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Cancer is a multifactorial chronic illness caused by a combination of genetic and

environmental factors. A tumor is more than just a collection of cancer cells, it also

contains infiltrating and resident host cells that are constantly interacting with it.

Innate lymphoid cells (ILCs) have been recently found to be within the tumor and its

microenvironment in close relationship with cancer cells. Although ILCs lack an

antigen-specific receptor, they can respond to environmental stress signals, aiding in

the fast orchestration of an early immune response. They are tissue resident cells

mostly located in mucosa and first barrier organs that have been mainly studied in

the defense against pathogens, lymphoid development, and tissue repair, however,

current research has begun to elucidate their involvement in carcinogenesis.

Nevertheless, among all ILCs, ILC3s have been found to be the most controversial

in terms of tumor immunity. It has been found that they enhance anti-tumor

immunity by detecting cancerous cells and helping lymphocytes infiltrate tumors.

However, some recent studies have revealed that IL-23 stimulating ILC3s may

promote tumor growth. In this review,wehave incorporated themost recent studies

on the involvement of ILC3s in cancer development to offer an overview of the role

of ILC3s in cancer emphasis on their particular activity in several organs primarily in

the mucosa, but also in breast, pancreas, liver, and skin, realizing that their role likely

depends on the tissue microenvironment and the subtype of ILC3s.
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Introduction

Cancer is a multifactorial and complex disease that can affect any organ of the body,

thus making it one of the most difficult diseases to study and treat. The transformation

outcome of malignant tissue is closely related to immune cells (1). Tumor

microenvironment provides necessary support for tumor growth, invasion and
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metastasis (2). Within immune cells, innate immunity reacts by

killing directly or indirectly abnormal mutant cells in the initial

stage of tumor (3). One of the key players of innate immune cells

are innate lymphoid cells (ILCs) that are characterized by lack of

recombination activating gene (RAG) - dependent antigen

receptor rearrangement and absence of T cell or B cell

receptors (TCR\BCR) (4). They are divided into five

categories, natural killer (NK) cells, ILC1s, ILC2s, ILC3s and

lymphoid tissue inducer cells (LTi) cells (5, 6).

ILC3s and LTis express the transcription factor retinoid

orphan receptor gamma t (RORgt), function similarly to Th17

cells and play an important role in the fight against extracellular

microbial infections mostly in intestinal tissue (7, 8). RORgt+

ILC3 cells are abundant in intestinal tissue, and they play an

important role in intestinal mucosal diseases and host defense

(9). ILC3s are divided into two subpopulations, natural

cytotoxicity triggering receptor 1 (NCR) NCR+ ILC3s and

NCR- ILC3s, by NKp44 (human) and NKp46 (mouse)

expression (10) and they secrete mainly interleukin 17 (IL-17)

and IL-22, which are involved in maintaining intestinal tissue

balance and promoting intestinal stromal cell proliferation (11).

The role of ILC3s in tumor immunity has been studied during

the last few years, however their role is not clarified yet due to the

controversy between the studies. There is a lack of knowledge

about which ILC3 subsets and Lti are involved in the process,

due to an inefficient characterization of specific markers.

Moreover, the role could change depending on the tumor

microenvironment developed in the different organs. The

detailed relationship between ILC3s and various types of

tumors will be shown in the following sections detailing the

molecular mechanisms and if possible, the subtype of ILC3/Lti

involved in the system.
Gut cancer

Among gastrointestinal cancers, colorectal cancer (CRC) is

the most prevalent and diagnosed in the United States (12), ranks

third in terms of incidence and is the fourth most prevalent cause

of cancer death in the world (13). The initiation and cause may be

sporadic, hereditary, or related to inflammatory bowel disease

(IBD). In the case of IBD, long periods of persistent inflammation

occur causing increased intestinal epithelial cell (IEC) turnover,

cell damage, dysplasia and genetic and immunological alterations

in IECs which raises the risk of CRC in affected patients.

Furthermore, some proinflammatory chemokines and cytokines

secreted during flares have been demonstrated to rule

tumorigenesis, for example, IL-17 and IL-22, which are secreted

by ILC3s and T cells (14–16). However, the precise involvement of

ILC3s in intestinal cancer development remains at present

incompletely characterized.

