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Abstract

Innate lymphoid cells (ILCs) are critical components of tissues in the body, providing a first line of 

defense against challenges to host integrity. In contrast to strictly cytokine-producing helper ILCs, 

resident innate lymphocyte populations with cytolytic potential have been identified in multiple 

tissues in both mouse and human. These cells express the transcription factor Tbet, natural killer 

(NK) cell receptors, granzymes, perforin and death receptors and can directly kill tumor cells. 

Signals in the tumor microenvironment may promote this response, including the cytokine IL-15 

and stress-associated ligands for activating NK receptors. While there is evidence that these cells 

are tissue- and tumor-resident, their lineage remains unclear. Whether they are derived from the 

NK or helper ILC lineages or represent a third differentiation pathway remains to be determined. 

A better understanding of their lineage will help clarify their regulation and function in the context 

of anti-tumor immunity.

Introduction

The immune system has evolved to combat many diverse pathogenic threats. Broadly these 

can be grouped into two categories: intracellular and extracellular threats. Intracellular 

challenges include pathogens that infect host cells, such as viruses and some bacteria, as 

well as cell transformation, both of which endanger the integrity of the host cell and can 

occur anywhere in the body. Cytotoxic type 1 immunity can protect against such challenges 

by directly killing the infected or stressed cell. Extracellular threats, which include parasites 

and extracellular bacteria, are often found at barrier sites. These pathogens mainly compete 

with the host for nutrients but can also cause collateral damage. Type 2 and 3 immunity can 

combat extracellular threats by mobilizing and coordinating multiple types of immune cells 

through cytokine production, cell-cell communication and recruitment.

When considering how an immune population combats challenges, knowing the cell’s 

lineage, activation state and localization is needed to fully understand its function. For 

instance, CD8 T cells are important effectors in anti-viral responses. Naïve and memory 

conventional CD8 T cells can be found circulating in lymphatics and blood. Upon activation, 

they can be recruited into infected tissues, where a subset can differentiate into antigen-
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specific tissue-resident memory cells (Trms) (1, 2). Trms cannot recirculate, and given their 

localization, they provide first line defenses against reinfections. There also exist distinct 

lineages of tissue-resident innate-like T cells (ILTCs), which include intraepithelial 

lymphocytes in the intestine (3, 4). While both CD8 Trm and ILTCs are tissue resident, they 

are derived from separate lineages and may play distinct roles in immune responses.

Cancer provides a unique challenge to the immune system, representing both self-tissue yet 

also an infectious and invasive entity (5, 6). While much of our knowledge of immunology 

centers on responses against infectious non-self such as bacteria and viruses, the possibility 

remains that there are distinct types of responses to cancer. Indeed, there is accumulating 

evidence that type 1 immunity mediated by tissue-resident lymphocytes is critical in 

combating cancer. Here, we discuss the current understanding of how the lineage, 

localization and effector programs of resident innate lymphocytes dictate their responses to 

solid tumors.

Innate Lymphocyte Subsets and Their Characteristics

In addition to T cells, the lymphocyte family also includes innate lymphocytes, which lack 

Recombination Activating Gene (RAG)-rearranged antigen receptors. The prototypical 

innate lymphocyte is the natural killer (NK) cell, which circulates throughout the body and 

can mediate type 1 immune responses through cytotoxicity and cytokine production. Recent 

work has broadened the definition of innate lymphocytes to include a diverse group of 

tissue-resident innate lymphoid cells (ILCs) that are found in many tissues throughout the 

body, including at barrier surfaces. ILCs, along with other resident lymphocytes, provide 

first-line defenses against pathogens but can also cause immunopathology when 

dysregulated (7). ILCs are grouped into three types, type 1, 2 and 3, which are assigned 

based on their distinct transcription factor-driven and functional identities that mirror those 

ascribed to cytokine-producing helper CD4 T cell subsets.

