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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

RAD: 13­90543­  ­10
DEP: 2020  DIRECCION DE NUEVAS CREACIONES 
TRA: 11  PCT­PATENTE DE INVENCION CAPITULOS I Y II 
ACT: 519   PRESENTACION 

FECHA:  2014­05­26 17:08:15
EVE:  378  FASE NACIONAL INCLUIDO CAPITULO I 
FOLIOS:   11

Como resultado del examen de fondo realizado, con fundamento en el Artículo 45 de la 
Decisión 486 de la Comisión de la Comunidad Andina, se comunica:

1. Documentos estudiados  

Descripción: Rad. N° 13-090543-00000-0000 8/Abril/2013
Reivindicaciones: Rad. N° 13-090543-00000-0000

Rad. N° 13-090543-00005-0000
8/Abril/2013
21/junio/2013

Dibujos: figuras (1-12) Rad. N° 13-090543-00000-0000 8/Abril/2013
Oposición: Rad. N° 13-090543-00006-0000 10/Octubre/2013
Prioridad: 61/389,445 Rad. N° 13-090543-00000-0000 04/Octubre/2010
                                      
2. Análisis de la Prioridad

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

3. Objeto de la invención
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De acuerdo con lo establecido en el numeral 1.2.2.2 del capitulo primero del Título 10 
de la Circular Única para efectos del examen de patentabilidad, se tendrá en cuenta la 
tasa  pagada  por  el  solicitante  al  momento  de  comenzar  el  examen  para  las 
reivindicaciones adicionales; esto es que cuando la solicitud contenga más de diez (10) 
reivindicaciones y no se haya pagado la tasa complementaria, sólo se estudiarán las 
cubiertas por la tasa pagada. En el presente caso se estudiará la totalidad del capítulo 
reivindicatorio (reivindicaciones 1-10). 

Título  de  la  solicitud:  “FORMULACIONES  FARMACÉUTICAS QUE COMPRENDEN 
INHIBIDORES  DE  PI3K  y  DE  mTor,  ÚTILES  EN  EL  TRATAMIENTO  DE 
ENFERMEDADES PROLIFERATIVAS”. 

El  problema  planteado  en  esta  solicitud  consiste  en  la  necesidad   de  agentes 
terapéuticos  efectivos  y  seguros  que  se  puedan  administar  a  los  sujetos  que  lo 
necesiten en dosis bajas, en la terapia de combinación.

Para  resolver  este  problema  técnico  la  solicitud  en  estudio  proporciona  una 
combinación según radicado  N° 13-090543-00005-0000.
                                   
El  objeto  de  la  presente  solicitud  se  relaciona con la  Clasificación  Internacional  de 
Patentes (CIP): A61K  31/4188, A61K  31/4745, A61P 35/00

4. Excepción a la patentabilidad  Art 20 literal d) D 486)

Las reivindicaciones 1, 5 a 7, 9 y 10, aunque estén encabezadas como combinación se 
refieren a un método de tratamiento, cuando hacen referencia  a la administración a un 
sujeto, lo cual no es materia patentable de acuerdo al Art. Citado.

5. De la solicitud de patente 

Titulo

El  título  no  debe  incluir  “ÚTILES  EN  EL  TRATAMIENTO  DE  ENFERMEDADES 
PROLIFERATIVAS”. 

Reivindicaciones (Art 30 D 486, Art 22 PCT)

Las reivindicaciones 1 y sus dependientes  no son concisas  porque el componente a) 
se refiere a una fórmula markush que da lugar a una gran cantidad de compuestos, 
asimismo el compromete b) no caracteriza a un compuesto específico por su nombre o 
estructura química  sino por la actividad farmacológica como “inhibidor alósterico de 
mTOR lo cual da lugar a un sinnúmero de  compuestos que actualmente o a futuro 
presenten   esa  actividad;  adicionalmente,  de  esta  manera  es  infinito  el  número  de 
combinaciones comprendidas en la reiv 1, asimismo en la decripción no existe soporte 
para una combinación fija “en una forma unitaria de dosificación” como se menciona en 
la descripción (pág 15) que esté caracterizada por sus componentes específicos a) y b) 
y sus proporciones. En este caso la reivindicación se debe redactar en términos de la 
combinación  no  fija,  como  un  kit  de  partes,   caracterizado   por:  “una  preparación 
farmacéutica  o  medicamento  A  en  una  cantidad  o  proporción  definida  y  una 
preparación farmacéutica o medicamento B en una cantidad o proporción definida” (ver 
instructivo de patentes, KIT de partes). Adicionalmente, el kit de partes no podrá incluir 
las instrucciones  de  preparación  ni  la  forma de administración  de cada una de las 
preparaciones. Lo anterior, teniendo en cuenta que la única combinación ejemplificada 
en  la  decripción  es  el  compuesto  de  fórmula  A  y  el  everolimus  (RAD001).  Esta 
reivindicación como sus dependientes  mencionan  el  término “aproximadamente”  el 
cual no es conciso. 
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La reivindicación 4, que depende de la 1, podría dar lugar a mínimo 6 combinaciones: 
compuesto  A+Rapamicina,  compuesto  A+Everolimus,  compuesto  A+Deferolimus, 
compuesto B+Rapamicina, compuesto Everolimus, compuesto B+Deferolimus.

La reivindicación 5 y sus dependientes,  no  debe referirse a la administración a un 
sujeto ni  incluir las dosis diarias.

Las reivindicaciones  6-8, no debe referirse  a la enfermedad para la cual está indicada 
la combinación.  

Las reivindicaciones  9 y 10, no deben hacer  referencia  a uso, ni  a tratamiento en 
diferentes  enfermedades  proliferativas  como tampoco a  la  administración  con dosis 
diarias; adicionalmente  esta reivindicación da lugar a tres combinaciones distintas de 
las cuales sólo se encuentra ejemplificada en al decripción  la correspondiente a: a) 
compuesto de fórmula A y b) el everolimus (RAD001). 

Se debe  restringir  la  solicitud  a  la  combinación  no  fija  probadas,  es  decir,  que se 
encuentran debidamente sustentada con sus proporciones específicas y   eliminar la 
referencia  al  método  de  tratamiento  usos  en  el  manejo  de  enfermedades  y  la 
administración de dosis.

Se requiere al solicitante hacer las aclaraciones necesarias ajustándose a lo soportado 
en la descripción.  

Descripción (Art 28  D 486)

La descripción no divulga la invención de manera suficientemente completa para que la 
persona  del  oficio  normalmente  versada  en  la  materia  pueda  ejecutarla  porque  no 
muestra  ningún  ejemplo  específico  de  una  combinación  fija  que  comprenda  dos 
componentes y sus proporciones en una misma unidad de dosis. 

Se requiere al solicitante hacer las aclaraciones necesarias de acuerdo a lo soportado 
sin que s e amplíe materia.

6. Unidad de invención (Art 25 D 486)

La solicitud no cumple con el requisito de unidad de invención porque  se encuentran al 
menos 6 grupos inventivos, de los cuales solo se encuentra soporte en la descripción el 
que consiste de: 

a) Compuesto de fórmula A.
b) Everolimus.

Se le sugiere al solicitante restringir la materia a patentar en un solo concepto común 
inventivo especificando el avance tecnológico sobre el estado de la técnica, tomando 
en cuenta lo soportado en la  descripción.

7.  Análisis de la Oposición 

Argumentaciones de Lafrancol S.A.S.

Afirma  el  opositor  que  esta  solicitud   incumple  los  requisitos  materiales  de 
patentabilidad establecidos en el Titulo II, Capítulo I de la Decisión 486 de 2000 de la 
Comisión de la Comunidad Andina, estos son: Novedad, Nivel Inventivo y Aplicación 
Industrial.  Así,  conforme  con  lo  anterior,  es  imprescindible  señalar  que  las 
composiciones  y  combinaciones  farmacéuticas  que  comprenden  a)  un  inhibidor 
catalítico de mTor, tal como una kinasa de la fosfatidil-inositol-3 catalítica (P13K) y un 
compuesto inhibidor de mTor,  el cual es un derivado de la imidazoquinolina, y b) al 
menos un compuesto alostérico inhibidor de mTor,  junto con un vehículo aceptable, 
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útiles  en  el  tratamiento  de  enfermedades  proliferativas,  son  prácticas  y  eventos 
totalmente conocidos en la industria farmacéutica. No existe ninguna novedad sobre 
estos preceptos y mucho menos nivel inventivo.

Ahora bien, con respecto a las composiciones farmacéuticas de las cuales se hace 
referencia,  donde  se  involucran  agentes  tales  como  Sirolimus  (Rapamicina), 
Everolimus,  entre  muchos  otros,  es  imprescindible  manifestar  que  no  puede  la 
solicitante  pretender  acceder  a  un  beneficio  patentario  sobre  composiciones  y 
combinaciones  farmacéuticas  que  comprenden  moléculas  que  se  encuentran 
descubiertas y plenamente identificadas en el sector químico-farmacéutico. Así, en este 
orden,  consideramos pertinente  traer  a  colación menciones realizadas sobre  dichas 
moléculas con el fin de demostrar lo argumentado hasta el momento. En "The Merck 
Index" (Anexo), puede observarse que el principio activo Sirolimus y/o Rapamicina se 
encuentra bajo el conocimiento público desde un tiempo considerable. De este modo, 
puede  observarse  que  el  mismo  ostentó  beneficios  patentarios  concedidos  por 
Alemania y por Estados Unidos de América, No. DE2347682 y US 3929992 (Años 1974 
y  1975)  respectivamente.  Por  su  parte,  encontramos  que  la  molécula  Everolimus 
ostenta beneficios patentarios concedidos por la Organización Mundial de la Propiedad 
Intelectual y por Estados Unidos de América,  No. WO 9409010 y US 5665772  (Años 
1994  y  1997)  respectivamente…  Cabe  destacar  igualmente  que  la  solicitud  de  la 
referencia  pretende  proteger  mediante  el  derecho  patentario  objetos  que  no  son 
considerados invenciones… En este sentido, los métodos de tratamiento quirúrgicos, 
terapéuticos o de diagnósticos aplicables al cuerpo humano y los relativos a animales, 
y  además  la  mezcla  (Combinaciones)  de  productos  (Moléculas)  conocidos  y  su 
variación,  bien  sea  en  uso,  forma,  dimensión  o  de  materia,  NO  se  consideran 
invenciones por cuanto no son susceptibles de aplicación industrial, luego NO pueden 
acceder  a beneficios patentarios.  En consecuencia,  se suma una circunstancia más 
que imposibilita definitivamente la concesión de la solicitud en mención. 

