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Abstract

Innate lymphocytes play an important role in maintaining tissue homeostasis at steady state and
during inflammation. The population of innate lymphocytes is incredibly diverse and
heterogeneous with the successive identification of new subsets including innate lymphoid cells
that arise from progenitors distinct from those of natural killer cells. Although generally
considered as T helper-like lymphocytes, innate lymphoid cells with cytotoxic potential can be
identified in many tissues. The tissue-resident cytotoxic innate lymphocytes derived from innate
lymphoid cell and/or natural killer cell lineages are well positioned in sensing malignant
transformation and initiating antitumor immunity. This review provides an overview of innate
lymphocyte biology and discuss their roles in tumor immunosurveillance.
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1. Introduction

The vertebrate immune system has evolved to exquisitely distinguish self from non-self. Cell
transformation presents a unique challenge to the immune system, since malignant cells are
self-derived, but also an invasive, sometimes infectious, entity[1]. The original cancer
immunosurveillance hypothesis was proposed in the 1950s to postulate the function of
adaptive immune cells in eliminating transformed cells[2]. Since then, studies have revealed
both protective and promoting effects of the immune system on transformation[3]. Several
studies investigating carcinogen-induced, virally associated, and oncogene-induced models
of cancer have demonstrated a role for antigen-specific CD8* T cells in mediating a host-
protective immune response[4—7]. The clinical success of anti-PD1 and anti-CTLA4
checkpoint blockade therapy further supports a role for adaptive lymphocytes in some
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cases[8]. However, many cancers do not express non-self antigens and exposure to tumor-
associated antigens in oncogene-induced cancers may fail to induce host-protective T cell
responses[9, 10]. Still, evidence for the necessity of immune effector molecules indicates a
role for cytotoxic lymphocytes in immunosurveillance, even if antigen-specific adaptive
immune responses are not engaged[11-14]. There is an accumulation of evidence that
tissue-resident innate lymphocytes are critical in anti-tumor immunity. In this review, we
discuss the current understanding of how the lineage, localization, and effector programs of
resident innate lymphocytes dictate their tumor immunosurveillance function.

2. Innate lymphocyte subsets and their characteristics

Innate lymphocytes represent a heterogeneous group of cells derived from a common
lymphoid progenitor in the bone marrow, but lack genetically rearranged antigen receptors.
Based on their effector programs, innate lymphocytes have been grouped into three types,
type 1 innate lymphocytes that include NK cells and innate lymphoid cells 1 (ILC1s), type 2
(ILC2s), and type 3 (ILC3s)[15], with innate lymphoid cell subsets largely viewed in the
context of helper T cell biology.

Type 1 innate lymphocytes are characterized by the expression of the transcription factor T-
bet (encoded by the T-box 21 gene, 7bx21) and by the production of type 1 cytokines,
including IFN-y and TNFa. NK cells recirculate throughout the body, express cytotoxic
molecules (e.g. granzymes and perforin) and were the first member of innate lymphocytes to
be reported in the 1970s[16-18], while type 1 ILCs express similar surface markers like NK
cells and have been identified in many organs (e.qg. liver and salivary gland)[19]. Yet, their
exact function is less well defined. Due to their resemblance to NK cells at the phenotypic
level, studies that deplete NK marker-expressing populations (e.g. through antibodies or
diphtheria toxin system) inadvertently eliminated type 1 ILCs as well. New emerging
genetic tools are needed that target specifically type 1 ILCs but not NK cells. For instance,
by using Zfp683~~ (Hobit-deficient) mice, which have reduced liver ILCs but not
conventional NKs, it was proposed that liver ILCs are important for the early response to
mouse cytomegalovirus, because Zfv683~~ mice had increased viral load[20].

Type 2 innate lymphocytes (ILC2s) require the transcription factors GATA3 and RORa and
produce type 2 cytokines (e.g. IL-5 and IL-13)[21, 22]. ILC2s are the most homogenous
among the innate lymphocytes. They are helper cells that control normal immune responses
through cross-talk between stroma and other immune cell types, e.g. in helminth
infection[23] and allergic inflammation[24, 25].

