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Editorial on the Research Topic
Innate immune cell therapy of cancer

According to data from clinicaltrials.gov, the past year has seen a 33% growth in
research and development of innate cellular immunotherapies (1). As of April 2022, the
majority of cellular therapy trials in oncology involve chimeric antigen receptor-
transduced T cells (CAR-T) with roughly 82% of these being pre-clinical and phase I
studies and only 0.4% (6 total) FDA-approved (1). Major limitations to these CAR-T
approaches include: 1) “off-tumor” toxicities including cytokine release syndromes, 2)
potential for graft-versus-host disease (GVHD) associated with allogeneic third-party
(“oft-the-shelf”) T cell sources, 3) suboptimal killing by fatigued or senescent autologous
T cells, and 4) poor recovery and expansion of autologous T cells from heavily pre-treated
cancer patients.

Owing to their lack of HLA-restriction and ability to regulate allo-responses (1, 2)
while addressing several of the above limitations to standard adoptive cellular
immunotherapies (ACIs), innate immune cells (NK, NKT, y3T, and myeloid cells)
may present a safe, robust, and cost-effective “off-the-shelf” improvement over
conventional CAR-T immunotherapies. This Research Topic focuses on innate
immune cells as the next frontier in ACI by highlighting some recent pre-clinical and
clinical advances in innate ACI platforms against various malignancies. In this regard, it
is notable that CAR strategies were originally envisioned and designed by the Campana
research group for innate immune targeting and activation (3).

In this edition, Rossi et al. overview key features of NK cells that make them
promising ACIs. NK cells kill target cells by perforin-mediated cytolysis, antibody-
dependent cell cytotoxicity (ADCC), and/or cytokine/chemokine release. While
therapeutic NK cells are easily sourced from peripheral blood (PB), mature PB NK
cells can be functionally heterogeneous with low persistence in vivo post-adoptive
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transfer. To circumvent this limitation, Goldenson et al. use
induced pluripotent stem cells (iPSCs) to produce functionally
homogenous NK cells that can be reliably engineered for
enhanced targeting, anti-tumor function, and persistence.
Karvouni et al. overview recent key advances in non-CAR and
CAR-engineered NK cells in pre-clinical and clinical settings,
including novel combinatorial strategies with anti-angiogenic
agents, oncolytic virotherapy, and monoclonal antibodies.

What defines a robust killer cell? Barnes et al. review criteria
to consider when selecting optimal NK cell populations for ACI.
This article addresses the dual problems of functional
heterogeneity across ACI donor sources and differences in NK
subset immunobiology within a single donor, highlighting the
need to develop a standardized approach to functionally
characterize NK cells with robust anti-tumor activity using
transcriptomics, epigenomics, and metabolomics. Given the
plasticity of innate immune cells, methods are needed to
closely and efficiently monitor phenotypic and functional
states to identify subsets with robust anti-tumor potential
prior to adoptive transfer as well as to track functional
changes in the tumor microenvironment (TME) post-transfer.
Iyer et al. highlight one method to simultaneously detect up to 60
parameters using Time-Of-Flight (CYTOF®) mass cytometry.
The article is intended as a comprehensive overview of the mass
cytometry workflow from panel design to data analysis,
providing a primer for immunologists with limited expertise in
the technique.

NK cells are routinely expanded ex vivo using continuous
addition of IL-15, a cytokine essential for stimulating NK
proliferation and effector functions. However, these cells are
found in circulation for only a few weeks post-adoptive transfer.
One outstanding question in the field is how to improve in vivo
persistence of innate ACIs. Mishra et al. show that ADAM-17, a
membrane bound metalloprotease that mediates the cleavage or
“shedding” of several cell surface proteins, attenuates prolonged
IL-15-induced NK cell proliferation. Upon the addition of a
well-characterized anti-ADAM-17 blocking human mAb
(MEDI3622), IL-15-induced NK cell expansion and
proliferation significantly increased in vitro and for up to 3
weeks post- in vivo adoptive transfer. The authors underscore
the potential role of ADAM-17 blockade in enhancing IL-15-
induced NK cell ex vivo expansion and in vivo persistence,
without the need for excessive cytokine addition which may
lead to overstimulation and exhaustion.

YOT cells have also been recognized for their anti-tumor
potential (4, 5). However,several unanswered basic questions
limit their translation. Johanna et al. demonstrate the ability to
engineer off T cells to express a Vy5V81 TCR (clone FE11),
referred to as TEGO11. The authors showed that CD4+ of3 T
cells displayed enhanced anti-tumor cytotoxicity after being
transduced with a CD8a-containing TEG011 construct, called
TEG011_CD8a and persisted in the periphery of mice for up to
4 weeks post-transfer.
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Finally, one of the major unmet needs in CAR-T based ACI
is to effectively target and maintain cytotoxicity within solid
tumors. Marofi et al. summarize the major developments in
CAR-NK immunotherapies against a variety of solid tumors in
both pre-clinical and clinical settings including neuroblastomas,
gastrointestinal, breast, and ovarian cancers. Although CAR-NK
cells have proven safe and feasible as “off-the-shelf” ACIs, the
following barriers have yet to be addressed: (1) tumor
heterogeneity; (2) tumor homing; and (3) persistence in the
suppressive TME. To overcome these barriers, Sloas et al.
proposed CAR-Macrophages (CAR-M). Macrophages and
other myeloid cells can effectively home to tumors, navigate
through the dense stroma, persist in the harsh TME and recruit
various other immune cell populations to help alleviate targeting
barriers due to heterogeneity. The success of macrophage and
other myeloid-derived immunotherapies will depend on
engineering of CAR-Ms, as well as in preventing them from
being reprogrammed by the suppressive TME.

The reviews and original articles in this Research Topic are
curated with an eye to provide both depth of understanding and
breadth of overview of the existing and upcoming landscape of
innate cellular therapy platforms for cancer, highlighting some
key challenges in each area and novel approaches that may
advance future developments in the field. Key areas of need
beyond the scope of this Special Edition include the development
of pre-therapy guidelines and standardized approaches for
patients with specific cancer sub-types or strategies to
determine the best personalized ACI approach for individual
patients. Successful application of these immunotherapies will
also require a more rigorous understanding of tumor immune
environments and associated alterations following various ACI
approaches. These areas are expected to be the focus of the next
generation of preclinical studies and clinical trials.
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