


















hypoxic tumor environment, high levels of adenosine triphos-
phate are released from the cancer cells and myeloid-derived
suppressor cells that are then consecutively degraded through
ectoenzymes CD39 and CD73 to become adenosine (ADO).
ADO suppresses NK cell function, and several groups are
investigating approaches to minimize ADO effects on NK cells,
including engineering of CD73-NK CAR as well as inhibition of
the ADO A2A receptor.121-123

Enhancing target cell recognition and effector
responses
Multiple mechanisms to enhance NK cell tumor targeting are
being explored clinically. Tumor targeting with mAbs has
widely been employed for hematologic cancers as a therapeutic
strategy to recruit NK cells expressing CD16a to tumor cells
leading to ADCC.15 Bispecific and trispecific engagers build
upon mAb and are small molecules that can enhance targeting
and function (reviewed in Demaria et al124). The ligation of
coactivating receptors by anti-CD137 and anti-SLAMF7 agonist
mAbs are being explored as an alternative strategy to
enhancing expansion and persistence.125

CAR engineering is readily applicable to NK cells to provide
synthetic activating receptors and thereby broaden target
specificity.125 First-generation NK CARs employed intracellular
signaling domains, which were used in CAR T cells (Figure 4),89

but intracellular signaling domains specific to NK cells have
been tested in vitro,126 and it is likely that each NK cell product
will have individual optimal signaling preferences. Alternative
targeting approaches are being explored with NKG2D and
TCR-like CAR.127,128 Complex CAR targeting systems incorpo-
rating an activating CAR against a tumor antigen and NK self-
recognizing inhibitory CAR are currently also being explored.129

Improving functional persistence: cytokines
and stealth
Early NK cell trials correlated expansion with improved clinical
activity against AML,55 which is consistent with CAR T cells

correlation of expansion/persistence with clinical responses.130 As
a living drug, NK cells can expand after transfer, circulate, traffic to
tissues and sites of disease, and persist depending on the
homeostatic signals and programs available. Because NK cell
exhaustion has been reported, emphasis is placed on functional
expansion and persistence, which are likely governed by different
signals and programs from T cells.24 In general, approaches to
enhance functional persistence, or the cellular area-under-the-
curve, include using cytokine support in vivo, harnessing
memory-like or adaptive programs, or engineering autonomous
support systems into NK cell products, employing repeat dosing
schedules, and shielding allogeneic NK cells from host rejection.

NK cells require homeostatic cytokine support after transfer.
Providing intermediate or low dose rhIL-2 for 2 weeks after
transfer has been tested in multiple clinical trials and is gener-
ally considered safe with evidence of in vivo functional persis-
tence.54,55,60 Synthetic IL-15R agonists have been
developed,131 and based on favorable in vivo pharmacokinetics
are being explored as rhIL-2 alternatives.13 However, caution
should be used selecting an IL-15R agonist because systemic
administration at moderate to high doses can result in
unwanted recipient CD8 T-cell activation and rapid allo-
mediated rejection.44,62 Furthermore, prolonged exposure to
IL-15R stimulation can result in a cytokine-exhausted state,132

suggesting that intermittent or low-level stimulation might be
optimal. Alternative engineering approaches have been
employed to provide autocrine cytokine support through solu-
ble cytokines or through the engineering of mbIL-15. Many
groups are testing IL-15 “armored” CAR NK cells clinically89,133

with persistence being reported by quantitative polymerase
chain reaction as long as 1 year with CD19-CAR with hIL-15.

Extrinsic factors, such as the host immune system, also contribute
to limited allogenic NK cell persistence. A major barrier for allo-
genic NK cells, and all allogenic cell products, in the clinical
setting is immune rejection resulting in decreased persistence of
adoptively transferred cells, which likely limits clinical responses.
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Figure 6. Strategies for stealth NK cell products. Approaches that limit T-cell responses to donor allo-antigens, specifically MHC-I, make NK cell products susceptible to
recipient NK cell killing via missing-self responses. Current strategies include knocking out MHC-I and overexpressing nonclassical MHC-I molecules to protect donor NK cells
from recipient lymphocyte-mediated rejection.
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Thus, strategies are needed to cloak allogenic NK cells from the
host immune system, including endogenous T cells and NK cells.
Approaches that hide donor NK cells from recipient T cells,
commonly MHC-I-deletion,21 make the donor NK cells susceptible
to recipient NK killing. Strategies currently being explored to cloak
donor cells from endogenous NK and T cells include engineering
to express HLA-E, HLA-G, or CD47, and knock out of MHC class I
and II (Figure 6).134,135

Conclusions
The future of off-the-shelf cellular NK cell products for treating
blood cancers is promising because they overcome many of the
limitations of autologous CAR T cells. Advances in the fields of
gene editing have allowed for rapid development of next-
generation allogenic NK cellular therapies, although rejection
of allogenic NK cells by host immune system remains a major
barrier in the field. The ultimate success of off-the-shelf NK cell
products will likely require a combinatorial approach to
enhance targeting, inhibit negative regulators, and enhance
survival and donor NK cell persistence.
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