Type 3 innate lymphocytes (ILC3s) can be defined as IL-17 and 1L-22 producing cells that
require the transcription factor RORy for their development and function[26]. ILC3s help
maintain intestinal homeostasis by producing IL-22, which in turn triggers antimicrobial
peptide production by intestinal epithelium[27-29]. In the lung it was shown that IL-17
produced by ILC3s is required for monocyte-mediated clearance of Klebsiella pneumoniae,
demonstrating a critical role for ILC3s in maintaining lung homeostasis[30].
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Innate lymphocytes are derived from the common lymphoid progenitor (CLP) in mice[31].
A common progenitor for all ILCs, termed innate lymphoid cell progenitor (ILCP) has been
identified in the bone marrow, which has lost NK cell differentiation potential and expresses
both the transcription factor PLZF and the surface marker PD1 (Table 1)[32, 33]. Indeed,
cell fate-mapping and adoptive cell transfer experiments convincedly demonstrated that
circulating conventional NK cells and tissue resident

ILCs are distinct lineages of lymphocytes[32, 34]. Conventionally, ILCs are defined as
helper cells capable of producing cytokines but lacking cytolytic activity. Nevertheless,
recent studies have identified populations of tissue-resident innate lymphocytes that express
perforin, granzymes, and death receptors (e.g. TNF-related apoptosis-inducing ligand,
TRAIL), suggesting their cytolytic potential. These populations have been named tissue-
resident NK cells in the liver[35]. Although some liver-resident cytolytic innate lymphocytes
might be differentiated along the NK cell lineage, recent evidence based on their
developmental requirements points to their closer relationship to ILC1s than NK cells.
Genetic studies have demonstrated that NK cells require the transcription factors Nfi/3[36]
and £omes[37] for development and maintenance. The majority of liver-resident CD49a
*CD127'°" innate lymphocytes develop independently of Nfi/3and Eomes, suggesting their
closer lineage relationship to 1LC1s than NK cells[35, 37]. Additionally, CD49a*CD127'oW
innate lymphocytes share a similar progenitor with all other ILCs[34]. Hence, based on their
cytotoxic potential we propose that type 1 ILCs could be further divided in two subsets:
helper ILC1s, which are IL-7R-expressing cytokine producers, and killer ILCs (ILCks),
which express cytotoxic molecules but have little to no IL-7R expression (Figure 1A)[38].
Yet, further work is required in order to define whether cytotoxic tissue resident innate
lymphocytes are all ILCks or can, as well, be differentiated from NK cell lineage, as the
bona fide tissue resident NK cells (trNK).

Both NK cells and ILC subsets have been described in humans[39]. Yet, the differentiation
of NK and ILC lineages in humans remains less well understood. A NK-committed
precursor with no helper-1LC potential has been identified[40]. Recently, a human
circulating ILCP with potential for CD56* cytotoxic lymphocytes and helper ILC1, 2, and 3
has been described[41]. This multipotent progenitor was present in lymphoid and non-
lymphoid tissues of Rorc-deficient patients and retain potential for IFN-y producing ILC1s,
IL-13 producing ILC2s, and for IL-22, but not for IL-17A producing ILC3s as well as
cytotoxic innate lymphocytes [41]. Considering that mouse ILCP can give rise to ILCks, it
raises the possibility that the CD56" cytotoxic lymphocytes are their human equivalents.

Although innate lymphocytes have been grouped into three types, with defined effector
activities, an increasing literature suggest they exhibit functional plasticity in the presence of
appropriate environmental stimuli[42, 43]. /n vitro, culture of human type 3 innate
lymphocytes with IL-2 or IL-15 will induce their conversion to IFN-y producing type |
innate lymphocytes[44, 45]. In addition, it has been shown that IL-23 could drive the
opposite effect, i.e. the differentiation of ILC1 to ILC3[44]. /n vivo, it was shown that
CCR6"NKp46™ ILC3s can convert into IFN-y-producing NK1.1* ILC1s, associated with
reduced expression of Roryt and increased expression of T-bet[46]. IL-12 and IL-1p have
been shown to promote the conversion of ILC2s into IFN-y producing ILC1-like cells[47—
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49]. Additionally, it is unknown if helper cytokine producing ILC1s can convert to ILCks
that express cytotoxic molecules.

