o
S q
N
@) o O}*NJ\/\S
N o\ ? © °
g MeO, N g HN
(@) ™Ab
AN o
Ao
MedHO "
B " (I-1)
or a pharmaceutically acceptable salt thereof.
27.  The method of Claim 24 or 25, wherein the immunoconjugate has formula (/-
2):
0 0 ,~Ab
0
o }iNJK/\S'S\'/\)LNM
ax g § | H
MeO. N ‘g
0
7 Z ”&O
HO
| MeO I ( I-Z)

or a pharmaceutically acceptable salt thereof.
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The method of Claim 24 or 25, wherein the immunoconjugate has formula (/-

(e}
0>J\ I s v
o S 'il S/\/\[r “1""1..“”
Cl \N o o] Ab

MeO.

o
NG ”Ao
MeO HO

- - (I-3)

or a pharmaceutically acceptable salt thereof.

LO
—
o
(Q\|
ISB 28
m .
— 3):
(o)
(qp)
()
Q|
(@)
(QV
o™
—i
o
(Q\|
29.
about 10.
30.
about 7.
31.
about 5.
32.
33.

The method of any of Claims 24 to 28, wherein m is an integer from about 1 to

The method of any of Claims 24 to 29, wherein m is an integer from about 3 to

The method of any of Claims 24 to 30, wherein m is an integer from about 3 to

The method of any of Claims 24 to 31, wherein m is about 4.

The method of Claim 4 or 5, wherein Z is a dolastatin or auristatin.
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34. The method of Claim 33, wherein Z is an auristatin moiety of formula (X-A4) or
formula (X-B):

R3HOR7

N R9 RZO
AN {
R2Z 0 RRRERS RE O R'® (X-A)

2013202036 19 Jan 2015

R3 y 0 R’
8 N R® O
N N N N R
2 R4 R® p6 8 G~
RZ O RO R® O A (X-B)

R10

35. The method of Claim 33 or 34, wherein Z is selected from compounds of

formulae (XIIT)-(XXIII):

H,C CH, H,C
0 CH, HO.
51 CH,
N,
HII\I g 1|\1 N

N CH,
CH; O CH; OCH; O H
H;C CH, OoCH; O (XIII)
NH,
. : J/O
N
0 OCH; O H

OCH; O (XIV)
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—Z
<.
4
£
Tz

v OCH; O
XP)
H,;C._ _CH, H,C
o CH;
H CH;
N////
HN g N N S
by 0 G, OcH, O H |
3 \\\\\‘ CH3 3 3 OCH3 0 N\)
CH; (XVI)

(XVIII)

H,C
’ CH, -
3
HI|\I N N | S
CH OCH; O H
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NH,

(XX)
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(XX

(XX1I)

(XXIII).

36. The method of any of Claims 33 to 35, wherein Z is selected from AEB,
AEVB, AFP, MMAE, or MMAF.
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37. The method of any of Claims 33 to 36, wherein the immunoconjugate has

formula (I-4):

a&hn..,. ~ (
S P ,‘u J%T ‘U\ /\ { Ty,
’"ﬂ%,wm 1 e l j rox “ fT

& \l

-
or a pharmaceutically acceptable salt thereof.
38. The method of any of Claims 33 to 36, wherein the immunoconjugate has
formula (I-5):
FY I T < W O
RS — AT e YT s
b T Bl Sl Tl i Tl g e Ry
gf\\, o, Lr \\uﬁf T IYTT YT
) J 1" g
:QN'AJQ:'I}
- - -5
or a pharmaceutically acceptable salt thereof.
39. The method of any of Claims 33 to 36, wherein the immunoconjugate has
formula (1-6):
Abfws
o) e y  OH
N\/\/\)LN N’l N N N
! I o Il 6 0 _o o
B o (I-6)

or a pharmaceutically acceptable salt thereof.
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40. The method of any of Claims 33 to 36, wherein the immunoconjugate has
formula (1-7):

NS Y
N i o : g, k.
JM j\ H j\ v ¥
T VY T O 0
& R0 N N - B D

Afas
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-7
or a pharmaceutically acceptable salt thereof.
41.  The method of any one of Claims 33 to 40, wherein m is from about 1 to about
5.
42, The method of any one of Claims 33 to 40, wherein m is from about 2 to about
10.

43.  The method of any one of Claims 33 to 42, wherein m is about 4.

44, An immunoconjugate produced by the method of any of Claims 1 to 43.

45. A pharmaceutical composition comprising the immunoconjugate of Claim

44 and a pharmaceutically acceptable carrier.

46. A method according to any one of Claims 1 to 43 or an immunoconjugate
according to Claim 44 or a pharmaceutical composition according to Claim 45 substantially as

herein described with reference to the Figures and/or Examples.
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Abstract

Site-specific conjugation of small molecules and enzymes to monoclonal antibodies has broad utility
in the formation of conjugates for therapeutic, diagnostic, or structural applications. Precise control
over the location of conjugation would yield highly homogenous materials that could have improved
biological properties. We describe for the first time chemical reduction and oxidation methods that
lead to preferential cleavage of particular monoclonal antibody interchain disulfides using the anti-
CD30 IgG1 monoclonal antibody cAC10. Alkylation of the resulting cAC10 cysteine thiols with the
potent antimitotic agent monomethyl auristatin E (MMAE) enabled the assignment of drug
conjugation location by purification with hydrophobic interaction chromatography followed by
analysis using reversed-phase HPLC and capillary electrophoresis. These analytical methods
demonstrated that treating cAC10 with reducing agents such as DTT caused preferential reduction
of heavy-light chain disulfides, while reoxidation of fully reduced cAC10 interchain disulfides caused
preferential reformation of heavy-light chain disulfides. Following MMAE conjugation, the resulting
conjugates had isomeric homogeneity as high as 60—90%, allowing for control of the distribution of
molecular species. The resulting conjugates are highly active both in vitro and in vivo, and are well
tolerated at efficacious doses.

