# | {\
OLARTEMOURE | |

i
SUPERINTENDENCIA DE INDUSTRIAY COMERCIO

pranTEminE S emamme | \\IIMI'.II‘]INIW!I:I\l!l\lﬁl)ll'._l\llﬂlﬂll_‘z.ﬂ[ﬂﬂzl1|.ﬂ||0\||ll‘|;|mﬂﬂ IR

| A

[
4090- -00013-0 .
: & 32 Dep. 2020 DIR.NUEVASC
?raa?.hfl 1 2%%%7@%11\%32 2 Eve. 378 FASENACIONALI
Sefiores Act. 523 RESPUESTA Folios: 20
SUPERINTENDENCIA DE INDUSTRIA'Y COMERCi() :

DIVISION DE NUEVAS CREACIONES ! Mauricio Avila

José Jaro Dangond

7 ! Gina Cdcceres
L. : S. D. . Isabella Herrera

1 ) —

. * oo ) Liliana Galindo

Marta Clara Calderdn

; Zaava Ravid
) Miguel F. Porras

i Medellin
Maria Clara Munecra

Re:  Expediente N° 10-014.090 : Eddie Manotas

i

Solicitud de¢ Patente de Invencion Titulada: “ANTICUERPOS ANTI CD37
DERIVADOS DE UN ANTICUERPO MONOCLONAL MURINO”
Solicitante: BOEHRINGER INGELHEIM INTERNATIONALi GMBH

Nuestra Ref.: COP2009/100001 )i

) /

1

RESPUESTA AL OFICIO No. 4362, NOTIFICADO POR FIJACI(’)Nl EN LISTA No. 010
DE FECHA 05 DE MARZO DE 2013 ‘
(PRIMER EXAMEN DE FONDO)

CARLOS R. OLARTI, mayor de edad y vecino de Bogotd, identificado tal: como aparece al pie
dc mi firma, en mi caracter de apodera_do de la sociedad solicitante, me pérmito manifestar lo

siguiente ante ¢l auto emanado por ese Despacho, dentro del plazo legal de brérroga previsto en
i

cl articulo 45 de la Decision 486, en los siguientes términos: ,i
}

1. a- n primer lugar, con el 4nimo de brindar mayor claridad a la materia reivindicada,

me permito presentar un Capitulo Reivindicatorio Modificado, que reemplaza en su totalidad el

Capitulo Reivindicatorio radicado el 21 de junio de 2011.

Asi entonces, el Capitulo Reivindicatorio Modificado adjunto contiene los siguientes cambios:

se climinaron las Reivindicaciones 1 a 16, 18 y 21 a 23; i

- las nucvas Reivindicaciones 1 a 5 reclaman de manera especifica los anticuerpos A0, A2y
A4, tal y como cstan definidos en la Tabla 2, en el Capitulo Descriptiﬂvo, pagina 37, lo
cual también encuentra soporte en las antiguas Reivindicaciones 1 a 10; ',

- las nucvas Reivindicaciones 6 a 8 encuentran soporte en las antiguas Reliivindicaciones 11
a 16y cn la Tabla 2 del Capitulo Descriptivo; I'.

- las nucvas Reivindicaciones 9, 11 y 12 corresponden a las antiguas Rei\%indicaciones 17,
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19y 20;
- la nucva Reivindicacion 10 encuentra soporte en la antigua Reivindéicacién 18 y en la
Reivindicacion 37 original.
i
Valga anotar que las modificaciones cfectuadas al Capitulo Reivindicatorio cﬁmplen a cabalidad
con lo estipulado en ¢l Articulo 34 de la Decision 486, ya que éstas de ninguna manera implican
una ampliacién de la proteccion correspondiente a la divulgacion contenida enila solicitud inicial,

éstas, por ¢l contrario, corresponden a una franca limitacion de la materia reclamada.

b- Adicionalmente, en virtud del Articulo 36 de la Decisién! 486, me permito

presentar una solicitud divisional adjunta al presente memorial.

2. a- La Examinadora sugiere retirar del titulo el articulo “un”.

|
1

b- Considero superada la anterior objecion, en tanto se ha modiﬁjcado el titulo de la
siguicnte mancra:
“ANTICUERPOS ANTI CD37 DERIVADOS DE UN ANTICUERPO MONOCLONAL
MURINO”.

3. a- I:] Examinador sefiala que el objeto de la Reivindicacion 18 no se considera una
invencion, de acuerdo con el articulo 15, literal (b) de la Decision 486, ya que;corresponde a una

célula de mamifero.

s

b- Ein primer lugar, me permito sefialar que la Reivindicacion 18 h%l sido eliminada, y

cn su lugar sc ha introducido la nueva Reivindicacién 10, en la que se reclama:

'
I
i

I
10.  Una célula anfitriona que porta uno o mas vectores de acuerdo

con la Reivindicacion 9.

Es decir, y contrario al analisis de la Examinadora, la materia reclamada en la Reivindicacion 10
no corresponde al todo o parte de seres vivos tal como se encuentran en .1ia naturaleza, ni a
material biologico existente en la naturaleza o aquel aislado como se estipula ien el articulo 15,1
literal b, de la Decision 486. La materia que se reclama en la Reivindicacion 10 corresponde a

0 - ‘ . . . L
una célula que porta uno o mds vectores tal y como se caracterizan en la|Reivindicacion 9,
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vectores que contienen moléculas de ADN de acuerdo con las Reivindicaciones 6 a 8, las cuales
codifican para los anticuerpos A0, A2 y A4 de las Reivindicaciones 1 a 5, los cuales no se

cncuentran en la naturaleza.

Asi, es claro que la célula portadora de la Reivindicacién 10 pretende reclamar simplemente una
modalidad dc la invencidn, pues no solo tal célula anfitriona no corresponde aimateria existente
cn la naturalcza porque en la natﬁraleza no se encuentran células anfitrionas que contengan tales
vectores, sino que responde al derecho del inventor de de reclamar proteccion para la totalidad de

un concepto inventivo desarrollado. j

4, a- La Examinadora argumenta que las Reivindicaciones 19 y 23 no son patentables
de acuerdo con el articulo 20, literales ¢) y d) de la Decisidén 486, ya que corresponden a procesos

esencialmente bioldgicos y de tratamiento, respectivamente.

Adicionalmente, la Examinadora argumenta que el método de la Reivindicacion 23 no es claro
porque no se cspecifican la serie de pasos secuenciales necesarios para suprimir las c€lulas B que
expresan CD27 de mancra in vitro, y carece de sustento, pues en el Capitulo Descriptivo sdlo se
hace referencia a métodos in vivo. i

|

b- En primer lugar, cs importante sefialar que la Reivindicacion 23 ba sido eliminada

del Capitulo Reivindicatorio Modificado adjunto. :
Ahora bien, respecto a la nueva Reivindicacion 11 (antigua Reivindicacion 19), me permito
resaltar quc tal reivindicacion no pretende proteger un método esencialmenteibiolégico, pues,
como de hecho lo establece el Instructivo para el Examen de Solicitudes de Pateﬁtes de Invencién

y Modelos de Utilidad de la SIC, “los procesos esencialmente biologicos que hacen parte de un

ciclo bioldgico, son aquellos procesos que se llevan a cabo cn la naturaleza sin necesidad de

. . 1
intervencion humana”

Por el contrario, el proceso aqui reclamado, es decir, transfectar una célula anfitriona con un
vector que contiene una molécula de ADN que codifica para los anticuerpos de la invencion y

producir dicho anticucrpo no ocurre en la naturaleza sin necesidad de intervencion humana.

Es decir, y contrario a la opinién de la Examinadora, para producir los anticuerpos de la
. !

|
s

"Instructivo Examen de Solicitudes de Patentes de Invencién y Modelo de utilidad. Superintendencia de Industria y
Comercio. 2012, Seccién 2473, Pagina 34, tercer parrafo.
(hitp://www.sic.gov.cofrecursos. user/documentos/propiedad industrial/Formatos/P102-106.pdD) i
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invencidn a través del método de la Reivindicacién 11 es necesaria la intervencion humana, pues
dicho proceso no ocurrc a menos que un inventor efectivamente transfecte la célula hospedera
con los vectores de la invencién., por lo que la Reivindicacion 11 no se encuentra dentro de las
cxcepeiones de patentabilidad estipuladas por el articulo 20, literal ¢), de la Decis{én 486.

1
i

5. a- I.a Examinadora argumenta que el Capitulo Reivindicatorio presenta los siguientes

problemas dc claridad:

- las Reivindicaciones 5, 6 y 7 reclaman la misma materia de las Reivindicaciones 8,
9y 10;

- las Reivindicaciones 11 a 16 no son claras, pues no proporcionanila estructura de
la cadena de ADN reclémada, la cual debe ser caracterizada por su secuencia;

- la Rcivindicacién 17 no proporciona la identidad de los vectores y células, asi
como su certificado de deposito; |

- las Reivindicaciones 20 a 22 no definen la estructura de los “ageﬁtes terapéuticos

adicionales”, ademads carece de sustento en el Capitulo Descriptivo.

b- En primer lugar, me permito llamar la atencién de la Examinadora sobre las

siguientes modificaciones realizadas en el Capitulo Reivindicatorio Modificado adjunto:

- Sc climinaron las Reivindicaciones 1 a 10 y se reemplazaron por las
Reivindicaciones 1 a 5, las cuales reclaman los anticuerpos A0, A2 y A4, y
sustituciones especificas en la secuencia que codifica para los apticuemos A2y
Ad; |

- Las Reivindicaciones 11 a 16 se eliminaron y se reemplézaron por las
Reivindicaciones 6 a 8, las cuales reclaman una molécula de ADN caracterizada
por sus secuencias que codifica para los anticuerpos A0, A2 y A4;

- Sc celiminaron las Reivindicaciones 21 y 22.

Ahora bicn, respecto a la falta de claridad de la nueva Reivindicacion 9 (antigua Reivindicacion
17) y de la Reivindicacién 20, me permito resaltar respetuosamente que un inventor esta en su

derecho de reclamar proteccion para la totalidad de un concepto inventivo desarrollado, sin

importar la amplitud de éste, siempre y cuando se conserve el principio de unidad de invencion

y no haya artc previo que afecte su patentabilidad. Es decir, una reivindicacié]n puede ser tan

. . , . i . .
amplia como se requiera para asi poder enmarcar la totalidad del concepto inventivo
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desarrollado y no solamente las modalidades preferidas o especificamente ejemplificadas en la
solicitud. !