3. Tissue-resident cytotoxic innate lymphocyte responses in cancer

As mentioned earlier, cell transformation presents a unique challenge to the immune system.
The first described member of innate lymphocytes with anti-cancer properties were the NK
cells. NK cells were initially identified and named on the basis of their ability to kill tumor
cells in vitro[50]. The first evidence of a protective role of NK1.1+ cells (which the authors
defined as NK cells) came from chemically-induced sarcoma and transplantable tumor
models[12, 51]. These initial findings were confirmed in mice that lack natural killer cell
p46-related protein (NKp46) [52-54]. However, most of these studies were done before the
heterogeneity of group 1 innate lymphocytes was recognized. The use of depleting
antibodies against NK1.1 or NKp46~~ mice target and eliminate not only conventional NK
cells but also ILCs, since both cell populations express NK1.1 and NKp46. Therefore, it is
difficult to conclude which of the affected populations contributes to the reported
phenotype[55].

Compared to conventional circulating NK cells, tissue-resident cytotoxic innate lymphocytes
are in an ideal place to play a primary role in sensing malignant transformation and initiating
antitumor immunity. A recent study in PyMT-driven breast cancer, demonstrated that early
control of tumor progression is critically dependent on CD49a*NK1.1* tumor-resident
innate lymphocytes[56]. In this model, conventional NK cells were dispensable for anti-
tumor responses because Nfi/3-deficient mice, in which NK cells are diminished, did not
exhibit accelerated tumor growth[56]. These ILC1-like cells expressed granzyme B and
exhibited perforin-dependent cytotoxicity against tumor cells /in vitro. Nonetheless, it
remains to be determined whether they are derived from ILCPs, which will qualify them as
ILCks; are differentiated from progenitors along the NK cell lineage, which will classify
them as trNK; or are a mixed population of diverse origin.

Studies in humans have shown that many types of solid tumors are infiltrated by innate
lymphocytes. Although the authors of these studies collectively named the infiltrated innate
lymphocytes as NK cells, these cells can be distinguished in two populations based on the
makers CD56 and CD16[57-60]. The CD56"9"CD16~ subset was enriched in tissues and
expressed several tissue-resident markers[59, 60]. Clinical evidences suggest a potential
anti-tumor role for type 1 innate lymphocytes and CD56"9 [ymphocytes in clear cell renal
carcinoma and gastrointestinal tumors respectively[61, 62].

In contrast, the CD569MCD16* population was more abundant in the blood. It has been
reported that some CD56P119M NK cells have longer telomeres compared to CD569M cells
and can acquire the expression of CD16 and killer Ig-like receptors, /n vitroas well as in
vivo after transfer into immunodeficient mice[63—-66]. These data support the theory of a
linear developmental pathway in human NK cells, according to which CD56°119M cells give
rise to CD56%M NK cells [67]. Yet, more detailed analysis of human NK cell development
and differentiation is needed in order to establish if CD56P"9" and CD56%M NK cells are of
separate lineages or if CD56P"19Mt cells are the progenitors of CD564IM cells.
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Some reports in the literature suggest that ILCs might facilitate tumor growth. It has been
proposed that TGF-p signaling induces the conversion of NK cells into ILC1s, decreasing
the control of local tumor growth and increasing metastasis[68, 69]. However, lineage
tracing and adoptive cell transfer experiments have demonstrated that NK cells develop from
distinct progenitors from those of CD127* helper ILCs and ILCks, , making NK to ILC
conversion unlikely[32, 34]. Perhaps, the ILC-type of cells observed in these experiments
are better defined as tissue-resident NK cells. To what extent the ILC versus NK cell
lineages contribute to the tumor-resident type 1 innate lymphocyte pool and whether they
have different functions remain to be determined. In humans, ILC1s have been correlated
with colorectal carcinoma due to the observations that, first, ILC1s are increased in numbers
and contribute to the pathology of inflammatory bowel disease (IBD)[44, 70] and, second,
the incidence of colorectal carcinoma is higher in patients with IBD[71]. Yet, a direct role
for ILC1s in the pathogenesis of colorectal carcinoma has not been demonstrated.

4. How do tissue-resident cytotoxic innate lymphocytes sense cell

transformation?

In contrast to normal tissue development and remodeling, malignancy is associated with
uncontrolled cell proliferation, loss of cell polarization, irregular angiogenesis, extracellular
matrix re-organization and cell death. All these stimuli can directly or indirectly shape the
fate of immune cells. Because parabiosis experiments suggested that, at least at steady state,
tissue-resident cytotoxic innate lymphocytes are maintained through self-renewal with
minimal contribution from bone marrow derived precursors[72], ILCs are in an ideal
position to detect any ‘stress’ signals and respond accordingly. In the next chapter we will
discuss and propose how ILCs could sense cell transformation.