Monoclonal antibodies (mAbs) have been used extensively as carriers of fluorophores,
radionuclides, cytotoxic agents, and enzymes, yielding conjugates that find utility in
therapeutic (1-3) and imaging applications (4,5), ELISA-based assays (6), as well as for the
investigation of protein structure and dynamics (7). The methods employed for making mAb-
based conjugates can be classified in two general categories: those that involve the random
modification of mAb amino acid residues, and those that are highly regioselective. Examples
of random modification procedures include the acylation of lysine g-amino groups (8),
alkylation of tyrosines (9), and amidation of carboxylates (10). The biological and functional
properties of these conjugates are often acceptable, however random modification of mAbs
may impair antigen binding and leads to conjugate heterogeneity.

In the past several years, a number of selective methods have been described to introduce
molecules of interest onto mAbs. The ability to control the location and stoichiometry of
conjugation can significantly improve the properties of mAb conjugates in some applications.
The greatest selectivities are obtained using recombinant technologies for the production of
fusion proteins (11-14). Selective modification has also been reported for such chemically
based methods as reductive amination of oxidized mAb carbohydrates (15), photoaffinity
labeling of unconventional mAb binding sites (16), and reduction-alkylation of antibody
interchain disulfides (17,18).

*To whom correspondence should be addressed: Tel: 425-527-4752; Fax: 425-527-4001; e-mail: SAlley@seagen.com..
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We have previously described the preparation of mAb-drug conjugates for use as antitumor
agents (17,19). The potent antimitotic agent monomethy| auristatin E (MMAE) was conjugated
to the chimeric anti-CD30 mAb cAC10, an IgG1 mAb with 4 interchain disulfides (Figure 1).
Conjugates were formed through full reduction of all interchain disulfides, followed by
alkylation with the drug-linker complex. The resulting mAb-drug conjugates were
homogeneous in composition, with about 8 drugs/mAb. Since mAb interchain disulfides are
distant from the antigen binding site and are generally not required to maintain mAb integrity
(20), this site-specific conjugation strategy yielded conjugates that were potent and selective
for CD30-positive hematologic malignancies (17,19).

We recently demonstrated that drug-load stoichiometry significantly influenced conjugate
pharmacokinetics, and that conjugates with fewer drugs/mAb had larger therapeutic windows
(21). Specifically, conjugates with 4 drugs/mAb were highly active and significantly less toxic
than their counterparts with 8 drugs/mAb. However, such partially-loaded conjugates are not
homogeneous, and the number of drugs on each mAb vary from 0-8, with several isomers at
each drug substitution level. In order to minimize the heterogeneity of these partially loaded
conjugates with 4 drugs/mAb, we explored various reduction/alkylation strategies and
evaluated the distribution of species formed. We recognized that the absolute drug loading and
the isomeric distribution could play a role in efficacy and toxicity. However, the literature does
not describe how to chemically control the isomeric distribution of drug loading, nor does it
illustrate how to determine which of the various mAb thiols are drug substituted. To address
these issues, analytical technologies were established to determine the sites of drug substitution,
and conjugation methods were developed that allowed for isomeric homogeneities as high as
60—90%. The in vitro and in vivo properties of these conjugates are also described.

Materials and Methods

Materials

cAC10, vceMMAE, and cAC10 with 8 MMAE/mAD (E8) were prepared as previously
described (17,22). DTT, DTPA, and 4,4’-dithiodipyridine were obtained from Sigma-Aldrich
(St. Louis, MO). EDTA and sodium chloride were obtained from Cambrex (Rockland, ME).
Sodium borate, sodium phosphate, and citric acid were obtained from Mallinckrodt
(Phillipsburg, NJ). DTNB was obtained from Pierce (Rockford, IL). TCEP and
aminoethanethiol were obtained from Acros (Morris Plains, NJ). Cysteine was obtained from
Alfa Aesar (Ward Hill, MA).

Preparation of ADCs

cAC10-veMMAE with an average of 4 MMAE/mADb, referred to as E4 mixture, was prepared
as follows. Methods A and D were used to make cAC10-veMMAE with 2 MMAE/mAD,
referred to as E2 mixture, with the indicated substitutions.

Method A: Limited DTT Reduction

cAC10 was treated with 3.25 molar equivalents of DTT (2.25 molar equivalents for E2 mixture)
in 0.025 M sodium borate pH 8, 0.025 M NaCl, 1 mM DTPA for 2 h at 37 °C. The excess DTT
was purified away from the partially reduced cAC10 in the following manner. The mixture
was first diluted 5 fold with water and applied to a hydroxyapatite column (Macroprep ceramic
type 1 40 um, BioRad, Hercules, CA) at a flow rate of 10 mL/min. The column size was 1 mL
per 10 mg of cAC10. The column was previously equilibrated with 5 column volumes of 0.5
M sodium phosphate pH 7, 10 MM NaCl and 5 column volumes of 10 mM sodium phosphate
pH 7, 10 mM NaCl. Following application, the column was washed with 5 column volumes
of 10 mM sodium phosphate pH 7, 10 mM NaCl and then eluted with 200 mM sodium
phosphate pH 7, 10 mM NaCl. DTPA was added to 1 mM following elution. The protein
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concentration was quantified using an absorbance value of 1.58 at 280 nm for a 1.0 mg/mL
solution, and the molar concentration determined using a molecular weight of 148,449 g/mol.
The concentration of mAb-cysteine thiols produced was determined by titrating with DTNB,
typically resulting in 4.0 to 4.5 thiols/mAb when 3.25 molar equivalents of DTT were used.