Seguidamente menciona palabras del Doctor Carlos Correa, sobre sinergia como que 
la  sinergia  se  puede  considerar  un  descubrimiento  y  no  una  invención.  
Finalmente,  cita  los  siguientes  documentos  para  sustentar   la  oposición: 
WO2008/103636,  WO2006/122806,  V.  SERRA  ET  AL:  "NVP-BEZ235,  a  Dual 
PI3K/mT0R Inhibitor, Prevents PI3K Signaling and Inhibits the Growth of Cáncer Cells 
with Activating PI3K Mutations", CANCER RESEARCH, vol. 68, no. 19, 1 October 2008 
(2008-10-01),  pages  8022-8030  y  MAIRA SAUVEUR-MICHEL ET AL:  "Identification 
and characterization of NVP-BEZ235, a new Orally available dual phosphatidylinositol 
3-kinase/mammalian target of rapamycin inhibitor with potent in vivo antitumor activity", 
MOLECULAR CANCER THERAPEUTICS, vol. 7, no. 7, 2008, pages 1851-1863, page 
1859; figure 6.

Respuestas del Solicitante 

No hubo respuesta

Respuesta del Examinador Técnico

En  primera  instancia  cabe  aclarar  que  las  combinaciones  en  forma  de  kit  si  son 
susceptibles de patente siempre  que cumplan con los requisitos de Novedad,  Nivel 
inventivo  y  aplicación  industrial.  De  otro  lado,  los  documentos   DE2347682,  US 
3929992,  No.  WO  9409010  y  US  5665772,  no  se  refieren  a  combinaciones  del 
compuesto BEZ235 y everolimus por lo tanto no  afectan la novedad ni tampoco son los 
documentos cercanos que puedan afectar el nivel inventivo de la misma.

Sin embargo el documento presentado en la(s) oposición(es)  WO2006/122806,  y  el 
artículo utilizado como pie de página en el análisis de nivel inventivo , V. SERRA ET 
AL: "NVP-BEZ235, a Dual PI3K/mT0R Inhibitor, Prevents PI3K Signaling and Inhibits 
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the Growth of Cáncer Cells with Activating PI3K Mutations", CANCER RESEARCH, vol. 
68, no. 19, 1 October 2008 (2008-10-01), pages 8022-8030,    sí  desvirtúan  el nivel 
inventivo del objeto de esta solicitud;  por lo cual se considerarán dentro del examen de 
patentabilidad.

8.  Determinación del Estado de la Técnica

El  estado  de  la  técnica  se  determinó  con base en la  fecha  de presentación  de  la 
solicitud de prioridad: octubre 4 de 2010,  y se encontraron los siguientes documentos 
que anticipan el objeto de esta solicitud:

Ítem Documento Título Fecha de Publicación*

D1 WO2006/122806
Imidazoquinolines as Lipid kinase 

inhibirors 
23 de noviembre de 2006

D2
Prospecto

(everolimus)
 Anexo I

Ficha técnica o Resumen de las 
características del producto

3 de agosto de  2009 

D11divulga  el  compuesto  de  fórmula  (I)  o  un  tautómero  del  mismo,  una  sal 
farmacéuticamente  aceptable,  un  hidrato  o  un  solvato  del  mismo y  entre  sus 
compuestos preferidos están el compuesto el 2-metil-2-[4-(3-metil-2-oxo-8-quinolin-3-il-
2,3-dihidro-imidazo-[4,5-c]- quinolin-1-il)-fenil]-propionitrilo (pág. 5) y el compuesto  8-
(6-metoxi-piridin-3-il)-3-metil-l-(4-piperazin-1-il-3-trifluoro-metilfenil)-1,3-dihidro-imidazo-
[4,5-c]-quinolin-2-ona  (pág.  10),  con  actividad   como  inhibidores  de  PI3-quinasa  y 
mTOR, utilizado en el manejo de  desórdenes proliferativos.

D22 revela composiciones de  everolimus en forma de comprimidos con una cantidad 
de 2,5mg,  5,0 mg y 10,0 mg de este principio activo y sus excipientes (pág.22), para el 
tratamiento  de  diversos  tipos de cancer,   que actúa  como inhibidor  selectivo de  la 
transducción sobre mTOR (autorizada 03.08.2009).

9. Examen de Patentabilidad (Art 14 D486)

Novedad (Art 16 D486)
 
La reivindicación 1 consiste en una combinación según  Rad. N° 13-090543-00005-
0000.

Comparación de las características técnicas esenciales, con las del estado de la técnica:

Características esenciales D1

Una combinación farmacéutica, la cual comprende:
Compuestos de fórmula (I)   y composiciones que 
los contienen

a) un compuesto de la fórmula (I):

En donde R1 es naftilo o fenilo  en donde el fenilo está 
sustituido  por  uno  o  dos  sustituyentes 
independientemente  seleccionados  a  partir  del  grupo 

En donde R1 es naftilo o fenilo  en donde el fenilo está 
sustituido  por  uno  o  dos  sustituyentes 

1http://worldwide.espacenet.com/searchResults?
compact=false&ST=singleline&query=WO2006122806&locale=en_EP&DB=worldwide.espacenet.com
2 Adjunto al concepto 
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que consiste en halógeno;  alquilo inferior insustituido o 
sustituido  por  halógeno,  ciano,  imidazolilo  o  triazolilo; 
cicloalquilo;
amino  sustituido  por  uno  o  dos  sustituyentes 
seleccionados  independientemente  a  partir  del  grupo 
que  consiste  en  alquilo  inferior,  alquilsulfonilo  inferior, 
alcoxilo  inferior,  y  alcoxilo  inferior-alquilamino  inferior; 
piperazinilo insustituido o sustituido por uno o dos
sustituyentes seleccionados independientemente a partir 
del grupo que consiste en alquilo inferior y alquilsulfonilo 
inferior; 2-oxo-pirrolidinilo; alcoxilo inferior-alquilo inferior; 
imidazolilo; pirazolilo; y triazolilo;

R2 es O o S;

R3 es alquilo inferior;

R4  es  piridilo  insustituido  o  sustituido  por  halógeno, 
ciano, alquilo inferior, alcoxilo
inferior, o piperazinilo insustituido o sustituido por alquilo 
inferior; pirimidinilo
insustituido  o  sustituido  por  alcoxilo  inferior;  quinolinilo 
insustituido  o  sustituido  por  halógeno;  quinoxalinilo;  o 
fenilo sustituido con alcoxilo;

R5 es hidrógeno o halógeno;
n es 0 ó 1;

R6 es óxido; con la condición de que, si n = 1, el radical 
portador del átomo de
nitrógeno (N) R6 tiene una carga positiva;

R7 es hidrógeno o amino; o un tautómero del mismo, o 
una sal farmacéuticamente
aceptable, o un hidrato o un solvato del mismo, y 

b) cuando menos un compuesto alostérico inhibidor de 
mTOR, 

y  opcionalmente cuando  menos  un  vehículo 
farmacéuticamente  aceptable,  para  utilizarse  en  el 
tratamiento de una enfermedad proliferativa.

Los compuestos A y B son: 

Compuesto A
BEZ235 inh. dual de PI3quinasa y (mTOR) 

independientemente seleccionados a partir del grupo que 
consiste  en  halógeno;  alquilo  inferior  insustituido  o 
sustituido  por  halógeno,  ciano,  imidazolilo  o  triazolilo; 
cicloalquilo; amino sustituido por uno o dos sustituyentes 
seleccionados independientemente a partir del grupo que 
consiste en alquilo inferior, alquilsulfonilo inferior, alcoxilo 
inferior, y alcoxilo inferior-alquilamino inferior; piperazinilo 
insustituido o sustituido por uno o dos
sustituyentes seleccionados independientemente a partir 
del grupo que consiste en alquilo inferior y alquilsulfonilo 
inferior; 2-oxo-pirrolidinilo; alcoxilo inferior-alquilo inferior; 
imidazolilo; pirazolilo; y triazolilo;

R2 es O o S;

R3 es alquilo inferior;

R4 es piridilo insustituido o sustituido por halógeno, ciano, 
alquilo inferior, alcoxilo
inferior, o piperazinilo insustituido o sustituido por alquilo 
inferior; pirimidinilo
insustituido  o  sustituido  por  alcoxilo  inferior;  quinolinilo 
insustituido  o  sustituido  por  halógeno;  quinoxalinilo;  o 
fenilo sustituido con alcoxilo;

R5 es hidrógeno o halógeno;
n es 0 ó 1;

R6 es óxido; con la condición de que, si n = 1, el radical 
portador del átomo de nitrógeno (N) R6 tiene una carga 
positiva;

R7 es hidrógeno o amino; o un tautómero del mismo, o 
una sal farmacéuticamente aceptable, o un hidrato o un 
solvato  del  mismo.  En  donde  entre  los  compuestos 
preferidos se encuentran el  2-metil-2-[4-(3-metil-2-oxo-8-
quinolin-3-il-2,3-dihidro-imidazo-[4,5-c]-  quinolin-l-il)-fenil]-
propionitrilo  (Compuesto  A,  pág.  5),  y  la  8-(6-mctoxi-
piridin-3-il)-3-metil-l-(4-piperazin-l-il-3-trifluoro-metilfenil)-
1,3-dihidro-imidazo-[4,5-c]-quinolin-2-ona  (Compuesto  B, 
pág. 10).