Type 1 innate lymphocytes, while heterogeneous, are noted for their expression of the T-box 

transcription factor Tbet and production of type 1 cytokines including interferon gamma 

(IFNγ). The first member of the type 1 innate lymphocyte family to be described was the 

NK cell (8-11). NK cells recirculate throughout the body and express cytotoxic molecules 

including granzymes and perforin. In addition, they express a variety of activating and 

inhibitory surface receptors, and the balance and integration of signals from these receptors 

dictates whether cells respond to targets (12). Many of the activating receptors recognize 

ligands associated with stressed, damaged or infected cells, while the inhibitory receptors 

can recognize MHC class I family molecules, which are constitutively expressed by healthy 

self cells but are downregulated by some viruses as an immune evasion mechanism. This 

receptor repertoire allows NK cells to discriminate between healthy and stressed or infected 

cells, leading to cell clearance (13).

Type 1 innate lymphocytes also include tissue-resident innate lymphoid cells (ILC1s). In 

contrast to circulating NK cells, populations of Tbet+ resident ILC1s have been described in 

many tissues. These cells can express IFNγ, TNFα and NK receptors and have been 

identified in liver, intestine, spleen, adipose tissue, salivary gland, mammary gland and 
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prostate, among other organs (14). These cells play important roles in maintaining tissue 

homeostasis; without proper regulation, these cells can lead to immunopathology, as shown 

in mouse models of ischemic kidney injury and obesity (15, 16).

Type 2 innate lymphoid cells (ILC2s) are helper ILCs that require the transcription factors 

GATA3 and RORα and produce type 2 cytokines, including IL-4, IL-5, IL-9 and IL-13. 

ILC2s promote type 2 immune responses, are important for defense against helminths and 

maintenance of homeostasis and tissue repair, but they can also cause allergic inflammation, 

as they have been shown to play pathogenic roles in asthma, skin and lung disease (17).

Type 3 innate lymphoid cells (ILC3s) express the transcription factor RORγt, encoded by 

the gene Rorc, and produce IL-17, IL-22 and lymphotoxin. ILC3s help maintain intestinal 

homeostasis by responding to intestinal damage and microbiota alterations, and their 

dysregulation is associated with inflammatory conditions in the gut, including colitis (7). 

ILC2s and ILC3s are more enriched at barrier surfaces, including intestinal mucosa and 

lung, while ILC1s have been identified in a wider array of tissues. These subsets perform 

distinct functions and help maintain homeostasis throughout the body.

Both NK cells and ILCs are derived from the common lymphoid progenitor (CLP) in mouse, 

after which two distinct progenitors appear: the common helper innate lymphoid progenitor 

(CHILP), which gives rise to all helper ILCs but not NK cells, and the NK progenitor, which 

only has NK potential (18). A distinct lineage also arises from the CLP that gives rise to 

lymphoid tissue-inducer (LTi) cells, which are important early in life for lymphoid tissue 

development. Parabiosis experiments have demonstrated that mouse ILCs are highly tissue 

resident (19). Although these studies suggest that ILC populations in mouse tissues are 

seeded early in life and maintained without much input from the circulation, the possibility 

remains that tissues maintain multipotent precursor populations, and that circulating ILC 

precursors (ILCPs) could exist and contribute to tissue ILCs in some circumstances and over 

time.

The human immune system includes both NK cells and ILC subsets. It has been proposed 

that there are two distinct subsets of NK cells based on CD56 expression, CD56dimCD16+ 

(CD56dim) cells, which are found predominantly in the circulation, and CD56brightCD16+/− 

(CD56bright) cells, which makeup a minority of circulating NK cells but can be found in 

many human tissues, including lymphoid tissues, liver and uterus (20). However, given that 

the differentiation of NK and ILC lineages in human remains less well understood, these 

resident CD56bright cells may in fact be derived from a distinct ILC lineage. There is 

evidence for an NK-committed precursor with no helper-ILC potential that can be found in 

the fetal liver, fetal bone marrow, adult bone marrow and tonsils (21, 22). A recent study 

identified an ILCP with potential for CD56+ NK cells and helper ILC1, 2 and 3 (23). This 

ILCP could be found in the peripheral blood and seed tissues, where it retained multipotent 

potential. It remains to be seen whether this ILCP can give rise to CD56dim NK cells and 

how tissue- and challenge-specific cues drive the differentiation of NK cells and ILCs.