4.1 IL-15 as alarmin

IL-15 is a cytokine important for differentiation, maintenance, and function of lymphocytes
(e.g. T and NK cells)[73]. The IL-15 receptor (IL-15R) consists of a unique IL-15R a-chain
(IL-15Ra), a B-chain (IL-2/IL-15Rp), and a common cytokine receptor y-chain (yc)[73].
IL-15 functions through transpresentation of an IL-15/IL-15Ra complex to recipient cells
expressing IL-2/15Rp and yc[74]. IL-15 deficiency impairs cytotoxic innate lymphocytes in
the liver, salivary glands, and the small intestine lamina propria[34, 75, 76]. Since IL-15 has
pleiotropic roles, it is still unknown if IL-15 is required for the development of innate
lymphocytes, their maintenance or both. Although mice deficient for yc lack mature innate
lymphocytes, innate lymphocyte progenitors are minimally affected[77], suggesting that -yc
signaling is required for the maintenance of the mature populations. Additionally, since
IL-15 is expressed by many cells types[78], it is challenging to conclude which cell types
control the development of specific lymphocytes. Animal studies have shown that myeloid-
derived IL-15 supports the development and maintenance of circulating NK[79] and CD8 T
cells[80]. Yet, further work is required to demonstrate if myeloid derived 1L-15 as well
regulates the development of tissue-resident cytotoxic innate lymphocytes.

It has been proposed that IL-15 is a stress induced “alarmin” that is express by distressed
cells and license cytotoxic tissue resident mphocytes to become killers and destroy these
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damaged cells[81]. In PyMT-driven breast cancer model, absence of 1L-15 leads to loss of
tissue-resident cytolytic innate lymphocytes and accelerated tumor growth[56].
Overexpression of 1L-15 resulted in expansion of cytolytic innate lymphocytes and tumor
protection[56]. Hence, it is plausible that 1L-15 transpresentation could activate and license
mammary gland ILCL1Is to kill transformed cells (Figure 1B). Yet, since IL-15 can be
expressed by many cells (e.g. epithelial cells, fibroblasts, endothelial cells)[81], the source of
IL-15 in this model is unknown. Of note, IL-15 can also be produced by tumor cells[82]. A
human study in patients with colorectal carcinoma concluded that IL-15 produced in the
tumor microenvironment enhanced T cell responses and promoted survival[82]. In contrast,
decreased 1L-15 expression affected the local proliferation of T lymphocytes and correlated
with a higher risk of tumor recurrence and poor patient survival[82]. Further work is needed
in order to convincedly demonstrate if 1L-15 produced by tumor cells or other cells acts as
an alarmin for cytotoxic tissue resident innate lymphocytes.

4.2 IL-12-mediated tumor suppression

IL-12 is a heterodimer, consisting of a heavy (p40) and a light (p35) chain subunit, which are
covalently linked by disulfide bonds[83]. The sensing of IL-12 is mediated through the
heterodimeric IL-12 receptor (IL-12R) composed of IL-12RA1 and I1L-12R52[84]. IL-12
links innate and adaptive immune responses. It is mainly produced by myeloid cells[85] and
subsequently it mediates the activation, proliferation and polarization of lymphocytes[84].
Mice lacking the 1L-12 specific subunit p35 are more susceptible to carcinogen-induced
tumors[86-88], while mice that lack IL-12R32 develop spontaneous tumors[89]. These
observations suggest that IL-12 has an important role in anti-tumor immunity.

In order to delineate the mechanisms by which I1L-12 induces antitumor immune responses,
numerous reports have engineered tumor cells to produce IL-12[90-93]. In an IL-12
producing B16 melanoma model, it was shown that antitumor immunity is mediated by
NKp46* RORyt* cells[90], while rejection of breast cancer TSA cells was dependent on
IFN-vy secreting CD8* cytotoxic T cells[93]. These results show that tumor cell type and
tumor location determine the IL-12-mediated tumor-specific immune responses. Yet, the
physiological relevance of these models is debatable since IL-12 is mainly produced by
myeloid cells[85]. In addition, it needs to be determined if IL-12 can also activate tissue-
resident cytotoxic innate lymphocytes to inhibit tumor growth.