Direct and indirect evidence suggest that ILC3s could play a

dual role in CRC. Some studies suggest that ILC3s may
Frontiers in Immunology 02
contribute to intestinal carcinogenesis. In particular, it has

been described that IL-22-producing ILC3s may play a crucial

role in cancer related to Helycobacter hepaticus-induced colitis

(H.hepaticus + AOM model). Analyses of the underlying

mechanisms revealed that signal transducer and activator of

transcription 3 (STAT3) phosphorylation and proliferation of

epithelial cells was specifically induced by ILC3s-derived IL-22,

promoting the initiation, growth and maintenance of tumors

(17). Moreover, a study has shown, by using a colitis-associated

cancer (CAC) model (AOM-DSS), that a myeloid cell-specific

signaling protein CARD9 can regulate the IL-22 production by

ILC3s during colonic inflammation, affecting the inflammation-

associated carcinogenesis further supporting the pro-tumoral

hypothesis. On a molecular level, IL-22 generation from ILC3s

has been described to be regulated in a CARD9-IL-1b-
dependent manner from myeloid cells, promoting CAC.

However, T cells and NKT cells, present in the mouse model

used, can also be a key source of IL-22; as a result, more research

should be done to distinguish the roles of ILC3s from other IL-

22-generating cells (18). Another study supporting the pro-

tumoral effect of ILC3-derived IL-22 demonstrates that

cytokine IL-7, generated by macrophages in response to fungal

stimulation, promotes the production of IL-22 from gut ILC3s.

The Candida albicans (C. albicans)-driven release of IL-7 from

macrophages promotes aryl hydrocarbon receptor (AhR) and

phospho-STAT3 (p-STAT3) binding at the IL-22 gene in ILC3s,

which subsequently triggers the transcription of this cytokine for

CAC formation in C. albicans AOM-DSS cancer model (19).

Even though ILC3s are mainly studied in the colon, they are also

present in other parts of the gastrointestinal tract and can be

related to other types of cancer. Moreover, Crohn disease (part

of IBD) is not only linked to CRC but also to CAC that can be

located not only in colon but other affected areas of the small

intestine (20). Apart from IL-22, IL-17 has also been linked to

both roles protecting and promoting tumor growth (21). It has

been demonstrated that IL-23 binds to IL-23 receptor (IL-23R)

on ILC3s, which promotes the secretion of IL-17, inducing

tumor development in the proximal duodenum, probably

driven by NCR+ILC3s (IL-23R+Thy1+NKp46+CD3-) as they

are expanded. Curiously, lymphoid tissue inducer cells (IL-

23R+Thy1+cKIT+NKp46-CD3-) are decreased in tumors. Even

though Th17 cells can probably also contribute to tumor

development, ILC3s alone play an important role on

duodenum adenomas development through IL-23 receptor

signaling (22) (Figure 1A).

Apart from pro-tumoral effects previously mentioned, IL-22

and IL-17 have also been described to have an anti-tumoral role

(23, 24). More specifically the IL-17D, which is an understudied

member of the IL-17 family expressed by colonic epithelial cells,

exclusively binds to ILC3s, but not T cells and may have a role in

the maturation or maintenance of ILC3s function. By using the

AOM-DSS cancer model, it has been determined that IL-17D

binds to the CD93 receptor, regulating IL-22 secretion in ILC3s.
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This influences the colon microbiome, through the secretion of

IEC antimicrobial peptides, thus inhibiting cancer formation

(25).These results are in line with the discovery that ILC3s and

gamma delta T cells (Tgd) must produce IL-22 to effectively

initiate the DNA damage response (DDR) in the intestinal

epithelial stem cells in order to control mutations that lead to

carcinogenesis. The secretion of IL-22 is modulated by

glucosinolates (vegetable metabolites source of genotoxic

stress) signaling through AhR in ILC3s and Tgd cells (26).

Therefore, intestinal stem cells are protected from genotoxic

stress through the AhR-IL-22 axis that regulates the DDR

avoiding the initiation of colonic cancer. Overall, these results

point to an innovative homeostatic control system contrary to

previously discussed papers in which enhanced IL-22 secretion

acts as a booster in cancer development. Moreover, major

histocompatibility complex-II+ (MHC-II+) ILC3s (CCR6+Lti-

like cells) protect against cancer by preventing the development

of invasive CRC and resistance to anti-PD-1 immunotherapy in
Frontiers in Immunology
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the AOM-DSS CAC model. This is due to the interaction

between ILC3s and T cells through MHC-II regulating

immunological homeostasis and modifying the microbiota in a

way that promotes type-1 immunity (Th1 and CD8+ T cells) that

is lost in CRC (27) (Figure 1B).