Partially reduced cAC10 was alkylated with 1.1 molar equivalents of vceMMAE/mAb-cysteine
thiol. The alkylation reaction was performed at 0 °C for 30 min. Cysteine (1 mM final) was
used to quench any unreacted, excess veMMAE. cAC10-veMMAE was purified by
hydroxyapatite chromatography as described above. Following elution, the buffer was changed
to phosphate buffered saline (Invitrogen, Carlshad, CA) using Amicon (Millipore, Bedford,
MA\) Ultrafree 30K cutoff spin concentration devices. The protein concentration was quantified
using an absorbance value of 1.62 at 280 nm for a 1.0 mg/mL solution.

Method B: Limited TCEP Reduction

CcAC10 was treated with 2.75 molar equivalents of TCEP in 0.025 M sodium borate pH 8, 0.025
M NaCl, 1 mM DTPA for 2 h at 37 °C. Without purification, the mixture was then cooled to
0 °C and partially reduced cAC10 alkylated with vceMMAE as described above. cAC10-
VCMMAE was purified using PD-10 columns (Amersham Biosciences, Piscataway, NJ)
equilibrated with phosphate buffered saline.

Method C: Reduction of cAC10 with Aminoethanethiol

cAC10 was reduced with aminoethanethiol as previously described for gamma globulin (23).
The reduced mAb was alkylated with veMMAE as described above.

Method D: DTNB Reoxidation of Fully Reduced cAC10

CAC10 was treated with a large excess (10 mM) of DTT in 0.025 M sodium borate pH 8, 0.025
M NaCl, 1 mM DTPA for 1 h at 37 °C and purified by hydroxyapatite chromatography as
described above. The fully reduced cAC10 was cooled to 0 °C and then treated with 2.0
equivalents of DTNB (3.0 for E2 mixture) or 4,4’-dipyridyldithiol (from 10 mM stock
solutions) with rapid mixing. This mixture was incubated at 0 °C for 20 min. Without further
purification, partially reoxidized cAC10 was alkylated with vceMMAE as previously described
and the resulting conjugate was purified by hydroxyapatite chromatography as described
above.

CcAC10 Reduction Time Course

CcAC10 was reduced with 3.0 equivalents of DTT in 50 mM sodium phosphate pH 7.5 and 5
mM EDTA at 37 °C. At various times, samples were removed, quenched with an equal volume
of ice-cold 200 mM sodium citrate pH 5, and purified using PD-10 columns equilibrated with
phosphate buffered saline containing 5 mM EDTA. Reduced cAC10 was treated with
VCMMAE as previously described and purified using PD-10 columns equilibrated with
phosphate buffered saline.

Purification of E2, E4, and E6 by HIC

cAC10-vcMMAE was purified by HIC as previously described to yield ADCs with exactly 2,
4, 0r 6 MMAE/mAD (referred to as E2, E4, and E6, respectively) (21). Briefly, NaCl was added
to cAC10-vcMMAE to give a final concentration of 2.0 M and this mixture applied to a phenyl
HIC column. E2, E4, and E6 were eluted using step gradients of decreasing NaCl concentration.
These purified fractions were analyzed by HIC-HPLC to determine drug loading purity as
previously described (21,24). HIC peaks corresponding to E2, E4, or E6 were identified as
previously described: cAC10 and veMMAE have distinct absorbance maxima (Amax = 280 and
248 nm, respectively) and overlaying the UV spectra of these peaks yields A248/280 ratios
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that increase with drug loading (21,24). The HIC-HPLC method was also used to isolate small
amounts of E2, E4, and EB6.

Characterization of ADCs

The drug loading was estimated using the molar extinction coefficients at 248 and 280 nm of
the mADb (9.413 x 104 and 2.3415 x 105 M1 cm™1, respectively) and drug (1.5 x 10 and 1.59
x 104 M1 cm™, respectively) as previously described (21,24). Size-exclusion HPLC and
Cy reversed-phase HPLC were used as previously described (17) to determine the amount of
aggregate and free vceMMAE, respectively, present in the ADCs.

Analysis of ADCs by Capillary Electrophoresis

The ADCs were analyzed under denaturing but non-reducing conditions using an Agilent
Bioanalyzer (Palo Alto, CA). A protein 200 chip was used under denaturing but non-reducing
conditions as described by the manufacturer. Briefly, 4 uL of 1 mg/mL cAC10-vcMMAE was
mixed with 2 pL of non-reducing loading buffer and heated to 100 °C for 5 min. Water (84
uL) was added and 6 pL of this mixture was loaded into each well of the chip. The molecular
weights of peaks were determined using the molecular weight ladder provided and run
concurrently, allowing assignment of L, H, HL, HH, HHL, and LHHL. Unconjugated cAC10
confirmed the assignment of LHHL, while E8 confirmed the assignment of L and H.

