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The concept of cancer immunosurveillance was first
described almost 60 years ago by Thomas and Burnet (1).
At the time, cancer immunosurveillance was largely based
on the hypothesis that the immune system could destroy
cancer cells. In the early to mid-2000s, Robert Schreiber’s
group performed elegant experiments that provided
evidence for this hypothesis and they further developed
the concept of cancer immunosurveillance to cancer
immunoediting, which involves three stages—elimination,
equilibrium and escape (2,3). In the first stage, responses
from both the innate (NK cells, M1 macrophages) and
adaptive immune system (CD8 T cells) as well as cytokines
(IFNy, IFNa) and effector molecules (perforin/granzyme)
contribute to the elimination of the tumor. In the second
phase, equilibrium, the immune system is unable to kill all
tumor cells, but is able to keep tumor growth in check. Due
to the mutation rates of tumors, this can lead to the last
phase, escape, where a tumor variant forms that is resistant
to killing by immune cells and the cells grow uncontrollably.
In addition, during this phase, certain immune cells such
as myeloid derived suppressor cells and T regulatory
cells may actually contribute to tumor progression by
either supporting tumor growth and/or creating an
immunosuppressive microenvironment. These findings have
been pivotal and have ultimately led to the field of cancer
immunotherapy which has recently exploded and become
an important treatment option for many cancers.

The majority of studies in regards to cancer
immunosurveillance as well as clinical immunotherapy trials
have focused on the effects of cells of the adaptive immune
system- particularly CD8 T cells. There is extensive
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evidence that these cells are capable of specifically killing
tumor cells using recognition of tumor associated antigens
and we will not discuss these further here (1). There is
also evidence indicating that innate cells such as NK cells
are important to immunosurveillance. For example, in
several mouse models which are deficient in NK cells or the
molecules these cells use to eliminate tumor cells (perforin/
IFNy), tumor progression is significantly faster than that
of control mice (4,5). In contrast, in mouse models with
enhanced NK cell responses tumors cannot form or form
significantly slower (6,7). In the past ten years many cells
have been added to the innate cell repertoire, with differing
functions/locations/markers. In terms of innate immune
lymphocytes, originally there was a single member; NK
cells. Now there is a whole new category called innate
lymphoid cell (ILC) that include the prototypical NK cells,
lymphoid tissue inducer cells required for the formation of
secondary lymphoid organs, ILCls, ILC2s (inflammatory
or natural), ILC3s and intraepithelial ILC1 (IELILC) to
name just a few (8,9). Studies examining the role of these
“newer” innate lymphoid immune cells such as ILC1/ILC3/
IELILC in cancer are not as of yet extensive, but there is
evidence in some mouse models that these may play a role
in tumor formation (8).

Dadi et al. (10) recently published an extremely
interesting and comprehensive paper in Cell entitled
“Cancer Immunosurveillance by Tissue-Resident Innate
Lymphoid Cells and Innate-like T cells”. In this paper,
they analyzed tumor formation in a spontaneous mouse
model of breast tumor formation [Polyoma Middle T
(PyMT)] (11). In this model, the authors primarily utilized
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flow cytometry and transcriptome analysis to identify two
new cell types in the mammary gland/tumor which they
refer to as, typel-like innate lymphoid cells [ILC1ls: T
cell receptor (TCR)-NK1.1+CD49ahighGRZMB+] and
type 1 innate-like T cells [ILTCls: TCR+(y/8 and a/p)
NK1.1+CD490highGRZMB+PD-1- (CD8 +/- for TCRo/
B)] that differ significantly from conventional Natural
Killer cells (¢cNK), NKT cells, ILC cells or conventional
CD8 T cells. These same cells were also observed in the
TRAMP model of prostate cancer and were present in WT'
mammary gland at 8 weeks of age, but greatly expanded
in PyMT mammary gland/tumor. Ultimately, Dadi et al.
found these ILC1I and ILTC1 cells were found to share
more transcripts with ¢cNK than conventional T cells such
as activating and inhibitory receptors as well as effector
molecules like perforin. In killing assays ILCI11, ILTC1
and c¢cNK were capable of killing tumor cells using an
innate mechanism rather than via an antigen dependent
mechanism. One of the most important findings from this
paper was that ILC1l and ILT'Cls are both tissue resident
cells that express tissue retention markers (CD49a, CD103)
and in parabiosis experiments do not migrate into the tissue
but rather can proliferate and selectively expand upon tumor
formation. In addition, unlike CD8 T cells, ILT'C1 cells were
found to not express markers of exhaustion (PD-1). The
authors completed their paper by using mouse model crosses
to determine that IL-15, not the transcription factor Nfil3
which regulates cNK and ILC differentiation, is important
for the production of these cells (Figure 1). In fact, they
found that in mice that lack ¢cNK cells (PyMT X NFIL3-/-),
tumor formation was unaltered. In contrast in mice that lack
IL-15 (PyMT X IL-15-/-) in which the ILClls, ILTCls
and cNK were absent, there was accelerated tumor growth.
Thus, authors concluded that the ILClls and ILTCls are
critical for tumor immunosurveillance in this model. While
exciting, these findings await confirmation in human tumors
which is an important step for taking this information
further into clinical benefit.

