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The bi-directional expression cassettes containing PD-L1-

CAR and EGFR-CAR were integrated into the eiPSCs 

using the CRISPR/Cas9 system.  Single cell clones were 

selected and differentiated into NK cells (Dual CAR-eNK).

Glioblastoma (GBM) is the most common and aggressive primary brain cancer 

with a very poor prognosis and limited therapeutic options.  Here, we used iPS 

cells to produce gene-engineered natural killer (NK) cells equipped with chimeric 

antigen receptors (CARs) to treat GBM.  We have previously developed 

engineered NK (eNK) cells derived from human iPS cells (eiPSCs) which are 

genetically engineered to express IL-15, CCR2B, CCL19, high-affinity CD16, and 

NKG2D/DAP10 complex.  The eNK cells demonstrated improvement of survival, 

persistence, tumor infiltration, and immune cell recruitment, as well as high 

cytotoxicity against tumor spheroids1),2).  In the present study, we further 

enhanced antitumor activity of the eNK cells by expressing dual CARs targeting 

epidermal growth factor receptor (EGFR) and programmed death-ligand 1 (PD-L1), 

which are highly expressed on GBM, and whose expression correlates with poor 

prognosis.  We demonstrate that Dual CAR-eNK cells can exert strong antigen-

specific cytotoxicity against GBM spheroids.  Therefore, Dual CAR-eNK cells have 

the potential to provide a novel strategy for GBM therapy.
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(A) Surface expression of PD-L1-CAR, EGFR-CAR, CD56, CD117, NKp44, and CD3 on iPSC-derived NK cells on day 

45 of the NK differentiation step.  (B) The expression of PERFORIN and GRANZYME B on iPSC-derived NK cells on 

day 46 of the NK differentiation step was determined by flow cytometry after intracellular protein staining. 

eiPSCs can be differentiated into NK cells while expressing both PD-L1-CAR and EGFR-CAR.
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Dual CAR-mediated antitumor activity

(A)

(A) Surface expression of each CAR target antigen 

on K562 cells ectopically expressing EGFR or    

PD-L1.  (B) Cytotoxic activity of eNK and Dual 

CAR-eNK cells against K562 cells.  Calcein-labeled 

K562 cells were co-cultured with NK cells (E/T = 2) 

for 4 h in the presence or absence of anti-EGFR 

antibody (Pmab: Panitumumab) or anti-PD-L1 

antibody (Dmab: Durvalumab), which were used as 

blocking antibodies to confirm CAR-mediated 

cytotoxicity.  Dead cells stained with SYTOX were 

measured by flow cytometry.  (C) The concentration 

of Interferon- in the culture supernatant after 4 h in 

co-culture was measured by ELISA.

(B) Cytotoxicity

(C) IFN- production
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Dual CAR-eNK cells exhibited enhanced cytotoxic activity

as well as interferon- production.
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Characterization of iPSC-derived NK cells
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eNK cells (Day 45 of the NK step)
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Cytotoxicity against glioblastoma expressing EGFRvIII
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Expression of mutant receptor EGFR 

variant III (EGFRvIII) closely correlates

with tumor malignancy and poor clinical 

outcomes in glioblastoma.

On target / off-tumor cytotoxicity against astrocytes

(B)

(A) Surface expression of EGFR and EGFR variant III on U251-MG cells and U251-MG cells ectopically expressing EGFR 
variant III (U251-MG-EGFRvIII).  (B, C) GFP-expressing U251-MG and U251-MG-EGFRvIII spheroids (1.5 x 104 cells) 
were, respectively, co-cultured with eNK cells, Dual CAR-eNK cells, and primary NK cells.  The total GFP fluorescence 
intensity of each sample was recorded every 2 h by the Incucyte SX5 system.  GFP fluorescence intensity was normalized 
to that of control (no effector).  All data are plotted as mean ± SD (n = 4). 

Dual CAR-eNK cells exerted strong antigen-specific cytotoxicity against 

EGFRvIII-expressing glioblastoma spheroids. 

No effector eNK Dual CAR-eNK Primary NK

(E/T = 1/3)(E/T = 1)

(C) U251-MG-EGFRvIII
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(A)
Dual CAR-eNK eNK

(B)

(A) PI (red)-stained images of Dual CAR-eNK cells co-cultured with human 
astrocytes (ScienCell) or U251-MG cells for 96 h in the presence or absence of 
Pmab and Dmab.  (B) Dual CAR-eNK cells and eNK cells were co-cultured 
either with astrocytes or U251-MG cells in culture medium containing 1.5 M PI. 
(C) The total PI fluorescence intensity at 96 h in co-culture was measured by 
the Incucyte SX5 system.  All data are plotted as mean ± SD (n = 3). 

Dual CAR-eNK cells did not elicit antigen-specific cytotoxicity 

against non-malignant human astrocytes. 

Conclusion - We established Dual CAR-eNK cells stably co-express 

both PD-L1-CAR and EGFR-CAR.

- Dual CAR-eNK cells exhibited enhanced cytotoxic activity as well as 

interferon- production against cancer cells expressing target antigens.

- Dual CAR-eNK cells exerted strong antigen-specific cytotoxicity against 

EGFRvIII-expressing glioblastoma spheroids.

- Dual CAR-eNK cells did not elicit antigen-specific cytotoxicity against 

non-malignant human astrocytes. 

Dual CAR-eNK cells offer a novel strategy for GBM therapy.
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Antigen-specific cytotoxicity against glioblastoma

(A) Surface expression of PD-L1 and EGFR on GFP-expressing U251-MG cells.  

(B) Cytotoxic activity of Dual CAR-eNK cells against U251-MG cells.  3D Spheroids 

consisting of 1.5 x 104 U251-MG cells were co-cultured with Dual CAR-eNK cells  

(E/T = 1) in the presence or absence of anti-EGFR antibody (Pmab) and anti-PD-L1 

antibody (Dmab).  The total GFP fluorescence intensity of each sample was recorded 

every 2 h by the Incucyte SX5 system.  GFP fluorescence intensity was normalized to 
that of control (no effector).  All data are plotted as mean ± SD (n = 4).
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Dual CAR-eNK cells exhibited antigen-specific cytotoxicity 

against U251-MG spheroids.

U251-MG

- iPSC-derived NK cells were expanded using K562-mbIL21+4-1BBL feeder cells.
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