Analysis of ADCs by Reversed-Phase HPLC

ADCs were analyzed under denaturing and reducing conditions using a 2.1 x 150 mm, 8y,
1000 A PLRP-S column (Polymer Laboratories, Amherst, MA). The flow rate was 1 mL/min
and the column temperature was 80 °C. Solvent A was 0.05% trifluoroacetic acid in water and
solvent B was 0.04% trifluoroacetic acid in acetonitrile. The method consisted of the following:
Isocratic 25% B for 3 min, a 25-min linear gradient to 50% B, a 2-min linear gradient to 95%
B, a 1-min linear gradient to 25% B, and isocratic 25% B for 2 min. Injections were 10-20
uL of 1 mg/mL cAC10-vcMMAE previously reduced with 20 mM DTT at 37 °C for 15 min
to cleave the remaining interchain disulfides. The number of moles and mole fraction of each
chain was determined using the following molar extinction coefficients: 30,160 M1 cm™1
(LO); 31,660 ML cm™ (L1); 86,915 M1 cm~ (H0); 88,415 M1 cm™ (H1); 89,915 M1
cm1 (H2); 91,415 M1 cm™1 (H3). Peak assignments were made with unconjugated cAC10
(LO and HO) and E8 (L1 and H3). H1 and H2 were assigned by their elution time (eluting
between HO and H3) and UV spectra (the A248/280 ratio increases with drug loading).

Determination of Isomeric Distribution

The isomeric distribution for E2 and E6 was determined using solely reversed-phase HPLC
data from the mole fractions determined above. For E2 isomer A, the mole fraction of LO and
H1 are equal, while for E2 isomer B, the mole fraction of L0, L1, HO, and H1 are equal. With
the sum of the mole percent of LO, L1, HO, and H1 set to 100%, the percent isomer B can be
determined as follows:

9%B=2 (%L.1) +2 (%HO0) (1)

where %L1 = mole fraction of L1 and %HO0 = mole fraction HO. The percent of isomer A is
assumed to be 100 - %B.

Similarly, for E6 isomer A, the mole fraction of L1 and H2 are equal, while for E6 isomer B,
the mole fractions of LO, L1, H2, and H3 are equal. With the sum of the mole percent of LO,
L1, H2, and H3 set to 100%, the percent isomer B can be determined as follows:

%B=2 (%L0) +2 (%H3) @)
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where %L0 = mole fraction of LO and %H3 = mole fraction H3. The percent of isomer A is
assumed to be 100 - %B.

Due to more possible isomers, the percentages of the E4 isomers cannot be obtained solely
from the reversed-phase HPLC data because no isomer gives a unique light and heavy chain
pattern. The amount of E4 isomer A was first determined from capillary electrophoresis data
using the HHL, HH, and HL peak areas as follows:

HHL
124720.8
A —
ToA= HHL + HH + HL
124720.8 * 100992.6  2*74224.5 3)

With the sum of the mole percent of LO, L1, H1, and H2 set to 100%, reversed-phase HPLC
data was then used to solve for the remaining contribution of E4 isomers B and C using the
following formulas:

%B=%H1+%L1 — 0.5 (%A) (4)

%C=%H2+%L0 — 0.5 (%A) (5)

where %H1 = mole fraction of H1, %L1 = mole fraction L1, %H2 = mole fraction H2, and %
LO = mole fraction LO.

The simulated partial reduction of cAC10 was carried out using a series of coupled ordinary
differential equations (25) with an integration algorithm (4th order Runge-Kutta) implemented
asa VBA function in Excel (Microsoft Corp., Redmond, WA). The rate constants for reduction
of heavy-light and heavy-heavy disulfides were equal. The simulation assumes 2 equivalent
heavy-light and 2 equivalent heavy-heavy disulfides per mAb, with the relative rate constants
for the reduction of the first and second of these equivalent disulfides being 2:1 due to the 2:1
stoichiometry (for example, when the first heavy-light disulfide is reduced, there are 2 heavy-
light disulfides present, whereas when the second heavy-light disulfide is reduced, there is only
1 heavy-light disulfide present). The simulation used a concentration of reductant sufficient to
reduce an average of 2 disulfides per mAb. Figures S1 and S2 show the mechanism and the
differential equations used in the simulation.

Binding Studies

ADCs were labeled with 36 molar equivalents of europium N1-isothiocyanate (Perkin Elmer
Biosciences, Wellesley MA) overnight at 4 °C in 50 mM Na,COg3, pH 9.0. Small molecular
weight agents were removed by gel filtration on PD-10 columns equilibrated with Tris buffered
saline (TBS, 50 mM Tris HCI, pH 8.0, 150 mM NacCl) followed by dialysis overnight in TBS
at 4 °C. Conjugate concentration was determined by UV absorbance. Analysis of the europium
content (by release into DELFIA enhancement solution, Perkin Elmer) indicated that there
were 5 — 7 europium labels/mAb. Karpas 299 ALCL cells (100 pL/well at 1 x 10%/mL in TBS
+0.5% FBS, 10 uM EDTA) were incubated with increasing dilutions of labeled ADC or
parental cAC10 for 1 h at 4 °C on a plate rocker. Following incubation, the cells were washed
3timesin TBS, resuspended in 200 uL of enhancement solution, transferred to DELFIA yellow
sided plates and incubated on an orbital shaker for 5 min at room temperature. Fluorescence
was monitored using a Fusion HTS microplate reader (Perkin Elmer) using the time-resolved
fluorescence mode using an excitation wavelength of 335 nm and emission wavelength set at
620 nm. The time delay between excitation and emission was 400 usec. After reading, data
were reduced and binding analyzed using the one-site binding model in GraphPad Prism
version 4.01 for Windows (GraphPad Software, San Diego CA). Binding curves experiments
were performed a minimum of three times to ensure accuracy.
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Cytotoxicity Assays

The experiments were performed as previously described (17). Briefly, Karpas 299 cells were
treated with ADCs for 92 h before adding resazurin and incubating an additional 4 h. Dye
reduction was measured using a fluorescent plate reader.

