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NON-VIRAL ENGINEERING OF CAR-NK CELLS
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Introduction: In recent years, enormous advances have
been made in genetic engineering of effector immune cells for
cancer therapy. Although chimeric antigen receptors (CARs)
have been widely used to redirect autologous T-cell specificity
against hematological malignancies, yielding impressive clin-
ical results, studies with CAR-modified natural killer (NK) cells
are still restricted to pre-clinical and some clinical studies.
Genetic engineering is an important tool for redirecting the
function of various types of immune cells and their use for
therapeutic purposes. One of the major obstacles for NK cell
immunotherapy is the lack of an efficient method for gene
transfer. Lentiviral vectors have been proven to be a safe tool
for genetic engineering, however, lentiviral transduction is
inefficient for NK cells. This study aims to develop a non-viral
episomal vector for genetic modification of NK cells. Meth-
ods: The S/MAR-based episomal vector pEPI-eGFP supplied
the basic functional architecture for the reprogramming of
our target cells. The system contains transcriptional units
optimized for mammalian expression such as the replication-
Initiation Region (IR) from the �-globin locus (for plasmid
replication), a scaffold/matrix attachment region sequence
(S/MARS) for persistent transcription, and an SFFV promoter
to drive the expression of our CAR component. Based on
this vector, we have cloned a second-generation anti-CD19
CAR (41BB-CD3z) and two fourth-generation anti-CD19 CARs
(41BB-CD3z- IL15 and 2B4-CD3z-IL15). Results and discussion:
Firstly, we evaluated the functionality of our episomal pEPIR
vector. We observed a transfection efficiency of about 47%
with our vector when transfected in HEK cells. Further, we
assessed the stability of our construct using the same cell
lineage, as the HEK cell line has a high replication rate. Our
results show a stable expression (45.2%) for 90 days of cul-
ture and no cell growth disturbance due to the presence of
the plasmid. These results prove that the sequences included
in this vector, such as S/MAR and IR, allow it to replicate
autonomously within the host cells, without loss of expres-
sion during cell passages. These results are very promising,
as the expression of a common episomal vector lasts only
about 1–2 weeks. Also, we have cloned the CAR molecules

into this vector, resulting in the following constructs: pepIR-
CD19.CAR-41BB-CD3z-GFP, pepIR-CD19.CAR-41BB-CD3z-IL-15
and pepIR-CD19.CAR-2B4-CD3z-IL-15. Conclusions: Our epi-
somal vector supported stable transfections and the IR
element together with S/MAR contribute to the formation of
autonomously replicating genetic elements. The next steps
include the evaluation of the transfection efficiency of NK
cells and the expression stability within them, as well as to
test the in vitro and in vivo function of non-viral CAR-NK
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Objetivo: Analisar o uso células-T dos receptores de
antígenos quiméricos (CAR-T cells) no tratamento de leucemia
mieloide aguda (LMA). Metodologia: Trata-se de revisão sis-
temática da literatura, com seleção de artigos científicos na
base de dados PubMed, com a utilização dos descritores: “CAR-
T cell AND acute myeloid leukemia”, tendo como critérios de
inclusão artigos publicados no último ano. Foi encontrado um
total de 18 artigos. Destes, 10 artigos foram incluídos por se
adequarem melhor ao tema.

Resultados: Os estudos sugerem que a utilização de CAR-T
cell tem grande potencial no tratamento da LMA. Um estudo,
em específico, relatou a eficácia da combinação de células com
CAR-T em uma menina de 6 anos, que apresentava LMA. Por
outro lado, todos os estudos apontaram os efeitos citotóxi-
cos, como a síndrome de liberação de citocinas (CRS), que
dificultamo sucesso do tratamento. Além disso, tendo em
vista a complexidade da doença, seu poder de evasão do
sistema imunológico e do tratamento é alto. Um dos estu-
dos sugeriua necessidade de encontrar um epítopo específico
da leucemia que seja expresso de maneira consistente em
nível celular individual. Isso porque o direcionamento multi-
gênico aumenta os riscos de toxicidade hematológica, mas
com provável reduçãoda chance de fuga do tumor.

Discussão: A LMA é uma neoplasia hematopoiética, car-
acterizada pelo aumento descontrolado de células blásticas
mieloides na medula óssea. O curso clínico, o prognóstico
e os padrões de progressão dessa doença variam entre os
pacientes, dependendo da idade, do histórico genético, do
subtipo/fase da doença, características citogenéticas e molec-
ulares e a resposta do paciente à terapia anti-leucêmica inicial.
O uso das células-T dos receptores de antígenos quiméricos
(CAR-T cells) é uma nova estratégia que tem sido bem-sucedida
no tratamento de pacientes com leucemia linfoblástica aguda
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