Combinados   con  otros  compuestos  anti  proliferativos 
como los  inhibidores de mTOR (pág. 23), mencionando 
entre   los  compuestos  con  actividad  como  inhibidores 
mTOR   con  los  que  se  puede  combinar  el  Sirolimus, 
everolimus, CCI779  (Temsirolimus)  y  ABT578 
(zotarolimus) (pág.29). 

Composiciones que los contienen con al menos un 
vehículo farmacéuticamente aceptable.

Compuesto A pág. 5
BEZ235 inh. dual de PI3quinasa y (mTOR)
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Compuesto B
inh. dual de PI3quinasa y (mTOR)

Compuesto B pág. 10
inh. dual de PI3quinasa y (mTOR)

Las características esenciales de la  composición de la reivindicación 1 habían sido 
divulgadas  previamente  en  el  documento  D1 porque  este  divulga  el  compuesto  de 
fórmula (I) o  un tautómero del mismo, una sal farmacéuticamente aceptable, un hidrato 
o un solvato del mismo y entre sus compuestos preferidos están el compuesto  el 2-
metil-2-[4-(3-metil-2-oxo-8-quinolin-3-il-2,3-dihidro-imidazo-[4,5-c]-  quinolin-1-il)-fenil]-
propionitrilo (pág. 5) y el compuesto  8-(6-metoxi-piridin-3-il)-3-metil-l-(4-piperazin-1-il-
3-trifluoro-metilfenil)-1,3-dihidro-imidazo-[4,5-c]-quinolin-2-ona (pág.  10),  con actividad 
como  inhibidores  de  PI3-quinasa  y  mTOR,  utilizado  en  el  manejo  de   desórdenes 
proliferativos seleccionados de tumor benigno o maligno, carcinoma del cerebro, riñón, 
hígado , glándula adrenal, vejiga, seno, estomago, tumor gástrico, ovarios, colon, recto, 
próstata, páncreas pulmón, vagina o tiroides entre otras (pág.16). Dichos compuestos 
mostraron  ser  activos  entre  1nM  y  10µM  preferiblemente  entre  10nM  y  100nM, 
adicionalmente  pueden  ser  utilizados  en  combinación  con  otros  compuestos  anti 
proliferativos  como  los   inhibidores  de  mTOR  (pág.  23),  mencionando  entre   los 
compuestos con actividad como inhibidores mTOR  con los que se puede combinar el 
Sirolimus, everolimus, CCI779 (Temsirolimus) y ABT578 (zotarolimus) (pág.29). 

Además divulga que los compuestos de D1 pueden ser mezclados con otros agentes 
activos   en   una  misma  composición  farmacéutica  o  separadamente,  antes 
simultáneamente con  o después del  otro  agente activo  (pág.32),  asimismo define 
como combinación fija la que se presenta en una misma unidad de dosis y  también 
enseña  que  se  pueden  presentar  como  un  kit  de  partes  para  la  administración 
combinada que seguidamente muestra un efecto aditivo o un efecto sinérgico (pág. 35), 
los compuestos de formula (I) o sus sales farmacéuticamente aceptables se utilizan en 
dosis de  3mg a 1000mg y sus composiciones comprenden al menos un vehículo o 
diluente (pág 36 y 37).

En consecuencia, la reivindicación 1 no es nueva, según lo divulgado en el documento 
D1.

Las reivindicaciones dependientes 2-4, 6 y 7,  no mencionan alguna característica que 
haga nueva a la combinación de la reivindicación 1, por lo cual se considera que no son 
nuevas.

Nivel inventivo (Art18 D486)

Las reivindicaciones   5  y 9  consisten  en una combinación  según radicado N°  13-
090543-00005-0000.

Comparación de las características técnicas esenciales, con las del estado de la técnica:

Características esenciales D1 D2

Una  combinación  farmacéutica,  la  cual 
comprende:

Compuestos  de  fórmula  (I)   y 
composiciones que los contienen Composiciones que contienen como 

principio activo el everolimus : 
a) un compuesto de la fórmula (I):

En donde R1 es naftilo o fenilo en donde 
el  fenilo  está  sustituido  por  uno  o  dos 
sustituyentes  independientemente 
seleccionados  a  partir  del  grupo  que 

En donde R1 es naftilo o fenilo en donde 
el  fenilo  está  sustituido  por  uno  o  dos 
sustituyentes  independientemente 
seleccionados  a  partir  del  grupo  que 

No menciona 
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consiste  en  halógeno;  alquilo  inferior 
insustituido  o  sustituido  por  halógeno, 
ciano, imidazolilo o triazolilo; cicloalquilo;
amino  sustituido  por  uno  o  dos 
sustituyentes  seleccionados 
independientemente  a  partir  del  grupo 
que  consiste  en  alquilo  inferior, 
alquilsulfonilo  inferior,  alcoxilo  inferior,  y 
alcoxilo  inferior-alquilamino  inferior; 
piperazinilo  insustituido  o  sustituido  por 
uno o dos
sustituyentes  seleccionados 
independientemente  a  partir  del  grupo 
que  consiste  en  alquilo  inferior  y 
alquilsulfonilo  inferior;  2-oxo-pirrolidinilo; 
alcoxilo  inferior-alquilo  inferior; 
imidazolilo; pirazolilo; y triazolilo;

R2 es O o S;

R3 es alquilo inferior;

R4 es piridilo insustituido o sustituido por 
halógeno, ciano, alquilo inferior, alcoxilo
inferior,  o  piperazinilo  insustituido  o 
sustituido por alquilo inferior; pirimidinilo
insustituido  o  sustituido  por  alcoxilo 
inferior;  quinolinilo  insustituido  o 
sustituido  por  halógeno;  quinoxalinilo;  o 
fenilo sustituido con alcoxilo;

R5 es hidrógeno o halógeno;
n es 0 o 1;

R6 es óxido; con la condición de que, si 
n:1, el radical portador del átomo de
nitrógeno  (N)  R6  tiene  una  carga 
positiva;

R7  es  hidrógeno  o  amino;  o  un 
tautómero  del  mismo,  o  una  sal 
farmacéuticamente
aceptable, o un hidrato o un solvato del 
mismo, y 

b)  donde  el  compuesto  alostérico 
inhibidor  de  mTOR,  es 
everolimus(RAD001)  ente 
aproximadamente  0.00056mg  y 
aproximadamente 10 mg

y  opcionalmente cuando  menos  un 
vehículo  farmacéuticamente  aceptable, 
para utilizarse  en el  tratamiento de una 
enfermedad proliferativa.

consiste  en  halógeno;  alquilo  inferior 
insustituido  o  sustituido  por  halógeno, 
ciano, imidazolilo o triazolilo; cicloalquilo; 
amino  sustituido  por  uno  o  dos 
sustituyentes  seleccionados 
independientemente  a  partir  del  grupo 
que  consiste  en  alquilo  inferior, 
alquilsulfonilo  inferior,  alcoxilo  inferior,  y 
alcoxilo  inferior-alquilamino  inferior; 
piperazinilo  insustituido  o  sustituido  por 
uno o dos
sustituyentes  seleccionados 
independientemente  a  partir  del  grupo 
que  consiste  en  alquilo  inferior  y 
alquilsulfonilo  inferior;  2-oxo-pirrolidinilo; 
alcoxilo  inferior-alquilo  inferior; 
imidazolilo; pirazolilo; y triazolilo;

R2 es O o S;

R3 es alquilo inferior;

R4 es piridilo insustituido o sustituido por 
halógeno, ciano, alquilo inferior, alcoxilo
inferior,  o  piperazinilo  insustituido  o 
sustituido por alquilo inferior; pirimidinilo
insustituido  o  sustituido  por  alcoxilo 
inferior;  quinolinilo  insustituido  o 
sustituido  por  halógeno;  quinoxalinilo;  o 
fenilo sustituido con alcoxilo;

R5 es hidrógeno o halógeno;
n es 0 o 1;

R6 es óxido; con la condición de que, si 
n:1,  el  radical  portador  del  átomo  de 
nitrógeno (N) R6 tiene una carga positiva;

R7 es hidrógeno o amino; o un tautómero 
del mismo, o una sal farmacéuticamente 
aceptable,  o un hidrato o un solvato del 
mismo.  En donde  entre  los compuestos 
preferidos  se  encuentran  el  2-metil-2-[4-
(3-metil-2-oxo-8-quinolin-3-il-2,3-dihidro-
imidazo-[4,5-c]-  quinolin-l-il)-fenil]-
propionitrilo (Compuesto A, pág. 5),  y la 
8-(6-mctoxi-piridin-3-il)-3-metil-l-(4-
piperazin-l-il-3-trifluoro-metilfenil)-1,3-
dihidro-imidazo-[4,5-c]-quinolin-2-ona 
(Compuesto B, pág. 10).

 

Composiciones  que  los  contienen 
con  al  menos  un  vehículo 
farmacéuticamente aceptable.

Everolimus (compuesto alostérico 
inhibidor de mTOR)

 y un vehiculo farmacéuticamente 
aceptable

Everolimus 
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Compuesto A
BEZ235 inh. dual de PI3quinasa y 

(mTOR) 

Los documentos D1 y D2 se consideran el estado de la técnica cercano a la invención 
definida  en  las  reivindicaciones  5  y  9   porque  divulgan  compuestos  como 
antiproliferativos.