In Vivo Studies

Results

In vivo efficacy of ADCs in xenograft models of human CD30* tumors in SCID mice and the
maximum tolerated dose of ADCs in BALB/c mice were performed as previously described
(21). Briefly, subcutaneous Karpas-299 tumors were grown in C.B.—17 SCID mice, with the
test articles administered when tumors reached approximately 100 mm3 (length x width2)/2.
Animals (7—10/group) were injected iv with the ADCs at the doses indicated. Animals were
considered cured if they were tumor free 101 days post tumor implant. Groups were compared
for statistical significance by pair wise treatment of Kaplan-Meier analysis using GraphPad
Prism version 4.01. To evaluate the MTD, BALB/c mice (parent strain of the C.B.—17 SCID)
were administered with ADCs. Animal weights were measured and clinical observations were
recorded over a 14 day period. The MTD was assigned as the highest single dose administered
to an animal that did not result in weight loss >20% or lead to any signs of distress.

Reduction Methods

Two general strategies were used to prepare ADCs with an average of 4 MMAE/mADb (referred
to as E4 mixture). The first involved limited reduction of the interchain disulfides of the
chimeric mAb cAC10, an 1gG1, followed by alkylation with maleimidocaproyl-val-cit-PABA-
MMAE (vceMMAE). This two-step process led to the formation of cAC10-veMMAE. About
3.25 and 2.75 molar equivalents of the strong reducing agents DTT and TCEP, respectively,
were sufficient to cleave 2 interchain disulfide bonds, yielding an average of 4 cAC10
cysteines/mAb. Partial reduction of cAC10 could also be accomplished using the weaker
reducing agent aminoethanethiol, which at pH 5 requires about 500 molar equivalents to yield
4 cAC10 cysteines/mAb. Unlike the thiol-based reducing agents, phosphines such as TCEP
react poorly with maleimides, and the excess reducing agent does not have to be removed
before adding vceMMAE.

A second general strategy for controlled drug substitution involves fully reducing cAC10 with
DTT and then partially reoxidizing the resulting thiol groups with DTNB. This reoxidation
process is very efficient, requiring 2.0 equivalents of DTNB to reoxidize 8 mAb cysteines back
to 4. Treatment of this reoxidized mAb with a thiol such as cysteine does not liberate any bound
thionitrobenzoic (TNB) acid, suggesting that the reoxidized cysteines are in the form of mAb
disulfides rather than mixed TNB-cysteine disulfides. The remaining mAb cysteines can then
be conjugated to veMMAE.

Quantification of Drug Loading Levels

Figure 2 shows the normalized percentages of the even drug loaded species prepared by DTT
partial reduction, TCEP partial reduction, and partial DTNB reoxidation as determined by HIC-
HPLC. The DTNB partial reoxidation method yields a slightly higher percentage of E4 (42%)
than the partial reduction methods (32% for DTT and 36% for TCEP). This comes at the
expense of mainly E6 and E8, which total about 37% for DTT partial reduction and 34% for
TCEP partial reduction, while only 27% for DTNB partial reoxidation.
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Isomeric Populations

To determine the isomeric population of each of the drug loaded species, cCAC10-veMMAE
prepared with various methods was first separated by preparative HIC, yielding E2, E4, and
EG6. The purities of these materials, with respect to their drug loading levels, was at least 95%
as determined by analytical HIC-HPLC (21). The HIC-purified materials were then subjected
a combination of reducing and non-reducing methods to assign the distribution of the drugs
on the mAb. Reducing and denaturing reversed-phase HPLC was used to separate and quantify
various light and heavy chain species. In this method, pretreatment of the ADC with an excess
of DTT breaks the remaining interchain disulfides and allows separation of light chain with 0
or 1 drugs (LO and L1) from heavy chain with 0, 1, 2, or 3 drugs (HO, H1, H2, and H3) (Figure
3, A-D). A second form of analysis involved non-reducing and denaturing capillary
electrophoresis, allowing for the separation of 6 potential mAb species: L, H, HL, HH, HHL,
and LHHL (Figure 3, E-H). Figure 4 shows the possible isomers of E2, E4, and E6 and the
expected distribution of mAb fragments under denaturing conditions in both reducing and non-
reducing environments. The isomeric populations of E2 and E6 were readily determined by
reversed-phase HPLC since each isomer yields a unique fragment pattern. For example, isomer
E2B yields L1 and HO under denaturing and reducing conditions, while E2A yields LO and
H1. Under denaturing and non-reducing conditions, isomer E2A yields LHHL, while E2B
yields L and HHL. For E4, the three potential isomers do not yield unique fragment patterns
on reversed-phase HPLC or capillary electrophoresis alone, requiring that the combined results
must be used to assign the isomeric population.

Figure 5 shows the percent composition for each of these isomers. Both partial reduction
methods gave similar isomer populations. However, for E2, DTT partial reduction and DTNB
partial reoxidation gave contrasting isomeric populations: the former method yielded 92%
E2B, while the latter method yielded 77% E2A. Similarly, E4B is the predominant isomer for
DTT partial reduction (59%), while E4C is the predominant isomer for DTNB partial
reoxidation (75%). The chemistry used to prepare the reduced antibody plays a significant role
in the location of the drugs in the resulting conjugate. Interestingly, both methods yield E6B
as the predominant E6 isomer in very high yields (96—98%). There are also smaller differences
in the distribution of isomers observed from the DTT and TCEP partial reduction methods, the
largest of which can be seen in isomers E4B and E4C. DTT partial reduction yields about 2:1
E4B to E4C, while TCEP partial reduction yields about 1:1.