In humans, tissue residency can be difficult to definitively demonstrate, but expression 

patterns of certain integrins and chemokine receptors offer evidence. Within the NK cell 
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compartment, CD56dim NK cells circulate and are found primarily in the blood. These cells 

express the trafficking receptors S1PR1 and S1PR5, the chemokine receptor CCR7, and do 

not express certain adhesion molecules, thus supporting the notion that they are circulating. 

CD56bright NK cells appear to consist of both circulating and tissue-resident populations. A 

small proportion of these cells are found in the blood and do not express resident-associated 

receptors. CD56bright cells can be identified as tissue-resident based on their expression of 

CD69, which suppresses S1PR1, chemokine receptors CXCR6 and CCR5, and adhesion 

molecules such as CD49a and CD103 (20). A recent study identified such a subset in human 

lymphoid tissues (24). CD56bright NK cells in the uterus and liver also share such expression 

patterns with certain tissue-specific variations (20). Taken together, ILCs and populations of 

CD56bright NK cells make up important components of the tissue.

Tissue-Resident Cytolytic Innate Lymphocytes

One major question in innate lymphocyte biology revolves around the heterogeneity of type 

1 innate lymphocyte populations (14). ILC1s are conventionally defined as helper cells, 

producing cytokines but lacking cytolytic activity. However, studies have identified 

populations of resident type 1 innate lymphocytes that express perforin, granzymes, and 

death receptors such as TNF-related apoptosis-inducing ligand (TRAIL), suggesting their 

potential to kill. Such populations have been termed tissue-resident NK (TR-NK) cells in 

organs such as the liver (25), or ILC1-like (ILC1l) in the mammary gland and prostate (26). 

Given that their lineage remains unclear, we propose to reserve the TR-NK nomenclature if 

these cells are derived from the NK lineage. CHILP-derived type 1 innate lymphocytes 

could be divided into two subsets: “helper” ILC1 (ILC1h), which are purely cytokine 

producing cells with no potential for cytotoxicity, and “killer” ILC1 (ILC1k), which retain 

cytotoxic potential (Figure 1).

ILC1h cells, that is, cells with purely cytokine producing potential, have been most clearly 

identified by “ex”-ILC3s, or Tbet-expressing IFNγ+ cells that can interconvert with RORγt+ 

ILC3s in response to type 1 cytokines such as IL-12, which can occur both in vitro and in 

vivo (27-30). This conversion is reminiscent of the malleability of the CD4+ helper lineages, 

where “ex”-Th17+ T cells can arise in certain pathological conditions such as experimental 

autoimmune encephalitis (EAE), switching from IL-17 to IFNγ production (31). Whether 

non-RORγt fate-mapped cells contribute to this purely cytokine-producing ILC1h 

population or represent a distinct type of ILC1 remains to be determined.

There also exist tissue-resident type 1 innate lymphocytes that are distinct from other helper 

ILCs, given that they cannot interconvert with ILC3s and do not show history of RORγt 

expression. In the intestine, these cells can be identified by CD103 expression and absence 

of CD127 (29). CD103 is expressed by type 1 innate lymphocytes in other tissues including 

the salivary gland, mammary gland and prostate, and this is associated with an intraepithelial 

localization (32, 33). The cell death receptor TRAIL is expressed by this group of cells in 

liver, salivary gland, mammary gland and prostate (25, 26, 33). These cells also show gene 

and protein expression of granzymes and perforin, although often these molecules are 

expressed at lower levels than NK cells under homeostatic conditions. The cytolytic 

activities of these cells have been most clearly demonstrated by the type 1 innate 
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lymphocytes found in the mammary gland, termed ILC1ls (26). Tbet+ innate lymphocytes in 

the liver have also been reported to have cytotoxic potential when activated, indicating that 

granzyme and perforin expression levels may be upregulated in certain settings (25, 26, 34, 