Particularmente D1 divulga  el compuesto de fórmula (I) o  un tautómero del mismo, 
una sal farmacéuticamente aceptable, un hidrato o un solvato del mismo y entre sus 
compuestos preferidos están el compuesto el 2-metil-2-[4-(3-metil-2-oxo-8-quinolin-3-il-
2,3-dihidro-imidazo-[4,5-c]- quinolin-1-il)-fenil]-propionitrilo (pág. 5) y el compuesto  8- 
(6-metoxi-piridin-3-il)-3-metil-1-(4-piperazin-1-il-3-trifluoro-metilfenil)  -1,3-dihidro-
imidazo-[4,5-c]  quinolin-2-ona  (pág.  10),  con  actividad   como  inhibidores  de  PI3-
quinasa y mTOR, utilizado en el manejo de  desórdenes proliferativos seleccionados de 
tumor  benigno  o  maligno,  carcinoma  del  cerebro,  riñón,  hígado  ,  glándula  adrenal, 
vejiga,  seno,  estomago,  tumor  gástrico,  ovarios,  colon,  recto,  próstata,  páncreas 
pulmón,  vagina  o  tiroides  entre  otras  (pág.16).  Dichos  compuestos  mostraron  ser 
activos  entre  1nM  y  10µM  preferiblemente  entre  10nM  y  100nM,  adicionalmente 
pueden ser utilizados en combinación con otros compuestos anti proliferativos como los 
inhibidores  de  mTOR (pág.  23),  mencionando  entre   los  compuestos  con actividad 
como inhibidores  mTOR  con los que se puede combinar  el  Sirolimus,  everolimus, 
CCI779 (Temsirolimus) y ABT578 (zotarolimus) (pág.29). 
Además divulga que los compuestos de D1 pueden ser mezclados con otros agentes 
activos   en   una  misma  composición  farmacéutica  o  separadamente,  antes 
simultáneamente con  o después del  otro  agente activo  (pág.32),  asimismo define 
como combinación fija la que se presenta en una misma unidad de dosis y  también 
enseña  que  se  pueden  presentar  como  un  kit  de  partes  para  la  administración 
combinada que seguidamente muestra un efecto aditivo o un efecto sinérgico (pág. 35), 
los compuestos de formula (I) o sus sales farmacéuticamente aceptables se utilizan en 
dosis de  3mg a 1000mg y sus composiciones comprenden al menos un vehículo o 
diluente (pág 36 y 37).

La diferencia entre la invención, definida en la reivindicación 5 y 9 y la combinaciones 
de D1 es que mencionan las cantidades del componente everolimus desde 0.00056 mg 
a aproximadamente 10 mg.

No obstante la diferencia es imposible evidenciar un efecto sorprendente respecto al 
arte previo en su conjunto.

Por  lo  tanto,  el  problema  técnico  objetivo  que  pretende  resolver  esta  invención  se 
puede  formular  así:  “cómo  modificar  la  combinación   conocida  en  D1  para  lograr 
combinaciones alternativas a las conocidas”.

Sin embargo,  D2 revela composiciones de  everolimus en forma de comprimidos con 
cantidades de 2,5mg, 5,0 mg y 10,0 mg de este principio activo, para el tratamiento de 
diversos tipos de cancer, que actúa como inhibidor selectivo de la transducción sobre 
mTOR y más concretamente  sobre   mTORC1.  El  Everolimus se une a la  proteína 
intracelular FKBP-12, formando un complejo que inhibe la actividad del complejo mTOR 
1 (mTORC1). La inhibición de la vía de señales mTORC1 interfiere con la traducción y 



Expediente 13-90543-  -10                                             1er Art 45         

síntesis  de  proteínas  reduciendo  la  actividad  de  la  proteina  quinasa  ribosomal  S6 
(S6K1) y la proteína de unión 4E del factor de elongación eucariótico (4EBP-1) que 
regula  las  proteínas  implicadas  en  el  ciclo  celular,  la  angiogénesis  y  la  glucolisis. 
Everolimus reduce los niveles del factor de crecimiento endotelial vascular (VEGF), que 
potencia los procesos angiogénicos del tumor. Everolimus es un inhibidor potente del 
crecimiento  y  proliferación  de  las  células  del  tumor,  las  células  endoteliales,  los 
fibroblastos  y  las  células  del  músculo  liso  asociadas  con  vasos  sanguíneos  y  ha 
mostrado que reduce la glicolisis en tumores sólidos in vitro e in vivo.

Asimismo, se observa que lo divulgado en la descripción son ensayos realizados sobre 
diferentes tipos de células en cantidades, terapéuticas, iguales a las ya conocidas en 
las composiciones del compuesto A (D1) y del everolimus (D2); por ejemplo, cuando se 
utilizan cantidades de 5nM a 78nM, para el compuesto A y de 2,82 a 676,44mg de 
everolimus (ensayo A) y no se ve que haya una sinergia sorprendentemente superior a 
las sugeridas en el arte previo. De otro lado, ya es conocido  que el compuesto A es 
más activo que el Everolimus de manera que esto es  una sugerencia para disminuir la 
cantidad  del  compuesto  A  en  una  combinación  en  donde  se  encuentren  los dos 
compuestos3. También es conocido que al disminuir la proporción de un compuesto se 
disminuyen la posibilidad de efectos adversos, y en la descripción no existe ninguna 
evidencia de que se logren disminuir tales efectos . 

En consecuencia, la persona del oficio normalmente versada en la materia, combinaría 
el  compuesto  2-metil - 2-  [4-(3-metil-2-oxo-8- quinolin -3-il-2,3-dihidro- imidazo - [4,5-
c]  -quinolin-1-il)  -fenil]  -  propionitrilo  (pág.5),  considerado  como  preferido  por  esta 
anterioridad, en cantidad de 1nM a 100nM, con el compuesto everolimus en cantidad 
de 2,5 mg a 10,0 mg también ya mencionado en D2, para llegar así al objeto de las 
reivindicaciones 5 y 9 de la solicitud. Por lo cual se considera obvia.

Las reivindicaciones dependientes 6-7 y 10 no mencionan alguna característica que 
haga inventivas a las combinaciones  de las reivindicaciones 5 y  9,  por  lo  cual  se 
considera que tampoco son inventivas.

10.Conclusión

Los requisitos de Patentabilidad de la presente solicitud están afectados así:

Item Documento Reivindicaciones afectadas Requisito que afecta

D1 WO2006/122806
1-4

5-7 y 9-10
Novedad 

Nivel Inventivo 
D2 Prospecto Everolimus 5-7 y 9-10 Nivel Inventivo

3 NVP-BEZ235, a Dual PI3K/mTOR Inhibitor, PreventsPI3K Signaling and Inhibits the Growth of Cancer Cells with 
Activating PI3K Mutations. Violeta Serra, Ben Markman, Maurizio Scaltriti, Pieter J.A. Eichhorn, Vanesa Valero, Marta 
Guzman, Maria Luisa Botero, Elisabeth Llonch, Francesco Atzori, Serena Di Cosimo, Michel Maira, Carlos Garcia-
Echeverria, Josep Lluis Parra, Joaquin Arribas, and Jose´ Baselga (Octubre 1 de  2008).



En cumplimiento  del  artículo  45  de  la  Decisión  486  de  la  Comisión  de  la  Comunidad 
Andina,  se  le  indica  que  debe  dar  respuesta  dentro  del  término  de  sesenta  (60)  días 
contados a partir del día siguiente de la fecha de notificación de la presente comunicación. 
En caso de no dar  respuesta  al  presente  requerimiento,  o  si  a  pesar  de  la  respuesta 
subsistieran los impedimentos para la concesión, se denegará la patente.

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

Finalmente, se le recuerda al solicitante que si como respuesta a este requerimiento llegara 
a modificar el capítulo reivindicatorio y éste contenga más de diez (10) reivindicaciones, no 
pagará  la  tasa  de  modificación  voluntaria  pero  sí  la  correspondiente  al  pago  por 
reivindicación adicional.

Notifíquese el  presente oficio  conforme a lo dispuesto en el  numeral  5.2,  literal  e),  del 
capítulo quinto del título primero de la Circular Única No. 10 de 2001. 

El anterior requerimiento fue notificado por fijación en lista, de fecha  2014-06-03

Elaboró: Lyna Del Carmen Mordecay Dunoyer
Revisó: Gloria Jacqueline Alfonso Rozo
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NVP-BEZ235, a Dual PI3K/mTOR Inhibitor, Prevents PI3K

Signaling and Inhibits the Growth of Cancer Cells with

Activating PI3K Mutations

Violeta Serra, Ben Markman, Maurizio Scaltriti, Pieter J.A. Eichhorn, Vanesa Valero,
Marta Guzman, Maria Luisa Botero, Elisabeth Llonch, Francesco Atzori, Serena Di Cosimo,
Michel Maira, Carlos Garcia-Echeverria, Josep Lluis Parra, Joaquin Arribas, and José Baselga

1Laboratory of Oncology Research, Medical Oncology Service, and 2Department of Pathology, Vall d’Hebron University Hospital, Barcelona,
Spain; and 3Novartis Institutes for BioMedical Research-Novartis Oncology, Basel, Switzerland

Abstract

Phosphatidylinositol-3-kinase (PI3K) pathway deregulation is
a common event in human cancer, either through inactivation
of the tumor suppressor phosphatase and tensin homologue
deleted from chromosome 10 or activating mutations of p110-
A. These hotspot mutations result in oncogenic activity of the
enzyme and contribute to therapeutic resistance to the anti-
HER2 antibody trastuzumab. The PI3K pathway is, therefore,
an attractive target for cancer therapy. We have studied NVP-
BEZ235, a dual inhibitor of the PI3K and the downstream
mammalian target of rapamycin (mTOR). NVP-BEZ235
inhibited the activation of the downstream effectors Akt, S6
ribosomal protein, and 4EBP1 in breast cancer cells. The
antiproliferative activity of NVP-BEZ235 was superior to the
allosteric selective mTOR complex inhibitor everolimus in a
panel of 21 cancer cell lines of different origin and mutation
status. The described Akt activation due to mTOR inhibition
was prevented by higher doses of NVP-BEZ235. NVP-BEZ235
reversed the hyperactivation of the PI3K/mTOR pathway
caused by the oncogenic mutations of p110-A, E545K, and
H1047R, and inhibited the proliferation of HER2-amplified
BT474 cells exogenously expressing these mutations that
render them resistant to trastuzumab. In trastuzumab-
resistant BT474 H1047R breast cancer xenografts, NVP-
BEZ235 inhibited PI3K signaling and had potent antitumor
activity. In treated animals, there was complete inhibition of
PI3K signaling in the skin at pharmacologically active doses,
suggesting that skin may serve as surrogate tissue for
pharmacodynamic studies. In summary, NVP-BEZ235 inhibits
the PI3K/mTOR axis and results in antiproliferative and
antitumoral activity in cancer cells with both wild-type and
mutated p110-A. [Cancer Res 2008;68(19):8022–30]