Simulated Partial Reduction

The observed drug loading levels and isomeric populations are significantly different for the
partial reduction and partial reoxidation methods, which may indicate that there is some degree
of selectivity in reducing and oxidizing mAb heavy-light and heavy-heavy disulfides. A
simulation of cAC10 partial reduction was performed in which disulfides were allowed to be
randomly reduced under conditions where the rate constants for the reduction of heavy-light
and heavy-heavy disulfides were equal. Figure 6a shows the simulated drug loading levels for
EO, E2, E4, E6, and E8 and the percent difference between these simulated values and the HIC-
HPLC data for DTT and TCEP partial reduction. The percent difference varies systematically,
in that the experimentally determined amounts of EO and E8 were significantly larger than the
simulated values, while the amounts of E2, E4, and E6 were slightly less than the simulated
values. Figure 6b shows the simulated isomer populations and the percent difference between
the simulation and the values determined from reversed-phase HPLC and capillary
electrophoresis. The experimentally determined isomer abundances were as much as 250%
more and up to nearly 100% less than the simulated values. No experimentally determined
isomer abundance was within 75% of the simulated values. These results strongly suggest that
the reduction is not a random process and the rate constants for reduction of individual cAC10
disulfides are widely different.
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DTT Reduction Time Course

Because of the long reduction time necessary to form partially reduced cAC10 with DTT, the
isomeric population could change during the reduction reaction and using the end point of the
reaction would not be representative of the overall reduction process. To address this, the
isomeric compositions of the product ADCs were determined at various time intervals after
the addition of the reducing agent. Reduction times of 10 to 120 min yielded drug loadings of
1.3 to 3.9 drugs/mAb. Table 1 shows that the isomeric composition does not change over the
course of the reduction reaction. Thus, the reduction process is under kinetic rather than
thermodynamic control, and using the end point of the reaction is appropriate.

Binding to CD30 Positive Cells

cAC10-vcMMAE conjugates were tested for their abilities to bind to CD30 positive Karpas
299 Anaplastic Large Cell Lymphoma cells. Table 2 shows that unmodified cAC10 and ADCs
with 2 drugs/mAb bound with similar affinities, 2.0 to 3.6 nM. ADCs with 4 and 8 drugs/mAb
bound slightly weaker, 6.5 to 7.8 nM. The chemistry used to prepare the ADCs did not
significantly influence the ability of the ADCs to bind to the cells.

In Vitro Cytotoxicity

Mixtures with an average of 2 and 4 drugs/mAb as well as HIC purified E2 and E4 were
investigated for their in vitro activities on Karpas 299 cells. Table 2 shows the ADCs with 2
and 4 drugs/mAb have 1Csq values from 11.4 to 13.8 ng/mL and 3.4 to 5.0 ng/mL, respectively.
E8 gave the lowest value of 2.7 ng/mL and unconjugated cAC10 showed no effect. Thus,
cytotoxic activity increases with increased drug substitution, but is not dependent on ADC
isomeric composition.

In Vivo Toxicity and Therapeutic Efficacy

MTD values in immunocompetent BALB/c mice were determined by iv ADC injections. As
previously described, the MTD of E8 was 50 mg/kg (21). Significantly more of the ADCs
could be administered with lower drug loading. The best tolerated ADC was E2 made by DTT
partial reduction, which was devoid of toxicity at 250 mg/kg, the highest dose tested. The MTD
of E4 prepared by the DTNB partial reoxidation method was 120 mg/kg, which was slightly
less toxic than the corresponding E4 ADC prepared by DTT partial reduction (MTD of 100
mg/kg). Consistent with in vitro cytotoxicity, the number of drugs/mAb had a much more
pronounced influence on toxicity than the placement of the drug on the mAb.

Therapeutic efficacy experiments were performed in SCID mice with subcutaneous Karpas
299 tumors. Single doses of the ADCs were given 11 (E4) or 14 (E2) days after tumor implant,
when the tumors had reached approximately 100 mm3. Figure 7a shows that for E2 made by
DTT partial reduction and DTNB partial reoxidation methods, 1.0 mg/kg of ADC both gave
delays in tumor growth. Although E2 made by DTT partial reduction gave 5 cures out of 7
while E2 made by DTNB partial reoxidation provided 1 cure out of 7, Kaplan-Meier analysis
for survival showed that there was not a statistical difference between these 2 chemistries
(P=0.08). However, since the P value is trending towards significance (0.05<P<0.1), further
studies are required with larger group sizes to determine if these chemistries yield differences
in efficacy. The E4 ADCs which were made by DTT partial reduction, TCEP partial reduction,
and DTNB partial reoxidation gave delays in tumor growth at both 0.5 and 1.0 mg/kg (Figure
7b). Nearly identical cure rates were obtained at 1 mg/kg for all 3 production methods (8 to 10
cures out of 10), suggesting that the production methods yielded ADCs with similar efficacies
(P=0.15 for E4 made by TCEP partial reduction compared to E4 made by either DTT partial
reduction or DTNB partial reoxidation).
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Discussion

We have demonstrated for the first time that IgG1 interchain disulfide bonds can be
distinguished by chemical reduction and oxidization methods. This was made possible using
the drug MMAE to fix the disulfide bonding pattern by alkylating free cysteines, allowing
separation of the drug loading levels by HIC, and facilitating the analysis of the isomeric
populations.

As shown in Figure 3, the production method significantly affects the location of the drugs,
suggesting that the mAb disulfides can be selectively reduced. Partial DTT reduction yields
predominantly isomer E2B, which results from reduction of one of the heavy-light chain
disulfides. Conjugates consisting of E4 were comprised mainly of isomer E4B, which results
from the reduction of both heavy-light chain disulfides. The main E6 species detected was
isomer E6B, which results from reduction of both heavy-heavy chain disulfides and one heavy-
light chain disulfide, while isomers with one heavy-heavy chain disulfide reduced were in the
extreme minority. On the other hand, partial DTNB reoxidation yields almost the opposite
result for E2 and E4 isomers, with predominantly isomers E2A and E4C, where one heavy-
heavy chain disulfide is intact, and the same result for E6. We have observed qualitatively
similar preferences of the isomer populations from partial reduction and partial reoxidiation
of the humanized anti-Her2 1gG1 Herceptin (data not shown).

