
These results suggest that non-virally engineered, optimized affinity 
CD38 CAR-NK CD38 KO cells have potent anti-tumor activity in-vitro
and in-vivo in a CD38 positive tumor model.  Future work aims to 
optimize the dose and schedule, confirm the favorable safety profile 
and potential beneficial immune modulatory effects of this approach, 
as well as the added benefit of CISH KO.  

Introduction

Allogeneic natural killer (NK) cells may represent an optimal, 
allogeneic cell alternative for "off the shelf" CAR-based products.  
Since targeting CD38 with a high affinity CAR could induce “on target 
off tumor” toxicity, we sought to build on prior work by developing 
optimized affinity CD38 CAR-NK cells for treatment of Multiple 
Myeloma (MM) utilizing cord blood (CB) as starting material (1).  CB 
derived NK cells have previously shown potential as immunotherapy 
for MM (2). We also explored the feasibility of incorporating gene 
editing with CRISPR/Cas9 to knock out CD38 to overcome fratricide 
as well as potentially enhance persistence.

On D0, CD3 depleted CBMC's were expanded in co-culture with 
irradiated EBV-LCL cells in the presence of NK media, human AB 
serum and IL-2.  On D5 cells underwent electroporation with delivery 
of a Cas9/RNP complex targeting CD38.  On D7, cells underwent 
repeat electroporation, delivering Tc Buster mRNA (Bio-Techne) along 
with a nanoplasmid (Aldevron) carrying the optimized affinity CD38 
CAR construct Tc Buster transposon (Bio-Techne).  On D9, cells were 
re-expanded with  EBV-LCL cells, while undergoing selection. On 
D22, cells were harvested and cryopreserved for in-vitro and in-vivo
studies.  Prior to functional testing, cells were thawed and rested for 
24 hr in complete culture media + IL-2. Transposition efficiency was 
confirmed by assessment of LNGFR positivity and vector copy 
number (VCN).  

The anti-tumor efficacy of the CD38 CAR-NK was evaluated in NSG 
mice inoculated with MM.1S-LUC cells. Following inoculation of mice 
with 5 x 105 MM.1S-LUC cells, treatment with CD38 CAR-NK cells or 
control NK cells was administered on D2 and D9 along with IL-15 
support.  PBS served as control. Mice underwent weekly BLI imaging 
from D2 to monitor tumor burden.
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CD38 CAR-NK cells significantly reduced tumor burden and improved 
survival .v. control CBNK cells and vehicle control. 
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The process resulted in successful expansion and enrichment of 
CD56 positive, CD3 negative NK cells (>96%) with minimal T cell 
contamination.  Successful CD38 KO (> 85%), was observed and 
approached 100% in CAR expressing cells.  LNGFR detection by 
flow cytometry confirmed > 80% transgene expression by D22.  
The average VCN of selected cells was between 1 and 2 copies/cell, 
which is well within the accepted copy number criteria typically 
associated with cell therapies. Using G-Rex6M plates, CD38 
CAR-NK cells with CD38 KO expanded approximately 400 fold by 
D22. Extending cell expansion until D27 increased expansion 4-8 
fold.  In-vitro studies in the MM cell lines MM.1S, H929 and RPMI 
as well as the ALL cell line NALM6, showed potent CD38 CAR 
mediated cytotoxicity.  
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