Introduction

The phosphatidylinositol-3-kinase (PI3K)/Akt signaling pathway
plays a central role in diverse cellular functions, including
proliferation, growth, survival, and metabolism. In addition to
their physiologic role, several isoforms of the PI3K family are

implicated in pathologic processes and diseases. In particular,
members of class 1A PI3Ks, which are heterodimers comprised of a
p85 regulatory and a p110 catalytic subunit, are often mutated in
human cancer (1–6).
The initiating event of a growth factor binding to a receptor

tyrosine kinase enables PI3K to interact with the intracellular
domain of the receptor tyrosine kinase (7, 8). This binding, which
occurs either directly or indirectly via adaptor molecules such as
insulin receptor substrate 1 (IRS-1), removes the inhibitory effect of
p85 and leads to the activation of the lipid kinase activity of the
p110 subunit (9). The GTPase RAS can also directly activate PI3K
(10). p110 phosphorylates the phosphatidylinositol-4,5-diphosphate
to phosphatidylinositol-3,4,5-triphosphate, itself responsible for
facilitating the phosphorylation of Akt (also known as PKB) at
Thr308 by PDK1 (11). A second phosphorylation event at Ser473 by
the mammalian target of rapamycin (mTOR)-rictor complex
(mTORC2) is required for maximal Akt activity (8, 12).
Akt is the central effector of the pathway (reviewed in Engelman

and colleagues 13). It is able to execute its myriad cellular
operations via a host of effectors, including direct substrates such
as tuberous sclerosis 2 (TSC2), glycogen synthase kinase 3 (GSK3),
and the forkhead box transcription factors (FOXO). It promotes
protein synthesis and cell growth by alleviating TSC1/2 suppres-
sion of mTOR, allowing the latter to act as part of the mTOR-raptor
complex on 4EBP1 and ribosomal protein S6 kinases (S6K; ref. 14).
Akt reduces cell cycle inhibitors p27 and p21, and promotes cell
cycle proteins c-Myc and cyclin D1, resulting in enhanced cellular
proliferation. Influence extends to a host of proapoptotic and
antiapoptotic proteins, such as the Bcl-2 family member Bad,
limiting programmed cell death and boosting cellular survival.
Some of these phenomena are mediated by the Akt-driven
expulsion of FOXO from the nucleus, from which it normally
inhibits the transcription of genes promoting apoptosis and cell
cycle arrest.
Genetic aberrations of the PI3K/Akt pathway are among the

most commonly encountered in human cancer. Germ line loss of
function mutations at the PTEN gene locus on chromosome 10q
result in cancer predisposition syndromes, whereas somatic loss of
heterozygosity 10q is prevalent in breast, gastric, endometrial and
prostate cancer, and glioblastomas (13, 15). PIK3CA , the gene
encoding p110-a, is frequently amplified or mutated. The
mutations tend to cluster in ‘‘hotspots’’, with f80% accounted
for by oncogenic substitutions in exon 9 (E542K and E545K) and
exon 20 (H1047R; ref. 1). Breast, colon, endometrial, and
hepatocellular cancers harbor these changes with greatest
frequency in human populations (16). These critical perturbations
have shown transforming capacity in vitro and in vivo (17, 18).

Note: Supplementary data for this article are available at Cancer Research Online
(http://cancerres.aacrjournals.org/).
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Excessive signaling through the PI3K/Akt cascade has been
shown to be both prognostic and predictive. In breast cancer,
PIK3CA mutation and functional PTEN loss have been linked with
poorer patient outcomes, whereas in glioblastoma, high pathway
activity has been shown to be significantly associated with reduced
patient survival times (19, 20). Constitutive PI3K activity predicting
for resistance to cytotoxic agents has been shown in models of
breast, lung, and ovarian cancer, often evidenced by attenuation in
the level of apoptosis (21–23). Furthermore, the anti-HER2
monoclonal antibody trastuzumab depends on intact p110-a or
PTEN for its action in HER2-overexpressing breast cell lines (19, 24).
This constellation of features of PI3K/Akt signaling—critical

cellular functions, prevalent oncogenic genetic aberrations, conse-
quent therapeutic resistance, and its potential reversal—have made
the inhibition of this pathway an attractive target for developmen-
tal anticancer strategies. A new generation of PI3K inhibitors is
emerging, overcoming earlier problems of poor selectivity,
unfavorable pharmacokinetic profiles, and unacceptable toxicity
(reviewed in ref. 25). A number of these agents have entered early
phase clinical trials. NVP-BEZ235 (Novartis Pharma) is a synthetic
low molecular mass compound belonging to the class of imi-
dazoquinolines that potently and reversibly inhibits class 1 PI3K
catalytic activity by competing at its ATP-binding site. NVP-
BEZ235 also inhibits mTOR catalytic activity but does not target
other protein kinases (26).
In this report, we show that NVP-BEZ235 is highly active against

breast cancer cell lines and xenografts harboring endogenous or
overexpressed p110-a mutants. Under the tested experimental
conditions, we establish a differential effect of NVP-BEZ235
according to the concentration used, whereby mTOR inhibition
predominates at a low concentration (<100 nmol/L) but dual
mTOR/PI3K blockade is observed at relatively higher concen-
trations (�500 nmol/L).

Materials and Methods

Cell lines and treatments. All the cell lines were obtained from the
American Type Culture Collection and maintained in 1:1 DMEM/F12

supplemented with 10% fetal bovine serum and 2 mmol/L L-glutamine

(Life Technologies, Inc. Ltd.) at 37jC in 5% CO2. Cells infected with the PI3K-
based vectors were selected and maintained in the same medium containing

1.0 and 0.5 Ag/mL of puromycin (Sigma), respectively. NVP-BEZ235,

everolimus (NVP-RAD001), and NVP-AEW541 were kindly provided by

Novartis Institutes for BioMedical Research-Oncology, Basel Switzerland and
were dissolved in DMSO. Trastuzumab (Herceptin; kindly provided by

F. Hoffmann-La Roche, Basel, Switzerland) was dissolved in sterile

apyrogenic water. Cells were treated at the indicated final concentrations

of drugs. Wherever indicated, cells were serum-deprived for 16 h, then
incubated with the appropriate inhibitor, and finally stimulated with insulin

growth factor I (IGF-I; 50 ng/mL) for 30 min. DMSO was added to the culture

medium of the control cells and was always kept below 0.1%.

Western blot, immunoprecipitation, and immunofluorescence. For
drug treatments, cells were counted and their viability assessed with a

Guava cytometer. Cells (2 � 105 to 4 � 105) were grown in 60 mm dishes

and treated with NVP-BEZ235 for the indicated concentrations and
time. Cells were washed twice with ice-cold PBS and scraped into

ice-cold radioimmunoprecipitation assay lysis buffer (20 mmol/L

Na2PO4, 150 mmol/L NaCl, 5 mmol/L EDTA, 1% Triton X-100, 25 mmol/L

h-glycerol phosphate, 1 mmol/L MgCl2, 50 mmol/L NaF supplemented with
200 Amol/L Na2VO4, and protease inhibitor cocktail; Roche). For detection
of caspase 3 and poly(ADP-ribose)polymerase (PARP) cleavage products, the

detached cells were collected and lysed together with the adherent cells.

Lysates were cleared by centrifugation at 15,000 � g for 10 min at 4jC, and

supernatants were then removed and assayed for protein concentration
using the DC Protein assay (Bio-Rad). Thirty micrograms of total lysates

were resolved by SDS-PAGE, and electrophoretically transferred to

nitrocellulose or polyvinylidene difluoride ( for Thr308-P-Akt, 4EBP1 and

cleaved caspase 3 detection) membranes. Membranes were hybridized with
the following primary antibodies from Cell Signaling: Ser473-P-Akt, Thr308-

P-Akt, Akt, Ser240/244-P-S6, S6, 4EBP1, PARP, IRS-1, and cleaved caspase 3

in 5% bovine serum albumin or with caspase 3 (Alexis Biochemicals) and

actin (Bionova) in 1% nonfat dry milk. Mouse and rabbit horseradish
peroxidase–conjugated secondary antibodies (Amersham Biosciences) were

used at 1:3,000 in PBS-T/1% nonfat dry milk. Protein-antibody complexes

were detected by chemiluminescence with the SuperSignal West Dura

Extended Duration Substrate, and images were captured with a FUJIFILM
LAS-3000 camera system. The experiments were repeated at least thrice.

For immunoprecipitation experiments, cells were grown in 100 mm

dishes and treated with NVP-BEZ235, everolimus, NVP-AEW541, or the
combination of drugs for 24 to 48 h. Volumes of 500 AL of lysis buffer
containing equal amount of proteins were incubated with immobilized Akt1

antibody (Cell Signaling) overnight at 4jC with gentle rotation. The beads
were washed thrice with lysis buffer before suspension in SDS loading
buffer. For immunofluorescence, 4 � 104 cells were seeded on 14-mm

coverslips in 24-well plates. After treatment was completed, cells were

washed with PBS, fixed in 4% paraformaldehyde-PBS for 20 min at room

temperature and permeabilized in cold PBS with 0.2% Triton X-100 for
10 min at room temperature. After blocking with PBS, 1% bovine serum

albumin, 0.1% saponin, and 0.02% azide for 40 min at room temperature, the

slides were incubated with the primary antibody (1:50, FOXO; Santa Cruz)
for 1 h at room temperature and thereafter with the anti-rabbit Alexa 488

antibody (1:500). Coverslips were mounted on glass slides with 4¶,6-
diamidino-2-phenylindole–containing Vectashield mounting medium (Vec-

tor Laboratories) and visualized by confocal microscopy. The negative
control shows a staining without primary antibody.