It has been known that ILC3s can have plasticity towards

other ILCs types and reverse (28). One study addressing

plasticity during cancer development in the gut focuses on the

capacity of the ILC3s to transdifferentiate into a newly

discovered subpopulation of IL-10 secreting ILCs called

regulatory ILCs (ILCreg) that has analog functions to Treg

cells (29). It has been observed in the AOM-DSS model that

ILCreg cells come from ILC3s (mostly NKp46+) driven by

transforming growth factor beta (TGF-b) signaling that

encourages tumor formation. Blockage of TGF-b pathway in

ILCs disrupts ILCreg transdifferentiation and inhibits tumor

growth, detecting an increased number of ILC3s in the tumor

(30) (Figure s 1A, B).
BA

FIGURE 1

Role of ILC3s in tumors developed in the gut. (A) Pro-tumorigenic effects of ILC3s. In a duodenum murine cancer model, NCR+ILC3s drive
tumorigenesis by secreting IL-17 which is induced by IL-23 binding to IL-23R. In the AOM-DSS CAC model, myeloid cells regulate the IL-22
production by ILC3s in a CARD9-IL-1b-dependent, thus promoting carcinogenesis. Fungal stimulated macrophages release IL-7, which
promotes IL-22 secretion from ILC3s through AhR and p-STAT3 in the C.albicans AOM-DSS cancer model, thus triggering CAC formation. In
H. hepaticus+ AOM CAC model, ILC3s-derived IL-22 promotes and maintains tumor formation through STAT3 phosphorylation in IECs. (B) Anti-
tumorigenic effects of ILC3s. In AOM-DSS cancer model, IL-17D secreted by IECs binds to ILC3s through CD93 receptor regulating ILC3s IL-22
secretion. This shapes the colon microbiome through IECs antimicrobial peptide secretion, thus inhibiting cancer formation. Intestinal stem cells
are protected from genotoxins through the AhR-IL-22 axis that regulates the DDR, avoiding the initiation of colonic cancer. In the AOM-DSS
CAC model, MHC-II+ILC3s (CCR6+Lti-like cells) interact with T cells through MHC-II avoiding cancer formation. Moreover, in the AOM-DSS
model, blocking the TGF-b-driven transdifferentiation of ILC3s (NKp46+) to ILCreg inhibits tumor growth.
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Although pro-tumoral and anti-tumoral effects have been

given to ILC3s in the progression of CRC or CAC, most of these

studies have been made in mice. Regarding human studies,

samples from blood were analyzed previous and after 3

months of oxaliplatin or 5FU irinotecan treatment. Compared

to healthy control donors, in combined oxaliplatin-5FU

irinotecan treatment, NCR-ILC3s (NCR-ILCP) were decreased

whereas in mono-chemotherapy treatments NCR+ILC3

(NCR+ILCP) were decreased. These data demonstrate that

chemotherapy treatments can modulate ILCs population,

which can be considered in the future when ILC response and

their influence in cancer are further comprehended (31).

Furthermore, it has been found that infiltrating numbers of

NKp44+ILC3s and tertiary lymphoid structures (TLS) negatively

correlate with colorectal tumor progression (32), NKp44+ILC3s

decrease whereas ILC1 and NKp44-ILC3s increase during tumor

formation which might be indicating a plasticity from NKp44+

ILC3s to ILC1 (27, 32) as it has been found intermediate cellular

states between the two subpopulations (27). Additionally, ILC3s
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were diminished in tumor tissues from CRC patients relative to

adjacent normal mucosa (33), which is consistent with

previously commented publications (27, 32).
Skin cancer

Skin cancer, which includes both malignant melanoma

(MM) and non-melanoma skin cancer (NMSC), constitutes

the most common malignancy in Caucasians (34). The

incidence of both MM and NMSC has increased significantly

over the last few decades (34). Regarding skin cancer, ILC3s

showed a role in melanoma immunosurveillance, for example, in

vivo experiments with B-16 melanoma cells demonstrated that

NKp46+ILC3s cells (called at that moment Ltis) play a

significant anti-tumor role in presence of IL-12 (35)