Dadi et al. found that IL-15 is a critical cytokine for the
generation of ILCI1I and ILTC1 cells (10). The cytokine
IL-15 has been thoroughly investigated and we have
gained extensive knowledge about how it functions and its
possible role in cancer (12,13). IL-15 is a cytokine that is
expressed in a diverse array of cells including monocytes,
macrophages, DC, epithelial cells, stromal cells and
fibroblasts (13). It signals via its receptor that is composed
of a B subunit (CD122- shared with IL.-2), the common y
chain (shared with IL.-2, 4, 7, 9, 21) and a private IL-15 Ra.
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It is thought that the main mechanism of I1L.-15 signalling
is via trans-presentation from IL-15 bound to IL-15Ra on
a cell type such as DCs to the responding cell that would
express IL2RB/y chain (12). While IL-15 is known to have
a plethora of effects, it is best known to be critical for the
differentiation and activation of cNK cells and it promotes
the formation of central and effector memory CD8 (12,13).
More recently, IL-15 has been shown to have a role in the
generation of ILC1 and intraepithelial type 1 ILCs (9).

We, and others, have found that IL-15 is able to prevent/
reduce or delay tumor formation as well as metastasis
in several animal models of tumor formation (breast,
melanoma, colon...) (7,14-16). In these studies, this effect is
mediated by NK and/or CD8 T cells. The results presented
in Dadi et 4/. indicate that IL-15 may have positive anti-
cancer effects on tissue resident cells including ILC11 and
ILTC1 cells (10). In our recent publication, we utilized
the same model of spontaneous breast cancer as Dadi ez 4.
and similarly found that NK1.1+ cells—which in our
analysis likely included ¢NK, ILC1I and ILTC1 cells—
were responsible for the delay in tumor formation in
IL-15 overexpressing PyMT mice (16). A recent publication
suggested that IL-15 “communicates the health status of the
tissue to the immune system and has a key role in promoting
immune responses that drive tissue destruction” (13). They
proposed that in stress conditions such as infections or
tumor formation, cells in the involved tissue upregulate
IL-15 and express NK cell activating ligands which in turn
leads to NK cell activation (13). In addition, the IL-15
expression promotes Thl type responses and upregulates
NK activating receptors on T and NK cells. This leads to
the ability to activate T cells in a TCR independent manner,
perhaps similar to what was described for ILT'C1 cells in
Dadi et al. (10,13).

The role for IL-15 in human cancer is less well
established. A recent study reported that loss of IL-15
in human colon cancer tumors was associated with poor
clinical prognosis (17). They found that tumors with
high levels of IL-15 also had high density of intratumoral
cytotoxic and memory T cells as well as their effector
molecules like GRZMA/H/K and perforin. It was reported
that immune cells like activated DC/macrophages and/
or B cells were the source of IL-15, but tumor cells were
also capable of producing IL-15. This was confirmed in
multiple cell lines from nine different tumor types (17). Of
the cytokines they analyzed, IL-15 was the only one found
to have a significant role in survival. While Dadi er /. did
not speculate on the source of the IL-15 in their PyMT
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Figure 1 Innate immune cells in the tumor microenvironment. Immune cells in the tumor are heavily influenced by the

presence of cytokines/chemokines. The presence of IL-15 promotes the development/proliferation of tissue resident ILT'C1
and ILCII cells (Dadi et al.) as well as that of conventional NK cells (¢NK) and M1 macrophages, all of which are capable of

killing tumor cells. In the absence of IL-15 (or other immunostimulatory cytokines) or in the presence of immunosuppressive

cytokines, ILT'C1, ILC1I will not proliferate, regulatory NK cells (rNK) and M2 macrophages may develop that promote

tumor formation via secretion of molecules like VEGF and thus the tumor will expand. Thus, innate immunotherapy in the

future may focus on creating the proper immune cells to promote tumor destruction.

model, the aforementioned cells types are likely involved
in IL-15 production. The presence of IL-15 may not be
associated with positive outcome in all tumor types. Certain
tumors that are promoted by inflammation have reported
the opposite effect-high IL-15 may be associated with poor
outcome (18). Further investigation needs to be performed
in this area. Overall, the data from mouse models as well
as from Dadi et al. strengthens the case for utilizing this
cytokine in future immunotherapeutic applications- not
only would you be enhancing your conventional NK cell
and CD8 T cells numbers, but hopefully these newly
identified tumor resident cells that are efficient tumor cell
killers and unlike CD8 T cells, do not appear to experience
exhaustion.