Cell cycle analysis. Cells (5 � 105) were seeded in 60-mm dishes and

treated with NVP-BEZ235 for 48 h. Floating and adherent cells were

collected by trypsinization and washed once with PBS. Cells were incubated
in 70% ethanol at �20jC overnight, treated with 20 Ag/mL RNase A, then
stained with 0.5 Ag/mL of propidium iodide, and evaluated by flow

cytometry (Beckman Coulter Epics XL, Beckman Coulter). The experiments
were repeated thrice.

Proliferation assays: crystal violet and WST-1. Depending on the cell

line, 2 � 103 to 4 � 105 cells were seeded in six-well plates and treated with

increasing doses of NVP-BEZ235. Medium was replaced every 3 to 4 days.

After 11 days, adherent cells were fixed in 20% glutaraldehyde in growth

medium for 10 min, then washed twice in distilled water and stained with

0.1% crystal violet for 30 min. After washing, the stain was dissolved with

10% acetic acid and subsequently quantified at 570 nm. The 50% growth-

inhibitory concentrations were calculated for at least two independent

assays per cell line. For BT474 cells overexpressing the ecotropic receptor

(BT474-eco), 4 � 104 cells were seeded in 12-well plates. Medium was

replaced every 3 to 4 days with the indicated drugs. After 8 days, cell

proliferation was quantified by crystal violet as described.

For WST-1–based cell viability assays, 1 � 105 cells were seeded in 96-
well plates and were treated with increasing doses of NVP-BEZ235 and

everolimus for 72 h, starting 24 h after seeding (day 1). The WST-1

colorimetric assay was quantified at 415 nm, and normalized to the value of

untreated cells. A duplicate plate of untreated cells was measured at 24 h.
The X-axis value represents the amount of cells at the beginning of the

assay and resulted from the ratio between untreated cells at 24 h and

untreated cells at 72 h. All experiments were repeated at least twice.
Overexpression of PIK3CA mutants. pBABE-based and pJp-1520–based

vectors were kindly provided by Marion Dorsch (Novartis Oncology,

Cambridge, MA) and Joan Brugge (Harvard Medical School, Boston, MA),

respectively. Plasmid DNA was sequenced to confirm the presence of the
oncogenic mutations. SkBr3 and BT474 cells overexpressing the ecotropic

receptor (SkBr3-eco and BT474-eco, respectively) were infected with

ecotropically packed retroviruses, whereas amphotropic viruses were

needed to infect MDA-231 and BT474-VH2 cells.
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Tumor xenografts in nude mice. Mice were maintained and treated in
accordance with institutional guidelines of Vall d’Hebron University

Hospital Care and Use Committee. Six- to 8-week-old female athymic

nude-Foxn1nu mice were purchased from Harlan Laboratories (Italy). Mice

were housed in air-filtered laminar flow cabinets with a 12-h light cycle and
food and water ad libitum . Mice were handled with aseptic procedures and

allowed to acclimatize to local conditions for 1 week before the

experimental manipulations. A 17h-estradiol pellet (Innovative Research
of America) was implanted s.c. into each mouse 1 day before injection of
BT474-VH2 cells. BT474-VH2 cells were obtained from in vitro explants of

BT474-derived xenografts (27) and expanded in DMEM/F12 supplemented

with 10% fetal bovine serum, 0.5 Ag/mL puromycin (Sigma), and 2 mmol/L
of L-glutamine at 37jC in 5% CO2. Cells (2 � 107) were resuspended in PBS,
mixed with Matrigel (1:1; BD Biosciences) and injected s.c. into the right

flank of each mouse in 200 AL of final volume. Treatment began when
tumors reached an average size of 500 mm3 (11 days after injection)

and were thus considered as established growing xenografts. NVP-BEZ235
(40 mg/kg in 10% NMP–90% PEG) was freshly prepared and given p.o. once

every 24 h in 100 AL of volume. Tumor xenografts were measured with
calipers thrice a week, and tumor volume was determined using the

formula: (length � width2) � (k/6). At the end of the experiment, the
animals were anesthetized with a 1.5% isofluorane-air mixture and killed by

cervical dislocation. Results are presented as mean F SD.

Immunohistochemistry. Tumor xenografts and non–tumor tissue

(skin) were fixed immediately after removal in a 10% buffered formalin
solution for a maximum of 48 h at room temperature before being

dehydrated and paraffin-embedded under vacuum conditions. Slides were

deparaffinized, and endogenous peroxidase activity was blocked by

incubation in 3% H2O2 in methanol for 10 min at room temperature.
Sections were then microwaved in PBS for 4 min for antigen retrieval and

incubated with avidin and then biotin for 15 min each to block nonspecific

binding. An immunoperoxidase technique was then performed using a

Figure 1. NVP-BEZ235 inhibits the PI3K pathway. A, Western blot showing decrease in Ser473-P-Akt, Ser240/244-P-S6, and of P-4EBP1 (lower mobility shift) in
total lysates from breast cancer cells treated with NVP-BEZ235 for 6 h at the indicated concentrations ranging from 0 to 2,000 nmol/L. Total Akt and S6 levels are shown
for loading control. Where indicated, cells were serum-starved then stimulated with IGF-I. B, immunofluorescence showing nuclear relocalization of endogenous
FOXO3a/FKHRL1 in BT474 cells treated with NVP-BEZ235 at 100 and 500 nmol/L for 6 h. C, Western blot of total lysates of SkBr3, BT474 and MDA-468 cells treated
with NVP-BEZ235 at concentrations 100 and 500 nmol/L for up to 48 h. Phosphorylation of Akt initially decreased but slowly recovered after 24 h to 48 h, whereas
S6 remained dephosphorylated, as did 4EBP1. At 500 nmol/L, NVP-BEZ235 inhibition of Akt phosphorylation was sustained. D, Western blot of total lysates
showing increase in Akt phosphorylation in DU145 cells treated with NVP-BEZ235 at 10 and 100 nmol/L and everolimus at 5 nmol/L for 48 h. AEW-541 (1 Amol/L)
prevented both NVP-BEZ235-dependent and everolimus-dependent increase in the phosphorylation of Akt. NVP-BEZ235 (500 nmol/L) fully decreased P-Akt. As a
control, 90 min of treatment with the dual inhibitor fully decreased P-Akt, P-S6, and P-4EBP1. Everolimus (5 nmol/L) did not fully dephosphorylate 4EBP1. NVP-BEZ235
induced IRS-1 dephosphorylation (lower mobility shift) and accumulation, similar to everolimus.
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commercial kit (Vectastain ABC Elite, Vector Laboratories). Primary
antibodies were Ser473-P-Akt, Ser240/244-P-S6, Thr70-P-4EBP1, and Ki67

(all from Cell Signaling) and secondary antibody was from Amersham. As a

negative control, primary antibody was omitted. No labeling was ever
observed in control experiments when primary antibodies were omitted or,

alternatively, when normal nonimmune serum was used. There was no

evidence of cross-reactivity with the antibodies used in this study. H-scores

were used to quantify the expression of the phosphoproteins, whereas the
percentage of stained cells was counted in the Ki67 staining.

Statistical analysis. Inhibitory concentrations 50 (IC50) and growth-
inhibitory concentrations 50 (GI50) were estimated graphically as the

concentration of drug that inhibited the phosphoprotein levels to 50% of
control cells or the drug concentration that inhibited cell growth by 50%.

For in vitro assays and nude mice experiments, comparisons between

groups were made using a two-tailed Student’s t test. Differences of P < 0.05

were considered statistically significant.

Results

NVP-BEZ235 inhibits Akt, S6RP (S6), and 4EBP1 phosphor-
ylation and induces FKHRL1 nuclear translocation. The dual
p110 and mTORC1/2 inhibitory activity of NVP-BEZ235 was
assessed in breast cancer cell lines with different modulations of
the PI3K/Akt cascade as a result of wild-type p110-a (MDA-231),
mutated p110-a (MCF7, T47D), loss of PTEN (MDA-468), or
amplification of HER2 (BT474, SkBr3). Dose-response experiments

showed that NVP-BEZ235 was able to inhibit the phosphorylation
of Ser473-Akt, Ser240/244-S6, and 4EBP1 in all cell lines tested,
irrespective of the basal activation of PI3K/Akt cascade (Fig. 1A).
Similar findings were observed in a panel of non–breast cancer cell
lines (data not shown). Together with Ser473-P-Akt, phosphoryla-
tion of Thr308-Akt was also reduced in a dose-dependent manner
(Supplementary Fig. S1). Of note, the IC50 for Ser473-P-Akt was
6.4-fold higher than that of P-S6 (77 F 29 nmol/L compared with
12 F 10 nmol/L). In agreement with an elevated IC50 for Ser473-
P-Akt, we observed that complete FKHRL1 nuclear translocation
was achieved only at 500 nmol/L NVP-BEZ235 and not at the lower
dose of 100 nmol/L (Fig. 1B).4 Indeed, mTORC2 is the necessary
component of the Ser473-P-Akt-FOXO pathway (28).
Moreover, time course experiments revealed that long-term

exposure to low concentrations of NVP-BEZ235 resulted in
sustained inhibition of P-S6, with a concomitant increase of P-
Akt levels. Such an effect on P-Akt was completely abolished in
cells incubated at higher concentrations of the inhibitor (Fig. 1C).
In agreement with previously published data (29, 30), we found that
the total levels of S6 decreased after long-term exposure to NVP-
BEZ235.