35). Given the phenotypic overlap of ILC1hs (“ex”-ILC3s) and type 1 cytolytic innate 

lymphocytes, surface receptors may not be sufficient to differentiate these two populations, 

and some markers are not uniformly expressed in all tissues. Whether the CHILP only gives 

rise to helper lineages, as the name implies, or is also capable of giving rise to ILC1ks 

remains an open question (14). In addition, it is possible that tissue-resident cytolytic innate 

lymphocytes are differentiated from mature NK cells or NK progenitors, which will qualify 

them as TR-NK cells, or even from an undefined progenitor distinct from CHILP or NK 

progenitors (figure 1). Until specific transcription factors or fate-mapping approaches are 

uncovered to specifically identify the non-Rorc-fate-mapped type 1 innate lymphocytes, the 

lineage and heterogeneity of this population (or populations) remains unresolved.

Both subsets of human NK cells express cytotoxic molecules such as perforin and 

granzymes and can mediate cytotoxicity when activated (36). However, at baseline CD56dim 

cells express higher levels of these molecules and are better able to rapidly produce 

cytokines in response to IL-12 than many tissue-resident subsets, as shown in the liver and 

uterus, among other organs (37, 38). Uterine CD56bright cells are capable of tissue 

remodeling during placentation, suggesting diverse organ-specific functions (39). The 

lineage relationship between these two groups of NK cells remains unclear. Some evidence 

supports a linear relationship, with circulating CD56bright cells upstream of CD56dim cells, 

while other studies suggest circulating and resident populations may be derived from distinct 

lineages (20, 40). Additionally, circulating CD56bright cells may represent precursors for 

tissue-resident CD56bright cells. More work is needed to elucidate this relationship.

Human ILC1hs have been identified in multiple organs and are noted for their expression of 

Tbet and CD127 and production of IFNγ and TNFα. These cells could be converted from 

ILC2s or ILC3s under certain conditions (28, 29, 41, 42). However, a recent study looking 

across multiple human tissues using mass cytometry and t-distributed stochastic neighbor 

embedding (t-SNE) analysis could not find evidence of a distinct ILC1h population, and 

instead found an intraepithelial-ILC1-like cell (ieILC1l) that clustered closely with NK cells; 

they expressed cytotoxic molecules and the tissue-resident markers CD69 and CD103. In 

healthy tissues, ieILC1ls were found in tonsils and intestine (43). Other groups have 

identified a similar intraepithelial population, which do not interconvert with ILC3s, do not 

require RORγt and respond to IL-12 and IL-15. These cells accumulate in Crohn’s disease 

patients, suggesting their potential for immunopathology (29, 32). These findings support 

the idea that like in mice, ILC1h can be identified as cytokine-producing ILC1s that are 

converted from other helper ILC subsets, but whether there is a separate lineage of ILC1hs 

remains unclear (23, 44). There also appears to be a population that expresses granzymes 

and perforin, although whether ieILC1l cells and resident CD56bright NK cells represent one 

lineage or distinct types of cells remains to be determined.
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Tissue-Resident Cytolytic Innate Lymphocytes in Cancer

The immune system can respond to and clear transformed cells in a process termed cancer 

immunosurveillance. Immune responses to cancer target both liquid tumors, such as 

lymphomas, and solid tumors, found in tissues. A cytotoxic type 1 anti-tumor immune 

response is critical in fighting cancer. While resident cells can express cytolytic effector 

molecules, they are also expressed by circulating NK and CD8 T cells. Circulating cells are 

well positioned to carry out potent anti-cancer functions against liquid tumors or tumor 

metastasis, given their localization and trafficking patterns. In the setting of solid tumors, 

however, these immune cells would first need be recruited to and infiltrate the tissue and 

then remain activated to carry out meaningful anti-tumor effects. Tissue-resident cells are 

better situated to respond to solid tumors and are more likely to be the first responders to 

transformation.