(Figure 2). NKp46+ILC3s cells can initiate an inflammatory

cascade and alter the tumor microvasculature by upregulating

adhesion molecules, leading to the suppression of tumor growth.
FIGURE 2

Potential functions of ILC3s in different cancer types Skin cancer. NKp46+ILC3s play an anti-tumor role in presence of IL-12 upregulating
adhesion molecules in the vessels. ILC3s exert an anti-tumor effect through the recognition of tumor cells by TRAIL/TRAILR2, which activates
Caspase-8 in target cells, IFN-g secretion and cell cytotoxicity induction. Pancreatic cancer. ILC3s promote proliferation, invasion, and migration
of pancreatic cancer cell lines via IL-22/IL-22R-AKT signaling. Liver cancer. NCR-ILC3s produce IL-23-mediated IL-17 inducing CD8+ T cell
apoptosis and therefore promoting HCC development. Breast cancer. ILC3s secrete IL-22 promoted by IL-1b and IL-23 and thus induce tumor
growth. Moreover, human CD56+ILC3s promote a pro-tumor immune response by inducing the production of TNF-a. Furthermore, CCL21-
mediated ILC3 recruitment promotes CXCL13 secretion by stromal cells that can regulate ILC3-stromal cell clustering. Besides, CXCL13 induces
RANK/RANKL signaling to promote tumor cell motility and lymph node metastases. Lung cancer. IL-23-induced conversion of ILC1 to ILC3
leads to IL-17-mediated tumor growth. In addition, NCR+ILC3 accumulation promotes the establishment of tumor-associated tertiary lymphoid
structures. Moreover, NCR+ILC3s can secrete IL-22, TNF-a, IL-8 and IL-2, promoting an anti-tumoral effect in lung cancer. Furthermore, CCR6+

ILC3s secrete CXCL10, which facilitates CD4+ and CD8+ T lymphocyte recruitment to the tumor, thus decreasing lung cancer progression. In
the figure, purple arrows indicate pathways demonstrated in studies carried out with human samples and green arrows in mouse models.
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This suppression mechanism is IL-12R- and RORgt-dependent
(35) (Figure 2).

Curiously, the tissue microenvironment has also been

reported to determine the phenotype of ILC3s. ILC3s present

or not the capability to inhibit the growth of IL-12-expressing

melanoma tumors depending on the tissue where the ILC3s

reside originally. This ability is determined by the different gene

expression signatures they present, depending on the tissue

resident, suggesting that the function of ILC3s is shaped not only

for their lineage commitment but also by the tissue

microenvironment (36). Moreover, purified human ILC3s,

isolated from peripheral blood or non-cancerous human liver

tissue of healthy donors, can kill human melanoma cells (SK-

Mel-37) and promote anti-tumor immune response, due to the

recognition of tumor cells by tumor necrosis factor-related

apoptosis-inducing ligand (TRAIL)/TRAILR2, which activates

Caspase-8 in target cells and interferon gamma (IFN-g)
secretion, inducing cell cytotoxicity (37) (Figure 2). However, in

mice, it has been shown that TRAIL is expressed on mouse NK or

ILC1s, and the surface expression is dependent on NKp46 (Ncr1)

(38, 39). Interestingly, NKp46+ILC3 cells can convert into ILC1s

(ex-ILC3 cells) with a concomitant decrease in RORgt and increase
in T-bet and Notch signaling by a plasticity process (40, 41).

Therefore, it should be verified whether human ILC3s, after being

in culture, are not able to convert by plasticity into other cell types,

such as ILC1s, thus presenting TRAIL on the surface.

Furthermore, NCR1 C14R mutation decreases NKp46

surface expression, inducing the destabilization of NCR1 and

the accumulation of NKp46 in the endoplasmic reticulum.

Ly5.1C14R mice showed an increased number of early

maturation stage NK cells and CD49a+ILC1s, which lacked

TRAIL expression, and undetectable number of NKp46+ILC3s

(42). To test whether altered NKp46 surface expression in

Ly5.1C14R mice modifies the ability to control tumor

development, mice were inoculated with B16-F10 melanoma

cells, which are known to be controlled by NK cells. This study

demonstrated that surface disruption of NKp46 in Ly5.1C14R

mice greatly diminished in vivo the NK capacity to control

tumor development and escape (42). Considering this study, we

cannot rule out whether the observed phenotype is due to NK

cells or TRAIL+ILC1s or whether the decreased number of

Nkp46+ILC3s in the mouse could be also playing an

important role.
Breast cancer

Breast cancer is the most frequent malignant neoplasm in

women that causes significant morbidity and mortality. It is

described that the tumor microenvironment plays a relevant role

in tumor growth. The association between breast cancer

progression and increased IL-22 levels and ILC3s infiltrate is

well determined (43, 44). Indeed, IL-22 promoted the
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proliferation of breast cancer cells in a STAT3-dependent