En atencidn a lo anterior, no existe requerimiento alguno que determine que los '@jemplos deban
ilustrar todos y cadé uno de los compuestos que se encuentran dentro del alcance de la invencidn,
o quc las rcivindicaciones sélo pueden reclamar lo ilustrado en los ejcmply'os, ya que lo
fundamental cs que el Capitulo Descriptivo proporcione la informacion necesaﬁia para que la
persona medianamente versada en la materia pueda reproducir la invencién sin tenér que acudir a

:
cxperimentacion adicional excesiva. _ '
.

'.
Adicionalmente, es importante sefialar que la presente invencién se refiere a los anticuerpos

!
quiméricos AO, A2 y A4. Asi, los vectores de expresion, las células hospederas y las
composicioncs que los contienen hacen parte del concepto inventivo desarrollado, ‘y solo pueden
caracterizarsc a través de la referencia a los anticuerpos quiméricos. Adiciénalmente, la
patentabilidad de dichos vectores y composiciones farmacéuticas recae precisémente en la
novedad y nivel inventivo de los anticuerpos, mas no en la identidad de los vect"ores o en los
componentes de las composiciones farmacéuticas. De hecho, solicitar la incl’;usién de tal
informacion solamente limita el derecho del solicitante a reclamar proteccidén sobré; el concepto
inventivo desarrollado, ¢s decir, cualquier vector que contenga una molécula de ADN como la de
las Reivindicacion 6 a 8, y que codifique para un anticuerpo quimérico A0, A2 y A4‘-‘, o cualquier

composicion que comprenda dichos anticuerpos novedosos e inventivos de la presente invencion.

|
}
1

. . .y, - . | .
A la luz de lo anterior, difiero respetuosamente de la opinién de la Examinadora, y considero que
las reivindicaciones relacionadas con los vectores 'y las composiciones son perfectamente validas
pues pretender proteger el derecho del inventor a reclamar la totalidad del concepto inventivo

desarrollado, y son ampliamente utilizadas en este tipo de solicitudes, por lo que né afectan la

claridad ni el alcance de la materia reclamada. !
]
|

Teniendo en cuenta lo anterior, y las modificaciones introducidas en el Capitulo Reivindicatorio

Modificado adjunto, considero superadas las anteriores objeciones. ’

5. a- 1) La Examinadora sefiala que la patente US2005238646 (Dl)"‘ afecta la

novedad de la presente invencion. '

i

I.a Examinadora presenta la siguiente tabla comparativa:
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Comparacion de las caracteristicas técnicas esenciales, con las del estado de la técnica;
Caracteristicas esenciales D1 ‘,
Anticuerpo quimérico que se una a CD27 Anticuerpo guimérico que se una a CD27
Cadena pesada variable SEQ IDNO: 2 ;
Cadenapligera variabie SEQQiD NO: 4 Con la SEQ ID NO: 13 (Pag. 3@
Cadenas pesadas y ligeras constantes que son de Cadenas pesadas y figeras constantes due son de
vrigen humano crigen humano ‘

l.a Examinadora argumenta que las caracteristicas esenciales de la Reiviﬁdi!cacién 1 fueron
divulgadas en DI, el cual da a conocer un anticuerpo que tiene una SEQ ID NO:13, el cual
contiencn las cadcnas variables ligera y pesada idénticas a las SEQ ID NO:2 y'4 d la presente
solicitud. ll
Adicionalmente, D1 divulga que dichas regiones variables liviana y pesada puéden fusionarse
con regiones constantes liviana y pesada, tal como IgG1 y kappa (pérrafos [ OO94]E [0021], [0025]
y [0065]), asi como los acidos nucleicos que los codifican (parrafo [0094])"‘, vectores que
contienen dichos acidos nucleicos, células hospederas para su expresion (pérrafo'i[0107]), el uso
de dichas moléculas para obtencr composiciones (parrafo [0147]) y su uso en el;tratamiento de
enfermedades relacionadas con células B (parrafo [0029]). :
2
La IExaminadora también argumenta que la humanizacién de anticuerpos mll‘:lrinos es bien
conocida en ¢l estado de la técnica®, a través de métodos para producir anticuerpo% que consisten
de regiones variables de raton especificas para un epitope se unen a segmentos que condifican
regiones humanas constante Ig y kappa.
;
|
11) La Examinadora sefiala que DI en combinacion con la patente
W02007/041635 (D2) afectan el nivel inventivo de la Reivindicacién 3. _ 1

!

La Examinadora presenta el siguiente cuadro comparativo:

Comparacidn de las caracteristicas técnicas esenciales, con las del estado de la técnica:
Caracteristicas esenciales D1 D2 -
Anticuerpo quimérico que se una a | Anticuerpo quimeérico que se una a ‘
CcD27 CD27 (P4g. 36) ,
Una o mas mutaciones en el Una o méas mutaciones en el
dominio Fc¢ ) dominio FC

y concluye quc la Unica diferencia entre D1 y la invencidn de la Reivindicacion 3 es la insercion

de mutacioncs en cl dominio Fc, lo cual tiene como efecto modular las funciones efectoras del
anticuerpo. ‘
|

1984.

|
l.
b
* Boulianne G., ¢t al, “Production of a functional chimeric mouse/human antibody” Nature 19;312 (59§5):643-6.
|
}
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Sin embargo, la utilizaciéon de mutaciones en el dominio Fc para aumentar las funcim‘nes efectoras
de anticuerpos ya esta divuglada en el documento D2, que se refiere a una variante de Fe de un
polipéptido T'c original, que comprende al menos una primera y una segunda sustitucion en las
posiciones 234, 235, 236, 239, 267, 268, 293, 295, 324, 327, 328, 330 y 332. ’

|
La Examinadora concluye que cualquicr persona medianamente versada en la matcliria incluiria

|
las mutaciones cn el dominio Fc del documento D2 en el anticuerpo divulgado en D1, para asi

producir ¢l anticuerpo de la presente invencion.

ii1) Respecto a las Reivindicaciones 4 a 6, 8, 9, 11 a 17 y 20 a 22, la
Examinadora scfiala que a la luz de la aclaracion que las secuencias 28 y 32 corre%ponden ala
sccuencias 2 y 4 fusionadas con IgG1 y kappa qu contienen mutaciones en €l dominio Fc en la
presente solicitud (pagina 16, lincas 5 a 9), dichas reivindicaciones no revisten nivel inventivo

frente a D1 y D2. .

b- 1) En primer lugar, llamo nuevamente la atencion de la Examinadora sobre el
Capitulo Reivindicatorio Modificado adjunto, ya que éste ahora reclama especificamente, en sus

Rcivindicacioncé 1 a5, los anticuerpos A0, A2 y A4. ‘

La combinacion de las caracteristicas particulares reivindicadas de la presente invencion, es
decir, las regiones variables de cadcnas pesadas y livianas especificas, junto conilas regiones
constantcs dc cadenas pesadas y livianas humanas, proporcionan en los  anticuerpos
quiméricos/anticuerpos tipo A una alta actividad apoptética inesperada, como se ilustra en el
Capitulo Descriptivo, Figuras 6, 9 y 10, Ejemplos 6 y siguientes, especialmente los Ejemplos 9 y

10. |

La Figura 6 muestra que los anticuerpos de tipo A tienen una mejor actividad apoptdtica
marcada, con respecto a otros anticuerpos evaluados; dicha actividad apoptotica es superior al
70%, incluso sin existir entrecruzamiento. El Ejemplo 9 y la Figura 9 ensefian que el anticuerpo

A0 es un potente inductor de la apoptosis, incluso sin entrecruzamiento. Mésf adelante, el

FEjemplo 10 y la Figura 10 muestran que el anticuerpo A0 y las variantes Fc prloducidas por
ingenieria (A2 y A4 en la Figura 10), muestran una actividad pro-apoptética similar. Para
terminar, el experimento 10 muestra que la ingenierfa Fc del anticuerpo A0 no altera su actividad

pro-apoptotica. {
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Adicionalmente, adjunto al presente documento se adjunta informacién experimental adicional
relacionada con los anticuerpos de tipo A, A2 y A4 (Anexos 1 y 2), compuesta 'por 2 figuras y

una leyenda, en donde sc encuentra una explicacion detallada de los experimentos llevados a
|

cabo y los resultados obtenidos. Esta informaciéon demuestra la alta actividad pro-apoptotica

de los anticuerpos A2 y A4 con y sin entrecruzamiento.

i

ii) Ahora bien, respecto a DI me permito sefialar que dicho documento

divulga protcinas dc fusion de inmunoglobulina y dominios de unién disefiados molecularmente

y proteinas de unidon rccombinantes inmunoldgicamente activas, incluyendo projteinas de fusion
de inmunoglobulina y una cadena sencilla Fv. |
|

Es decir, D1 no divulga los anticuerpos quiméricos A0, A2 y A4 aqui reclamados mediante las

sccuencias dc la region variable de cadena pesada y ligera y las secuencias de la region constante
i

de cadena pesada y ligera, de acuerdo con las Reivindicaciones 1 a 5.

|

Habiendo establecido las diferencias entre la materia divulgada en D1 y la presente invencion,
vale la pena recordar que para fundamentar una afectacion valida contra la novedad de una

invencion, ¢l arte previo debe divulgar explicitamente todas y cada una de las caracteristicas de la

invencion.® Es més, el Tribunal Andino de Justicia (TAJ) ha determinado que para establecer una
objccion valida contra la novedad, la divulgacion del arte previo debe ser lo" suficientemente
detallada para que una persona versada en la materia pueda usar dicha informacion para

reproducir y explotar la invencion.!

si, la presente invencion es novedosa respecto a D1, pues en dicho documlento se divulgan

proteinas de fusién y proteinas de unién completamente diferentes los anticu?rpos quiméricos

A0, A2 y A4 dc la presente invencion como se explicd anteriormente, por lo que,no puede afectar
su novedad. J
|

iii)  Respecto al nivel inventivo de los anticuerpos de la presehte invencion, es

importante sefialar que D2 simplemente divulga variantes de Fc con propieC}ades de unién a

receptor Fec mejoradas, asi como los métodos para su produccién, polipéptidos Fe que

|

} Manual Andino de Patentes. (2004). Seccién 9.4, i (disponible en
hl[p //www.comunidadandina.org/public/patentes.pdf).
* Proceso 06-1P-89 (http:/intranet.comunidadandina.org/Documentos/Procesos/209-1P-2005. doc) y Proceso 36-1P-

2004 (htip://www.notinet.com.co/serverfiles/servicios/archivos/30jul04/ca36-04.htm)
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|
comprenden dichas variantes Fc, y métodos para el uso de dichas variantes Fc .con propiedades de

union a receptor Fe mejoradas.