4 M. Maira, unpublished data.

Figure 2. NVP-BEZ235 inhibits cell proliferation and
promotes cell death. A, WST-1 assay showing the
sensitivity of breast cancer cells to NVP-BEZ235 and
everolimus at increasing concentrations of drug (nmol/L)
for 72 h. The data was normalized to the value of control
cells. The value where the X-axis crosses the Y-axis in
each graph represents the quantity of cells present
when treatment was initiated. Values below the X-axis
indicate cytotoxicity. B, G1 cell cycle arrest in cancer
cells treated with 100 nmol/L of NVP-BEZ235 for
48 h analyzed by flow cytometry. NVP-BEZ235
augmented the percentage of cells in the G0-G1
phase of the cell cycle, compared with untreated cells.
Columns, means; bars, SD. C, Western blots of cleaved
caspase 3 and cleaved PARP in cancer cells treated
with different concentrations of NVP-BEZ235 for 72 h.
Doxorubicin was used as a positive control. MCF-7
cells are caspase 3–deficient. Actin was used as a
loading control.
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Suboptimal doses of NVP-BEZ235 induce Akt phosphoryla-
tion. We investigated whether the long-term increase in P-Akt
levels observed in cells exposed to a low concentration of NVP-
BEZ235 was due to the disruption of the known S6K1 to IRS-1
negative feedback loop (31). For this purpose, we chose the DU145
prostate cancer cells, for which the rapamycin-induced deregula-
tion of S6K–IRS-1 is well described (32). When DU145 cells were
treated with NVP-BEZ235 for a short period of time (90 minutes)
Akt was completely dephosphorylated regardless of the dose level
used (Fig. 1D). On the contrary, as previously observed in Fig. 1C ,
longer term (48 hours) exposure to low doses of NVP-BEZ235
(10 and 100 nmol/L) induced an increase in P-Akt. This effect was
prevented by the IGF-IR tyrosine kinase inhibitor AEW-541. Also, a
higher NVP-BEZ235 concentration (500 nmol/L) completely
blocked Akt phosphorylation in these cells, irrespective of
treatment duration. As expected, the rapamycin analogue ever-
olimus, an mTORC1 inhibitor (which seems to have additional
activity against the mTORC2 in some cells; ref. 33) led to the
inactivation of mTOR targets and was associated with increased
levels of P-Akt both at 90 minutes and 48 hours. This effect was
abolished by NVP-AEW541 (48 hours). Both inhibitors, NVP-
BEZ235 and everolimus, induced IRS-1 dephosphorylation (lower
mobility shift) and accumulation, as described for everolimus (32).
Although a similar effect was observed in the breast cancer cell
lines BT474 and MDA-468, this was not reverted with the help of
IGF-IR (Supplementary Fig. S2).

Reduction of cellular proliferation in cancer cells is
associated with G1 arrest and induction of apoptosis. Cellular
viability and proliferation was assessed by both WST-1 assay and
crystal violet staining in an extended panel of cancer cells of
different origin with diverse activation status in the PI3K and Ras
pathways (n = 21). NVP-BEZ235 reduced the number of viable cells
in a dose-dependent manner in all cell lines tested after 3 days
(Fig. 2A ; Supplementary Fig. S3). When compared with everolimus,
the dual inhibitor NVP-BEZ235 was consistently more potent in
inhibiting the proliferation of the tested cells at concentrations
>10 nmol/L. Similar results were obtained by treating the cancer

cells for an extended period of time and calculating the GI50s. All
cells tested were potently inhibited by NVP-BEZ235, with GI50s
ranging between 5 and 32 nmol/L. A trend was observed, in that K-
Ras/B-Raf/EGFR+ cell lines were less sensitive to NVP-BEZ235
(Supplementary Fig. S4).
Consistent with the antiproliferative effects of NVP-BEZ235,

the proportion of cells in the G1 phase of the cell cycle was
substantially increased after treatment with the inhibitor (Fig. 2B).
Markers of apoptosis such as cleavage products of caspase 3 and
PARP were detected by Western blot in four representative breast
cancer cell lines with different PI3K pathways and HER2 status
(Fig. 2C).

NVP-BEZ235 targets p110-A oncogenic mutations. In order
to confirm the ability of NVP-BEZ235 to target the p110-a
oncogenic mutations in cell culture, we exogenously expressed
wild-type p110-a and the E545K and H1047R mutations in a cell
line with a wild-type p110-a background and low levels of basal
P-Akt (MDA-231 cells). In conditions of serum deprivation, the
oncogenic mutations induced constitutive Akt phosphorylation,
which was abolished when the cells were treated with NVP-BEZ235
for 6 hours (Fig. 3), demonstrating that NVP-BEZ235 targets p110-a
oncogenic mutations.

NVP-BEZ235 overcomes trastuzumab-resistance driven by
p110-A oncogenic mutations in HER2-positive breast cancer
cells. We engineered both BT474 and SkBr3 breast cancer cells
(HER2-amplified and trastuzumab-sensitive) to overexpress the
p110-a–activating mutations E545K or H1047R, which have
recently been shown to confer resistance to trastuzumab (19).
As expected, overexpression of mutated p110-a E545K and
H1047R in BT474 cells increased P-Akt when compared with
control cells (Fig. 4A). Down-regulation of HER2 with trastuzumab
reduced the levels of Akt in control cells but not in wild-type or
mutated p110-a–overexpressing cells. Similarly, 4EBP1 was
dephosphorylated only in control cells treated with trastuzumab.
NVP-BEZ235 was active in decreasing Akt, S6, and 4EBP1
phosphorylation in all cells regardless of their p110-a status. A
WST-1 assay was used to assess the growth-inhibitory potential of
both trastuzumab and NVP-BEZ235 at increasing doses. BT474
cells bearing p110-a oncogenic mutations were less sensitive to
trastuzumab compared with the p110-a wild-type and control
cells (Fig. 4B). The capacity of NVP-BEZ235 to inhibit the proli-
feration of p110-a–mutated cells was also quantified by crystal
violet staining after 8 days of continuous drug exposure. Hotspot
mutated cells grew faster than control cells in the presence of
trastuzumab, whereas all cells showed equal growth inhibition in
the presence of NVP-BEZ235 (Fig. 4C). The same effects as in
Fig. 4A, B and C were observed in SkBr3 cells overexpressing the
PI3K mutants (data not shown).

NVP-BEZ235 antitumor activity in vivo. The antitumor
activity of NVP-BEZ235 was further studied in a xenograft model
derived from HER2-amplified BT474 breast cancer cells engineered
to express either the H1047R hotspot mutation or the empty vector
(pBABE). NVP-BEZ235 daily oral treatment at 40 mg/kg started
11 days after cell injection, when tumors reached an average volume
of 500 mm3. NVP-BEZ235 resulted in suppressed tumor growth
(Fig. 5A). The H1047R-overexpressing tumors responded better to
the NVP-BEZ235 treatment when compared with mock controls.
At the end of the experiment, we measured the levels of P-Akt, P-S6,
P-4EBP1, and Ki67 in tumor tissues by Western blot and
immunohistochemistry excised from the mice at 1 and 24 hours
post-drug administration. In both H1047R and control tumors,

Figure 3. NVP-BEZ235 is active against the p110-a hotspot mutations. Western
blot of total lysates of MDA-231 cells engineered to overexpress either wild-type
or the oncogenic mutations of p110-a (E545K and H1047R). E545K- and
H1047R-overexpressing cells had higher levels of p-Akt compared with mock
control or p110-a–overexpressing cells. The increased Akt phosphorylation was
inhibited by 100 nmol/L of NVP-BEZ235 treatment for 6 h.
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P-Akt was reduced at 1 hour post-dosing, but recovered to baseline
24 hours after drug administration (Figs. 5B and 6). P-S6 was also
reduced at 1 hour post-dosing, but after 24 hours of treatment, P-S6
levels remained lower in H1047R tumors. The percentage of Ki67-
positive cells decreased in NVP-BEZ235–treated animals at 1 hour
after last drug administration, an effect that persisted 24 hours after
the last dosage only in H1047R tumors (Fig. 5C). P-4EBP1 was not
significantly changed by immunohistochemistry (data not shown).
In the same mice, we performed immunohistochemistry for

levels of P-Akt, P-S6, and P-4EBP1 in normal skin at 1 hour after
last drug administration. In the basal layer of skin, P-Akt, P-S6, and
P-4EBP1 were significantly reduced upon NVP-BEZ235 treatment,
1 hour after last drug administration (Fig. 6A and B). These findings
are similar to those observed in the tumors and suggest that skin
may be a good surrogate tissue to study PI3K and mTOR inhibition.

Discussion

NVP-BEZ235 is an ATP competitor that potently and reversibly
reduces the kinase activity of both p110 and mTOR. Consequently, it
inhibits several PI3K pathway effectors, among them the serine/
threonine-specific protein kinase Akt, the ribosomal protein S6, and

the eukaryotic translation initiation factor 4E binding protein 1
(4EBP1) and induces nuclear translocation of forkhead transcrip-
tion factor FKHRL1 (FOXO3a). The reported IC50s for Thr308-P-Akt
and Ser473-P-Akt are 29 and 8 nmol/L, respectively, and 6.5 nmol/L
for mTOR (26). In our hands, the cellular IC50 for Akt phosphor-
ylation measured by Western blot was significantly higher than that
previously reported in the literature. This may be explained by
differences in the assays employed, the cell lines tested and the
durations of treatment. Also, the fact that p70 S6K, the upstream
kinase of S6 ribosomal protein, is sequentially activated by both
mTORC1 and PDK1 may explain why S6 phosphorylation is more
sensitive to NVP-BEZ235 than Ser473-P-Akt (activated only by
mTORC2). Thus, the inactivation of p70S6K may be an additive
effect because its two major activator kinases are blocked by NVP-
BEZ235. Furthermore, the disruption of the p70 S6K–IRS-1 feedback
could explain, at least in part, an overall increase in Akt
phosphorylation at times/concentrations when p70 S6K is inhibited.
This effect varies between cell lines and over time. In DU145
prostate cancer cells, the IGF-IR tyrosine kinase inhibitor
NVP-AEW541 was effective in preventing the Akt phosphorylation
caused by both NVP-BEZ235 and everolimus, indicating that
blocking upstream signaling may prevent the effects of negative