manner (45). In addition, using a 4T1 breast cancer model, the

authors demonstrated that ILC3s are a major source of IL-22

promoted by IL-1b and IL-23 (Figure 2). Thus, blocking IL-22

function could decrease breast cancer progression induced by

IL-1b and IL-23 (45). Furthermore, a study performed in human

lymph nodes (LN) identified a new population of ILC3s,

CD56+ILC3s, which not only has a phenotype similar to ILC3s

but also expresses cytotoxicity genes in common with NK cells.

Activated CD56+ILC3s from donor and patient LN could

acquire cytotoxic capacity producing IFN-g or could promote

a pro-tumor immune response inducing the production of

tumor necrosis factor a (TNF-a) (Figure 2). Cytotoxic and

helper ILC analysis showed a switch toward NK cells in

tumor-draining lymph nodes. Thus, the local tumor

microenvironment inhibited NK cell functions through

downregulation of NCR, but cytokine stimulation restored

their functionality (46).

Besides, in vivo ILC depletion mouse experiments and

analysis of tumor sections from different patients showed that

RORgt+ILC3s are associated with lymphatic tumor cell invasion

and lymph node metastases in breast cancer by regulating the

cancer cell chemokine profile in the tumor microenvironment

(43). This study showed that ILC3s recruitment into a breast

tumor model is dependent on chemokine (C-C motif) ligand 21

(CCL21). These cells promoted chemokine (C-X-C motif) ligand

13 (CXCL13) secretion by stromal cells that can regulate ILC3-

stromal cells clustering. In addition, CXCL13 induces receptor

activator of nuclear factor k B (RANK)/RANKL signaling to

promote tumor cell motility and lymph node metastases

(43) (Figure 2).
Pancreatic cancer

Pancreatic cancer is one of the main causes of cancer death

worldwide due to its rapid progression, early metastasis, and late

diagnosis (47, 48). Recently, emerging evidence demonstrated

the existence of ILCs in the pancreas and their key role in

pancreatic disease and health like in other tissues (47).

Analogous to other cancer types, pancreatic cancer tissues

showed increased IL-22 secretion level being ILC3s the main

source of this cytokine. An increased frequency of ILC3s was

positively correlated with the clinical features of pancreatic

patients. Co-culture experiments demonstrated that ILC3s

isolated from human pancreatic cancer tissues promote the

proliferation, invasion, and migration of pancreatic cancer cell

lines via IL-22/IL-22R-AKT signaling, leading to the progression

of the pathology (49) (Figure 2).

More studies in mouse models and patient biopsies are

necessary to discover and describe in depth the different ILC

subsets involved in pancreatic cancer, and to characterize the

interact ion between these subsets and the tumor
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microenvironment. All these advances would be important to

fully understand the pathology and design new therapies.
Liver cancer

Liver cancer is the fifth most frequent cancer and the fourth

most common cause of cancer-associated death in the world. The

main types of primary liver cancers are hepatocellular carcinoma

(HCC) and intrahepatic cholangiocarcinoma (ICC) (50). HCC

originates from hepatocytes and is an inflammation-associated

cancer. The main risk factors for the HCC development are

chronic inflammatory liver diseases and liver cirrhosis (51, 52).

HCC development is driven by chronic inflammation being ILC

subsets, one of the early sources of cytokines in response to

damage. Experiments using murine HCC models demonstrated

that NCR-ILC3s produce IL-23-mediated IL-17, inhibiting

specifically CD8+ T cell immunity by promoting lymphocyte

apoptosis and thus inducing HCC development (51) (Figure 2).