4.3 Type linterferon in anti-tumor immunity

Type | interferons (IFNs) were initially identified as antiviral substances[94]. They are a
family of monomeric cytokines consisting of 14 IFNa subtypes, IFNB, IFNe, IFNx, and
IFNw. While IFNa and IFNB have been extensively studied during the past decades, the
functions of IFNe, IFNx, and IFNw remain poorly understood[95]. IFNa and IFNp signal
through the interferon a/g receptor (IFNAR) and the JAK-STAT pathway to drive the
expression of IFN-regulated genes. Beyond their role in anti-viral immunity, a growing
number reports provided evidence that type | IFNs exhibit antitumor functions, in part, by
lymphocyte activation[96].

Semin Immunol. Author manuscript; available in PMC 2020 March 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stamatiades and Li

Page 7

Among innate lymphocytes, NK1.1* cells have been proposed to be the effector cell for type
I IFNs-mediated tumor rejection. Using IFNAR-deficient mice it was shown that there is
impairment of NK cell development in mice with germline deletion of IFNAR[97]. Swann et
al further demonstrated that IFNAR-deficient NK cells exhibit impaired activation, reduced
cytotoxity and fail to protect mice against carcinogen-induced fibrosarcomas[98]. Yet, a
more recent report utilized conditional deletion of IFNAR on NKp46™ cells and showed that
although type I IFNs signaling on NKp46* cells is essential for cytotoxicity /n7 vitro, it is not
required for efficient tumor surveillance in vivo[99], suggesting that /n7 vivo other
mechanisms could compensate for type | IFNs signaling. Nowadays, with the recognized
complexity of innate lymphocyte family additional work is needed to better characterize the
role of type I IFN on tissue-resident cytotoxic innate lymphocyte-dependent cancer
immunosurveillance.

4.4 Activating and inhibitory NK cell receptors

Tissue-resident cytotoxic innate lymphocytes express many activating and inhibitory NK cell
receptors[100]. Therefore, it can be hypothesized that cytotoxic innate lymphocytes can
sense and kill non-healthy, stressed or transformed cells in the tissue. Activating receptors,
bind ligands induced by cellular stress, infection, or tumor transformation[101]. Activating
signals are transmitted through immunoreceptor tyrosine-based activating motifs (ITAMs)
located in the cytoplasmic tail of the receptor or through ITAMs in adaptor molecules, which
associate with activating receptors at the cell surface[102]. Inhibitory receptors bind cell
surface MHC antigen class | molecules expressed by healthy cells and signal through
immunoreceptor tyrosine-based inhibitory motifs (ITIMS)[103].

It has been shown that the activating receptor NKG2D is not necessary for innate
lymphocyte development[11], yet it promotes the rejection of tumors that express or even
shed NKG2D ligands[11, 104]. NKG2D ligands (e.g. MHC class | chain-related proteins A
and B, MICA and MICB) are poorly expressed by normal cells but are up-regulated in
cancer cells[105]. The recently identified ILC1ls that mediate cancer immunosurveillance in
PyMT-driven mammary tumors and TRAMP model of prostate cancer constitutively express
NKG2D, similar to conventional NK cells. Their rapid response in precancerous lesions
could be attributed to their ability to sense tumor-associated stress signals, including the
NKG2D ligands (Figure 1B). In addition, the lack of NK cells in Afi/37~ mice did not affect
tumor growth, suggesting that the previously demonstrated tumor suppressor function of
NKG2D in the TRAMP model[11] may be attributed to ILC1Is instead of NK cells. Yet, it
remains to be determined whether NKG2D (or other activating NK receptors) expressed on
ILC1ls and which of its ligands expressed on tumor cells mediate tumor cell recognition.

Among the activating receptors is a specialized group of receptors termed natural
cytotoxicity receptors (NCRs), comprising NKp46, NKp44 and NKp30 receptors[106]. They
are type | transmembrane proteins belonging to the immunoglobulin superfamily and are
composed of one or two extracellular immunoglobulin-like domains, which are responsible
for ligand binding. Although it had been initially shown that NCRs are important for the
killing of transformed cells, the first ligands identified for the NCRs were viral proteins (e.g.
recognition of haemagglutinins by NKp46 and NKp44[107, 108]). It has been reported that
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all three NCRs could bind to different heparan sulphates moieties, present on healthy and
transformed cells[109, 110]. Nevertheless, the report that there was no influence on the
activation of NK cells regardless of whether heparan sulphate was expressed on the cell
surface of a target cell or not[111], prompt the notion that heparan sulphate might act as
coreceptors in complex with other ligands to modify the NK cell response[106].
Proliferating cell nuclear antigen (PCNA), which is overexpressed on tumor cells[112], was
the first cellular molecule identified as ligand for NKp44[113]. Since NKp44-PCNA ligation
inhibits NK-cell mediated tumor cell killing[113], tumor cells might exploit his mechanism
to avoid killing by NK cells. More recently, platelet-derived growth factor (PDGF)-DD has
been identified as a new ligand for NKp44[114]. Engagement of NKp44 triggered NK cell
secretion of IFNy and alpha TNFa that induced tumor cell growth arrest[114].