Figure 4. PI3K mutants in HER2+ cells are sensitive to NVP-BEZ235 in vitro. A, overexpression of E545K and H1047R mutations induced Akt phosphorylation in
untreated cells (O ). Trastuzumab (T, 50 nmol/L, 48 h) decreased HER2 expression in all cells treated but only achieved Akt and 4EBP1 dephosphorylation in
control cells. NVP-BEZ235 (B, 500 nmol/L, 24 h) achieved dephosphorylation of all of the depicted PI3K targets in all cells. B, the sensitivity of BT474 cells
overexpressing either p110-a wild-type or the activating mutations E545K and H1047R was assayed by WST-1 after 72 h of NVP-BEZ235 and trastuzumab treatment
at increasing concentrations. Oncogenic mutations conferred resistance to trastuzumab but were equally sensitive to NVP-BEZ235 compared with p110-a
overexpressing or control cells. *, P < 0.05, compared with empty vector control. C, the growth of BT474 cells overexpressing either wild-type p110-a or hotspot
mutations was assessed by crystal violet after 8 days of treatment. Mutated cells were less sensitive to trastuzumab (T, 15 nmol/L) compared with p110-a–
overexpressing cells or mock control, whereas they were inhibited by NVP-BEZ235 (B, 10 nmol/L). **, P < 0.01 ***, P < 0.001, compared with mock control.
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feedback loop disruption in these cells. Higher doses of NVP-
BEZ235 (500 nmol/L) are also sufficient to fully prevent this
increased upstream signaling. On the contrary, in BT474 and MDA-
468 cells, IGF-IR inhibition did not revert the P-Akt induction seen
at low doses of the dual inhibitor, leading us to postulate that
alternative mechanisms could also account for the increased P-Akt
(Supplementary Fig. S2). This observation has clinical implications
because some patients treated with rapamycin analogues showed
an increase in P-Akt in tumors and thus this effect has been
postulated to be one of the reasons for their lack of clinical activity
(32, 34). Therefore, it may be desirable to achieve dual inhibition of
both mTOR and p110 in order to prevent this increase in P-Akt,
which is reached by NVP-BEZ235 in the tested cells at doses
>500 nmol/L.
In our studies, we found a lack of correlation between basal

activity of the PI3K/Akt pathway and biochemical activity of NVP-
BEZ235. It could be an indication that this agent blocks Akt in full
regardless of its level of activation, in a similar fashion as it occurs
with other kinase inhibitors such as lapatinib in erbB2-positive
tumors. It is already known that in breast cancer, the activity of the
PI3K/mTOR axis is often regulated by other signaling elements,
such as HER2 overexpression or PTEN loss of function, which
generally results in high levels of P-Akt. In agreement with this, we
found that MDA-468 (PTEN�), BT474, and SkBr3 (both HER2+)
have high levels of P-Akt. Because PI3K behaves as a ‘‘bottleneck’’ in
which these and other pathways converge, a plausible explanation
is that inhibiting PI3K with NVP-BEZ235 prevents Akt activation
independently of the upstream pathways involved. This would

support the lack of correlation between the compound’s biochem-
ical activity and basal levels of P-Akt. Regardless of the cause, this is
an important observation because this data suggests that in
patients, therapy with NVP-BEZ235 should not be selected based
on the basal levels of P-Akt in the tumors.
NVP-BEZ235 blocked proliferation in all of the cancer cell lines

tested (n = 21), independently of their PI3K pathway mutation
status. In addition, NVP-BEZ235 was superior to everolimus in all
tested cell lines. The differential sensitivity to the dual pan-PI3K/
mTOR inhibitor (NVP-BEZ235) versus the allosteric mTORC1
inhibitor (everolimus) is likely to be due to the different mechanisms
of action of these two agents. We believe that the higher activity of
NVP-BEZ235 is due to inhibition of p110. At low doses, both
compounds inhibit mTOR signaling and mTOR-dependent prolif-
eration. At higher doses, everolimus’ antiproliferative effects reach a
plateau whereas the dual inhibitor continues to increase its
antiproliferative effects that are maximal at higher concentrations
(z100 nmol/L). Importantly, inhibition of P-Thr308-Akt by
NVP-BEZ235 also occurs at concentrations z100 nmol/L, suggest-
ing that the increased antiproliferative activity of NVP-BEZ235 is
due to PI3K inhibition (Supplementary Fig. S1).
In terms of any relationship between K-Ras mutations and

sensitivity to NVP-BEZ235, we observed that MDA-231 cells,
harboring a K-Ras mutation, responded poorly to NVP-BEZ235,
suggesting that K-Ras mutation could signal for resistance to the
dual inhibitor. Consequently, we studied a possible correlation
between sensitivity to NVP-BEZ235 and mutation status in a panel
of 27 cancer cell lines. We found that cell lines harboring either

Figure 5. NVP-BEZ235 inhibits tumor growth of HER2+ BT474 xenografts overexpressing the H1047R mutation. A, mice were treated with a daily dose of
NVP-BEZ235 of 40 mg/kg (BEZ40 ) or with vehicle alone (Placebo ) for 21 d and tumors measured every 3 d. Groups were compared at the end of treatment
(day 32). Points, mean; bars, SD. ***, P < 0.001. Arrows, start of treatment. B, Western blot of the BT474 xenografts from A . P-Akt and P-S6 levels were assessed
1 and 24 h after the last drug administration. Total Akt and S6, loading controls. C, quantification of Ki67 immunostaining of the same tumors.
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K-Ras or B-Raf mutations, or EGFR amplification were slightly
less sensitive to NVP-BEZ235 than the rest of the tested
cells. Nevertheless, the GI50s were relatively low (between 5 and
30 nmol/L) for all the tested cell lines. This may be explained by the
predominant mTOR-inhibitory activity of NVP-BEZ235 we have
observed in this concentration range (Fig. 1A).
NVP-BEZ235 equally targets wild-type and mutated p110-a.

Maira and colleagues reported similar IC50s for wild-type 110-a and
the oncogenic mutations E545K and H1047R in enzyme assays,
likely due to the fact that these mutations do not interfere with the
ATP-binding pocket, where the drug reversibly binds.5 Here, we
have shown that NVP-BEZ235 reduced PI3K pathway activity in
either p110-a wild-type or endogenously mutated cells. Moreover,
NVP-BEZ235 targets the E545K and H1047R hotspot mutations

when overexpressed in a cell line with low P-Akt levels (MDA-231),
indicating that the use of this drug is appropriate for tumors
harboring p110-a mutations. The observed inhibition of the PI3K
pathway occurred in parallel to reduced cellular proliferation,
potent G1 arrest and increased expression of apoptotic markers
such as cleaved caspase 3 and cleaved PARP.
The fact that NVP-BEZ235 targets both wild-type and mutated

p110-a has important implications. Increased signaling of PI3K
may occur via upstream or lateral activation (such as via receptor
signaling or PTEN loss of function) or by the presence of activating
mutations in PI3K itself. It is likely that inhibition of this pathway
in any of these circumstances results in similar antiproliferative
effects. Thus, an agent such as NVP-BEZ235 that can effectively
target both wild-type and mutated p110-a has the potential for
wider applicability in the clinic.
As an example, it has been shown that some HER2-positive

patients are refractory to the anti-HER2 monoclonal antibody5 C. Garcia-Echeverria, personal communication.

Figure 6. NVP-BEZ235 decreases P-Akt and P-S6 in tumor xenografts and mouse skin. A, representative examples of immunohistochemistry staining for P-Akt and
P-S6 in tumor xenografts from Fig. 5, showing a decrease of the phosphorylation 1 h after last drug administration and their recovery 24 h thereafter. B, H-score
quantification of A. Columns, mean; bars, SD. C, representative examples of immunohistochemistry staining for P-Akt, P-S6, and P-4EBP1 in skin of animals used in
Fig. 5, 1 h after last drug administration. Arrows, basal layer of skin. D, H-score quantification of the same markers. Columns, mean; bars, SD; *, P < 0.05, **, P < 0.01,
***, P < 0.001.

NVP-BEZ235 Prevents Oncogenic PI3K Signaling

www.aacrjournals.org 8029 Cancer Res 2008; 68: (19). October 1, 2008

Research. 
on May 20, 2014. © 2008 American Association for Cancercancerres.aacrjournals.org Downloaded from 

http://cancerres.aacrjournals.org/


trastuzumab due to the presence of oncogenic mutations in p110-a
or PTEN loss (19). We have observed trastuzumab resistance by over-
expressing the E545K and H1047R hotspot mutations in two HER2-
amplified cell lines (BT474 and SkBr3 cells). This intrinsic resistance
to trastuzumab was overcome by NVP-BEZ235, which showed
similar activity in cells bearing either wild-type or mutated p110-a
and was able to inhibit the phosphorylation of Akt in all cells.
The antitumor activity of NVP-BEZ235 was also evaluated in vivo

using a xenograft model of BT474-derived cells overexpressing
either the p110-a H1047R oncogenic mutation or an empty vector
(mock control). NVP-BEZ235 significantly reduced tumor growth of
both H1047R and empty vector control xenografts. Interestingly, in
our hands, the H1047R-overexpressing tumors responded better to
the treatment. We could speculate that this increased response was
due to a sustained P-S6 suppression and reduced proliferation
(Ki67 low) throughout the whole treatment period.
Nowadays, the identification of potential biomarkers is of

tremendous importance as targeted therapeutics evolve. These
biomarkers aim to serve as surrogates that can correlate drug
activity and target down-regulation. For this reason, we have
quantified P-Akt, P-S6, P-4EBP1 and the percentage of Ki67 positive
cells, in tumor xenografts and mouse skin, as end points to assess
in vivo NVP-BEZ235 activity. The levels of P-Akt and P-S6RP were
significantly reduced 1 hour after NVP-BEZ235 dosage both in
tumor xenografts and skin, suggesting that the latter could be used

as a surrogate marker of target down-regulation in patients treated
with NVP-BEZ235.
The present work shows that NVP-BEZ235 specifically inhibits

activated signaling in both wild-type and mutated p110-a, both in
cellular models and in xenografts. Importantly, inhibition of p110
and mTOR signaling consistently offers an antiproliferative
advantage than inhibiting mTOR alone. Taken together with the
work by Maira and colleagues, in which NVP-BEZ235 showed
activity in cells with PTEN loss, our observations offer a valid
therapeutic alternative for the treatment of solid tumors with
mutated PI3K.
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