There is considerable interest in using the cytokine
IL-15 as an immunotherapeutic for cancer. IL-15 is part
of the gamma chain family of cytokines that includes the
cytokine IL-2. In the past, IL-2 has been utilized as an
immunotherapy to boost immune responses against cancer,
but unfortunately IL-2 has several issues included toxicity
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and capillary leak syndrome, promotion of activation
induced cell death (AICD) of immune cells and stimulation
of T regulatory cells that can promote tumor formation
(12,13). Luckily, IL-15 can boost the immune response, but
lacks these other issues that limit the use of IL-2. Recently,
the first in human Phase I clinical trial for recombinant
human IL-15 in metastatic melanoma and renal cell cancer
released its results (19). In this study, both NK cells and
CD8 memory T cells were expanded and while some toxicity
was observed at the higher doses, it was safe to administer.
In addition, clinical benefit was observed in two patients
(clearance of lung lesions). Currently, alternative dosing
strategies are being investigated to reduce toxicity and
increase effectiveness and multiple clinical trials involving
IL-15 are still underway (NCT02452268, NCT01946789,
NCT01727076, NCT01189383, NCT01885897). Some
trials use IL-15 as a monotherapy, others combine it with
other immune cells such as NK cells/DCs and others are
using IL-15 combined with its receptor IL-15Ra as this
more closely mimics the type of trans-signalling that IL-15
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undergoes and has been found to be more biologically
active and have a longer half-life (12,20). Ultimately the
clinical utility of IL-15 will likely come from combination
therapies. IL-15 is known to promote the proliferation
of NK cells that perform antibody dependent cellular
cytotoxicity (ADCC), which is critical in the activity of
antibody therapies against the tumor (21). Thus, this would
be a natural avenue of investigation. Another possibility
would be to administer IL-15 with checkpoint inhibitors
like anti-CTLA4 or anti-PDLI1. In this circumstance we
would be increasing the anti-tumoral NK cells and CD8
T cells, but also preventing the shut off of these cells that
can occur in the tumor microenvironment. Certainly IL-15
remains a promising cytokine and we expect to see its usage
as an immunotherapy in the future.

Another interesting point that Dadi et 4/. bring to light
is that the exact phenotype of the immune cell present in
the tumor is very important to its functionality. Not too
long in the past when we referred to lymphocytes only
three cells came to mind-T cells, B cells and NK cells. The
world of cancer immunology is no longer such a simple
arena. A plethora of new innate immune lymphoid cells
have recently been added to this repertoire as well as a
variety of categories of T cells that differ greatly in their
location, function and contributions to cancer formation.
Dadi et al. (10) have convincingly added ILCI1I and ILTC1
cells to this group, although we do await confirmation of
these subgroups in humans, as well as the identification
of the developmental pathway that they follow. This
publication has important implications for the future of
immunotherapy. The type of innate cellular immunotherapy
that has received significant attention in the past has
involved NK cells. Past trials with NK cell transfer, either
autologous, allogeneic or cell line based have generally
been disappointing (22). Recent evidence indicates that we
need to get higher numbers of properly activated cytotoxic
NK cells to the tumor as tumor NK cells often show a
pro-tumoral phenotype that may support angiogenesis
by production of VEGF (often called regulatory NK
phenotype) (23,24). Recently there have been advances in
the ability to culture and expand NK cells with the desired
phenotype (25). With the addition of Dadi’s work, it seems
key that we may want to exploit both of these findings in
the clinic. The combination of NK cell adoptive transfer
with a cytokine like IL-15, which is known to lead to the
proliferation/activation of ¢cNK and CD8 effector/memory
T cells, and as Dadi et 4/. found can activate intratumoral
ILTC1 and ILC1I, we may have an effective and safe anti-
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tumor immune response (10,12,13) (Figure I). In this case,
we could increase innate immunosurveillance both in the
tumor (ILCI and ILT'Cs, some NK cells) and in the blood
(NK cells). The field of innate immunotherapy is a new
frontier that will likely be one of the next exciting and
expanding tools in the area of cancer treatment.
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