However, further research not only in other HCC models with

different carcinogenesis conditions, but also in HCC patients are

necessary to determine the expression and function of NCR-ILC3s

and other subsets of ILC3s.
Lung cancer

Lung cancer is the major cause of cancer-related death

worldwide. Non-small-cell lung cancer (NSCLC) represents 85%

of total lung cancer. Considering histology features, there are two

main subtypes of NSCLSs, adenocarcinoma and squamous cell

carcinoma. These subtypes show different characteristics related

to biology, epidemiology and genetics (53–55). Currently, the

principal therapy used in lung cancer patients is the

immunotherapy. Indeed, both CTLA-4 and PD-1 blocking

antibodies have been shown to be effective in lung cancer (56,

57). Interestingly, co-culture experiments of sorted human ILCs

from NSCLCs and lung cancer cells demonstrated that IL-23-

induced conversion of ILC1s to ILC3s leads to IL-17-mediated

tumor growth and expansion in the tumor microenvironment,

indicating that the IL-23/ILC3/IL-17 axis may be a potential target

to treat IL23-producing lung cancers (53) (Figure 2). On the other

hand, patient studies have demonstrated that the number of

NCR+ILC3s is significantly increased in stage I/II NSCLC tissue

compared to advanced stages of the tumor. This NCR+ILC3s

accumulation promotes the establishment of tumor-associated

TLS, which are predictors of a good prognosis (58). Moreover, in

vitro experiments with activated NCR+ILC3s freshly isolated from

NSCLC tissues demonstrated that these cells are involved in the

production of a proinflammatory response in the tumor

microenvironment through the secretion IL-22, TNF-a, IL-8
and IL-2, and the activation of endothelial cells. Therefore,

NCR+ILC3s seem to exert an anti-tumoral role in lung cancer
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(58) (Figure 2). Furthermore, regarding the anti-tumoral role of

CCR6+ILC3s, experiments with murine TC-1 transplantable lung

cancer model demonstrated that CCL20 and IL-1b induce the

CCR6+ILC3s recruitment and activation to the tumor. These

activated CCR6+ILC3s can secrete CXCL10 that promotes CD4+

and CD8+ T cells migration to the tumor, enhancing anti-tumor

immunity and response to immune checkpoint blockade

(Figure 2). Thus, these data demonstrate the ability of ILC3s to

turn cold tumors into hot tumors and to create a robust anti-

tumor microenvironment (59).

Considering all these observations, the regulation of the

activity of different subsets of ILC3s could be a possible

treatment for different pathologies in combination with

current therapies but more in vivo experiments using animal

models should be performed in order to further demonstrate this

promising immunotherapy.
Discussion

With the deepening of ILC research, the function of cell

subsets and their role in mucosal immunity are becoming

increasingly clear. The majority of ILC3’s functions are

associated with the release of cytokines, primarily IL-22 in

cancer, but also IL-17 and other molecules. However, as seen in

IBD not only the cytokine is important but also the

concentration and timing in the cytokine release (60–62).

Overall, we believe that the controversy within studies could

originate from not defining the subtype of ILC3s when

conducting the research and from the differences in the

tumor microenvironment. Thanks to the investigation

focused on the subtype of ILC3s, it can be suggested that

NCR+ (NKp46/44+) are mostly anti-tumoral by secreting IL-22

in skin and lung; however, when properly stimulated, probably

by the microenvironment, they can release IL-17 and become

pro-tumoral in the duodenum of the small intestine. Also,

presumably NCR-ILC3s are pro-tumoral by secreting IL-17 in

hepatocarcinoma and lung cancer whereas the IL-22 produced

by these NCR-ILC3s promotes tumor growth and metastasis in

breast and pancreas. However, in colonic tissue, the function of

the IL-22 produced by ILC3s is not so clear due to lack of

studies that characterize the concentration of the cytokine in

the microenvironment and the different subpopulations of T

cells (Th17, Tgd, NKT) and ILC3s involved in the process. On

the other hand, CCR6+ILC3s (Lti cells) have an anti-tumoral

role in chemotherapy treated lung cancer by secreting CXCL10,

which is a chemoattractant of CD4+ and CD8+ T cells.

Moreover, MHCII+CCR6+ILC3s (Lti cel ls) are also

presumably anti-tumoral in CRC development, although

more research is needed to support this hypothesis.

Therefore, the lack of ILC3 in vitro lines, specific mouse

models for ILC3s in different cancers, the difficulty in

properly identifying ILC3 subtypes, and the low percentage
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present in the body makes the study of ILC3s in cancer hard.

Nevertheless, further research should be done to help us reveal

new mechanisms of tumor development and identify new

targets for tumor treatment.
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42. Almeida FF, Tognarelli S, Marçais A, Kueh AJ, Friede ME, