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P- 2020/49694

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIRECCION DE NUEVAS CREACIONES
E. S. D.

Re: Expediente No. NC2020/0015168
Solicitud de patente a nombre de BOARD OF REGENTS, THE UNIVERSITY OF TEXAS
SYSTEM

Yo, CAROLINA DAZA MONTALVO identificada como aparece al pie de mi firma, domiciliada en la
Carrera 11 No. 86-53, obrando como apoderada de la sociedad BOARD OF REGENTS, THE
UNIVERSITY OF TEXAS SYSTEM., domiciliada en Texas, Estados Unidos de América, solicitante
de la patente de la referencia, en respuesta al oficio No. 1041 notificado electronicamente el 24
de enero de 2024, relacionado con los requerimientos de fondo de la solicitud, y para el cual
oportunamente solicité prorroga el 17 de abril de 2024, atentamente me permito presentar la

siguiente informacion:
1. Titulo

El examinador afirma que el titulo de la invencién “CELULAS ASESINAS NATURALES DISENADAS
PARA EXPRESAR RECEPTORES DE ANTIGENO QUIMERICO CON BLOQUEO DE PUNTOS DE
CONTROL INMUNITARIO” no se relaciona con el objeto de la solicitud contenida en las

reivindicaciones.
Para superar la objecién, el solicitante modifica el titulo como se muestra a continuacion:
“CELULAS ASESINAS NATURALES QUE EXPRESAN UN RECEPTOR DE ANTIGENO QUIMERICO, IL-
15 Y QUE NO EXPRESAN EL GEN CISH".

2. Modificacion al capitulo reivindicatorio:
Con fundamento en la facultad que confiere el articulo 34 de la Decision 486 al solicitante para

modificar la solicitud de patente en cualquier momento del tramite, presento junto a este

memorial un nuevo capitulo reivindicatorio que consta de treinta y cinco (35) reivindicaciones,
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el cual reemplaza completamente el documento presentado el 2 de diciembre de 2020.

Especificamente, se realizaron las siguientes modificaciones:

1.1 Se modificé la reivindicacion 1 con el fin de:
1.1.1 Restringir el disefio de la célula para expresar Unicamente un receptor de
antigeno quimérico (CAR).

1.1.2 Eliminar el término “esencialmente”.

1.2 Se eliminaron las reivindicaciones 3 y 38 a 54. Ademas, se ajustd la numeracion

del documento.

1.3 Se modificd la antigua reivindicacion 4 (nueva reivindicacion 3), con el fin de
eliminar la referencia a que la célula NK modificada expresa un receptor de
células T(TCR).

1.4 Se unificaron las antiguas reivindicaciones 10 y 11, en la nueva reivindicacion 9.

1.5 Se modifico el preambulo de las antiguas reivindicaciones 10, 12 y 13 (nuevas
reivindicaciones 9, 10 y 11), de modo que ahora se refieren a la poblacién de

células NK y no a un método.

1.6 Se modificé la antigua reivindicacién 14 (nueva reivindicacién 12), con el fin de:
1.6.1 Aclarar que el método hace referencia a un método in vitro. Esta
modificacion se sustenta, por ejemplo, en los parrafos [0006], [00073] y

[00234] de la descripcién.

1.6.2 Incluir las caracteristicas que definen la poblacién de células NK que se
producen en el método, de conformidad con la reivindicacién
independiente 1.

1.6.3 Seialar que las células NK se obtienen de sangre de cordén umbilical.
Esta modificacién se sustenta, por ejemplo, en el parrafo [0008] de la

descripcion.

Estas modificaciones no amplian de ninguna manera la materia objeto de la presente solicitud,
ya que se encuentran sustentadas tanto en la descripcidn, y se realizan con el fin de definir la
materia reclamada de forma clara y superar las objeciones planteadas por el examinador en su

concepto técnico.
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3. Pago de tasas

Considerando que el presente memorial se presenta junto con modificaciones a las
reivindicaciones, se adjunta recibo por concepto de pago de tasa de modificacion a la solicitud,

segun lo establecido en la Resolucién 59669 de 2020.

Ahora, en relacién con el nUmero de reivindicaciones, atentamente me permito resaltar que
junto a la presente respuesta no se realiza el pago de la tasa por concepto de reivindicaciones
adicionales, dado que el nuevo capitulo reivindicatorio cuenta con un menor nimero de clausulas

que el presentado y estudiado anteriormente por su despacho.

Por otra parte, es deseo del solicitante requerir que, si el examinador considera que aun existen
motivos que impidan la concesion de la solicitud, proceda a emitir un nuevo examen de

patentabilidad, para lo cual se anexa el respectivo pago de nuevo examen.
4. Excepcion de patentabilidad

El examinador objeta el contenido de la reivindicacion 39 debido a que reclama una composicion
“para uso en el tratamiento de una enfermedad o trastorno en un sujeto”, lo cual es considerado
como materia no patentable de conformidad con lo establecido en el articulo 20 inciso d) de la
Decision 486 de 2000 al hacer referencia a métodos de tratamiento o cantidades de dicha

composicién para ser administrada a un sujeto para tratar enfermedades o trastornos.

De manera similar, el examinador objeta las reivindicaciones 32 a 37, debido a que harian
referencia a un método para producir células NK en donde dichas células son autdlogas. Segun
el examinador, dicho termino hacer referencia a trasplantes lo que equivale a un proceso

terapéutico exceptuado de patentabilidad.

Por ultimo, el examinador objeta las reivindicaciones 41 a 54 debido a que reclaman un método
para tratar un trastorno relacionado con el sistema inmune en un sujeto, que comprende

administrar una cantidad eficaz de células NK al sujeto.
En ese sentido, el solicitante manifiesta respetuosamente su desacuerdo. Sin embargo, con el

fin de contribuir a dar continuidad al proceso, el solicitante ha decidido eliminar las

reivindicaciones 39 y 41 a 54.
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En relacién con las reivindicaciones 32 a 37, el solicitante no estd de acuerdo con que se refieran
a materia no patentable, dado que el término “autdlogo” se relaciona como tal con el origen de
la célula y no necesariamente implica un procedimiento de trasplante terapéutico.
Adicionalmente, es importante resaltar que dichas reivindicaciones 32 a 37 (nuevas
reivindicaciones 30 a 35), dependen de la nueva reivindicacién 12, la cual ha sido modificada
para caracterizar adecuadamente la poblacién de células NK a la que se refiere de conformidad
con la reivindicacion independiente 1 y se ha aclarado que el método para producir dichas células
corresponde a un método in vitro de conformidad con los parrafos [0006], [00073] y [00234]

de la descripcion.

Por ultimo, me permito resaltar las disposiciones que sobre el asunto menciona el Manual Andino

de Patentes con respecto a qué se debe considerar como un método terapéutico:

Si el método implica la administracion de un producto (compuesto o composicion
farmacéutica, por ejemplo) a un sujeto humano o animal con el propdsito de prevenir,
curar o aliviar una enfermedad, o de corregir o reparar las secuelas de esta; entonces la
materia reivindicada es un método terapéutico. En la medida que el método no
implique la administracion de un producto a un sujeto humano o animal, lo
solicitado no debe ser considerado un método terapéutico... " (Pag. 85, Manual
Andino de Patentes, 2022)

Por lo tanto, aunque en las reivindicaciones se utilizan términos relacionados con el origen de la
células en cuestidon, no se relacionan con un método que implique la administracién de las células
a un ser humano o un animal, por lo que las reivindicaciones no deben ser consideradas como

métodos de tratamiento.

En ese sentido, se entenderia el método in vitro y el caracter autélogo de las células hacen
referencia al origen de las células a modificar y disefiar en el método in vitro, evitando cualquier
referencia a un posible tratamiento. En ese sentido, se solicita la reconsideracion de la objecién.

5. Reivindicaciones relativas a un uso

El examinador objeta la reivindicacion 40, debido a que , dado que se refieren al uso de la

composicion que comprende una cantidad eficaz de células NK, se considera materia no
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patentable de conformidad con el articulo 14 de la Decisién 486 de 2000, la cual establece que

solo son patentables invenciones de producto o procedimiento.

El solicitante respetuosamente manifiesta su desacuerdo con la opiniéon del examinador. Sin
embargo, con el fin de contribuir a dar continuidad al examen de la solicitud se ha eliminado

dicha reivindicacion. En ese sentido es posible dar por superada la presente objecion.
6. Claridad y concisidn de las reivindicaciones

El solicitante manifiesta que mediante la presentacién del nuevo capitulo reivindicatorio quedan
subsanadas la totalidad de las objeciones presentadas por el examinador en su concepto técnico,
de modo tal que las nuevas reivindicaciones reclaman de manera clara y concisa la invencion
descrita. Con respecto a las objeciones especificas del examinador, me permito manifestar lo

siguiente:

6.1 El examinador considera que la reivindicacion 1 no es clara ni se sustenta en la
descripcion, porque reclama una célula asesina natural NK, sin incluir caracteristicas
técnicas esenciales que permitan delimitar el alcance de la invencidon. En ese sentido el
examinador sugiere incluir las secuencias de nucledtidos o aminoacidos que definen los
transgenes o proteinas introducidas o modificadas, es decir, incluyendo la secuencia del
vector viral que codifica los transgenes o del inserto gendmico resultante de su insercién.
Adicionalmente, sugiere eliminar el término “esencialmente” ya que se considera

impreciso para definir la expresion de CISH.

En este sentido el solicitante respetuosamente manifiesta su desacuerdo con la opinién del
examinador, debido a que es una restriccidon que no resulta necesaria para definir el alcance de
las células NK. Por el contrario, el solicitante sostiene que una persona versada en la materia
estaria en la capacidad de identificar la estructura del CAR, hIL-15 y el gen CISH, de conformidad

con lo establecido en la descripcién y el conocimiento usual del campo técnico.

Adicionalmente en las reivindicaciones 12 a 35 se sefiala el método a partir del cual se producen
dichas células. Por ende, el tipo de célula de la reivindicacién 1 y el método para su produccioén,
permiten establecer de manera inequivoca el alcance de la invencion que seria comprendido por

una persona versada en la materia. En ese sentido, se solicita reconsiderar dicha objecién.
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6.2 Por otra parte el examinador objeta las reivindicaciones 1, 3, 4 y 8 debido a que carecen
de sustento en la descripcién al reclamar una célula NK disefiada para expresar un TCR,
pero, todas las células disefiadas exploradas en la descripcién expresan Unicamente un

receptor de antigeno quimérico (CAR) y no un TCR.

El solicitante manifiesta respetuosamente su desacuerdo, sin embargo, con el fin de contribuir
a la continuidad del proceso, se ha decidido eliminar la referencia a los receptores de células T
de dichas reivindicaciones y restringir los disenos de las células NK, Unicamente a células NK
que expresan receptores de antigeno quimérico (CAR). En ese sentido, es posible dar por

superada la objecion.

6.3 Adicionalmente el examinador objeta la reivindicacion 8 por carecer de sustento en la
descripcion dado que reclama una célula NK disefiada para expresar un CAR o un TCR
que tiene especificidad antigénica por hasta 44 antigenos. Sin embargo, la solicitud

Unicamente evidencia células NK disefiadas para expresar un CAR anti-CD19.

Al respecto, el solicitante desea aclarar que, si bien la evidencia suministrada en la descripcién
hace referencia a células NK disefiadas para que expresen un CAR anti-CD19, esto no implica
que esta sea la Unica manera de poner en practica la invencién y mucho menos que la persona
normalmente versada en la materia no pueda comprender que el efecto demostrado pueda ser
extrapolado para otros antigenos. De hecho, una persona versada en la materia estaria en la
capacidad de tener en cuenta las caracteristicas de las células y los métodos divulgados en la
descripcion de la solicitud para aplicar en la expresidon de receptores CAR en relaciéon a otros
antigenos, tal como se sustenta entre los parrafos [000108] y [000111] de la descripcién. En

ese sentido, amablemente se solicita dar por superada la presente objecion.

6.4 Por otra parte, el examinador considera que las reivindicaciones 10 y 11 tampoco se
encuentran sustentadas en la descripcién porque hacen referencia a que las células NK
expresan una segunda citoquina, sin embargo, en la descripcidon Unicamente hay un

sustento par una Unica citoquina (IL-15).

El solicitante respetuosamente discrepa de la opinidn del examinador y sefala que aplicar la
invencion a células que expresan IL-21 o IL-12, es una razonable generalizacién de la materia
ejemplificada, en donde se emplea una citocina IL-15. En este sentido, el solicitante sostiene
que una persona normalmente versada en la materia sabria comprender y adaptar sin ningun

inconveniente el desarrollo de la invencién a células que expresen otras citoquinas, como las
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mencionadas en las reivindicaciones objetadas. En ese sentido, amablemente se solicita

reconsiderar y dar por superada la presente objecion.

6.5 Las reivindicaciones 10 a 12, también son objetadas por el examinador debido a que
presentan errores de dependencia al referirse a “método de la reivindicacion 1", sin
embargo, dicha reivindicacién reclama la célula NK modificada. Adicionalmente, el
examinador opina que carecen de claridad al incluir las expresiones “ha activado un
objetivo mamifero de sefalizacion de rapamicina (mTOR)” o “tiene una sefalizacion
JAK/STAT aumentada”, lo cual hace referencia a resultados a alcanzar y no permiten

definir el alcance de la materia a reclamar.

En este sentido, el solicitante amablemente ha decidido atender a la sugerencia del examinador
y ha modificado el predmbulo de las antiguas reivindicaciones 10 a 12 (nuevas reivindicaciones
9 a 11), con el fin de que reclamen células NK de conformidad con las reivindicaciones de las

que depende.

En relacion con los resultados a alcanzar es importante mencionar que, al encontrarse en
reivindicaciones dependientes, dichas caracteristicas no buscan delimitar el alcance de la
invencion sino describir las caracteristicas funcionales de la misma, con base en el efecto técnico
alcanzado y demostrado en la descripcidn. En ese sentido, son caracteristicas complementarias
gue no afectan la claridad de la materia a reclamar, por lo que el solicitante considera deberian

ser permisibles para estas reivindicaciones dependientes.

En vista de lo anterior, amablemente se solicita reconsiderar y dar por superada la presente

objecion.

6.6 El examinador también objeta las reivindicaciones 14 a 17, debido a que considera que no
se encuentran sustentadas en la descripcién debido a que no incluyen todas las
caracteristicas técnicas esenciales que permiten delimitar el alcance del método, es decir
incluyendo condiciones y etapas especificas. Por lo tanto, el examinador sugiere definir cada
una de las caracteristicas a partir de una razonable generalizacion de la materia encontrada

en la descripcion.
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En este sentido, el solicitante respetuosamente discrepa de la opinidén del examinador dado que,
requerir que se establezcan caracteristicas técnicas especificas sugeridas por el examinador
resultaria en una restriccién innecesaria de la materia reclamada. De este modo, el solicitante
manifiesta que una persona versada en la materia estaria en la capacidad de incluir las
condiciones que considere con el fin de cumplir con los pasos establecidos en la antigua
reivindicacién 14 (nueva reivindicacidon 12) de acuerdo con el conocimiento general del campo
técnico y teniendo en cuenta las caracteristicas de las reivindicaciones dependientes 15 a 17
(nuevas reivindicaciones 13 a 15). Por ende, amablemente se solicita reconsiderar y dar por

superada la presente objecion.

6.7 Por ultimo, el examinador objeta la reivindicacion 38, debido a que caracteriza la
composicion con célula NK por el método de produccidn de las reivindicaciones 14 a 37. Sin
embargo, dichas células podrian caracterizarse a partir de las secuencias de sus transgenes

y/o insertos génicos.

Sin estar de acuerdo con la opinién del examinador, pero con el fin de contribuir al proceso, el
solicitante ha decidido eliminar dicha reivindicacion 38 del capitulo reivindicatorio. En ese sentido

es posible dar por superada la presente objecion.

En vista de lo anterior, las objeciones relacionadas con la claridad, la concision y el soporte en

la descripcién del capitulo reivindicatorio, han quedado completamente superadas.
7. Descripcién

El examinador indica que la descripcion no divulga la materia reclamada de manera suficiente
para que una persona normalmente versada en la materia pueda ejecutarla o reproducirla, por

lo que no cumpliria con las disposiciones del Art. 28 de la Decisién Andina 486.

En este sentido, el examinador sefiala que el capitulo reivindicatorio carece de sustento en la
descripcion debido a que no caracteriza de forma adecuada las células NK modificadas que
expresan receptores CAR y TCR, o los métodos para su obtencidon. En ese sentido, sugiere
restringir las caracteristicas de las células de acuerdo con la evidencia técnica concreta y explicita
demostrada en la descripcion, que se refiere a células transfretadas con el vector viral
iC9.CAR19.CD28-zeta-2A-IL-15 que expresan un CAR anti-CD19 y la IL-15 y que han sido
editadas empleando el sistema CRISPR/Cas9 con los ARN guia SEQ ID NO: 1 y 2 y la nucleasa

Cas9 para el silenciamiento del gen CISH y, para los métodos de produccién comprenden: el co-
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cultivo y expansidon con células APC en una proporcion 1:2 de células NK por células APC, la
introduccién del vector viral iC9.CAR19.CD28-zeta-2A-IL-15 y el silenciamiento mediado por
CRISPR/Cas9 del gen CISH con los ARN guia SEQ ID NO: 1 y 2 y la nucleasa Cas9, tal como

establecen las pagina 104 a 127 de la descripcion.

Al respecto, el solicitante afirma que una persona versada en la materia de los métodos de
produccion de terapia celular consideraria innecesarios los detalles requeridos por el examinador,
toda vez que, al tener experiencia en la técnica, consideraria que esas condiciones y pasos son
rutinarios y no afectan la claridad ni el sustento de la materia reclamada. Ademas, como ya bien
se explico, la manera en que se divulga la materia en las reivindicaciones es suficiente para
comprender el alcance de la invencién y relacionarlo directamente con la evidencia suministrada
en la descripcion. En ese sentido, amablemente se solicita reconsiderar y dar por superada la

presente objecion.

De esta manera, la materia divulgada en la descripcion ahora se relaciona de una manera mas
cercana con la materia definida en el capitulo reivindicatorio. Por lo tanto, la descripcidon
proporciona toda la informacién necesaria para llevar a cabo la invenciéon y cumple con los

requisitos legales establecidos en la Decision Andina 486.
8. Nivel inventivo

El examinador ha indicado que las reivindicaciones 1 a 31 y 38 carecerian de nivel inventivo en
vista de las ensefianzas del documento D1 (Liu, E., Leukemia, “Cord blood NK cells engineered
to express IL-15 and a CD19-targeted CAR show long-term persistence and potent anti-tumor
activity” y D2 (W02017123956).

Con respecto a lo anterior, me permito resaltar las disposiciones del articulo 18 de la Decisidon
486 de la Comision de la Comunidad Andina, que establecen que “se considerara que la invencion
tiene nivel inventivo, si para una persona del oficio normalmente versada en la materia técnica
correspondiente, esa invencion no hubiese resultado obvia ni se hubiese derivado de manera

evidente del estado de la técnica”.

Lo anterior significa que el andlisis de nivel inventivo NO es una comparacién de los objetos de
las anterioridades y la solicitud en estudio. Por el contrario, el analisis de nivel inventivo debe
demostrar la obviedad de la invencion y establecer como ésta no contiene un salto cualitativo,

que demuestre su altura inventiva, teniendo en cuenta que se hace necesario demostrar que
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la invencidn analizada carece de nivel inventivo y hubiese sido obvia para una persona versada

en la materia.

Ahora bien, dichas condiciones no se cumplen para el caso en cuestién, pues, tal como se
mostrara a continuacion, las caracteristicas técnicas mencionadas en las reivindicaciones
independientes no pueden derivarse de manera obvia o evidente a partir de las ensefianzas del
estado de la técnica representadas en los documentos D1 y D2, y, por lo tanto, la materia

reclamada es inventiva a la luz del arte previo.

El analisis del examinador

El examinador sefiala que el documento D1 es considerado como el estado de la técnica mas
cercano a la invencidn definida en la reivindicacidon 1, ya que divulga células NK transducidas
con un vector retroviral iC9/CAR.19/IL15 que incorpora el gen para CAR.19 y expresa IL-15y

un gen suicida inducible de caspasa 9.

Ahora, es importante resaltar que el examinador reconocioé que la principal diferencia entre las
células NK divulgadas en la reivindicacion 1 y las células divulgadas en el documento D1, es que

que las células de la solicitud no tienen esencialmente expresion de CISH.

Sin embargo, el examinador considera que tal diferencia no esta asociada a un efecto técnico,
ya que la solicitud no ha incluido todas las caracteristicas técnicas esenciales que delimiten
adecuadamente la poblacion de células NK modificadas, y que permitan relacionar las células NK

con el efecto técnico que reclama la invencion.

Asimismo, el examinador menciona que el documento D1 ya menciona una célula que
comprende: al menos un receptor disefado que es un receptor de antigeno quimérico (CAR) o
un receptor de (TCR), al menos un elemento adenoviral extracromosomal y al menos una
delecion de un gen enddgeno. Ademas, el documento D2 ya sugiere que el gen enddgeno es un

punto de control inmune a considerar en la modificacién de la célula.
Por lo tanto, el examinador considera que la persona normalmente versada en la materia estaria

motivada a considerar D2 en relacion con la célula propuesta en D1, haciendo que la materia

reclamada fuese obvia.

La materia reclamada es inventiva a la luz del arte previo citado
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Visto lo anterior, el solicitante desea manifestar respetuosamente su desacuerdo con la opinion

del examinador.

El efecto técnico de la diferencia reconocida por el examinador (esto es, que las células no
expresen CISH) se demuestra en la figura 3 de la presente solicitud. En particular, las figuras
3A a 3D muestran que i) el knockout de CISH vy ii) la transduccion con una transduccién de CAR
e IL-15 mejoran sinérgicamente la funcién y la citotoxicidad de las células NK (véase el parrafo
[00030] de la presente solicitud). Las células NK disenadas para expresar IL-15 y carecen de
CISH (como se define en la reivindicacion 1) son, por lo tanto, ventajosas sobre las células NK
de D2que expresan tanto IL-15 como CISH. La ventaja, es decir, la mejora sinérgica de la funcion

de las células NK y la citotoxicidad, no se podia haber predicho.

Adicionalmente el caracter inventivo de la materia reclamada se demuestra en el segundo anexo
de este memorial, en donde se da evidencia que, para las células NK, la presencia de IL-15 en
la construccion de CAR en las células NK es necesaria, al menos para la mejora de la funcién de
las células NK mediada por CISH KO. Tal requisito no podria haber sido esperado por una persona

versada en la materia al estudiar el contenido de los documentos D1 y D2.

Por lo tanto, la Unica razdén para considerar que la invencidn actualmente reivindicada, es que el

examinador conoce sus caracteristicas de antemano.
Teniendo en cuenta lo anteriormente expuesto, queda claro que las caracteristicas técnicas de
la materia definida en el capitulo reivindicatorio presentado junto al presente memorial no se
derivan de manera obvia o evidente de las ensefianzas de D1 y D2. Por lo tanto, el objeto
reclamado cumple con el requisito de Nivel inventivo establecido en el Art. 18 de la Decisidn
486.

9. Conclusién

Con las modificaciones introducidas y los argumentos presentados puede concluirse que:

i) El nuevo titulo de la solicitud es claro y se relaciona con el objeto reclamado, cumpliendo

asi con el literal d) del articulo 27 de la Decisiéon 486 de 2000;

clarkemodet.com
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ii) El nuevo pliego reivindicatorio se ajusta a las disposiciones del Articulo 34 de la Decisién
486/00;

iii) Lainvencion de la presente solicitud es clara y cuenta con el debido sustento en el capitulo
descriptivo, a la vez que se encuentra divulgada de manera suficientemente completa,

cumpliendo asi con los requerimientos de los Articulos 30 y 28 de la Decisién 486;

iv) La presente invencion se relaciona con materia susceptible de patentabilidad, cumpliendo

asi con los requerimientos del Articulo 14 de la Decision 486;

v) La invencién de la presente solicitud no resulta obvia ni se derivada de manera evidente
del estado de la técnica, cumpliendo asi con los requerimientos del Articulo 18 de la
Decision 486

Por tanto, atentamente me permito solicitar a ese Despacho otorgar el privilegio de patente
solicitado a la solicitud en estudio, toda vez que cumple a cabalidad con los requerimientos de
la Decisién 486 de 2000.

Asimismo, respetuosamente solicito a ese Despacho pronunciarse en relacion con todos los
argumentos presentados en este memorial dando estricta aplicacion al principio del debido
proceso consagrado en el articulo 29 de la Constituciéon Nacional.

10.Anexos

- Nuevo capitulo reivindicatorio conformado por treinta y cinco (35) reivindicaciones.

- Daher, M., Basar, R., Gokdemir, E., et al. (2021). Targeting a cytokine checkpoint
enhances the fitness of armored cord blood CAR-NK cells. Blood, 137(5), 624-636.
https://doi.org/10.1182/blood.2020007748

- Recibo de pago por concepto de modificaciones a las reivindicaciones y nuevo examen

de patentabilidad.

Sefiora Directora,

clarkemodet.com
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Una célula asesina natural (NK) aislada disefiada para expresar (1) un
receptor de antigeno quimérico (CAR) y (2) IL-15 humana (hIL-15) y para

no tener expresion de CISH.

La célula NK de la reivindicacion 1, en la que la célula NK esta disefiada

para expresar un CAR.

La célula NK de la reivindicacion 1, en la que la célula NK esta disefiada

para expresar un CAR.

La célula NK de la reivindicacién 1, en la que la célula NK se deriva de

sangre de corddn, sangre periférica, médula 6sea, células CD34* 0 iPSC.

La célula NK de la reivindicacion 1, en la que la célula NK se deriva de la

sangre del cordon.

La célula NK de la reivindicacion 5, en la que la sangre del cordén se ha

congelado previamente.

La célula NK de la reivindicacion 1, en la que el CAR tiene especificidad
antigénica para ligandos CD19, CD319/CS1, ROR1, CD20, CD5, CD7,
CD22, CD70, CD30, BCMA, CD25, NKG2D, MICA/MICB, antigeno
carcinoembrionario, alfafetoproteina, CA-125, MUC-1, antigeno tumoral
epitelial, antigeno asociado a melanoma, p53 mutado, ras mutado,

HER2/Neu, ERBB2, proteina de unién a folato, glicoproteina gp120 de la
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10
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15
11.
20 12
25  (a)

(b)

envoltura del HIV-1, glicoproteina gp4l de la envoltura del HIV-1, GD2,
CD123, CD33, CD30, CD56, c-Met, mesotelina, GD3, HERV-K, IL-
11Ralfa, cadena kappa, cadena lambda, CSPG4, ERBB2, WT-1,

EGFRuvIII, TRAIL/DR4 y/o VEGFR2.

La célula NK de la reivindicacion 1, en la que el CAR tiene especificidad

antigénica para CD19.

La célula NK de la reivindicacién 1, en el que la célula NK expresa ademas

una segunda citoquina, en donde la citoquina es I1L-21 o IL-12.

La célula NK de cualquiera de las reivindicaciones 1-9, en el que la célula
NK ha activado un objetivo mamifero de sefializacién de rapamicina

(mTOR).

La célula NKde la reivindicacion 10, en el que la célula NK tiene una

sefalizacion JAK/STAT aumentada.

Un método in vitro para producir células NK de cualquiera de las
reivindicaciones 1-11, en donde la célula NK es célula asesina natural
(NK) aislada disefiada para expresar (1) un receptor de antigeno
quimérico (CAR) y (2) IL-15 humana (hIL-15) y no tener expresion de
CISH, en el que el método comprende:

obtener una poblacion inicial de células NK a partir de sangre de cordon
umbilical;

cultivar la poblacién inicial de células NK en presencia de células

presentadoras artificiales (APC);
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(©)
(d)

(e)

13.

14.

15.

16.

17.

18.

19.

introducir un vector de expresion CAR y/o TCR en las células NK;
expandir las células NK en presencia de APC, obteniendo asi células NK
expandidas; y

interrumpir la expresion de CISH en las células NK expandidas.

El método de la reivindicacion 12, en el que interrumpir la expresion

comprende utilizar silenciamiento génico mediado por CRISPR.

El método de la reivindicaciéon 13, en el que el silenciamiento génico
mediado por CRISPR comprende poner en contacto las células CAR NK

con sgRNA y Cas9.

El método de la reivindicacion 12, en el que el sgRNA se dirige al exén 4

de CISH.

El método de la reivindicacién 15, en el que el sgRNA comprende las SEQ

ID NO: 1-2.

El método de la reivindicacion 12, en el que la poblacion de partida de
células NK se obtiene aislando células mononucleares usando un

gradiente de densidad ficoll-paque.

El método de la reivindicacion 12, en el que las APC son APC irradiadas

con rayos gamma.

El método de la reivindicacion 12, en el que las APC son APC universales

(UAPC).
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20.

21.

22.

23.

24.

25.

26.

27.

28.

El método de la reivindicacion 12, en el que las APC estan disefiadas para

expresar 41BB e IL-21.

El método de la reivindicacion 19, en el que las UAPC estan disefadas
para expresar (1) CD48 y/o CS1 (CD319), (2) interleugquina-21 unida a la

membrana (mblIL-21) y (3) ligando 41BB (41BBL)).

El método de la reivindicacion 12, en el que las células NK y las APC

estan presentes en una proporcion de 1:2.

El método de la reivindicacion 12, en el que las células NK de las etapas

(b) y (d) se expanden adicionalmente en presencia de IL-2.

El método de la reivindicacién 23, en el que IL-2 esta presente en una

concentracion de 100-300 U/ml.

El método de la reivindicacién 23, en el que IL-2 esta presente en una

concentracion de 200 U/mL.

El método de la reivindicacion 12, en el que la introduccion comprende la

transduccion.

El método de la reivindicacion 12, en el que el constructo de expresion de

CAR y/o TCR es un vector lentiviral o retroviral.

El método de la reivindicacion 12, en el que las células NK son

compatibles con GMP.
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29.

30.

31.

32.

33.

34.

35.

El método de la reivindicacion 12, en el que las células NK son alogénicas.

El método de la reivindicacion 12, en el que las células NK son autélogas.

El método de la reivindicacion 12, donde el CAR y/o TCR tienen
especificidad antigénica para ligandos CD19, CD319/CS1, ROR1, CD20,
CD5, CD7, CD22, CD70, CD30, BCMA, CD25, NKG2D, MICA/MICB,
antigeno carcinoembrionario, alfafetoproteina, CA-125, MUC-1, antigeno
tumoral epitelial, antigeno asociado a melanoma, p53 mutado, ras mutado,
HER2/Neu, ERBB2, proteina de unién a folato, glicoproteina gp120 de la
envoltura del HIV-1, glicoproteina gp41l de la envoltura del HIV-1, GD2,
CD123, CD23, CD30, CD56, c-Met, mesotelina, GD3, HERV-K, IL-
11Ralfa, cadena kappa, cadena lambda, CSPG4, ERBB2, WT-1,

EGFRuvIll, TRAIL/DR4 y/o VEGFR2.

El método de la reivindicacion 12, en el que el CAR tiene especificidad

antigénica para CD19.

El método de la reivindicacion 12, en el que el constructo de expresion de

CAR y/o TCR expresa ademas una citoquina.

El método de la reivindicacion 33, en el que la citoquina es IL-15, IL-21 o

IL-12.

El método de la reivindicacion 12, que comprende ademas criopreservar la

poblacion de células NK expandidas.
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Targeting a cytokine checkpoint enhances the fitness of
armored cord blood CAR-NK cells
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Immune checkpoint therapy has resulted in remarkable improvements in the outcome for
certain cancers. To broaden the clinical impact of checkpoint targeting, we devised a
strategy that couples targeting of the cytokine-inducible Src homology 2-containing (CIS)
protein, a key negative regulator of interleukin 15 (IL-15) signaling, with fourth-generation
"armored” chimeric antigen receptor (CAR) engineering of cord blood-derived natural
killer (NK) cells. This combined strategy boosted NK cell effector function through en-
hancing the Akt/mTORC1 axis and c-MYC signaling, resulting in increased aerobic gly-
colysis. When tested in a lymphoma mouse model, this combined approach improved NK
cell antitumor activity more than either alteration alone, eradicating lymphoma xenografts
without signs of any measurable toxicity. We conclude that targeting a cytokine checkpoint further enhances the
antitumor activity of IL-15-secreting armored CAR-NK cells by promoting their metabolic fitness and antitumor ac-
tivity. This combined approach represents a promising milestone in the development of the next generation of NK cells
for cancer immunotherapy. (Blood. 2021;137(5):624-636)

® CRISPR-Cas9 CISH
deletion enhances the
metabolic fitness and
antitumor activity
of armored IL-
15-secreting CB-
derived CAR-NK cells.

whether the antitumor activity of IL-15-secreting CAR-NK cells
could be further enhanced by inhibiting key cytokine-related

Introduction

Natural killer (NK) cells mediate potent cytotoxicity against tu-

220z ¥snbny o uo ysanb Aq ypd 812 .00020ZPIGPO0IA/08886.L L/¥29/G/LE L/Pd-8oie/poojq/Bio-suoneoligndyse//:diy woy papeojumog

mor cells’ and are attractive candidates for the next-generation
cancer immunotherapies.? Moreover, their ready availability
from various sources, such as umbilical cord blood (CB), boosts
their potential as a third-party product for widespread clinical
scalability.®* A recent advance in the development of NK-
cell-based immunotherapy is the demonstration that chimeric
antigen receptor (CAR) engineering can enhance their effector
function.>” We have shown that CB-NK cells transduced with
a fourth-generation vector encoding anti-CD19 CAR and
interleukin-15 (IL-15) induce greater in vivo expansion and
longer-term persistence than nontransduced (NT) NK cells.®
While our preclinical study using an aggressive model of NK-
resistant Raji lymphoma confirmed that this approach can pro-
long survival of mice,® it was not curative, leading us to question

624 € blood® 4 FEBRUARY 2021 | VOLUME 137, NUMBER 5

immune checkpoints.

The suppressor-of-cytokine signaling (SOCS) family of proteins
play important roles in NK cell biology by attenuating JAK-
STAT-mediated cytokine signaling and NK cell cytotoxicity
against cancer.®? One of its members, the cytokine-inducible Src
homology 2-containing protein (CIS), is encoded by the CISH
gene. CIS contains a central Src homology 2 that interacts with
phosphorylated tyrosine motifs in target proteins such as those
belonging to the JAK-STAT signaling pathway and a C-terminal
40-amino-acid motif known as the SOCS box that ubiquitinates
the target proteins and directs them for proteosomal
degradation.’®™" CIS is induced by cytokines such as IL-2 and IL-
15'21% and is an important intracellular checkpoint in NK cells.™

© 2021 by The American Society of Hematology
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Figure 1. CRISPR-Cas9-mediated deletion of CISH in iC9/CAR19/IL-15 NK cells. (A) Schematic representation of CRISPR-Cas9-mediated CISH KO using 2 guide RNAs
(gRNA) targeting exon 4 of the CISH gene. PAM, protospacer-adjacent motif. (B-C) CB-NK cells were expanded with K562 based feeder cells and IL-2 and then either left NT or
transduced with a retroviral vector expressing iC9/CAR19/IL-15 construct on day 4 (D4) of expansion. On day 7 (D7) of expansion, NT and iC9/CAR19/IL-15-expressing CB-NK
cells were nucleofected with Cas9 alone (Cas9 mock), Cas9 preloaded with gRNA targeting CISH exon 4 (CISH KO), or nonnucleofected (wild-type [WT]). The CISH KO efficiency
was determined by PCR (B) and western blot analysis (C). (D) Sanger sequencing results showing multiple peaks reflecting nonhomologous end-joining (NHEJ) events in NT or
iC9/CAR19/IL-15 (CAR) NK cells that underwent CISH KO compared with single peaks in control (Cas? mock). Arrows indicate the base pair position where the gene editing
started. (E) Bar graphs showing the relative mRNA expression levels of CISH determined on days 0, 7, 14, and 21 of expansion in NT (blue) and iC9/CAR19/IL-15 (red) NK cells by
reverse transcription polymerase chain reaction (RT-PCR) (n = 3). Note that on days 0 and 7 only data for NT-NK cells are included since the CAR transduction step is performed
on day 4 of expansion. 18 S ribosomal RNA (18S) was used as the internal reference gene. Bars represent mean values with standard deviation, *P = .05.

Given that our CAR19-specific CB-derived NK cells are designed
to secrete IL-15, we hypothesized that CIS would be a logical
checkpoint to target to enhance their antitumor potency. Here,
we show that a combined strategy of IL-15 CAR engineering and
CISH knockout (KO) in CB-derived NK cells significantly im-
proved tumor control. This gain of effector function is attributed
to enhanced IL-15 signaling secondary to CISH KO, with consequent
activation of the Akt/mTORC1/c-MYC pathway and increased NK
cell glycolysis in response to tumor. Thus, we demonstrate that
deleting a critical cytokine checkpoint in IL-15-secreting CAR-NK
cells improves their metabolic “fitness,” permitting greater in vivo
persistence and cytotoxic function. Our data support the use of a
2-step strategy that combines engineering CAR-NK cells to secrete
IL-15 with cytokine checkpoint gene editing to further enhance their
therapeutic potential in the clinic.

Materials and methods

Retrovirus transfection and transduction
The retroviral vector encoding iC9.CAR19.CD28-(-2A-IL-15
was kindly provided by Gianpietro Dotti (University of North

CHECKPOINT DELETION IN ARMORED CB CAR-NK CELLS

Carolina).'*'> CAR19.CD28-¢ (without IL-15) was used as a
control.

CRISPR-Cas9 gene editing of CISH

CISH KO was performed using ribonucleoprotein (RNP) com-
plex, in both NT and CAR-NK cells (for details, see supplemental
Methods, available on the Blood Web site). To assess KO effi-
ciency, we used polymerase chain reaction (PCR) gel electro-
phoresis, western blot, and Sanger sequencing. Details on the
protocols are included in supplemental Methods.

NK cell functional and cytotoxicity assays

Cytokine production, degranulation, chromium release assay,
Incucyte real-time assay, and annexin V/DRAQ?7 viability assays
were used as previously described.® Details of these assays are
provided in the supplemental Methods.

Mass cytometry and antibody conjugation

A panel comprising 37 metal-tagged antibodies was used for the
in-depth characterization of NK cells (supplemental Table 1
and supplemental Methods).
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Figure 2. Phenotype and molecular signature of iC9/CAR19/IL-15 CISH KO NK cells. (A) Comparative heatmap of mass cytometry data showing the expression of NK cell
surface markers, transcription factors, and cytotoxicity markers in iC9/CAR19/IL-15 CISH KO compared with iC9/CAR19/IL-15 control NK cells. Each column represents a separate
cluster identified by FlowSOM analysis, and each row reflects the expression of a certain marker for each annotation. Color scale shows the expression level for each marker, with
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Seahorse assays

The extracellular acidification rate (ECAR) and oxygen con-
sumption rate were measured using the Agilent Seahorse XFe?6
Analyzer (Agilent) per the manufacturer’s instructions. NT-NK
cells (control or CISH KO) and CAR-transduced NK cells (control
or CISH KO) were assayed alone or purified after 2 hours of
coculture with Raji. Where indicated, NK cells were pre-
incubated with rapamycin (100 ng/mL, Miltenyi Biotec) for
4 hours prior to the Seahorse assay.

Xenogeneic lymphoma models

We used an aggressive NK-resistant Raji NOD/SCID IL-2Rynull
(NSG) xenograft model as previously described.® Mice (10-
12 weeks old; The Jackson Laboratory, Bar Harbor, ME) were
irradiated with 300 cGy at day —1 and engrafted with FFluc-Raji
cells. Where indicated, NT (control or CISH KO), CAR19/IL-
15 CB-NK (control or CISH KO), or CAR19 (no IL-15) CB-NK
(control or CISH KO) cells were injected through the tail vein.
Mice were subjected to weekly bioluminescence imaging
(Xenogen IVIS-200 Imaging System).'” Trafficking, persistence
and expansion of NK cells were measured by flow cytometry.
The antibodies used for flow cytometry staining are described in
detail in the supplemental Methods.

Off-target identification

The genome-wide, unbiased identification of double-stranded
breaks enabled by sequencing (GUIDE-seq) method was employed
for unbiased discovery of off-target editing events.' Details of this
technology and target enrichment via hAmpSeq'? are included in
supplemental Methods.

Additional detailed methods are provided in supplemental Data.

Results

Phenotypic and molecular signaling alterations
associated with CISH deletion

The central hypothesis of this study predicts that knocking out
the CISH gene in CAR-NK cells will enhance their effector
function against tumor cells, much in the way that targeting PD-1
improves outcomes by removing a critical immune checkpoint in
T cells.22" Our approach for combined retroviral transduction
with the iC9/CAR19/IL-15 construct and RNP-mediated gene
editing of CISH is shown in Figure 1A-B. On day 7, we nucle-
ofected CAR-NK cells with Cas9 alone (Cas? mock) or Cas9
preloaded with gRNA targeting CISH exon 4. The iC9/CAR19/IL-
15 transduction efficiency and cell viability on day 7 were >90%
and remained stable over time in both control and gene-edited
cells (supplemental Figure 1A-B). The efficiency of CISH KO was

high (81% to 98%) in both the nontransduced (NT) control and
CAR-expressing NK cells by PCR (Figure 1B) and western blot
(Figure 1C) and remained stable over time (supplemental
Figure 1C-D). This on-target efficiency was confirmed by Sanger
sequencing (Figure 1D). Importantly, CISH expression in NK cells
transduced with either iC9/CAR19/IL-15 or NT (control) and
cultured with IL-2 and K562 feeder cells expressing membrane-
bound IL-21, 4-1BB ligand, and CD48 (referred to as uAPC)
increased over time (Figure 1E). This indicates that CAR-
modified and NT-NK cells are subject to the same counter-
regulatory circuits leading to modulation of CIS levels.

Next, to gain insight into the phenotypic changes that accom-
pany CISH KO in CAR-NK cells, we used cytometry by time of
flight and a panel of 37 antibodies against inhibitory and acti-
vating receptors, as well as differentiation, homing, and acti-
vation markers (supplemental Table 1). CISH KO resulted in
increased expression of markers of activation and cytotoxicity
(Figure 2A), including granzyme B, perforin, TRAIL, and CD3¢;
transcription factors such as eomesodermin (eomes) and T-bet;
adaptor molecules such as DAP12; and activating co-receptors/
proliferation markers such as DNAM, CD25, and Kié7. A similar
profile of upregulated markers was identified after CISH KO
in NT-NK' cells (supplemental Figure 2A). Using VviSNE, a
t-distributed stochastic neighbor-embedding (t-SNE) algorithm,
we observed marked phenotypic differences between control
and CISH KO iC9/CAR19/IL-15 NK cells, with predominantly
proliferative and cytotoxic features (eg, increased expression of
CD25, Kié7, CD3¢, perforin, and granzyme B) in CISH KO iC%/
CAR19/IL-15 NK cells (Figure 2B). Despite higher expression of
proliferation markers on CISH KO iC9/CAR19/IL-15 NK cells on
phenotyping, the proliferative capacity of NK cells during in vitro
expansion did not differ significantly following CISH KO (sup-
plemental Figure 3A). This is likely related to the use of uAPCs
that can optimally expand both engineered and nonengineered
NK cells in vitro.>'” Moreover, despite the activation phenotype
associated with CISH KO, we did not observe any evidence of
activation-induced cell death in NT CISH KO or CAR19/IL-
15 CISH KO cells following stimulation with tumor targets
(supplemental Figure 3B).

To assess the consequences of CISH KO on the transcriptomic
and signaling pathway responses of NK cells, we performed
RNA-sequencing studies of CISH KO NT and iC9/CAR19/IL-15
NK cells vs their unmodified controls. CISH KO led to upregu-
lation of genes related to inflammatory and immune responses
(eg, tumor necrosis factor [TNF] and interferon [IFN] signaling
such as TNFRSF12A, MX1, and T-bet regulation such as
ZEB2) as well as cytokine signaling (eg, IL1A, IL3RA, and
CXCL8) (Figure 2C; supplemental Figure 2B) in both NT and

Figure 2 (continued) red representing higher expression and blue lower expression in iC9/CAR19/IL-15 CISH KO NK cells. The t-SNE map generated from FlowSOM
analysis in the right panel shows the 20 NK cell metaclusters (MCs) represented in the mass cytometry heatmap in the left panel. (B) Individual t-SNE maps show the
expression of selected NK cell markers for iC9/CAR19/IL-15 CISH KO compared with iC9/CAR19/IL-15 control NK cells. Color scale indicates signal intensity, ranging from
low (blue) to high (red) after arcsine transformation. (C) Global gene expression analysis by RNA sequencing. Heatmap displays the genes that were differentially expressed
in purified iC9/CAR19/IL-15 CISH KO vs iC9/CAR19/IL-15 control NK cells (n = 4). Color scale shows the expression level of each marker, with red representing higher
expression and blue lower expression in iC9/CAR19/IL-15 control (CAR) or iC9/CAR19/IL-15 CISH KO (CAR KO) NK cells (g < 0.1 and absolute log2foldchange > 0.8). (D)
GSEA showing enrichment in IFN-y response, TNF-a signaling via NF-kB, IL-2/STATS signaling, IL-6/JAK/STAT3 signaling and inflammatory response in iC9/CAR19/IL-
15 CISH KO compared with iC9/CAR19/IL-15 control NK cells. (E) Representative histogram showing enhanced phosphorylation of STATS (p-STATS), STAT3 (p-STAT3) and
phospholipase Cy 1 (p-PLCy1) in iC9/CAR19/IL-15 CISH KO vs iC9/CAR19/IL-15 control NK cells after coculture with Raji cells for 30 minutes. Blue histograms represent CAR
control, andred histograms represent CAR CISHKO. (F) Bar graphs showing mean fluorescence intensity (MFI) of p-STATS5, p-STAT3, and p-PLCy1in iC9/CAR19/IL-15 CISH
KO vs iC9/CAR19/IL-15 control NK cells (n = 3). Blue bars represent CAR control and red bars represent CAR CISH KO. Bars represent mean values with standard deviation.
**P = 01.
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iC9/CAR19/IL-15 NK cells. Gene set enrichment analysis (GSEA)
supported enrichment of pathways involved in TNF-a;, IFN-y,
IL-2/STATS5, and IL-6/JAK/STAT3 signaling, as well as in those
related to inflammatory immune responses (Figure 2D; sup-
plemental Figure 2C). We confirmed our findings at the protein
level by showing enhanced phosphorylation of STATS, STAT3,
and phospholipase C vy 1 (PLCy1) in CISH KO iC9/CAR19/1I-15
NK cells (Figure 2E-F). It is worthwhile to note that CIS and other
SOCS proteins have been reported to downregulate CD3¢?? and
PLCy12% in T cells, and our data support a similar effect in NK
cells after CISH KO for both CD3{ (Figure 2A-B) and p-PLCy1
(Figure 2E-F). Considered together, these phenotypic and
molecular signaling results support the hypothesis that targeting
CIS in CAR-NK cells removes an important immune checkpoint.

CISH ablation enhances the antitumor activity of
iC9/CAR19/11-15 NK cells

When tested against CD19* Raji lymphoma cells, our CISH KO
NT oriC9/CAR19/IL-15 NK cells produced more IFN-y and TNF-
«, and displayed greater degranulation (CD107a) and cytotox-
icity against their targets than did their respective NT and iC9/
CAR19/IL-15 NK controls (Figure 3A-D). Furthermore, CISH KO
iC9/CAR19/IL-15 NK cells killed Ramos lymphoma cell line and
primary chronic lymphocytic leukemia targets cells (n = 3) more
efficiently than controls (supplemental Figure 4A-B). This out-
come was reinforced by the effect of CISH KO on the formation
of the immunologic synapse (IS) between NT or iC9/CAR19/IL-
15 NK cells and tumor cells. Indeed, polarization of perforin-
centroid defined microtubule-organizing center (MTOC) was
augmented by CISH deletion as reflected by a shortened
MTOC-to-IS distance compared with controls (Figure 3E-F), a
finding that typically correlates with increased effector cell
function and cytotoxicity.?* While we did not observe an up-
regulation in the expression of adhesion molecules (eg, LFA-1,
CD11b, or CD2), CISH deletion resulted in an increase in the
CAR mean fluorescence intensity (supplemental Figure 5). Up-
regulation of CAR expression following CISH KO is likely related
to the increased activation state of the iC9/CAR19/IL-15 NK cells
and supports prior reports that cell activation can increase ex-
pression of SFG retroviral vector-encoded transgenes.’#2

Robust metabolic changes associated with CIS
checkpoint elimination

Although blocking the cytokine checkpoint CIS seemed like a
logical approach, we remained concerned over the possible
impact of increased IL-15 signaling on prominent metabolic
pathways in NK cells. In one negative scenario, long-term ex-
posure to IL-15 could suppress rather than boost metabolic
rates, leading to NK cell exhaustion.? In another scenario, it
might produce undue systemic toxicity.?’?8 We therefore eval-
uated the effects of CISH KO, with or without iC9/CAR19/IL-15
transduction, on 2 major regulators of NK cell metabolism:
mTORC1, which controls pathways responsible for proliferation
and cytotoxicity,?3° and MYC, which upregulates glucose
transporters and glycolytic enzymes that promote glycolysis.*'
Indeed, GSEA revealed an enrichment of genes involved in
phosphatidylinositol ~ 3-kinase  (PI3K)/Akt/mTOR, mTORC1,
c-MYC, and glycolysis (Figure 4A).

The above results raise a pivotal question: are the metabolic

gene expression patterns seen with CISH KO distinct, or do they
overlap with those seen with unmodified or CAR19/IL-15 NK
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cells? The heatmap in Figure 4B displays the various hallmark
pathways and how they change (upregulated or downregulated)
among the various comparisons. In general, compared with NT-
NK cells, each engineering strategy (CISH KO or CAR trans-
duction) alone or in combination led to enrichment of metabolic
pathways (Figure 4B). We observed some overlap between the
pathways upregulated by CISH ablation or iC9/CAR19/IL-15
transduction alone; however, the combination of both approaches
clearly led to more robust metabolic changes (Figure 4B). Of note,
certain pathways were specifically activated after CISH KO and
were not induced with CAR transduction alone; these included
pathways related to cytokine signaling and inflammatory response
(Figure 4B).

We next focused on the metabolic pathways that are functionally
relevant for NK cell antitumor activity; overall, our linear re-
gression model showed an additive effect of CISH ablation and
CAR transduction, with the largest increase in PI3K/Akt/mTOR
and glycolysis pathways being achieved with a combination of
the 2 strategies, suggesting that both genetic manipulations are
needed to achieve optimal NK cell effector functions (Figure 4C).
This interpretation was confirmed by a greater phosphorylation
of Akt and ribosomal protein S6 (S6), a downstream target of
mTORC1, and increased expression of c-MYC, an important
mediator of glycolysis, in particular in CISH KO CAR19/IL-15 NK
cells in response to Raji targets (Figure 4D; supplemental Fig-
ure 6). Notably, p-S6 and p-Akt were upregulated in CISH KO
CAR19/IL-15 NK cells even in the absence of Raji, although this
was not associated with increased tonic signaling (supplemental
Figure 7). It is likely by removing the CIS brake, the endoge-
nously secreted IL-15 by CAR19/IL-15 NK cells can trigger the
mTORC1/Akt pathway with a lower threshold of activity. In
contrast c-MYC, which is the precursor of glycolysis, was only
upregulated in response to Raji tumor. To pursue the functional
implications of these findings, we first blocked the mTORC1
pathway by treating the CAR19/IL-15 NK cells (= CISH KO) with
rapamycin and observed a decrease in their cytotoxicity against
Raji lymphoma compared with untreated cells (supplemental
Figure 8A), which asserts the importance of the mTORC1
pathway as part of the mechanism by which CISH KO enhances
the cytotoxicity of CAR19/IL-15 NK cells. We then used Seahorse
assays to measure the glycolytic response of NK cells to tumor
targets and showed that in response to Raji cells, either CISH KO
alone or CAR transduction alone in NK cells could increase
glycolysis, as measured by ECAR, although the best result (and
the only statistically significant one) was achieved by combining
CISH KO and CAR19/IL-15 transduction (Figure 4E-F). Consis-
tent with these findings, CAR-NK cells with CISH deletion
showed the greatest glucose consumption, when cocultured
with Raji, compared with controls (Figure 4G). The addition of
rapamycin completely abrogated any glycolytic advantage of
CISH KO in CAR19/1I-15 NK cells or NT-NK cells (supplemental
Figure 8B-C), further supporting the importance of the mTORC1
pathway as an upstream regulator of glycolysis in this setting.
Importantly, in the absence of Raji targets, there was no dif-
ference in glycolysis among the different NK conditions (sup-
plemental Figure 8D-E) which parallels the c-MYC expression
profile. CISH KO iC9/CAR19/IL-15 NK cells also had higher
oxygen consumption rate compared with control iC9/CAR19/IL-
15 NK cells (supplemental Figure 9A) and induced an increase in
mitochondria numbers and the mitochondrial/nuclear volume
ratio as assessed by confocal microscopy (supplemental Figure 9B-C).
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Figure 3. CISH deletion improves function and cytotoxicity of NT and iC9/CAR19/IL-15 NK cells. (A) Representative FACS plots of cytokine production (IFN-y and TNF-a)
and CD107a degranulation by NT control, NT CISH KO, iC9/CAR19/IL-15 control, or iC9/CAR19/IL-15 CISH KO NK cells after coculture with Raji target cells for 6 hours. Inset
values indicate the frequency of IFN-y—, TNF-a—, and CD107a-positive cells from each group. (B) Bar plots summarize the flow cytometry data on cytokine production (IFN-y and
TNF-a) and CD107a degranulation by NT control (blue bars), NT CISH KO (green bars), iC9/CAR19/IL-15 control (purple bars) or iC9/CAR19/IL-15 CISH KO NK cells (red bars)
after coculture with Raji target cells for 6 hours (n = 3). Statistical significance is indicated as *P < .05, **P =< .01, and ****P < .0001; bars represent mean values with standard
deviation. (C) Cytotoxicity of NT control, NT CISH KO, iC9/CAR19/IL-15 control, or iC9/CAR19/IL-15 CISH KO NK cells against Raji targets at different effector-to-target (E:T)
ratios, as measured by 5'Cr-release assay (n = 3). The bars represent mean values with standard deviation. The red asterisks represent the statistical significance between iC9/
CAR19/IL-15 CISH KO vs iC9/CAR19/IL-15 control NK cells (*P = .05). The green asterisks represent the statistical significance between NT CISH KO vs NT control NK cells
(***P = .001; **P = .01). (D) Cytotoxicity of NT control, NT CISH KO, iC9/CAR19/IL-15 control, or iC9/CAR19/IL-15 CISH KO NK cells against Raji targets over 24 hours at 1:1 E:T
ratio as measured by Incucyte live-imaging cell killing assay (n = 3). Bars represent mean values with standard deviation. At 10 hours, NT CISH KO vs NT control (P = .04),
iC9/CAR19/IL-15 CISH KO vs iC9/CAR19/IL-15 control (P = .007). (E) Confocal microscopy showing representative synapse images of NT control, NT CISH KO, iC9/CAR19/IL-15
control or iC9/CAR19/IL-15 CISH KO NK cells conjugated with Raji cells. Images show conjugates in bright field (BF) or stained with anti-CD19 (green), anti-perforin (red),
phalloidin-F-actin (blue), and anti-CAR (gray), and an overlay of fluorescence channels are also shown. (F) NT control, NT CISH KO, iC?/CAR19/IL-15 control, or iC9/CAR19/IL-
15 CISH KO NK cells were assessed for their ability to polarize lytic granules to Raji cells as measured by distance from the MTOC to the IS. Results from 3 independent donors are
shown. Each data point represents a single IS. Statistical significance is indicated as *P = .05 and ***P = .001.
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Figure 4. Metabolic changes associated with iC9/CAR19/IL-15 CISH KO NK cells. (A) GSEA plots showing enrichment in PI3K/Akt/MTOR, mTORC1, MYC, and glycolysis
pathways in iC9/CAR19/IL-15 CISH KO NK cells compared with iC9/CAR19/IL-15 control NK cells. (B) Comparative mean T statistic heat map of RNA sequencing data showing
the expression of metabolic pathways in NT control (NT), NT CISH KO (NTKO), iC9/CAR19/IL-15 control (CAR), or iC9/CAR19/IL-15 CISH KO (CARKO) NK cells that are
significantly different (g < 0.01) in =1 of the 5 comparisons. Each column represents a separate comparison, and each row reflects the expression of a certain hallmark pathway for
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These data suggest that CISH KO can also enhance the
metabolism of CAR-NK cells by increasing mitochondrial
activity.

Finally, we propose a model (visual abstract), in which CISH KO
in CAR-NK cells enhances IL-15 signaling by releasing a
checkpoint brake, in turn leading to increased activation of the
Akt/mTORC1 axis and in the presence of tumor ensuing c-MYC
activation, culminating in greater glycolytic capacity of CAR-NK
cells and a resultant increase in their ability to respond to tumor
targets.

CIS checkpoint disruption combined with iC9/
CAR19/IL-15 transduction improves tumor control
in a Raji lymphoma model

Using an aggressive Raji lymphoma mouse model (Figure 5A),
we next investigated whether adoptive transfer of CISH KO NK
cells in the absence of CAR transduction could boost the control
of disease in tumor-bearing mice. First, mice received a single
IV infusion of NK cells (10 X 10%mouse) that were either
unmodified (NT control) or electroporated with Cas9 alone
(Cas9 control) or had CISH KO. The tumor burden, monitored
by bioluminescence imaging (BLI), increased in all animals
through day 28 of the study, with no significant differences in
survival noted between the CISH KO group and controls (sup-
plemental Figure 10). We next investigated the in vivo antitumor
activity of NK cells modified with both CISH KO and iC9/CAR19/
IL-15 transduction. Mice received iC9/CAR19/IL-15 or CISH KO
iC9/CAR19/IL-15 NK cells, and tumor growth was followed by
weekly BLI imaging. Survival was monitored and all surviving
animals were sacrificed at day 35 and their organs examined for
evidence of lymphoma. While animals treated with iC9/CAR19/
IL-15 NK cells had evidence of tumor in their organs and suc-
cumbed to lymphoma, those treated with CISH KO iC9/CAR19/
IL-15 were tumor free and did not have evidence of lymphoma in
their spleen, liver, or bone marrow (Figure 5B-D; supplemental
Figure 11A-B). Since dual-engineered cells had shown greater
potency than either modification alone, even at low E:T ratios
in vitro, we hypothesized that it would also be more effective at
controlling Raji lymphoma cells at lower infusion doses. Indeed,
when as few as 3 X 104 CISH KO iC9/CAR19/IL-15 NK cells were
administered, they significantly improved survival (P = .003) and
the control of Raji lymphoma compared with control NK cells,
although the mice eventually succumbed to tumor by day 46
(Figure 5E-G). The higher dose (10 X 10°) of the CISH KO iC9%/
CART9/IL-15 NK cells eradicated lymphoma in mice, as dem-
onstrated by BLI and pathologic examination, and led to sig-
nificantly prolonged survival times (Figure 5E-H). This result was
associated with improved NK cell persistence (up to 7 weeks
after infusion) in mice that received the CISH KO iC9/CAR19/IL-

15 cells compared with iC?/CAR19/IL-15 NK controls (Figure 5;
supplemental Figure 11C).

CISH KO was not associated with signs of increased toxicity in
mice, including organ damage or increase in systemic in-
flammatory cytokines or increased weight loss compared with
control groups (Figure 5D,H,J; supplemental Figure 12). After
the initial weight loss observed in all groups after irradiation,
mice treated with CISH KO iC9/CAR19/IL-15 cells recovered
their weight to baseline over an extended period of follow-up
(Figure 5J). Moreover, CAR-NK cells were not detectable in the
organs of animals at autopsy, indicating that CISH KO does not
induce uncontrolled expansion and persistence of CAR-NK cells.
We conclude that silencing CISH in the context of CAR19/IL-15
transduction in NK cells can secure robust control of tumor cells
in vivo without appreciable toxicity.

The presence of IL-15 in the CAR construct is
necessary for CISH KO-mediated improvement in
NK cell function

Since our CAR construct expresses both CAR19 and IL-15, it was
important to understand whether the improvement in NK cell
function following CISH KO is dependent on the presence of IL-
15in the CAR construct. To address this question, we transduced
NK cells with a vector expressing CAR19 without the IL-15
transgene (referred to as CAR19 NK cells) and analyzed their
CISH expression after culture with IL-2 and uAPC. CAR19 NK
cells showed a time-dependent increase in CISH expression to
the same extent as observed with NT control, but to a lower
magnitude than in iC9/CAR19/IL-15 NK cells (supplemental
Figure 13A). The efficiency of CISH KO in CAR19 NK cells was
similar to what was achieved in CAR19/IL-15 NK cells (supple-
mental Figure 13B) and improved their cytotoxicity against Raji
in vitro (supplemental Figure 13C) similar to NT-NK cells fol-
lowing CISH KO. However, when tested in our Raji lymphoma
mouse model, CISH KO failed to improve the antitumor activity
of CAR19 NK cells in vivo (supplemental Figure 13D-F), pointing
to the essential role of IL-15 in mediating the effect of CISH KO
on CAR-NK cell antitumor activity.

Safety evaluation of CISH KO iC9/CAR19/IL-15 NK
cells for relapsed/refractory B-cell malignancy

To investigate the possibility that enhanced IL-15 signaling may
result in autonomous dysregulated growth of CISH KO CB-NK
cells, we cultured NT (control or CISH KO) or iC9/CAR19/IL-
15 CB-NK cells (control or CISH KO) in media in the absence of
exogenous IL-2 or feeder cells for 45 days. Cultured CISHKO NT
oriC9/CAR.19/IL-15 CB-NK cells did not show signs of abnormal
growth over 6 weeks (supplemental Figure 14A), after which the
cells stopped expanding. Moreover, we did not observe an

Figure 4 (continued) each annotation. Color scale indicates signal intensity, ranging from lower (blue) to higher (red) expression. (C) Violin plots showing PI3K/Akt/mTORC1 and
glycolysis signaling in NT (blue), NT-KO (green), CAR (purple), or CAR-KO (red) NK cells after correction for donor effect. Pathway activity of samples is regressed against donor
and the residual is the corrected pathway activity. P values reported are computed relative to NT using the linear regression approach discussed in Materials and methods.
**P = .01. (D) NT control (NT), NT CISH KO (NT-KO), iC9/CAR19/IL-15 control (CAR), or iC9/CAR19/IL-15 CISH KO (CAR-KO) NK cells were cultured without (=) or with (+) Raji
cells for 30 minutes, 1 hour, or 2 hours; NK cells were then purified, and the protein expression levels of p-Akt, Akt, p-S6, S6, c-MYC, and a-tubulin in NK cells were determined by
western blot analysis. Representative blots from 2 independent experiments are shown. (E) A series of ECARs was calculated for NT control (blue lines), NT CISH KO (green lines),
iC9/CAR19/IL-15 control (purple lines), or iC9/CAR19/IL-15 CISH KO (red lines) NK cells cocultured with Raji targets for 2 hours and subsequently purified and treated with 2 g/L
p-glucose, 1 wM oligomycin, and 100 mM 2-deoxyglucose (2-DG). A representative graph from 5 independent experiments is shown. (F) Box plots summarize the ECAR data by
NT control (blue box), NT CISH KO (green box), iC9/CAR19/IL-15 control (purple box), or iC9/CAR19/IL-15 CISH KO (red box) NK cells cocultured with Raji (n = 5). Statistical
significance is indicated as *P = .05; bars represent mean values with standard deviation. (G) Bar graph summarizes the glucose concentration in the supernatant of the different
NK cell conditions cocultured with Raji for 2 hours: NT control (blue), NT CISH KO (green), iC?/CAR19/IL-15 control (purple), or iC9/CAR19/IL-15 CISH KO (red) NK cells (n = 3).
Bars represent mean values with standard deviation (**P = .01).
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Figure 5. CISH KO iC9/CAR19/IL-15 NK cells improve tumor control and survival in a Raji lymph mouse model at low infusion doses. (A) Schematic diagram

representing the timeline of the in vivo experiments. (B) BLI imaging of an independent mouse experiment where mice received either Raji alone or Raji plus 10 X 10¢ CAR19/IL-
15 control or Raji plus 10 X 10¢ CAR19/IL-15 CISHKO (n = 5 mice per group). *This mouse died accidentally during bleeding. (C) Survival curve for the 3 groups of mice described
in panel B (Raji alone, green; Raji plus 10 X 10° CAR19/IL-15 control, blue; Raji plus 10 X 10¢ CAR19/IL-15 CISH KO, red). Statistical significance is represented by *P = .05 for the
comparison of the red and blue curves and **P = .01 for the comparison of the blue and gray curves. (D) Graph representing the body weights of mice over time in the 3 different
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increase in the expression of genes related to chromosomal
instability3? such as aurora kinases or genes associated with DNA
damage following CISH KO (supplemental Figure 14B).

Even though CISH KO CAR-NK cells lacked evidence of serious
toxicity in our in vivo model, we planned additional in vitro and
vivo experiments to ascertain that CISH KO CAR-NK cells could
be swiftly eliminated in the event of toxicity in early phase clinical
testing. Thus, we relied on the presence of iC9 as a suicide gene
in our vector to confirm that CISH KO CAR-NK cells could
be induced to undergo apoptosis in the presence of a
small-molecule dimerizer, AP1903. The addition of as little as
10 nM of AP1903 to cultures of CAR-NK cells induced their
apoptosis within 4 hours, and CISH KO did not affect the
action of the dimerizer (supplemental Figure 15A). The suicide
gene was also effective at eliminating the CAR-NK cells in vivo
(supplemental Figure 15B-C). Mice engrafted with Raji tumor
received either control or CISH KO CAR-NK cells (n = 5 mice
per group) followed by treatment with the dimerizer on
days 7 and 9 after NK cell infusion. The animals were then
sacrificed on day 12. Administration of the small-molecule
dimerizer resulted in a striking reduction of the transduced
cells (both control and CISH KO) in the blood and tissues (liver,
spleen, and bone marrow) in all treated mice (supplemental
Figure 15B-C).

Identifying possible off-target editing events mediated by the
CRISPR-Cas? RNP complexes is crucial before the approach
described here can be moved to the clinic. Thus, we used Guide-
seq and rhAmpSeq technologies (Integrated DNA Technologies
[IDT]) to assess genome-wide off-target effects for our CISH
gRNAs. Guide-seq experiments were performed using HEK293
cells that constitutively express Streptococcus pyogenes Cas9
nuclease paired with highly modified synthetic gRNAs'™® to
identify off-target sites with the highest potential to be edited for
each CRISPR RNA (crRNA) (Figure 6A-B). Potential Cas9 off-
target cleavage sites were then quantified in NK cells electro-
porated with RNP complexes targeting the CISH locus using
rhAmpSeq technology. Cells treated with wild-type S pyogenes.
Cas9 protein had a low frequency of off-target editing events
with either crRNA1, crRNA2, or the combination of both crRNAs
(Figure 6C-D). The use of a high-fidelity Cas? protein (Alt-R HiFi
Cas9 v3; IDT)* further reduced the off-target events to < 0.5%
(Figure 6C-D). These data support the translation of this ap-
proach to the clinic.

Discussion

NK cell differentiation, effector function and survival, defined as
‘fitness’, are coupled to metabolic reprogramming processes.
However, signals and checkpoints that regulate NK cell fitness

and function in the tumor microenvironment are not well de-
fined. Our study focuses on the impact of targeting CIS, a
negative regulator of cytokine signaling'®34 in CAR-NK cells
engineered to constitutively express IL-15.

Having demonstrated the antitumor activity of armored CAR-NK
cells preclinically and in the clinic,>¢ we exploited the potential
mechanistic synergy that could be achieved by deleting a cy-
tokine checkpoint in IL-15-secreting CAR-NK cells. Here we
report that combining IL-15-secreting CAR-NK cells with CISH
deletion enhances antitumor activity more than either strategy
alone. Using a xenograft mouse model of NK-resistant Raji
lymphoma, we showed that CISH KO CAR19/IL-15 CB-NK cells
persist twice as long as control CAR19/IL-15 NK cells. We at-
tribute this gain of function to IL-15-driven Akt/mTORC1 and
MYC signaling secondary to removal of the CIS checkpoint, with
a consequent increase in glycolytic activity. These data are
consistent with a recent report showing that deleting CISH in
iPSC NK cells improves their metabolism and antitumor activ-
ity.34 Our findings have clinical relevance because they establish,
to our knowledge for the first time, proof-of-principle that tar-
geting a critical cytokine checkpoint in cytokine-secreting ar-
mored CAR-NK cells promotes their fitness and endows them
with superior antitumor function.

This increased antitumor activity was not associated with higher
toxicity in the animals. While the NSG mouse model has limi-
tations for the study of cytokine release syndrome,® the absence
of overt toxicity such as rapid weight loss and early deaths
support the safety of our approach. A legitimate concern with
CISH KO is that in the absence of a cytokine checkpoint, IL-15
may drive malignant transformation of CAR-NK cells. However,
our extensive studies using transcriptomic analysis, autonomous
growth experiments, and in vivo studies did not show any evi-
dence of long-term toxicity or malignant transformation of CISH
KO CAR19/IL-15 NK cells.

Previous reports have shown that CISH deletion in NK cells is
beneficial only in murine tumor models where IL-15 or IL2
was present in the tumor microenvironment or administered
exogenously.'%3¢ In our study in xenografted mice, there was no
appreciable increase in the activity of NT NK cells or CAR19 NK
cells (without IL-15 transgene) after CISH KO; the only im-
provement was noted in mice treated with CISH KO CAR19/IL-
15 NK cells. This suggests that the robust antitumor activity of
CISH KO CAR-NK cell depends upon the availability of IL-15 in
the tumor microenvironment. Thus, incorporation of the IL-15
gene in the CAR construct, which avoids the toxicities seen with
systemic IL-15,28 likely played an important role in the en-
hanced antitumor activity of CISH KO iC9/CAR19/IL-15 NK cells
in our tumor model. Given the absence or limited concentration

Figure 5 (continued) groups described in panel B. Bars represent mean values with standard deviation. (E) BLI data from 5 groups of NSG mice treated with Raji alone (n = 5), Raji
plus 1 dose of 3 X 10° of IC9/CAR19/IL-15 control NK cells (n = 5) or iC9/CAR19/IL-15 CISH KO NK cells (n = 5), or Raji plus 1 dose of 10 X 10° of iC9/CAR19/IL-15 control NK cells
(n = 5) or iC9/CAR19/IL-15 CISH KO NK cells (n = 3). (F-G) The average radiance (F) and survival curves (G) are shown for the 5 groups of mice described in panel E. Statistical
significance is represented by *P = .05 or **P = .01. (H) Photomicrographs of hematoxylin and eosin (H&E) and immunohistochemical CD20 staining of liver (top) and bone
marrow (BM) (bottom) from mice engrafted with Raji B cell ymphoma either untreated or treated with iC?/CAR19/IL-15 CISH KO or iC9/CAR19/IL-15 CTLR NK cells (10 X 10° dose
level). Representative images show absence of neoplastic B cells in liver and bone marrow of a mouse treated with iC9/CAR19/IL-15 CISH KO NK cells in comparison with similar
treatment with iC9/CAR19/IL-15 NK cells retaining CISH expression. Images were taken at 10X (liver) and 5X (bone marrow) using a Leica DFC 495 camera. (I) Bar graph showing
the percentage of NK cells (CD3~CD56*CD45*) present in peripheral blood from mice treated with iC9/CAR19/IL-15 control vs iC9/CAR19/IL-15 CISH KO NK cells at days 7, 14,
21, and 28. Bars represent mean values with standard deviation. Statistical significance is represented by *P = .05 or **P = .01. (J) Graph showing body weights of NSG mice
groups described in panel E over time.
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Figure 6. Identification of Cas9 off-target sites by GUIDE-seq and quantification of potential Cas9 off-target cleavage sites using rhAmpSeq technology. (A) Sequences
of off-target sites identified by GUIDE-seq for 2 guides targeting the CISH locus. The guide sequence is listed on top with off-target sites shown below. The on-target site is
identified with a black square. Mismatches to the guide are shown and highlighted in color with insertions shown in gray. The number of GUIDE-seq sequencing reads are shown
to the right of each site. 10 uM Alt-R crRNA XT complexed to Alt-R transactivating CRISPR RNA was delivered into HEK293 cells that constitutively express Cas9 nuclease by
nucleofection. (B) Pie charts indicate the fractional percentage of the total unique, CRISPR-Cas9-specific read counts that are on-target (red) and off-target (blue). Total editing at
the on- and off-target sites identified by GUIDE-Seq was measured using rhAmpSeq, a multiplexed targeted enrichment approach for next-generation sequencing. For each of
the 2 CISHtargeting guides, amplicons were designed around each Cas9 cleavage site with reads >1% of the on-target GUIDE-seq reads. RNP complexes formed with either WT
Cas9 (blue) or Alt-R HiFi Cas9 (red) were delivered via electroporation into expanded NK cells. (C) Insertion/deletion formation at each targeted loci for CISH guide 1 (panel 1, 11-
plex) and CISH guide 2 (panel 2, 70-plex) when a single RNP complex was delivered. The on-target locus is indicated with a black asterisk underneath the first 2 bars of each
graph. (D) Insertion/deletion formation at each targeted loci when CISH guide 1 and CISH guide 2 were codelivered. The on-target locus is indicated with a black asterisk

underneath the first 2 bars of each graph.

of IL-15 in the microenvironment of some cancers, expressing
this cytokine in the CAR construct is essential to achieving an
optimal therapeutic effect from CISH KO.

Our results suggest that removal of the CIS checkpoint may
increase the metabolic fitness of armored CAR-NK cells by
enhancing the activity of downstream metabolic pathways. In the
model we propose (visual abstract), CISH KO releases the brake
on IL-15 signaling, which in turn enhances Akt/mTORC1
activity,*® leading to upregulation of c-MYC and therefore gly-
colysis, specifically in response to tumor targets. We have
previously shown that upon activation, CAR19/IL-15 NK cells
secrete more [L-15.¢ We now propose that upon activation by
the tumor, the higher levels of IL-15 in the microenvironment
leads to increased IL-15/Akt/mTORC1 and ¢-MYC signaling in
CISH KO CAR19/IL-15 NK cells. We would emphasize that in our
studies, c-MYC expression and the resultant shift in metabolism
toward aerobic glycolysis®! in CISH KO iC9/CAR19/IL-15 CB-
derived NK cells were only apparent when the NK cells were
cultured with tumor targets. This observation is important, as an
exaggerated increase in glycolysis in ex vivo—expanded T cells
has been reported to severely impair the ability of CD8* T cells
to persist long-term and form memory cells in vivo.®” Hence,
careful tuning of NK cell metabolism to ensure a timely increase
in aerobic glycolysis in response to tumor stimulation would be
desirable.

634 € blood”® 4 FEBRUARY 2021 | VOLUME 137, NUMBER 5

In summary, this is the first report of a genetic engineering
strategy combining armored CAR engineering and CISH de-
letion in CB-derived NK cells. When tested in a preclinical tumor
model, this cellular product eliminated CD19* lymphoma cells
without signs of serious toxicity. Our findings support the
merging of armored CAR engineering and cytokine checkpoint
gene editing to enhance the therapeutic potential of NK cells in
the clinic.
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