Siglecs is a lectin family of surface receptors that bind to sialoglycans and are predominantly
expressed on cells of the hematopoietic system[115]. Distinct sialoglycan structures are
recognized by individual Siglec receptors, depending on identity and linkage to subterminal
carbohydrate moieties[116]. Siglec-7 and-9 are inhibitory receptors, containing their own
cytoplasmic ITIM motif[116]. A number of primary tumors express glycan ligands for
Siglec-7 and Siglec-9, and expression, or lack thereof, of these ligands correlates with
cytotoxicity of NK cells towards susceptible versus resistant tumors[117]. These results
suggest that cancers expressing high levels of Siglec-7 and -9 ligands may evade NK cell
killing. In support of this notion, it was shown that increasing sialylated glycans on cancer
cells inhibits human NK cell activation through the recruitment of Siglec-7[118]. Yet,
whether blockade of Siglec-7 and —9 would promote cancer immunosurveillance by tissue-
resident cytotoxic innate lymphocytes needs to be further investigated.

The inhibitory NK receptors expressed by NK cells are important to mediate functional
maturation of NK cells, termed “licensing”[119]. Licensing involves the engagement of
inhibitory receptors with major histocompatibility complex (MHC) class | molecules on the
surface of the target cell, resulting in blockage of NK cell activation[120]. Yet, it is currently
unknown if such a maturation process mediated by inhibitory NK receptors takes place in
tissue resident cytotoxic innate lymphocytes.

4.5 Extracellular matrix cues

The extracellular matrix (ECM) is defined as the non-cellular component of tissue that
provides both biochemical and essential structural support for its cellular constituents[121].
ECM is not a passive intercellular filling. It is an active component of the tissue, responsible
for cell-cell communication, cell adhesion, and cell proliferation[122]. It has long been
recognized that deregulated ECM dynamics play an important role in cancer initiation and
progression. ECM stiffness enhances cell growth and survival and promotes migration[123],
and ECM rigidity disrupts tissue morphogenesis by increasing cell tension[124]. Reduction
of cell tension repressed the malignant behavior of mammary epithelial cells and normalized
the behavior of breast cancer cells in culture[124].

Although ECM stiffness could regulate malignancy by enhancing integrin-dependent
mechanotransduction to tumor cells, it could also regulate lymphocyte functions[125].
Mechanical cues from ECM are transduced to cells mainly via integrins, which initiate
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biochemical signaling and stimulate cytoskeletal remodeling[126]. Tissue-resident type 1-
like innate lymphoid cells in the mammary gland express the integrin a1p1 (also known as
CD49a or VLA1)[56]. The best-known ligands for CD49a are the collagens[127]. CD49a
could regulate ILC1Is by multiple ways. It could promote their tissue retention at steady
state and their expansion in tumorigenesis as shown for T cells and monocytes in
inflammation[128-131]. Secondly, CD49a could promote ILC1lIs cytotoxicity by stabilizing
adhesion to ECM proteins on target cells, as shown for B1 and B3 integrins in CD8*
cytotoxic T lymphocytes[132]. Additionally, transformation-mediated ECM remodeling and
stiffness could be transduced to ILC1Is as a ‘stress’ or ‘danger’ signal, which will lead to
their activation (Figure 1B).