What are the identities of such resident cells? An investigation of the immune infiltrate into 

oncogene-driven breast and prostate cancers revealed a cytotoxic type-1 immune response 

that involves innate lymphocytes (ILC1l) as well as innate-like αβ and γδ T cells, termed 

type 1 innate-like T cells (ILTC1s). ILC1ls and ILTC1s demonstrate highly overlapping 

transcriptomes, with many shared receptor expression patterns and similar cytokine 

requirements, including a dependency on IL-15. Both ILC1ls and ILTC1s are tumor-resident 

and proliferate, expand and upregulate granzyme expression during tumor progression. Both 

ILTC1s and ILC1ls are able to directly kill tumor cells in a perforin-dependent manner and 

to the same extent as circulating NK cells. ILC1ls express Tbet, low levels of Eomes, 

CD49a, CD103 and CD69, do not express CD127, and do not require Nfil3, unlike 

circulating NK cells, which are absent from tumors of Nfil3-deficient mice (26). It is 

possible that this cell population is not limited to the mammary gland, given that they 

phenotypically resemble the CD103+ intraepithelial ILC1s found in the salivary gland (33), 

although the anti-tumor activity of salivary gland ieILC1s has not been investigated.

Cytotoxicity is a critical part of anti-tumor immune responses. Mice that lack perforin show 

accelerated tumor growth in lymphoma and mammary carcinoma (26, 45, 46). While studies 

have shown expression of perforin and granzymes in cytolytic innate lymphocyte 

populations in other tissues, it remains to be tested how they respond to tissue-specific 

spontaneous transformation and whether the cancer setting modulates their effector 

functions.

NK cells and ILC1ls also express death receptors, such as TRAIL and FasL, and can 

mediate cell death independently of perforin and granzymes. Mice deficient in TRAIL 

demonstrate accelerated tumor growth (47, 48), and tumor cells can be killed via these death 

receptors using pharmacological targeting and in vitro assays (49). However, further studies 

are needed to determine the extent ILC1ls utilize these mechanisms in vivo.

Given that an understanding of the basic biology of tissue-resident immune populations in 

humans is an ongoing effort, many questions remain unanswered about the identities of 

these cells and how they respond to challenges, especially cancer. However, a recent study 

mentioned above quantified how human ILC populations change in the setting of solid 
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tumors in both lung and colon (43). In healthy mucosal tissues ILCs were more frequent 

than NK cells. However in both colorectal and lung tumors, NK cells made up the dominant 

ILC population. Additionally, the cells termed ieILC1ls could be found in both tumor types. 

These intratumoral cells resembled CD56bright tissue-resident NK cells, as they expressed 

CD56, Tbet, Eomes, CD94, and the tissue-residence markers. They expressed perforin and 

granzymes at lower levels than the CD103-negative NK cells, and could produce IFNγ to 

the same extent as NK cells in response to IL-12, IL-15 and IL-18. Given that the NK cells 

found in the tumor did not express CD69 or CD103, such populations may have been 

trafficking through and would not represent resident populations. This study also detected 

ILC2 and ILC3 populations in lung tumor and a small ILC3 population in colorectal tumors, 

although the ex vivo functionality of these cells from the tumor was not investigated. This 

suggests that all subsets of innate lymphocytes may be present in some solid tumors, albeit 

to varying degrees, with NK cells making up the predominant population. How variable this 

makeup is in tumors of other solid organs and what their contributions are to anti-tumor 

immunity remains to be determined.

There is some evidence that tissue-resident lymphocyte populations play important roles in 

anti-tumor responses in human. CD103 is an integrin that binds E-cadherin, assists in 

granule positioning and release during tumor cell lysis, and marks many tissue-resident 

lymphocytes (50). This molecule can be detected on tumor-infiltrating lymphocytes, which 

includes T cells and innate lymphocytes. The presence of intratumoral CD103+ lymphocytes 

correlates with favorable prognosis in urothelial cell carcinoma of the bladder, non-small 

cell lung cancer, ovarian cancer, and endometrial adenocarcinoma (51-55). In many of these 

studies, CD103 is also expressed by CD8+ T cells, so the specific contribution of resident 

innate lymphocytes to anti-tumor immunity in humans is difficult to determine. Additionally, 

ILCs may suppress other immune responses. A recent study described a population of 

CD56+CD3− ILCs in human tumors which could suppress T cell activation and proliferation 

in ex vivo cultures (56), although the precise identity of this population, mechanism of 

action, and signals that drive this response require further study.