I
Teniendo en cucnta la materia divulgada en D1, explicada en el punto anterior, se puede concluir
quc ninguna cnsefianza de D1 y/o D2 habria guiado especificamente a la persona medianamente
versada en la materia a sintetizar los anticuerpos quiméricos A0, A2 y A4 de la presente

invencion.

|
Dicha persona medianamente versada en la materia no solo no habria podido producir los
. . ;. , . . . . . | » , .
anticuerpos quiméricos aqui reivindicados motivada por D1 y/o D2, sino que no habria podido
prever a partir de la materia alli divulgada que los anticuerpos quiméricosl| A0, A2 y A4 anti-

CD37 presentarian una alta_actividad pro-apoptética como se demuestra en el Capitulo

Descriptivo y en los Anexos 1y 2.
|
De hecho, existe suficiente evidencia en el Capitulo Descriptivo de la presente invencion, asi
como la informacion adicional proporcionada, que demuestra que los anticuerpos reclamados en
‘ .

las Reivindicaciones 1 a 5 de la presente solicitud, presentan actividad pro-apoptética

mejorada, y pucde ser mediada incluso sin entrecruzamiento.

En este punto es importante sefialar que el analisis de nivel inventivo no puede estar basado en si
¢s 0 no posible obtener la molécula de anticuerpo quimérico reclamada, ;pues claramente era
posible, toda vez que la misma en realidad existe. Esta aproximacion conllievaria a que ninguna
invencion seria patentable, volviendo asi inoperante el sistema de patentes." De igual manera, el
criterio tampoco puede involucrar la cuestion de si las técnicas aplicadas ¢n el desarrollo de la
invencién son comunes u obvias, sino mas bien si el método de la invencién podia derivarse de
manera cvidente del arte previo. La evaluacion del nivel inventivo debe cexiﬁrarse Unicamente en
la cuestion dc si, para la persona medianamente versada en la técnica, la materia reivindicada
habria podido derivarse de manera obvia a partir del arte previo y sin necesidad de investigacion
adicional alguna. !

|
En resumen, cl Capitulo Descriptivo de la presente invencioén, asi como la i"nformacién adicional
proporcionada en los Anexos 1 y 2, muestran que la combinacion de las caracteristicas
|
cspecificas de los anticuerpos quiméricos A0, A2 y A4 reclamados, siendo ésta la combinacion
de las regioncs variables de cadenas pesadas y livianas especificas ju:nto con las regiones

.. . . \ .
constantes dc cadcnas pesadas y livianas humanas, influencian de tal manera las propiedades de
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|
los anticuerpos de tipo A reivindicados, que la actividad pro-apoptdtica de dichos anticuerpos se
ve mcjorada, y puede ser mediada incluso sin entrecruzamiento. Por lo tanto, la informacion
referentec a la actividad pro-apoptética de los anticuerpos tipo A de la presente invencion

demucstra de manera clara nivel inventivo.

Adicionalmente, la actividad derivada de la combinacion de las caracteristicas; esenciales de la
i

presente invencion no se encuentra divulgada, ensefiada o siquiera sugerida en las proteinas de

fusion y protcinas de unidn del arte previo citado. De acuerdo con esto, los .‘Ianticuerpos anti-

CD37 quimérico (A0, A2 y A4) aqui reivindicadas no son obvias a partir de l}dS enseflanzas de

D1-D2. |

!

1
Asi, teniendo en cuenta que, i) los presentes anticuerpos tienen una estructu_fa inesperada (no
derivable por la persona medianamente versada en la materia); ii) las estructu“ras especificas de
los anticuerpos aqui reivindicados no son obvios para una persona medianaménte versada en la
materia ya que no pueden preverse; vy, iii) las propiedades ventajosas son consideradas un signo
‘
aceptablc dc nivel inventivo; y que las moléculas de anticuerpo anti-CD37 quimérico (A0, A2 y
A4) aqui reivindicadas presentan una estructura y actividad farmacolégica inesperada, se puede

concluir que la presente solicitud reviste nivel inventivo. }
i
6. Finalmente, deseo poner bajo su conocimiento que para el céncepto inventivo
comprendido cn la presente solicitud, el privilegio de patente ha sido otorgadoj hasta el momento
por parte de las Oficinas de Patente de Japon y Peru. :
‘
' |
Si bicn cs cierto que las concesiones de patentes en oficinas de otros paises no son vinculantes en
¢l sentido que obliguen a la SIC a tomar una decisién en el mismo sentido, considero que dichas
concesiones sugieren el cumplimiento de los requisitos de patentabiliciiad de la materia
reivindicada, ya que los criterios de evaluacion y estudio aplicados para concluir la aceptacion de
dichas patentés resultan equivalentes a los que la SIC debe emplear. .'
‘
.'
De hecho, me permito sefialar que el Capitulo Reivindicatorio Modificado ad_junto corresponde a
aquel concedido en Peri, del que se han eliminado las reivindicaciones 13 él 15. Es importante

sciialar, que Peru, Colombia, Ecuador y Bolivia comparten la misma legislacién en materia de

propicdad intclectual, por lo que es importante resaltar que a la luz de la m’isma informacién el

INDECOPI considerd que la presente solicitud cumple con los requisito'é de novedad, nivel
inventivo y aplicacion industrial. i

‘ |
Pagina 10 de 11 |
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7. Por todo lo anterior, considero que las objeciones presentadas por la Examinadora en su
primer examen de fondo, han sido resueltas y por consiguiente solicito respetuosamente que el
Despacho tenga por cumplidos los requisitos de patentabilidad y proceda con la concesi('ﬁn de la
patente. - |

Atentamente, (

"ARLOS R. OLARTE
C.C. No. 79.782.747 de Bogota |
T.P. 74.295 | |

Ancxos:
- Capitulo Reivindicatorio Modificado
- Anexo 1: Resultados obtenidos de un Ac—:nsayo en donde se determind la activi('iad pro-
apoptica dc los anticuerpos A2 y A4 en‘ausencia y presencia de anticuerpos IeG
entrecruzados. ! ‘
- Ancxo 2: Zhao, X., ct al. “Targeting CD-37 positive lymphoid malignancies with a

novel cngincrred small modular immunopharmaceutical”.  Blood. Vol. 110} No. 7.

Pages 2569-2577. 2007.
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Expediente No. 10-014.090
Primer Examen de Fondo

C();P2009/100001
CAPITULO REIVINDICATORIO MODIFICADO
(Primer Examen de Fondo) 1
l. Un anticuerpo quimérico que se une a CD37 humano que se define por:
1) una region variable de cadena pesada de secuencia SEQ ID NO: 2;
1) una regién variable de cadena ligera de secuencia SEQ ID NO: 4;

ii1) una region constante de cadena pesada de secuencia SEQ ID NO: 24; y
|

1v) una region constante de cadena ligera de secuencia SEQ ID NO:J26.

f

2. Un anticuerpo quimérico que se une a CD37 humano que se define por:
1) una region variable de cadena pesada de secuencia SEQ ID NO: 2;
1) una region variable de cadena ligera de secuencia SEQ ID NO: 4;

1i1) una region constante de cadena pesada de secuencia SEQ ID NO: 28; y
i
v) una regién constante de cadena ligera de secuencia SEQ ID NO:‘30.
3. El anticuerpo de acuerdo con la Reivindicacion 2, en el que dicho anticuerpo tiene
una combinacion de sustituciones en las posiciones 239 y 332, donde dichas sustituciones

son 1332F y S239D.

4. Un anticuerpo quimérico que se une a CD37 humano que se define por:l
1) una rcgion variable de cadena pesada de secuencia SEQ ID NO: 2;
11) una region variable de cadena ligera de secuencia SEQ ID NO: 4;

1i1) una region constante de cadena pesada de secuencia SEQ ID NO: 32; y

1v) una region constante de cadena ligera de secuencia SEQ ID NO: 34,

‘ ,
5. EEl anticucrpo de acuerdo con la Reivindicacion 4, en el que dicho antf}‘cuerpo tiene
una combinacién de sustituciones cn las posiciones 236, 239 y 332, donde dichas

sustitucioncs son 823911), 13325 y G236A.

6. Una molécula de ADN que comprende:
1) una region qﬁc codifica la fegién variable de cadena pesada del anticuerpo
de acucrdo con la Reivindicacién 1 que tiene la secuencia SEQ ID NO: 1, ﬁijsionada con
una regién quc‘ codifica una region constante de cadena pesada humana de tipo IgG1 que
tiene la sccuencia SEQ 1D NO:23; | | _ |
i) una regi()n que codifica la region variable de cadena ligera del anticuerpo de
acucrdo con la Reivindicacion 1 que tiene la secuencia SEQ ID NO:3, fusioﬁada con una

region que codifica una region constante de cadena ligera humana kappa que tiene la

Pagina 1 de 2



Expediente No. 10-014.090
Primer Examen de Fondo

COP2009/100001
sccuencia SEQ ID NO:25.
7. Una molécula de ADN que comprende:
1) una region que codifica la region variable de cadena pesada del5anticuerpo

dc acucrdo con las Reivindicaciones 2 o 3 que tiene la secuencia SEQ ID NO: 15, fusionada
con una region que codifica una region constante de cadena pesada humana dé tipo 1gG1
que ticne la secuencia SEQ ID NO:27; 'v ‘

11) una region que codifica la region variable de cadena ligera del anj‘ticuerpo de
acucrdo con las Reivindicaciones 2 y 3 que tiene la secuencia SEQ ID NO:3, fu‘!sionada con
una rcgion que codifica una region constante de cadena ligera humana kappa que tiene la

secuencia SEQ 1D NO:29.