ECM could also shape lymphocyte function by proving a source of TGF-B[133].
Transforming growth factor-p (TGF-B) is a pleiotropic cytokine, which has three known
mammalian family members (TGF-p1, -2, and -p3) that regulate multiple physiological
processes[134]. The pivotal function of TGF- in the immune system is to maintain
tolerance via the regulation of lymphocyte proliferation, differentiation, and survival[135].
TGF-B has been shown to promote tissue retention of CD8* memory T cells[136, 137],
which have been associated with better prognosis in melanoma[138] and lung cancer[139].
TGF-B also induces CD103 expression[140], which is required for the retention of tissue-
resident lymphocytes[141-143]. In addition to conventional T cells, recent evidences
suggest that TGF-p regulates the differentiation of innate lymphocytes. In salivary gland,
deletion of 7gfbr2in NKp46 expressing cells (which includes ILCs and NK cells) resulted
in significantly reduced numbers of innate lymphocytes, with concomitant loss of tissue
residency markers (e.g. CD49a), and effector molecules (e.g. TRAIL)[144]. Whether or not
ECM-TGF- regulates the maintenance and differentiation of tissue-resident cytotoxic
innate lymphocytes in transformed tissues remains an open question.

4.6 E-Cadherin-CD103 axis

Cell-cell adhesion and formation of epithelial barriers is a fundamental process in embryonic
development and morphogenesis. Cadherins comprise a large family of transmembrane or
membrane-associated glycoproteins that mediate specific cell-cell adhesion in a Ca2*-
dependent manner. Among cadherins, E-cadherin is considered the prototype of all
cadherins[145]. E-cadherin is frequently deleted, mutated or epigenetically silenced in solid
tumors, the majority of which are carcinomas derived from epithelial tissues[145]. Although
E-cadherin is considered a tumor suppressor gene, deletion of E-cadherin alone is
insufficient to cause tumorigenesis[146].

Beyond the role of E-cadherin in epithelial barrier function, recent findings have highlighted
a role of E-cadherin in shaping immune cells. The integrin CD103 (. E7) expressed on
many immune cells (including innate lymphocytes in salivary gland[144], and mammary
gland[56]) binds to E-cadherin. Overall, a robust body of evidence indicates that CD103 is
involved in tissue-specific retention and/or effector functions of immune cells[141-143]. In
cytotoxic lymphocytes it was demonstrated that aER7 interaction with E-cadherin is
required for cytolytic granule polarization and subsequent exocytosis[147]. Similarly, E-
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cadherin homophilic interactions between Langerhans cells (LCs) and keratinocytes is
required for the differentiation of LCs into Langerin* cells[148].

In the mammary gland tumor model tissue-resident cytotoxic ILC1ls express high levels of
CD103J56]. It is possible that E-cadherin-CD103 axis maintains ILC1lIs localization within
the epithelial barrier and stabilizes epithelial cell-ILC1Is interactions allowing ILC1lIs to
perform their tumor immunosurveillance functions (Figure 1B).

Concluding Remarks

Over the last years our knowledge about lymphocyte evolution and lymphocyte-mediated
immune responses has increased tremendously with the discovery of the incredibly diverse
and heterogeneous group of innate lymphoid cells. Albeit controversial, increasing
evidences suggest that tissue-resident cytotoxic innate lymphocytes can mediate antitumor
immunity. Yet, more work is needed to shed light on their precise, their ontogeny and
mechanisms of tumor sensing, before targeting these cells for cancer immunotherapy.
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Figure 1. Lineage of Cytotoxic Innate Lymphocyte Differentiation
A. The common innate lymphoid progenitor (CILP) gives rise to the natural killer (NK) and

innate lymphoid cell (ILC) lineages. Downstream of the CILP, the common helper innate
lymphoid cell progenitor (CHILP) gives rise to all helper ILCs but has lost NK cell
potential. In the liver, ILCk are derived from PLZF-expressing ILCp. However, it remains to
be determined whether ILCk are differentiated via a distinct pathway downstream of ILCp
or converted from helper ILC. The identity of a NK-committed progenitor downstream of
the CILP remains unclear. Tissue-resident NK cells may be converted from conventional NK
cells but may also be derived from an earlier progenitor.

B. Cytotoxic innate lymphocytes survey epithelial to detect cancer associated danger signals.
They could sense malignancy via IL-15R and NKG2D-mediated signals, while the role of
ECM cues and E-cadehrin-CD103 axis is less clear.
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Table 1.

Innate Lymphocyte Progenitors and Their Phenotypic Profile

Progenitor | Markers Reference(s)
CILP Lin—-CD127-a4p7 +Thyl-TCF-1+ 31
CHILP Lin—-CD127+ a 4B7 +CD25-1d2+ 34
ILCP Lin—-CD127+ a 4B7 +PLZF+PD-1+ 32,33

Abbreviations: CILP, common innate lymphoid progenitor; CHILP, common helper innate lymphoid progenitor; ILCP, innate lymphoid cell
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