Regulation of Tissue-Resident Cytolytic Innate Lymphocytes

While the immune system is well evolved to combat infectious non-self, it also plays an 

important role in maintaining tissue homeostasis. Cell transformation is one such disruption 

of homeostasis, and there are multiple types of signals that this may trigger, including 

cellular stress-induced molecule expression or tissue architecture disruption. Tissue-resident 

immune populations are important mediators of maintaining healthy tissue, as shown by 

tissue macrophages in many non-infectious settings (57). Resident lymphocytes have been 

shown to play important roles, especially at barrier surfaces, in detecting microbial products, 

cytokines, alarmins and stress signals (58). The localization of tissue-resident lymphocytes 

requires that their responses to stimuli be tightly controlled in order to avoid collateral 

damage to the organ. This may explain reduced expression of effector molecules observed at 

baseline by cells in the uterus and liver, organs that may require tolerogenic responses to the 

fetus and food antigens, respectively. Tissue-resident cytolytic innate lymphocytes express 

many activating and inhibitory NK cell receptors, so presumably they can sense and kill 

stressed or transformed cells in the tissue. It has been shown that the activating receptor 
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NKG2D is important for cancer immunosurveillance in a spontaneous model of prostate 

cancer (59). Ligands for NKG2D are expressed specifically in the context of cell 

transformation and viral infection, and in the setting of cancer, ligands can be shed, which 

leads to NK cell activation and tumor rejection, although how resident populations respond 

to shed ligands remains unknown (60, 61). Given that multiple cell populations express 

NKG2D, it remains to be determined whether NKG2D expression in tissue-resident 

cytolytic innate lymphocytes contributes to the effects seen on prostate tumor growth in the 

total knockout, whether through interaction with surface-bound or shed ligands. 

Additionally, other activating NK receptors expressed by these cells may play important 

roles, and further work is needed to determine which receptors mediate tumor cell killing.

How are tissue-resident cytolytic innate lymphocyte responses modulated? The inhibitory 

receptors expressed by NK cells are important for mediating NK cell licensing, where 

interactions with MHC I molecules lead to a functional maturation, allowing NK cells to 

achieve full effector functions during subsequent activating interactions (62). However, it is 

not known if tissue-resident cytolytic innate lymphocytes need to experience a similar 

interaction, or if their effector functions are regulated differently. A clearer understanding of 

the ontogeny of these cells may help clarify how and where the cells develop and 

functionally mature.

IL-15 is required for the generation of tissue-resident cytolytic innate lymphocytes, and 

absence of IL-15 leads to accelerated tumor growth (26). This common gamma chain 

cytokine is expressed and presented by many cell types, including macrophages, dendritic 

cells, adipocytes, fibroblasts and epithelial cells. It requires trans-presentation, potentially 

acting as an alarmin cytokine and promoting immune responses against pathogens or cell 

transformation (63). It may also be involved in coeliac disease, where epithelial cells in the 

gut have been shown to express both IL-15 and ligands for activating NK receptors, which 

could trigger type 1-mediated immunopathology. Intriguingly, high levels of IL-15 in tumors 

is associated with a high density of intratumoral cytotoxic T cells, and IL15 loss in colon 

cancer is associated with poor prognosis (64). This raises the possibility that IL-15 in the 

tissue can promote cytotoxic responses. Another cytokine IL-12, when overexpressed in 

tumor cells, can promote anti-tumor immune responses by acting on NKp46+ RORγt+ ILCs 

(65). Given that this protection is perforin-independent, and IL-12 can drive conversion of 

ILC3s to Tbet+ ILC1hs, this may be an example of anti-tumor immunity mediated by 

ILC1hs as opposed to cytotoxic type 1 innate lymphocytes. However, given that the source 

of IL-12 is normally restricted to certain immune populations and not tumor cells, how 

physiologically relevant this response is remains to be determined.