8. Una molccula de ADN que comprende: '

i) una rcglon quc codifica la region variable de cadena pesada del antlcucrpo
de acucrdo con las Reivindicaciones 4 o 5 que tiene la secuencia SEQ ID NO:: '1, fusionada

con una rcgion que codifica una region constante de cadena pesada humana de tipo IgGl

que tienc la sccuencia SEQ ID NO:31;

i1) una regién que codifica la region variable de cadena ligera del antlcuerpo de
acucrdo con las Reivindicaciones 4 0 5 que tiene la secuencia SEQ ID NO:3, fusionada con
una 105101) que codifica una regién constante de cadena ligera humana kappa que tiene la

secucncia S :Q ID NO:33. !

i
|
9. Un vector de expresion que contiene una molécula de ADN de' acuerdo con

L :
cualquiera de las Reivindicaciones 6 a 8. ;
‘ j

. ; |
10.  Una c¢lula anfitriona que porta uno o mas vectores de acuerdo con la
Reivindicacion 9. ,'

. f

|
11.  Un método para producir un anticuerpo de acuerdo con cualquiera de las
Reivindicaciones ] as, que comprcnde transfectar una célula anfitriona de mamifero con

uno 0 mas veetores de la RCIVIndlCdClOH 9, cultivar la célula anﬁtrlona y recuperar y

purlilcal cl anticuerpo. !
|
|
12. Una composmon farmaccutlcd que comprende como ingrediente actlvo uno o mas

anticuerpos anti-CD37 dc acuCIdo con cualquiera de las Rcwmd1cacmnes lasyun

vehiculo farmacéuticamente aceptable. .
. . i

sk 3 3k sk ok sk sk sk sk sk ook |l
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Figure: Apoptosis with / without IgG cross-linking for antibodies A2 and A4‘l
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Figure description: Pro-apoptotic activity of Fc-engincered antibodies A2 and A4 in the
absence or presence of IgG cross-linking antibodics |

|
To assess the pro-apoptotic activity of A2 and A4, Ramos cells were incubated with serial
dilutions of the antibody for 18 to 24 h at 37°C, the tested antibody concentrations were in the
range from 0.3 ng/ml to 30 pg/ml. The percentage of apoptotic cells was determined for each
antibody concentration by FACS analysis using Annexin V binding as a marker for apoptosis.
Additional experiments were performed using an anti-human IgG antibody to cross-link A2
and A4 on the surface of the target cells. For each experimental condition three independent
experiments were performed. The potency and efficacy of the antibody effect was'calculated
using the GraphPad Prism5 software program by applying a non-linear regression:curve-fit.
Potency was displayed as ECso (effective antibody concentration needed to achievie a 50%
cffect), cfficacy was calculated by using the top best fit values (maximum effect at high
antibody concentrations). The assay background was determined using the bottom best fit
values.

A2 and A4 were potent inducer of apoptosis even in the absence of an IgG cross- l‘inking
antibody. Mean ECsg values ranged were 66 ng/ml for A2 and 189 ng/ml for A4 (llower graph,
w/o x-link). The mean maximum percentage of AnnexinV positive cells at high antibody
concentrations was already 37% for A2 and 28% for A4 even in the absence of 1gG cross-
linking (upper graph, w/o x-link), the background AnnexinV binding was in the range from
8% to 12% in these assays.

I
Cross-linking of A2 and A4 with an anti-human IgG antibody did only slightly alter the
potency for apoptosis induction (inean ECso = 41 ng/ml for A2 and 87 ng/ml for A4) (lower
graph, with x-link), indicating that both antibodics A2 and A4 have similar potency of
apoptosis induction, ¢.g. the half-maximal effect is achieved at similar antibody ‘
concentrations for both antibodies. Both A2 and A4 showed a slightly higher maximum level
of apoptosis induction at high antibody concentrations (46% for A2 and 39% for A4 upper
graph, with x-link), the background AnnexinV binding was in the range from 7% to 16% in
thesc assays.

|
In conclusion antibody A2 and A4 surprisingly display high and potent pro-apoptotic activity
both in the presence and absence of an 1gG cross-linking antibody. |
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Targeting CD37-positive lymphoid malignancies with a novel engmeered small

modular immunopharmaceutical
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CD37 is a lineage-specific B-ceil antigen
that to date has been neglected as an
attractive therapeutic target. To exploit
this, novel CD37-specific small modular
immunopharmaceuticals (CD37-SMiP)
that include variable regions linked to
modified human IgG, hinge, CH,, and CHj;
domains were designed. The lead CD37-
SMIP molecule induces potent apoptosis
in the presence of a cross-linker, and
antibody-dependent cellular cytotoxicity

against B-cell leukemiaflymphoma cell
lines and primary chronic lymphocytic
feukemia (CLL) cells superior to therapeu-
tic antibodies used in these diseases. The
CD37-SMiIP-dependent ADCC function in
vitro was mediated by natural killer (NK)
ceills but not naive or activated mono-
cytes. Significant in vivo therapeutic effi-
cacy was demonstrated in a SCID mouse
xenograft leukemia/lymphoma model.
Depletion of NK celis in this mouse model

resulted in diminished efficacy further
supported the in :‘vivo importance of NK
cells in SMIP therapy. These findings pro-
vide strong justification for CD37 as a
therapeutic target and introduce small
modular immunopharmaceuticals as a
novel class of targeted therapies for B-
cell malignancies. (Blood. 2007;110:
2569-2577)

|
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Introduction

Immunotherapy using monocional antibodies (MAbs) is emerging
as a safe and selective method for the treatment of cancer.! The role

of monoclonal aniibodies in B-cell malignancies has expanded

since the introduction of rituximab (Rituxan) targeted against the
CD20 sntigen on'the B-céll surface in 1997. Numerous studies
have confirmed the efficacy of rituximab as a single agent and in
combination therapy in low-grade non-Hodgkin lymphoma
(NHL),¥® mantle-cell lymphoma,’ ' diffuse large-cell lym-
phoma.'>'* and Burkitt leukemia/lymphoma.' However, only a
subset of patients respond to therapy and the majority of those
eventually relapse after rituximab treatment. Therefore, identifica-
tion of new therapeutic targets on B cells that are potentially more

effective than CD20 represents a novel strategy for therapy of

B-cell malignancies.

~ The CD37 antigen is one potential target that has not been
adequately evaluated. CD37 is a heavily glycosylated 40- to
52-kDa glycoprotein and a member of the tetraspan transmembrane

family of proteins.'*!* CD37 is expressed strongly on the surface of

B cells and transformed mature B-cell feukemia and lymphoma
cellg!720.22232526 by ix either absent or minimally expressed on
normal T cells.2! The-CD37 antigen is expressed on monocytes and
granulocytes at very low density and is absent on natural killer
(NK) cells, platelets, and erythrocytes. 22 During B-cell develop-
ment, CD37 is expressed i cells progressing from pre-B to
peripheral mature B-cell stages and-is absent on terminal differen-
tiation o plasma cells.?
remating unknown, ithas been found to form complexes with CD53,

Although the precise function of CD37 -

CD81, CD82, and class IT glycoprotein on B-cell surface that may
represent an ion channel or a transpolter.2¢ CD37 has modest
internalization and shedding in transforrhed B cells expressing the
antigen.?¢ It is highly expressed in cndosomes and exosomes in
B lymphocytes, reflecting possible involvement in intracellular
trafficking and antigen presentation.', Targeted inactivation of
CD37 in mice revealed no changes in the development of lymphoid
organs but a reduced IgG! level in the sera and an alteration of
response to T-cell-dependent antigens, 131d1cdtmg a possible role of
CD371in T cell-B cell interaction.?’

Given the relative B-cell sglcctwitly, CD37 thus represents a
valuable therapeutic target for malignahcies derived from periph-
eral mature B cells, such as B-cell chrbmc lymphocytic leukemia
(CLL), hairy-cell leukemia (HCL), and\B-cell NHL.2526 In particu-
lar, CLL may be a good target of CD37-based immunotherapy,
because the expression of CD37 is reldtively high, even compared
with CD20, in this type of leukemid.’” Effarts to target CD37
clinically have been limited. One reported preclinical trial per-
formed in the late 1980s examined the efficacy of "*'I-labeled
MB-1, a murine CD37 MAb in a mouse model.¥ This was later
examined as part of a clinical trial in patients with NHL,293 in
which both CD37 and CD20 antibodies were evaluated, Despite
clinical responses observed in this study, CD20 was chosen as the

“target antigen by many for therapeutic antibody therapy, and no
subsequent efforts have been made to target CD37.

A CD37-small modular immunopharmaceutical (SMIP) was
developed by Trubion Pharmaceuticals, using variable regions (V)
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online as Blood First Edition Paper, April 17, 2007; DOI 10.1182/blood-2006-
12-062627.

An Inside Blood analysis of this ariicie appears at the front of this issue.

BLOGD, 1 OCTOBER 2007 - VOLUME 110, NUMBER 7

The pUincation costs of this article were ‘defrayed in part by page charge
payment. Therefore, and solely to indicate this fact, this article is hereby
marked “advertisement” in accordance with 18 USC section 1734.

© 2007 by The American Society of Hematglogy

|
1
|
: 2569



and V) from G28-1 hybridoma and engineered constant regions
encoding human IgG, domains (hinge, CH,, and CHy) (Figure 1).
Initial expressions were performed by transfection of COS-7
monkey kidney cells and screened for specific binding to human
B cell lines. The selected recombinant expression plasmid was used
to transfect Chinese hamster ovary (CHO) cells and further selected
under methotrexate pressure. The final stably expressing cell line
was used in production of the fusion protein by purification from
CHQO culwre supernatant by chromatography. To enhance the
production of sufficient high-quality material, acceptable pharma-
cokinetics, and therapeutic efficacy, several technical consider-
ations were made. These modifications provided a production
efficiency that will allow sufficient production of CD37-SMIP for
clinical investigation and were further screened for their ability to
recruit effector cells to mediate cellular Cytotoxicity. In addition,
CD37-SMIP was engineered to have a molecular weight above that
filtered by the glomerulus to avoid rapid elimination. This size
feature of the CD37 SMIP offers the potential advantage of an
extended half-life in vivo compatible with other biologic therapies
such as monoclonal antibodies. Herein, we validate that CD37 is an
exciting therapeutic target and provide strong in vitro and in vivo
evidence to support clinical development of this novel CD37-SMIP
in CLL, B-NHL, and related B-cell malignancies.

Patients, materials, and methods

Reagents and antibodies

CD37-SMIP (G28-1 scFv-Ig) and fluorescein isothiocyanate (FITC)—
labeled CD37-SMIP were provided by Trubion Pharmacewticals (Scattle,
WA). Phycoerythrin (PE)-abeled mouse anti-human CD37 antibody (clone
BL14), PE-labeled isotype control mouse 1gGy, FITC-labeled annexin V, and
propidium iodide (PI) were purchased from BD Pharmingen (San Diego, CA).
N-benzyloxycarbonyl-Val-Ala-Asp-[Ome]-fluoromethylketone (Z-VAD-fmk) was
purchased from EMD Biosciences (San Diego, CA). Alemtuzumab was pro-
duced by llex Pharmaceuticals (San Antonio, TX) and purchased commercially.
Rituximab and trastuzumab were produced by Genentech (South San Francisco,
CA) and purchased commercially. Goat anti~human IgG antibody (Fey fragment-
specific) was purchased from Jackson ImmunoResearch Laboratories (West
Grove, PA). Anti-Caspase-3 (MAb AR-14) was gift from John Reed (Burnham
Institute, La Jolla, CA). Anti-poly(ADP-ribose) polymerase (PARP; MAb
C-2-10) was from Calbiochem (San Diego, CA). Anti-phosphotyrosine antibody
clone 4G 10 was from Upstate Biotechnology (Lake Placid, NY). Anii-GAPDH
antibody was from Chemicon International Inc. (Temecula, CA). Herbimycin
was purchased from Sigma (St. Louis, MO).

Patient sample processing and celi culture

All the patients enrolled in this study had immunophenotypically defined
B-CLL as outlined by National Institute criteria.>* Blood was obtained from
patients with informed consent in accordance with the Declaration of
Helsinki and under a protocol approved by the institutional review board of
Ohio State University (Columbus, OH). All of the patients with B-CLL had
been without prior therapy for a minimum of 2 months. B-CLL cells were
isolated immediately after donation using Ficoll density gradient centrifuga-
tion (Ficoll-Paque Plus; GE Healthcare, Chalfont St Giles, Buckingham-
shire, United Kingdom). Isolated mononuclear cells were incubated in

Modified IgG1 Hinge

Ve " hu CH2 huCH3

Linker v

Modified scFv Human 1gG1

Figure 1. Schernatic diagram of small modular immunopharmaceuticals (SMIP). .
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RPMI 1640 media supplemented with 10% heat-inactivated fetal bovine
serum (FBS; Hyclone Laboratories, Logan, UT), 2 mM i-glutamine
(Invitrogen, Carlsbad, CA), and penicillin (100 U/mL)/streptemycin (100
pg/mL: Sigma-Aldrich} at 37°C in an atmosphere of 5% CO,. Freshly
isolated B-CLL cells were used for all the experimenty described herein
except for the-surface staining. Samples used were more than 90% B cells as
determined by CDI9 swrface staining and fuorescence-activated cell
sorting (FACS) analysis. For those samples with less than 90% B cells,
negative selection was applied to deplete non-B cells using B cell Isolation
Kit I (Miltenyi Bictec, Auburn, CA) or by “Rosette-Sep™ kit from Stem
Celt Technologies (Vancouver, BC, Canada) according to the manufacturer’s
suggested protocol. Normal T-lymphocytes were separated from human periph-
eral blood mononuclear cells (PBMC) using negative selection using Pan T Cell
Isolation Kit 1 (Miltenyi Biotec Inc).

In vitro treatment of cells with antibodies

Cells were suspended in media at a density of 1 X 10¢ cellshmL immedi-
ately after isolation. CD37-SMIP treatment used a § pg/ml concentration
except for the dose-response studies. All other antibodies (trastuzumab,
rituximab, and alemtuzumab), were used at 10 pg/mL. The cross-linker,
goat anti-human IgG (Fc specific) was added to the cell suspension
5 minutes after adding the primary antibodies, at a concentration S times
that of the primary antibodies (fe, 25 pg/ml for 3 pwg/mL). For all
CD37-SMIP treatment, a group of samples with the same concentration of
trastuzumab treatment was applied as isotype control. In addition, a group
of samples with no treatment was collected as media control, and a group
treated with fludarabine (6.6 wmol/L) was also set up as a positive control.
For examination of caspase inhibition. 150 wmol/L Z-VAD-fmk was added
10 minutes before the addition of the indicated reagents.

Assessment of apoptosis by flow cytometry

The apoptosis of cells was measured using annexin V-FITC/PI staining
followed by FACS analysis according to the manufacturer's protocol (BD
Pharmingen). Unstained cell samples and cells stained with annexin V-FITC or
PI only were also processed for compensation. Results were presented as
percentage cytotoxicity, which was defined as (% annexin V* and/or PI™ cells of
treatment group) —~ (% annexin V* and/or PI™ cells of media control). FACS
analysis was performed using a Beckman Coulier EPICS XL cflometcr
(Beckman Coulter, Fullerton, CA). Ten thousand events were collected for each
sample and data were acquired in list mode. System Il software package
(Beckman Coulter) was used to analyze the data.

Cell-surface immunostaining and flow cytometry analysis

For CD37 swface expression analysis, B-CLL cells were isolated as described
above, and used fresh or preserved in cryovials in 10% dimethyl sulfoxide
(DMSO), 40% FBS, and 50% RPMI 1640 media in —80°C for less than
4 months. The expression level of CD37 was not altered as a result of the
cryopreservation process. Cryopreserved samiples were quickly thawed and
washed twice in ice-cold PBS before use. Cells were incubated with
PE-labeled anti-CD37, CD37-SMIP. or mouse IgG, isotype conuol antibod-
ies at 4°C for 30 minutes. The cells were then spun down at 300g for
10 minutes and rinsed twice with ice-cold PBS and analyzed by FACS. For
the binding study, cells were preincubated with CD37-SMIP or trastuzumab
(5 wg/mL) for 5 minutes followed by PE-labeled :mli-CD3_7 mouse 1gG.
The incubation and wash procedure was identical to the surfu["c-slqirmlg
protocol. For cell lines, cells were split the night before, and fresh cells were
used for immunostaining as described for B-CLL cells. o

Western blotting

Immunoblot assays were performed with the multiple antigen detection -
(MAD) immunoblotting method as described previously.® Whole-cell

-lysates were prepared and stored in —80°C. Protein -concentration in the

lysates was quantified by the bicinchoninic acid (BCA) method (Pierce,
Rockford, IL). Protein samples (50 pg) were separated by SDS-PAGE
(10% for PARP and phosphotyrosine and 12% for Caspase-3 blots), and,
transferred 10 0.2 wmol/L nitrocelulose membranes (Whatman Schleicher



>
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& Schuell, Keenc, NH). After incubation with indicated primary antibod-
ics. horseradish peroxidase (HRP)-conjugated goat anti—vabbit [gG or
gonat anti-mouse 1gG (Bio-Rad Laboratories, Richmond, CA) were used
as secondary antibodies. The immune complexes were detected using o
chemiluminescent substrate kit as described by the manufacturers
(SuperSignal; Pierce, Rockford. L)

Antibody-dependent celluiar cytotoxicity (ADCC) and
compiement dependent cytotoxicity (CDC) assay

ADCC activity was determined by standard 4-hour *Cr-release assay. 'Cr-
labeled target cells (5 X 10% B -CLL cells, Raji cells, or 697 cells) were placed in
96-well plates and various concentrations of antibodies were added 1o wells.
Efector cells (PBMC. NK cells, or monocytes from hcé]lhy donors) were then
added to the plates at indicated effector-to-target (ET) rados. Afier 4-hour
incubation, supcrnatants were removed and counted in a ganima counter. The
percentage of specific cell lysis was determined by: % lysis = 100 X (ER —
SRMR — SR), where ER. SR, and MR represent experimental. spontaneous,
and maximum release. respectively.

For CDC assay. B-CLL cells at 10%mL were suspended in RPMI 1640
miedia, media with 30% autologous plasma from the patient blood samples,
and media with 30% heat-inactivated (56°C, 30 minutes) plasma. Cells
were then treated with antibodies for 10 minutes. After incubation at 37°
for 1 hour, cells were pelleted and resuspended with 100 pL 11X binding
buffer (BD Pharmingen). then stained with 5 wbL Pl solution (BD
Pharmingen). The extent of CDC was measured by FACS analysis of P17
cells in duplicate samples.

Development of disseminated leukemia xenograft model

Female 4- to 6-week-old CB.C1 7 SCID mice (Taconic Farms, Germantown, NY)
were housed in pathogen-free, isolated cages. To ensure the consistency of
engraftment, Raji.cells were frozen in eryovials (1 % 107 cells each) and stored in
a vapor-phase Hquid nitrogen envivronment (—180°C). Before in vivo inocula-
on. eryopreserved cells were thawed. cultured for 10 days, and examined for the
viahility, CD37. CD20. and CD19 positivity and sensitivity to CD37 or CD20
antibody treatment. Only. cells with greater than 90% viability and greater than
50% CD37 positivity were used for injection. Cells were resuspended in PBS at
room temperature at a density of 107 cell/mL.. in 200 pl. {2 X 10° cells) and
inoculated intravenously through il vein using a mouse tail illuminator
(Brainree Scientific. Braintree, MA). Untreated SCID mice developed symptom-
atic central nervous system, liver, and pulmonary metastasis that resulted in death
from massive wmor burden 17 to 20 days after inoculation. Tissues obtained
from killed twmeor-bearing SCID mice were subjected to histopathologic exami-
nation o confirm the presence of disease. Gross pathologic. hislologic;, and
histopathologic examination and immunohistochemical analysis of the tissues
from weated and untreated mice were performed at the Ohio State University
Comprehensive Cancer Center mouse phenotyping core facility. The residual
human Raji cells were evaluated in formalin-fixed p"arafﬁn-cmlmdded tissue
sections of 4 to § pm by immunohistochemistry using monoclonal mouse
anti-human CD45 (BD Pharmingen) followed by biotinylated goat anti-
mouse secondary antibody Cotlnlcrstainixxé was done withy Richard-Allan
Hematoxylin 2. Slides were then dehydrated and coverslipped. All washes
were carried out in Daka Wash Buffer (Tris-buffered saline/Tween 20)
{Dako Denmark A/S, Glostrup, Denmark). Bone martow cell suspension
was prepared by flushing fresh marrow-containing femurs with PBS and

stained with PE-labeled antibodies to check the existence of human,

feukemia cells.

In vivo therapeutic eﬂicaéy’evaluation in xenograft model

Antibody treatment was staried 3 days aflter inoculation of Raji celis. CD37-
SMIP o rituximab dissqived in | mg/mL saline were injected via tail vein, and
maintained an every-other-day intravenous schedule for 2 weeks (5 mglkg
injection. 7 injections cach mouse). Placebo (saline) and isotype control
(trastuzumab) were administered on the same schedule and at the same dose.

Animals were monitored daily for signs of illness and killed immediately if hind

limb paralysis, respiratory distress. or 30% foss in body weight was noted. Body
weight was measured once every weck. Survival time (paralysis time) was used
as primary endpoint for evaluation. For NK-cell depletion, ant-asialo GMI
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antibody (30-wg injection in 200 pL of saline) was injected to mouse through tail
vein at —6, —1, 4, 9, and 14 d after Raji cell inoculation. At day 10, 50 pL
peripheral blood was obtained by retro-orbital bleeding was analyzed for NK
cells by flow cytometry o confirm the depletion effect. In a separate group,
4 control SCID mice were treated with or without the same dose of anti-asialo
GM 1 antibody, and the splenocytes were prepared 2 days after the injection for
cytotoxicity experiment using YAC-1 éells as target cells.

