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Intraepithelial ILC1-like cells: Front-line fighters in
human head and neck squamous cell carcinoma

Marina Cella®"'® and Michelle L. Robinette®

Innate lymphoid cells (ILCs) are a heterogeneous
population of tissue-associated lymphoid cells, particu-
larly abundant in mucosal and barrier tissues, such as
gut and skin, which survey their microenvironment by
perceiving and rapidly responding to incoming cues.
ILC heterogeneity is characterized by function, and
while numerous soluble and cell-surface factors trigger
ILC function, major subgroups among ILCs correspond
to the cytokines they produce and can respond to. Ma-
jor ILC subsets comprise ILC3s, ILC2s, and ILC1s, which
are the corresponding counterpart of T helper 17 (Th17),
Th2, and Th1/CD8 T cells, respectively (1, 2). Additional
subsets in the literature correspond to specialized func-
tions and ontogeny. ILCs are also characterized by a re-
markable plasticity that allows them to adjust to evolving
tissue stimuli and adapt to different tasks (2, 3). There-
fore, intermediate ILC states exist in tissues, which harbor
signatures of the different ILC major subgroups (4). ILCs
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have also been found in mouse and human tumors and
their function and plasticity in the tumor microenviron-
ment (TME) are now beginning to be elucidated (5, 6).
ILC1s are a further heterogeneous group as they
include conventional natural killer (NK) cells and non-
cytolytic helper ILC1s as well as intraepithelial ILC1s (1,
2). ILC1s are well defined in mouse models by ontogeny
and phenotype as NK1.1* CD127* Eomes™ Tbet" cells
(7, 8). However, in humans their nature, phenotype, and
origin are still a matter of debate due to overlapping
functional profiles and lack of similar well-defined ontog-
eny as in mice. In human peripheral blood, conventional
NK cells have long been known to include CD56P"9"
and CD56%™ subsets, which specialize in cytokine pro-
duction and cytotoxicity, respectively (9). In tissues and
blood, helper noncytotoxic CD56~ CD1277 ILC1s were
initially identified (10), but their identity was later called
into question (11, 12). Intraepithelial ILC1s (ielLC1s) were
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Fig. 1. Immature NK cells enter the tumor and depending on specific signaling encountered in the tissue
microenvironment develop either into exhausted NKs that promote tumor dissemination and proliferation or into
ielLC1-like cells with potent cytotoxic and cytokine secretion effector function.
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See companion article, “Landscape of innate lymphoid cells in human head and neck cancer reveals divergent NK cell states in the tumor

microenvironment,” 10.1073/pnas.2101169118.
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originally described in tonsils and the intraepithelial layer of the gut as
CD56" CD127~ NKp44* CD103* cells (13). Later the presence of
CD56* CD103* CD127~ ielLC1-like cells, with a variegated expres-
sion of NKp44, was reported in other pathological tissues, such
omentum adipose tissue from obese patients, lung tumors, and
colorectal tumors (11). However, because ielLC1s and ielLC1-like
cells expressed Tbet and Eomes, and in some compartments had
cytolytic mediators such as perforin and granzymes, their identity as
true ILC1s and their relationship to conventional tissue-resident NK
cells are still disputed (11, 13).

Moreno-Nieves et al. (14), in PNAS, identify in human head and
neck squamous cell carcinoma (HNSCC) a cell type closely resem-
bling ielLC1s, which exerts a potent antitumor activity in vitro, and
in vivo, in NOD-scid IL2R-gamma”“” (NSG) immunodeficient mice
implanted with a human HNSCC tumor cell line. This cell type has
some phenotypic and functional resemblance to a similar previously
described NK1.1" CD103* CD49%a* ILC1-like cell found in mouse
models of MMTV-PyMT mammary tumors, which curbs tumor
growth due to high cytotoxic potential (15).

Moreno-Nieves et al., in PNAS, identify in human
head and neck squamous cell carcinoma
(HNSCC) a cell type closely resembling ielLC1s,
which exerts a potent antitumor activity in vitro,
and in vivo, in NOD-scid IL2R-gammanuII (NSG)
immunodeficient mice implanted with a human
HNSCC tumor cell line.

HNSCC cancers are a heterogeneous family of tumors arising
from the oral cavity, pharynx, and larynx mucosal membranes (16).
They are largely linked to cigarette smoking, alcohol consumption,
or human papilloma virus (HPV)16 infection. Despite surgical inter-
vention, radiotherapy, and chemotherapy, HNSCC frequently re-
curs and causes death of the patients affected (16, 17). This
burden is substantial, considering that HSNCC is the sixth most
common cancer worldwide. Recent advances have helped to un-
derstand the immune landscape in HSNCC and have indicated that
HPV16* HSNCCs are heavily infiltrated by CD8* T cells that may
recognize viral antigens. These CD8" T cells can be exploited ther-
apeutically and reinvigorated with checkpoint blockade therapy to
induce killing of cancer cells (18). Accordingly, the 5-y overall sur-
vival rate of patients affected by HPV* HSNCC is almost twofold
better than the overall survival rate of patients presenting with HPV™
HSNCC (70 to 80% versus 40 to 60%).

NK cells were previously identified in HSNCC (19). However,
their phenotypic and functional heterogeneity was still poorly un-
derstood. Moreno-Nieves et al. (14), in PNAS, leverage high-
throughput single-cell RNA sequencing (scRNAseq) to identify NK
cell and related ILC1 subsets from tumors of eight HSNCC cancer
patients and compare them to blood-derived NK cells of two
healthy donors. Moreno-Nieves et al. (14) identify seven clusters
of tumor-associated cells that group separately from blood cyto-
toxic NKs (cluster 1). One of these clusters represents RORC* ILC3s
(cluster 6). Based on the expression of CD127, CD62L, CD117, and
CCR7, a second cluster (cluster 5) could represent either helper
ILC1s or tissue-associated CD56P"9" NK cells. In addition, two dis-
tinct NK cell clusters emerge: NK1s (cluster 2) exhibit a strong
interferon-induced signature, while NK2s (cluster 3) are character-
ized by expression of transcription factors such as NR4A1 and
NR4A2, which have been shown to be associated with T cell
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exhaustion (20-22). In T cells, NR4A1T and NR4A2 are induced by
chronic NFAT stimulation both in models of chronic viral infection
and in cancer and are highly expressed in CD8* T cells bearing
multiple inhibitory receptors, such as PD1 and TIM3 (21, 22).
Whether the NK2 cluster of “exhausted” NK cells, identified by
Moreno-Nieves et al. (14), behaves similarly to exhausted CD8*
T cells by up-regulating multiple immune checkpoint inhibitors is
not clear, possibly due to the relatively shallow number of genes
detected by scRNAseq. Cluster 4 has intermediate features be-
tween the CD127* ILC1/CD56°"9" and the NK1/2 clusters, again
supporting the notion that cells with intermediate features are also
present in the TME, in addition to mucosal tissues (4).

The most striking observation emerging from the Moreno-
Nieves et al. (14) study is the identification of two clusters (clusters
7 and 8) that have features of the previously identified ielLC1s
including expression of CD4%a, CD69, CD103, and the chemo-
kine receptor CXCR6 (13). These cells are present in both HPV*
and HPV™ cancers and, similar to ielLC1s, have cytotoxic media-
tors and express both Thet and Eomes. Unexpectedly, ielLC1-like
cells in HNSCC have potent antitumor activity both in vitro and
in vivo and produce greater amounts of TNFa and IFNy in re-
sponse to tumor cells than conventional NKs. Moreover, one of
the two ielLC1-like clusters (cluster 8) is actively proliferating
in vivo, as indicated by Kié7 expression, suggesting that ielLC1-
like cells actively expand in the TME. Moreno-Nieves et al. (14)
further show that immature peripheral blood CD94*CD56P" 9"
cells, when exposed to HNSCC cells in the presence of soluble
IL-15, multiply and acquire CD103 and CD49%a expression. This
differentiation process requires cell-cell contact via yet unknown
receptor—ligand interactions, as well as TGFp signaling. Impor-
tantly, in The Cancer Genome Atlas databases of HNSCC cancers,
IL-15 expression positively correlates with the ielLC1-like cell sig-
nature and negatively with the NK2 signature of exhausted,
NR4A1/NR4A2-expressing NKs. TGFp imprinting of ielLC1s in
tonsil was previously suggested based on the original gene sig-
nature identified (13). However, a requirement for TGFp to boost
ILC1 responses to tumors is unexpected, given that TGFf is gen-
erally viewed as an immunosuppressive cytokine. In addition, re-
cent evidence shows that enhanced TGFp signaling deviates cells
from a NK cell phenotype, which has antitumor activity, to an ILC1
module, which promotes tumor growth and dissemination (23,
24). It is conceivable that in the HNSCC TME multiple and more
complex interactions are taking place or that the TGFp-imprinted
signature is driven by other members of the TGFp family, such as
activin or BMPs. In addition, in the HNSCC TME the TGF activity
may be tightly and temporally modulated, as shown for the skew-
ing of Th17 to T regulatory T cell fates in the context of sustained
TGFp signaling (25). Alternatively, as hypothesized by Moreno-
Nieves et al. (14), the immunostimulatory or immunosuppressive
properties of TGFp may vary and be context dependent. TGFp
signaling could boost ILC1 function when IL-15, or other yet un-
known cytokines, is available in the same tissue-specific niche and/
or when selective stimulatory or costimulatory cell surface receptors
are engaged at the same time on immature precursor cells.

Overall, based on the pseudotime analysis of the NK/ILC
clusters identified by scRNAseq in this study, Moreno-Nieves et al.
(14) depict a scenario where an immature circulating NK cell, per-
haps a CD56°"9" NK cell, enters the tumor and under the influ-
ence of cognate signals present in the TME becomes either an
ielLC1-like cell, which will proliferate, expand, and fight the tumor
with energy and resilience, or an exhausted NK cell, which will
eventually give up and lose the battle (Fig. 1). Understanding how
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to tip the balance in favor of one fate versus the other might be ~ HNSCC to improve therapeutic options to this still frequently fatal
key to designing new strategies to manipulate immune cells in  and highly morbid disease.
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