How might other signals in the tumor microenvironment influence the function of tumor-

resident ILCs? TGF-β, for instance, is present in most solid tumors, where it is believed to 

inhibit NK cell responsiveness. However, this cytokine is also present in many tissues, and it 

is required for proper differentiation of CD103+ innate lymphocytes in the salivary gland 

(66) and for tissue-resident memory CD8 T cells (67), which have been associated with 

better prognosis in melanoma and lung cancer (68, 69). Two recent papers suggest that TGF-

β signaling in NK cells can mediate conversion into an ILC1-like population, and that these 

converted cells appear to have poor anti-tumor activity in transplantable and carcinogen-
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induced models (70, 71). However, the conversion of NK cells into ILC1s is at odds with 

other studies that have shown that these two cell types are derived from distinct lineages 

using fate-mapping and precursor characterization (18, 72). Given that transfer systems may 

include undefined precursor populations, and that the NKp46-cre system affects NK cells 

along with type 1 and 3 ILCs, further studies are needed to clarify this potential conversion 

in other natural tumor settings. The extent to which resident type 1 innate lymphocytes are 

derived from NK cells versus from a distinct progenitor in the tumor, and what role TGF-β 
plays in guiding their differentiation and function, requires further exploration (Figure 2).

Conclusions

Tissue-resident type 1 innate lymphocytes represent a newly discovered cell type which play 

critical roles in homeostasis and challenge-associated immune responses. Although the 

innate lymphocyte field is rapidly evolving, many questions remain unanswered, both about 

their basic biology and their role in cancer. While there is evidence that type 1 cytolytic 

innate lymphocytes can be mediators of anti-tumor immunity, the precise identity of the cell 

population that mediates these responses in every tissue remains unclear. A more 

comprehensive understanding of the lineage relationships among subsets of type 1 innate 

lymphocytes may clarify this question. Additionally, what are the tumor-specific signals that 

drive their activation, and how are their effector responses controlled? Beyond an innate 

lymphocyte-tumor cell crosstalk in cancer immunosurveillance, how might innate 

lymphocyte responses influence other types of immune responses to cancer? In this context, 

it remains possible that cytotoxic responses by tissue-resident populations may also trigger a 

tissue-repair program, which could in turn promote tumor progression.

Cancer and its accompanying immune responses are complex. However, there have been 

successful cancer therapeutic approaches that modulate immunity, including the 

breakthrough in checkpoint blockades, which in addition to altering T cell responses may 

also impact innate lymphocyte populations that express the targeted co-inhibitory receptors. 

While these therapies have shown incredible success, they do not demonstrate efficacy for 

all patients or for all types of cancer. There remains a need for new avenues of 

immunotherapies, and targeting tissue-resident populations, either to boost their effector 

programs or to interfere with their pro-tumor responses, holds potential. A better 

understanding of the basic biology behind tissue-resident cytolytic innate lymphocytes and 

how they respond to cancer may elucidate novel targets for such therapeutics.
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FIGURE 1. Heterogeneity of lymphocyte subsets
The common lymphoid progenitor (CLP) gives rise to all lymphocyte lineages, including B 

cells (not pictured) and T cells. In the T cell lineage, the CLP gives rise to the double 

positive (CD4+CD8+, DP) stage in the thymus. This DP cell can give rise to conventional 

CD4, CD8 or innate-like T cells. The CLP also gives rise to NK cells through an NK-

committed progenitor (NKP), to lymphoid tissue inducer cells (LTi), and to helper ILC 

lineages through the common helper innate lymphoid progenitor (CHILP). There also exist 

tissue-resident innate lymphocytes with cytotoxic potential, although their lineage remains 

unclear. Cells with this phenotype may arise from the NK lineage, which would categorize 

them as tissue-resident NK cells (TR-NK), from the CHILP, which would categorize them as 

killer ILC1 (ILC1k), or they may have a distinct progenitor. Marker expression patterns of 

various type 1 innate lymphocyte subsets are listed.
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FIGURE 2. Resident cytolytic type 1 innate lymphocytes in the tumor microenvironment
These cells express high levels of Tbet, low levels of Eomes, and proliferate in the setting of 

the tumor. They have cytotoxic potential directly against tumor cells. The tumor 

microenvironment may modulate the responses of these cells through the cytokines IL-15 

and TGF-β and through ligands for NK receptors, including stress-associated molecules, 

which can be either surface-bound or shed.
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