Statistical analysis of data

Analysis was perforimed by statisticians in the Center for Biostatistics. the
Ohio State University, using SAS software (SAS Institute, Cary, NO).
Comparisons were made using a 2-sided o = .05 level of significance.
Mixed effects models were used to account for the dependencies in the cell-
donor experiments, and analysis of variance (ANOVA) was used for the
cell-line experiments. Synergy hypotheses were tested using interaction
contrasts. Kaplan-Meier survival functions and log-rank tests were used to
compare animal survival among different treatment groups.

|
|

CD37-SMIP induced apoptosis of CD19* B celis
from CLL patients

Resulis

Analysis of B cells from patients with CLL and T cells from healthy
donors revealed u large number of cells expressing CD37 in B cells
compared with T cells (96 = 3% in CLL B cells and 3 + 2% in
T cells). The specific binding of genetically engineered CD37-
SMIP to CD37 molecule was confirmed by flow cytometric
analysis of B cells from patients with CLL. Furthermore, CD37-
SMIP but not control antibodies such as trastuzumab (Herceptin,
anti-HER?2), rituximab (Rituxan, anti-CD20) or alemtuzumab (Cam-
path, anti-CDS52) blocked the bihding of CD37-FITC to CD19* B
cells from patients with CLL (data not shown).

Induction of apoptosis in B cells from patients with CLL has been
reported with therapeutic antibodies such as alemtuzamab® and ritux-
imab?®? that are currently used to treat patients with CLL. To determine
the effect of CD37-SMIP on B-cell survival, CD19* cells from patients
with CLL were treated with CD37:SMIP in the presence or absence of a
secondary cross-linking, Fe-speciffic, goat anti-human 1gG antibody
(o-Fefb). Although no apoptosis was observed with CD37-SMIP in the
absence of a-Fe, addition of a-Fe promoted maximal apoptosis (Figure
2A). The CD37-SMIP mediated apoptosis in a dose-dependent manner,
with a maximal effect seen at 5 pg/ml, the CD37 saturating dose of
CD37-SMIP in B-CLL cells (Figure 2B). We have thus applied
5 pg/mL for CD37-SMIP in theirest of our in vitro studies, and 10
wg/mL for other antibodies. This|in part reflects the fact that CD37-
SMIP has a lower molecular weight than other antibodies and thus is
able to achieve sufficient molar iconcent.mﬁon by using lower mass
concentration. The cumulative results of these experiments with CD37-
SMIP showed an increase in cytotoxicity in the presence of a-Fc
compared with rituximab (P << .(001) or alemtuzumab (P < .0001)
(Figure 2C) that represent the 2 therapeutic antibodies used to treat CLL
currently. In addition, apoptosis with a-Fc was significantly higher for
CD37 compared with rituximab: (24.4% increase; 95% confidence
interval [Cl}, 17%. 32%; P <.0001) or alemtuzumab (9% increase;
95% Cl, 2%, 16%; P = 0130) (Figure 2C). The apoptosis induced by
CD37-SMIP in B-CLL cells correlates with the expression of the target

with this, CD37-SMIP induced agoptosis in CD37* B cells but not T
cells that lack significant expression of CD37 (Figure 2EF).
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Figure 2. CD37-SMIP—induced cell death in B-CLL cells. (A) CD37-SMiP—induced
cell death in CLL B cells. CLL B cells were treated with media, goat anti-human IgG
{«-Fc), trastuzumab with «-Fc, CD37-SMIP with «-Fc, rituximab with o-Fc, or alemtu-
zumab with o-Fc for 24 hours. The cells were stained with FITC-annexin V and propidium
iodide. The numbers shown in each pane! represent percentage Annexin V* and/or P1*
cells. Shown is a representative result from 14 patient samples analyzed. (B) Dose- and
time-dependent induction of cytotoxicity by CD37-SMIP. B-CLL cells were treated with
indicated concentrations of CD37-SMIP with cross-linker «-FC. The direct cell death at
indicated time points was assessed by FITC-Annexin V/P! staining. Percentage cytotoxicity
shown represents Annexin V* andfor P1* cells normatized with the media control. Error
bars represent standard deviation (SD) among 4 B-CLL patient cell samples. (C) Summary
of CD37-SMIP-induced direct cytotoxicity. B-CLL cells isolated from 14 patients were
subjected to indicated treatment for 24 hours with or without cross-finker («-Fc¢). Cell death
was examined with FITC-Annexin V and Pl. Percentage cytotoxicity shown represents

Annexin V* andfor PI* cells normalized with the media control. Error bars represent SD .

among 14 B-CLL patient samples. Statistical analysis of difierence between antibody
treatments is shown by Pvalues: =, P < 001, #x, P < 001, = P = 04. (D) Corelation of
CD37 expression level and direct cytotoxicity by CD37-SMIP. MFI (CD37): mean fluores-
cence intensity of CD37 staining of different B-CLL cell samples. Percentage cytotoxicity
shown represents Annexin V™ and/or PI* cells normalized with the media control. (E) Flow
cytometric analysis showing selective binding of CD37-8MIP to CD18* but not CO3*
human PBMC. (F) CD37-SMIP-induced cytotoxicity in B but not T cells. Results shown are
summary of FITC-Annexin V* and/or PI* cells normaiized with media control in normal
T cells {open bar; n = 5) or B-CLL cells {filled bar; n = 15) 24 hours after treatment with
CD37-SMIP or trastuzumab. Error bars represent SD among samples.
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Figure 3. CD37-SMIP induces caspase-independent cell death in B-CLL cells.
Freshly isolated B cells from 5 patients with CLL were treated with cross-linker alone
(x-Fc), trastuzumab + a-Fc, CD37-SMIP + «-Fc, or fludarabine in the presence or
absence of the pan-caspase inhibitor Z-VAD-fmk (150 jumol/L). (A) Z-VAD-fmk failed
to inhibit CD37-SMiP—induced cell death. Percentage cytotoxicity shown represents
Annexin V* and/or PI* cells normalized with the media control. Error bars represent
SD among 5 B-CLL patient cell samples. (B) CD37-SMIP failed to induce activation of
caspases in CLL cells. Cell lysates from primary CLL B cells treated with indicated
conditions for 24 hours were assessed by Western blotting o detect PARP and
caspase-3 cleavage. UV-irradiated Jurkat ceil lysate was used as a positive control
for both PARP and caspase 3 cleavage. (C) CD37-SMiP-induced tyrosine phosphor-
ylation of cellular proteins. CLL cells were treated with indicated concentrations of
CD37-SMIP with or without cross-linker in PBS for 10 minutes, and phosphotyrosine
proteins were detected by Western biot analysis using anti-phosphotyrosine antibody
4G10. (D) Effect of tyrosine kinase inhibitor herbimycin on CD37-SMIP-induced
tyrosine phosphorylation. Primary CLL cells were pretreated with media or herbimy-
cin (3 umoliL) before stimulation with CD37 SMIP + «-Fc. The tyrosine-phosphory- |
lated proteins were detected by Westemn blot using anti-phosphotyrosine antibady

© 4G10. (E) Herbimycin inhibited CD37-SMiP~induced cell death in primary CLL cells.

CLL B cells were treated with indicated concentrations of herbimycin followed by
CD37-SMIP (5 wg/mL) + ~-Fc. The cellular cytotoxicity was measured by FITC-
Annexin V/Pi staining at 48 hours alter treatment. Data shown represents percentage
inhibition of CD37-SMIP-induced cytotoxicity in the presence of indicated concentra-
tions of herbimycin. Results are summary of 11 CLL patient samples. Error bars are
the SD among these samples. ’ :

CD37-SMIP-induced CLL cell apoptosis was independent of
caspase activation

Antibody-induced cellular cytotoxicity is mediated through various.
mechanisms, including caspase activation dependent®>™ and/or -
independent pathways.? In this context, we examined the mecha- -
nism by which CD37-SMIP induced apoptosis in CLL B cells.
Fludarabine is widely used as a therapeutic agent in CLL and
mediates death through a caspase-dependent pathway. 3% Treat-
ment of CLL B cells with fludarabine promoted ‘modest apoptosis
that was inhibited by the pan caspase inhibitor Z-VAD-fink (Figure™
3A). The caspase dependence of fludarabine wus further supported
by demonstrablé processing of the inactive pro-form of caspase 3




™
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and cleavage of downstream target poly(ADP-ribose) polymerase
(PARP) after fludarabine treatment (Figure 3B). In contrast to
fludarabine, CD37-SMIP promoted rapid apoptosis at 24 hours that
was nol prevented by Z-VAD-Timk treatment (Figure 3A). Further-
more, caspase 3 and downstream PARP were not processed after
reatment with CD37-SMIP (Figure 3B). These data collectively
suggest that CD37-SMIP induces apoptosis through a novel
pathway different from fludarabine in primary CLL B cells. To
determine protein tyrosine phosphorylation as a potential activation
event responsible for CD37-SMIP-induced cell death, CD19* B
cells from patients with CLL were stimulated with CD37-SMIP
with or without a-Fc. Western blot analysis of cellular lysates with
anti-phosphotyrosine antibody revealed several tyrosine phosphor-
viated proteins including a predominant ~65 kDa protein in
response 1o the cross-linking of CD37-SMIP within 10 minutes
(Figure 3C). Further. herbimycin. an inhibitor of tyrosine kinase,
prevented phosphorylation of several of these proteins including
the predominant ~65 kDa protein (Figure 3D). 1t is noteworthy
that increasing concentrations of herbimycin inhibited CD37-SMIP-
induced apoptosis of CD19* primary CLL cells (Figure 3E),
supporting a potential role for tyrosine phosphorylation events in
CD37-SMIiP-induced apoptosis:

CD37-SMIP efficiently mediates ADCC but not CDC

We next inv cxna‘md whether the modified Fe region on CD37-
SMIP is efficient in muh.mnw ADCC and CDC against primary
CDI9~ CLL cells. Peripheral blood mononuclear cells (PBMCs)
from normal healthy volunteers mediated ADCC in the presence of
CD37-SMIP (39.3% £ 18%, E:T = 50:1) but not in the plewncc
of the negative controi trastuzumab (5.3% = 5%, E:T = 50:1;
Figure 4A). Furthermore, for all ei’fécror/mrger ratios tested, the
ADCC with CD37-SMIP was found to be significantly higher than
the ADCC with either alemtuzumab (14.5% higher; 95% CI, 9.0%,
19.9%, P <.0001) or wluxumb (15% higher: 95% Cl, 9.7%,
20.6%:; P < .0001) that are directed dgmn.st CD52 and CD20

A
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Figure 4. CD37-SMIP induced ADCC but not COC in primary CLL B
cefis. (A) CD37-SMIP induced ADCC against CLL B cells. Ability of

g
Yo

|
ANTI-CD37 SMIP AGAINST B CELL MALIGNANCIES 2573
i
molecules, respectively (Figure 4A). In contrast to their ability to
mediate ADCC function, CD37-SMIP or rituximab failed to
mediate CDC against CLL cells, whereas alemtuzumiab effectively
mediated CDC in vitro (Figure 48) :

The efficient ADCC function prompted us to evaluate the
potential effector cell populations that may be involved in CD37-
SMIP-mediated ADCC. We compared the ability of PBMC, NK, or
monocyte effector cells to mediate ADCC in vitro. Figure 4C
shows that NK cells enriched from PBMC, mediated an increase in
CD37-SMIP dependent ADCC compared with normal mono-
nuclear effector cells. In contrast, enriched monocytes failed to
cause CD37-SMIP dependent ADCC (NK cells, 492% * 2.6%;
PBMC, 29.0% * 2.1%; monocytes, 5.4% = 1.
monocytes by interferon-y (IFN+) also failed to result in CD37-
SMiP-mediated ADCC in CLL cells (Figure 4D). Th‘e importance
of NK cells in CD37-SMIP—mediated ADCC was not unique to this
target, as demoostrated by similar findings of NK- ccll importance
over monocytes in alemtuzumab-mediated ADCC (qune 4C).
These results indicate that NK cells, but not monocytes, are the
major effector cell population in mediating the CLL cell death
induced by CD37-SMIP. !

I
CD37-SMIP mediated apoptosis and ADCC against 1CDS7+ B-
cell lymphoma cell lines

To confirm the relevance of our initial preclinical findings with
CD37-SMIP described above, we sought to validate the efficacy of
this agent in vivo. Initial screening of a panel of lymphoblastic B-
cell lines, representing a variety of lymphoma/leukemia types
revealed significant levels of expression of CD37 il Raji (62%,
mean fluorescence intensity [MFI1] = 70), Daudi (100%,
MF] ]89) Ramos (10()% MFI = 122), and R511846 (99

12) had medium expxesxxon Both 697 an acute
'lymphoblasnc lymphoma cell line (0.1% MFI = 0.93), and WAC

B-CLL cell line (0.3%, MFI = 1) were negative for this antigen.
I

B i
ET . ;‘zm Media !
= ;W8 Plasma
33 . o G ) T
Bl Z <m[ifl Heated Plasma |
LEIRs Z 4l i
[:g 30 |
;"\i 24’ i .
A3 -
1y b 51 r ’Lli_

trastuzumab, CD37- SMIP. alemtuzumab, or rituximab to mediate ABCC
was evaluated using fresh human PBMC as effector cells and CD19*
primary CLL B cells as target cells at the indicated effector/target (E:T)
ratios. Data shown here are summary of 6 patient samples and error bars
represent SD among patients. (B) CD37 SMIP does not mediate CDC,
Primary CLL B cells were treated with media, trastuzumab, CD37-SMIP, or
alemtuzumab in the presence of media, human plasma or heat-inactivated
human plasma for 1 hour. The COC function was evaluated by propidium
iodide staining. Summary of the results from 4 CLL patient samples are
shown, Error bars show SD among patients. {C) In vitro evaiuation of
CD37-SMiP-induced ADCC functicn by NK cells. monocytes. ot PBMC
eHector cells. Effect of purified NK cefls, monoeytes, or PBMC effector
cells to mediate CD37-SMIP-, trastuzumab-, or alemtuzumab-dependent
ADCC function against CD19* primary CLL B celis as target cells was
evaluated at the indicated effector/target (E:T) ratios by standard chro-
mium release assay as described under “Materials and methods.” Data
shown here are the summary of resuits from 6 patient sarnples, and error
bars represent SD among patients. (D) Naive or IFN-y activated meno-
cyles failed to mediate CD37-SMiP-dependent ADCC function against
CLL B cell targets. The eifects of CD37-SMIP-induced ADCC using naive
or IFN-v-activated monocytes were measured as described above. Data
shown here are summary of 3 patient samples (= SD).
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We used the Raji and Ramos cells as 2 representative CD377 cell
lines and 697 cells as a CD37~ cell line for our initial in vitro
studies. CD37-SMIP promoted apoptosis in the CD37* Ramos or
Raji cell with the cross-linking antibody. whereas no death was
noted in the CD37~ 697 cell line (Figure SA). In Raji cells, the
level of cell death induced by CD37-SMIP exposure was similar to
that achieved by rituximab (Figure 5B). Raji cells lack significant
CD52 expression and were not sensitive to alemtuzumab treatment,
unless presented as a CD32 high expression clone (R.L., unpub-
lished data, October 2006). We also examined the healthy donor-
derived PBMC for ADCC after treatment of target cells with
CD37-SMIP. A strong interaction effect between cell lines (Raji vs
697) and treatment was suggested (P < .0001), indicating no effect
of CD37-SMIP in 697 (CD377) cells but a strong effect in Raji
(CD37%) cells (Figure 5C). Similar to primary B-CLL ‘cells, no
CD37-SMIP-mediated CDC was observed in Raji cells (Figure 5D).

CD37-SMIP had potent in vivo anti-lymphoma activity

Given that primary B-CLL cells fail to successfully engraft in
immunodeficient mice with recapitulation of the disease or a
measurable end point, we chose to test in vivo therapeutic
efficacy of CD37-SMIP in an aggressive Raji cell-inoculated
disseminated leukemia/lymphoma xenograft mouse model. Six-
teen days after inoculation, the SCID mice revealed neoplastic
cell infiltrates throughout the body, as revealed by tissue
sections (Figure 6A). Extensive replacement by tumor cells was
observed in the lymph nodes, thymus, bone marrow. liver,
spleen, soft tissue, and middle ear. In central nerve system
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(CNS), marked multifocal neoplastic cell infiltration was ob-
served in meninges, and mild multifocal mineralization was also
observed in brain. This was accompanied by neuropathy,
degenerative spinal nerves and marked paresis of the hind legs
at 17 to 20 days that preceded death By | to 2 days. In vitro, Raji
cells in culture are also CD19 and CD20 positive {data now
shown). Tumor cells derived from the bone marrow of engrafted
mice maintained expression of hCD37 and hCD20 (Figure 6B),
making this a valid model for in vivo investigation of CD37-
SMIP and the relevant control antibody rituximab.

We next determined the therapeutic efficacy of CD37-SMIP
relative to both trastuzumab and rituximab in this Raji cell-
engrafted xenograft model. The depletion of transferred human
B cells in the bone marrow was confirmed by flow cytometry
using antibodies directed against human CD19, CD20, or CD37
molecules (Figure 6B). Consistent with this, hematoxylin-
eosin staining and immunohistochemical analysis of tissue
sections of thymus and lymph node with anti-human CD435
antibody revealed loss of human B cells in the CD37-SMIP
treated but not untreated control groups (Figure 6C). Compared
with placebo-treated (17 days; 95% CI, 16, 17; P < .001) or
isotypestreated mice (17 days; 95% CI, 16, 17; P << .001), the
median survival time for CD37-SMIP-treated mice (54 days,
95% Cl, 45, 85) was significantly prolonged (Figure 6D). The
hazard ratio and 95% confidence interval for rituximab versus
CD37-SMIP (1.57; 95% CI, 0.87, 2.8; P = .137) suggest that
CD37-SMIP 15 uot inferior and could in fact be superior to
rituximab. These data are in agreement with our in vitro data
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Figure 5. CD37-SMIP induced direct cytotoxicity and ADCC in human B-cell lines. (A) CD37-SMIP induced direct cytotoxicity in CD37* {Raji and Ramos), but not in
CD37-(697) human B-cell lines. Cytotoxicity was measured using FITC-Annexin V/PI staining at 24 hours after treatment as described in the legend to Figure 1A, Representative resulls
from 3 independent experiments are shown. Error bars are SD among triplicate samples within the same experiment. (B) CD37-SMIP induced direct cytotoxicity in Raji B-cell. lines
comparable with that seen with alemtuzumab or rituximab. In vitro direct cytotoxic effects of CD37-SMIP, alemtuzumab, or rituximab in the presence or absence of cross-finker (a-Fc) was
evaluated by FITC-Annexin V/PI staining. Percentage cytotoxicity was measured using FITC-annexin V/PI staining at 24 hours after treatment as described above. Raji parent clone :
(CD52~ Jand variant CD52* clones were used in these studies. (C) CD37-SMIP induced ADCC in CD37+ Raji cells but notin CD37~ 697 B-cell fine. Effect of PBMC from healthy donors to
mediate trastuzumab-, CD37-SMIP-, alermtuzumab-, or rituximab-dependent ADCC function against CD37* {Raji cells) or CD37~ (697 cells) target cells was evaluated at the indicated
effector: target (E:T) ratios by standard chromium release assay as described in legend to Figure 3A. (D) Rituximab but not CD37-SMIP mediated CDC function against Raji B-cellfine. Raji :
cells were treated with media, trastuzumab, CD37-SMIP, rituximab, or alemtuzumab in the presence of media, human plasma, or heat-inactivated human plasma for 1 hour. The CODC
function was evaluated by propidium iodide staining and presented as percentage of Pl positive cells in response to the varicus treatments. Results shown are representative of three -

independent experiments.
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Figure 6. In vivo therapeutic evaluation of CD37-SMIP. A Raji cell-
inoculated xenograft mouse model of disseminated teukemia/lymphoma
was used to evaluale the therapeutic efficacy. (A) H&E staining of tissue
sections from Raji celi-inoculated SCID mouse {placebo-treated). (i) Thy-
mus infiltrated with neoplastic cells. (i) Lymphoid atrophy/hypoplasia in
spleen. (iiiy Extramedullary hematopoiesis in liver (arrows). (iv) Atrophic
lymph node partially replaced by tumor cells. (v) Markedly atrophic.cervical
ymph node. (vi) Spinal nerve showing rare swollen axons (arrow).
(vi) Neoplastic cells in meninges over cerebellum. (viii) Neoplastic cells in
vertebral bone marrow and within spinal canal. (ix) neoplastic cells in bone
marrow. {B) Flow cytornetric analysis of bone marrow cells from Rajf cells—
engraited mice at day 17 alter inceulation, Mice were treated with placebo
(saline) or CD37-SMIP. and the percentage of human CD19*. human
CD20'. or human CD37" cells were analyzed by surface staining with
PE-tabeled antibedies. (C) Depletion of infiltrated human CD457 cells in
CD37-SMIP treated but not control mice. Histologic (H&E staining)
analysis of thymus (top panels) and lymph node (bottom panels} from
contrel untreaied {left panels) or CD37-SMIP-treated (right panels) mice.
Insert shows presence of human CD45  cells in the untreated but not in
CD37-SMiIP-lreated mice as detected by immunohistochemistry of the
tissue sections, (I} Evaluation of therapeutic efficacy of CD37-SMIP in
Raji cell-inoculated SCID mice. Raji celi-inoculated SCID mice were.
treated with saline (n = 22), negative control trastuzumab (n = 22),
rituximab (n = 32), or CD37-SMIP (n - 32). Comparison among different
groups was made by log-rank test {P < 001 between CD37-SMIP and
trastuzumab, and P = 124 between CD37-SMIP and rituximaby).

suggesting that CD37-SMIP may be comparable with or exceed
rituximab efficacy.

In vivo anti-lymphoma activity by CD37-SMIP was dependent
on NK cells ’ ’

Our in vitro studies suggested that NK-cells. but not naive or
activated monocytes, are critical mediators of CD37-SMIP-
dependent ADCC. To determine the in vivo importance of NK
cells, we evaluated the efficacy of CD37-SMIP or rituximab
treatment in the above-described mouse model depleted of NK
cells using anti-dsialo GM1 antibody. Depletion of NK cells
after anti-asialo GM 1 antibody treatment, resulted in reduction
of YAC-] céll targeted cytotoxicity by the mouse splenocytes
(Figure - 7A). Consistent with this finding, immunostining of
peripheral blood mononuclear cells using mouse 'NK-cell-
specific CD122 and DX5 antibodies also showed decreased NK
cells (data not shown). Consistent with these in vitro results, the
in vivo therapeutic efficacy of CD37-SMIP or rituximab was
significantly compromised by depletion of NK cells (Figure 7B).
The median survival time of CD37-SMIP-treated mice de-
qreused from 51 days (95% Cl, 38, 78) to 27 days (95% CI, 25,
37) (P = .017) with the depletion of NK cells. A similar result
was also observed with the rituximab-treated group (49 days vs
25 days), which is consistent with an earlier report.® The
depletion of NK cells failed to exhibit significant effect to the
trastuzumab control groups (16 days vs 17 days, P = .10).
These data provide further support to the importance of NK cells
in mediating CD37-SMIP efficacy in vivo. '
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Discussion

Herein, we describe a new targeted therapeutic approach using the
SMIP directed at the lineage-specific CD37 antigen in CLL and
related B-cell malignancies. CLL is currently incurable, and
available antibody therapies targeting CDR20 (rituximab) or CD52
(alemtuzumab) are either less effective or highly immunosuppres-
sive. CD37 therefore represents a potentially superior target for
peptide-based therapy, based on either exp]ression features relative
to CD20 or selectivity relative to CD52. Our data herein against
primary CLL cells demonstrate that CD37-SMIP is superior to both
rituximab and alemtuzumab relative to direct cytotoxicity (in the
presence of a cross-linker) and ADCC cfﬁbacy. In addition, CD37
targeted SMIP therapy has B-cell selectivity that contrasts with
alemtuzumab.?’ ‘

CD37-SMIP differentiates itself from|several other therapies
used in CLL by mediating apoptosis through a novel caspase-
independent pathway not used by other] therapies used in this
disease. Our data demonstrates that apoptosis by CD37-SMIP is
directly proportionate to CD37 surface antigen expression and
dependent in part on signal transduction and tyrosine phosphoryla-
tion of specific proteins. Disruption of | CD37-SMIP-mediated
tyrosine phosphorylation results in protection against apoptosis, a
finding that contrasts with rituximab where herbimycin actually
enhances apoptosis.® Identification of these specific proteins
phosphorylated by CD37-SMIP is currentl)'/ under active investiga-
tion by our group. A difference in CD3;7—SMIP mechanism of

33 . - ) o 100 oo s NK. | FIGUTE 7. Invive anti~lymphoma. activity :by Cl‘J§7-$MIP is dependent
w . . - R X - e Tesstusmsils NK 4 or.l NK cells. (A) Degrea;ed ex vivo NK-C(?" activity in splenocytes from
& s — ‘A m"p‘md 8¢ csapeas. TICe treated Wll(h anti-asialo GM1 antlbodx Splenocytgs from control or
L, - . - mice treated with NK-celi-depleting anti-asialo GM1 antibody were tested
:; [N | Non-depleted - 60 - Risimab NK- for their ability to mediate cytotoxicity against NK-cell target Yac-1 cells.
=20 ’ ' o 40 e SOlid and broken fines represent percentage lysis mediated by cells from
T NK-undepleted and -depleted mice, respect‘ively‘ (B) Depletion of NK cells
N 0 s s cesas o reduced therapeutic efficacy of CD37-SMIP in vivo. In vivo therapeutic
- ) ; . i srdmeesis aficacy of trastuzumab, CD37-SMIP or rituximab were compared in
o 100 & s . o ) controi (NK*) or anti-asialo GM1 antibody-treated (NK") Raji xgnograft
o . ,,. ' o : s 100 150 modei. Survival is determined based on thé paralysis time after inocula-

L o frays post ingeukation tion. Log-rank test was applied for statistical analysis.
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action compared with rituximab is further supported by a prelimi-
nary report demonstrating synergy between rituximab and CD37-
SMIP in lymphoma xenograft models.*!

How CD37-SMIP cross modulates other cell-suiface mol-
ecules, such as CD20 and CD352, is an important question to be
addressed for potential combination of CD37-SMIP with other
therapeutic antibodies currently being used for B-cell malignan-
cies. We have conducted studies in both Raji cell lines and CLL
cells, examining the effect of CD37-SMIP treatment toward the
expression level of CD19, CD20, CD52, CD40, CD36, and
HLA-DR. So far, our preliminary results have failed to reveal
significant changes in expression of CD19, CD52, CDA40, or CDS6
in response to treatment with CD37-SMIP (with or without
cross-linker). However, detectable modulation of CD20 expression
as evidenced by decreased mean fluorescence intensity with
minimal decrease in CD20™ cells have been variably observed. In
contrast, both Raji cells and CLL cells seemed to have diminished
binding affinity toward mouse anti~human CD37 monoclonal
antibody, which may indicate either blocking of binding by
CD37-SMIP or shedding of CD37 molecule from the cell surface.
It will be a valuable approach to investigate whether combination
of CD37-SMIP with other therapeutic antibodies currently used for
B-cell malignancies therapy will bring synergistic effect.

The success of therapeutic antibodies to eliminate both normal
B cells and NHL tumor cells seems to be greatly influenced by
ability to mediate ADCC as demonstrated by both preclinical in
vivo studies? and clinical trials in NHL where high affinity
FcyRIlla polymorphisms associated with enhanced ADCC are
linked to superior response to rituximab.*4% The critical role of
FcyR in in vivo effects of therapeutic antibodies has also been
supported by studies in mice deficient of FcyR.*4 In CLL cells,
however, rituximab mediates relatively poor ADCC, possibly
explaining diminished efficacy of this antibody. Our data provide
evidence that CD37-SMIP mediates significantly greater selective
ADCC against CLL cells and related B-cell lymphoma cell lines
compared with rituximab and alemtuzumab ADCC mediated by
CD37-SMIP in CLL cells occurs predominantly through human
NK cells but not monocytes. In contrast to what was observed in
human systems, murine effector cells mediate less effective ADCC
with CD37-SMIP compared with rituximab and alemtuzumab (data
not shown). We nonetheless pursued in vivo studies in a highly
aggressive Raji-disseminated leukemia/lymphoma model in which
the therapeutic efficacy of CD37-SMIP may be superior than that
observed with rituximab. A subsequent experiment demonstrated
the importance of NK cells to the effectiveness of CD37-SMIP
therapy and possibly rectified why only equivalent efficacy to
rituximab was observed in this murine model of lymphoma. The
ultimate test of CD37 SMIP efficacy will require pursuit of clinical
studies in patients with CLL and related diseases. Despite macro-
phage/monocytes-mediated ADCC activity being observed with
several antibodies,**~° we failed to demonstrate that CD37-SMIP is
associated with phagocytic efficacy in our studies. How the
absence of CD37-SMIP-induced phagocytosis will differentiate
this engineered protein from other Ab-based therapeutics will be
interesting to further define the in vivo function of this molecule.
Future studies on the importance of FeyRIIa polymorphisms
toward SMIP-based therapeutics will also be important to elucidate
the clinical activity for this class of SMIP molecules compared with
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existing Ab therapeutics. The ultimate test of CD37 SMIP efficacy
will require pursuit of clinical studies in patients with CLL and
related diseases.

The development of targeted peptide therapies that depend on
signaling and ADCC has been unsuccessful so far because of

limited production capability and poor pharmacokinetic features

relative to therapeutic antibodies. Preclinical development of the
first CD20-directed SMIP Trul5 has demonstrated absence of
immunogenicity in cynomolgus monkeys, and superior B-cell
depletion compared with rituximab.’! Preliminary results of the
first phase I study with Trul5. demonstrated it to be clinically well
tolerated, and successful at depleting B-cells in a dose-dependent
manner with an extended serum half-life (12-19 days).’? Thus,
development of CD37-SMIP for clinical investigation in CLL
based on our data herein represents an obvious extension of this
exciting targeted therapeutic class of agents directed at a B-cell—
selective antigen not yet pursued. The unique engineered features
of SMiP-based therapies may offer an advantage over. classic
antibody based-therapies, including improved effector func-
tion, target affinity, and apoptotic signaling. Detection of
immunogenicity-related neutralizing antibody response against
CD37-SMIP after multiple injections at various frequencies in
cynomolgus monkeys will be valuable to further investigate the -
immune response toward this class of engineered proteins with
modified Fc region. in addition, pharmacokinetic studies to define
the. plasma half-life, and biodistribution studies to define the
targeting effect will also be important to determine the clinical
application of this novel targeted therapy in CD37% lymphoid
malignancies. Based on these exciting preclinical data, further
clinical development of CD37-SMIP is warranted.
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