Previous investigations of mAb disulfide biochemistry did not demonstrate whether there was
selective reduction of particular mAb interchain disulfides, in part because of the inability to
fractionate the reduction reaction into subpopulations together with the low resolution of the
analytical techniques employed. SDS-PAGE was used extensively (26-28), but this technique
could not resolve and quantify the 9 possible isomers present in a mAb reduction reaction.
Figure 3 shows that the E4 mixtures prepared by partial DTT reduction and partial DTNB
reoxidation are difficult to distinguish, while HIC-purified E4 prepared by these chemistries
are readily distinguished. In the past, analytical ultracentrifugation was also used to
characterize mAb interchain disulfide reduction using aminoethanethiol under acidic
conditions, and this data was used to suggest that exclusively heavy-heavy disulfides can be
cleaved under these conditions (29-31). These data are even lower resolution than SDS-PAGE
and cannot provide molecular characterization of the generated species. Our data are in contrast
to this report, since partial reduction of cAC10 by aminoethanethiol at pH 5 results in a mixture
of E4B and E4C present in nearly a 1:1 ratio (Figure 5), rather than only E4C, which would
result from exclusive heavy-heavy disulfide reduction. The analytical technologies used in the
previous reports (29-31) were evidently not sensitive enough to support the conclusions drawn.

The isomeric populations that result from partial DTT reduction demonstrate that IgG1 heavy-
heavy disulfide bond cleavage is a cooperative process. Very little of any of the isomers with
one heavy-heavy disulfide bond intact are observed, even at very early time points during the
reduction (Table 1). The E2 isomer formed in greater than 90% abundance (E2B) has one
heavy-light disulfide bond cleaved, while the predominant E4 isomer (E4B) has both of the
heavy-light chain disulfides cleaved.

The simulated partial reduction with equal rate constants for heavy-light and heavy-heavy
disulfide reduction confirm that the reduction of cAC10 is not a random process. The drug
loading distribution and isomer distribution are significantly different between the simulation
and experimental data, suggesting that a more complex model with unequal rate constants is
much more appropriate in describing the cAC10 reduction process. We are currently
performing additional simulations with other models to determine the rate constants that
describe cAC10 reduction. These simulations will enable us to determine the relative rate
constants of reduction of the heavy-light versus heavy-heavy disulfides, as well as the rate
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constants of reduction of the first versus the second heavy-light and heavy-heavy disulfides.
Simulations may also be able to explain the small observed differences between DTT and TCEP
partial reduction, with these two reducing agents potentially having different absolute reducing
strengths as well as differences in their rate constants for reduction of individual disulfides.

Inspection of X-ray crystal structures (PDB structures include 1HZH and 1IGT) (20,32,33)
show the region around these heavy-heavy disulfides to be highly flexible, and electron density
is often absent. These disulfide bonds may be responsible for any local structure, and release
of one may open up this region, allowing the second to be more exposed to solvent and reducing
agents. The cleavage of these disulfides is not expected to cause large changes in the overall
protein structure (20).

The partial DTNB reoxidation process preferentially re-forms the heavy-light chain disulfides,
as was seen previously for air reoxidation (26). The E6 isomer formed in greater than 90%
abundance (E6B) has one heavy-light disulfide, and the predominant E4 isomer (E4C) has both
heavy-light disulfides. Unlike DTT reduction, reformation of the heavy-heavy disulfides does
not appear to be cooperative, in that the predominant E2 isomer has just one heavy-heavy
disulfide. Reformation of heavy-heavy disulfides appears to be merely kinetically slower than
the heavy-light disulfides. If cleavage of the heavy-heavy disulfides releases the local structure
and the previously paired cysteines can move away from each other, the kinetics of heavy-
heavy disulfide bond formation will be slow. The heavy-light disulfide is probably not
responsible for local structure or relative positioning of the heavy and light chains, and the
unpaired cysteines will remain in close proximity and proper orientation for disulfide bond
formation.

The chemistries described herein enable the generation of highly site-specific conjugates. For
cAC10-vcMMAE, the effect of the location of the drugs on biological activity is modest, with
the only significant difference being the MTD values of E4 made by DTNB partial reoxidation
being higher than E4 made by DTT partial reduction. It is likely that other biologically
interesting molecules such as fluorophores and fluorescence resonance energy transfer reagents
may benefit from site-specific conjugation, and this is an area that we are currently
investigating. The ability to control the molecular composition in ADCs by chemical means
complements recombinant strategies, and allows for the generation of well defined ADCs with
potent biological activities.
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Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

ADC, mAb drug conjugate

DTNB, 5,5’-dithiobis(2-nitrobenzoic acid)

DTPA, diethyeletriaminepentaacetic acid

DTT, dithiothreitol

EO, E2, E4, E6, E8, cAC10, 0, 2, 4, 6, 8 MMAE per mADb, respectively
HO, H1, H2, H3, heavy chain, 0, 1, 2, 3 MMAE, respectively

HIC, hydrophabic interaction chromatography

LO, L1, light chain, 0, 1 MMAE, respectively
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mAb, monoclonal antibody

MMAE, monomethyl auristatin E

MTD, maximum tolerated dose

TCEP, tris(2-carboxyethyl)phosphine

VCMMAE, maleimidocaproyl-valine-citruline-PABA-MMAE
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Conjugation strategy. The drug-linker vcMMAE reacts with a mAb cysteine to form the ADC.
The potent antimitotic agent MMAE is released from the ADC following proteolysis. As many
as 8 molecules of veMMAE can react with each mAb following reduction of the 4 interchain
disulfides present in cAC10.
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2.

