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Background: The engineering of chimeric antigen receptors (CARs) into T cells or NK cells can redirect them to kill cancer cells that express a specific surface antigen.
This technology has led to breakthrough therapies for cancer, but the lack of uniquely cancer-specific antigens has the risk of life-threatening on-target, off-tumor
toxicity. CAR-engineered immune cells could be used to treat a broader spectrum of cancers if recognition of a “safety antigen” on healthy cells could

selectively block killing. Here, we engineered T and NK cells with a synthetic NOT logic-gated gene circuit: an activating CAR (aCAR) drives killing of targets presenting
an activating antigen, while an inhibitory CAR (iCAR) suppresses cytotoxicity against targets expressing a safety antigen (SA).

Methods: iCARs consisted of an SA-binding domain, hinge and transmembrane domains, and a functional intracellular domain (ICD) derived from the cytoplasmic
tails of inhibitory coreceptors containing immunoreceptor tyrosine-based inhibitory motifs. We first constructed a panel of iCARs with different ICDs and performed
initial screens for expression and function in T cells. We then developed protocols for transducing aCAR/iCAR pairs in NK cells. Finally, we validated the performance
of top aCAR/iCAR combinations in NK cells by measuring cytotoxicity and cytokine release in response to tumor cells that expressed activating antigen +/- SA. AML,
logic-gated CAR-NK cell technology has applicability to other cancerassociated antigens limited by potential off-tumor toxicity.

Results: NOT-gated NK cells with an iCAR inhibiting a second generation aCAR with a CD28 costimulatory domain significantly reduced both cytotoxicity (32%,
p<0.05) and secretion of TNFa, IFNg, and Granzyme B (50%, 54%, and 18%, respectively; p<0.05 for all differences) in response to SA+ targets, while aCAR-only NK
cells exhibited no such significant differences. The NOT logic gate gene circuit did not interfere with aCAR performance since, in the absence

of SA on target cells, NOT-gated CAR NK cells showed no reduction in killing performance or cytokine release compared to “conventional” aCAR-only NK cells. When
SA+ and SA- target cells were mixed, NOT-gated CAR-NK cells preferentially killed SA- target cells over SA+ target cells, while aCAR-only NK cells killed both
subpopulations equally. These data show that this NOT gate gene circuit enables safer killing of SA- target cells, discriminating them from SA+ target cells on a cell-
by-cell basis.

Conclusion: We have developed a best-in-class NOT gate gene circuit technology and demonstrated it in therapeutic CAR-T and CAR-NK cells. NK cells can be used in
an allogeneic fashion and can reduce cost and increase patient access relative to autologous products. Therapeutic cells with these NOT-gated CAR gene circuits may

improve safety for currently validated cancer antigens, and also enable new therapies for previously unaddressed indications.
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