Composition of E4 mixture as a function of conjugation methodology. HICHPLC
chromatograms were integrated to determine the abundance of EO, E2, E4, E6, and E8 in the
mixtures. Values are + standard deviation for 4 (DTT partial reduction), 3 (TCEP partial
reduction), or 6 (DTNB partial reoxidation) separate experiments. The contributions from odd-
loaded species, typically less than 10%, are not shown. The sum of EO, E2, E4, E6, and E8 was
normalized to 100%. The simulated reduction assumes that the rate constants for reduction of
the 4 interchain disulfides are equal for a random reduction process, and the sum of EOQ, E2,
E4, E6, and E8 equals 100%.
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Analytical characterization of ADCs. (A-D) Reversed-phase HPLC and (E-H) capillary
electrophoresis were used to analyze (A, E) E4 mixture made by partial DTT reduction
followed by MMAE conjugation; (B, F) E4 mixture made by DTNB partial reoxidation
followed by MMAE conjugation; (C, G) E4 made by partial DTT reduction followed by
MMAE conjugation and purified by preparative HIC ; and (D, H) E4 made by partial DTNB
reoxidation followed by MMAE conjugation and purified by preparative HIC. HPLC injections
were 20 uL of 1 mg/mL cAC10-vcMMAE treated with 20 mM DTT for 15 min at 37 °C.
Separations were performed at 80 °C. Capillary electrophoresis was performed under non-
reducing conditions.

Bioconjug Chem. Author manuscript; available in PMC 2008 September 17.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Sunetal.

Page 16

E2A % E2B

HHLL L, HHL

LO, H1 LO, L1, HO, H1
E4A E4B %C
L, HHL L, HH HL

LO, L1, H1, H2 L1, H1 LO, H2

EGA E6B

L, HH L, H, HL

L1, H2 LO, L1, H2, H3

4.

Potential isomers for E2, E4, and E6. Isomers with one heavy-heavy disulfide (2A, 4A, and
6A) can be further subdivided into isomers with either the first or the second disulfide intact,
but because the analytical methods described herein cannot distinguish these subgroups, only
one isomer is shown. Below the isomer are the chain compositions under denaturing conditions
(first line, non-reducing; second line, reducing). For denaturing and non-reducing conditions,
the possible species formed are L, H, HL, HH, HHL, and LHHL, where the remaining
interchain disulfides link the indicated chains. For denaturing and reducing, the possible species
formed are LO, L1, HO, H1, H2, and H3, in which the numbers indicate how many drug
molecules are attached to the light or heavy chain. The locations of MMAE conjugation are
indicated by stars. Unconjugated cAC10 (EOQ) and fully conjugated cAC10 (E8) are not shown.
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5

Composition of isomeric population of purified E2, E4, and E6. The percent of the E2 and E6
isomers were determined from reversed-phase HPLC data using Equations 1 and 2,
respectively. The percent of E4A was determined from capillary electrophoresis data using
Equation 3 and then the percent of E4B and E4C were determined from reversed-phase HPLC
data using Equations 4 and 5. For each drug loading level, the sum of the isomers is equal to
100%.
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6.

Simulation of random reduction reaction. cAC10 reduction was simulated with equal rate
constants for reduction of heavy-heavy and heavy-light disulfides. (A) The simulated drug
loading abundance is shown with bars for the reduction of an average of 2 disulfides to yield
an average of 4 antibody cysteines. The percent differences between the experimentally
determined drug loading abundance from HIC-HPLC data for DTT and TCEP partial reduction
shown in Figure 2 and the simulated values are shown in lines. (B) The simulated isomer
distribution is shown in bars. The percent differences between the experimentally determined
isomer abundances shown in Figure 5 and the simulated values are shown in lines. In both
panels, a positive number indicates that the experimental data is greater than the simulated
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value, while a negative number indicates that the experimental data is lower than the simulated
value.
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7.

Single dose efficacy of E2 and E4. SCID mice with Karpas 299 tumors were treated with single
doses of (A) E2 made by DTT partial reduction and DTNB partial reoxidation and (B) E4 made
by DTT partial reduction, TCEP partial reduction, and DTNB partial reoxidation. Animals
were considered cured if they were tumor free 101 days post tumor implant.
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Table 2

In vitro binding and cytotoxicity of cAC10-vceMMAE.

ADC Binding K4 (nM)} Karpas 299 I1C, (ng/mL)b
EO0 (cAC10) 270+£1.91 N/D

E2 mixture DTT N/D 114+24
E2DTT 3.57+£241 13.8 + 3.6
E2 mixture DTNB| N/D 11.7+45
E2 DTNB 2.02+1.22 132+ 2.7
E4 mixture DTT N/D 34+12
E4DTT 7.76 £3.93 48+ 0.7
E4 mixture DTNB N/D 5.0+00
E4 DTNB 7.69 +£4.42 4.3+0.9
E8 6.53 +3.09 2.7+02

aBinding to Karpas 299, determined from 4—7 independent measurement + standard deviation. N/D, not determined.
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bIn vitro cytotoxicity, in ng cAC10/mL, determined from 3 independent measurements + standard deviation. N/D, not determined. cAC10 alone displays
poor activity against Karpas 299.

Bioconjug Chem. Author manuscript; available in PMC 2008 September 17.



SUPERINTENDENCIA DE INDUSTRIA'Y COMERCIO
CONSULTA DE DOCUMENTOS



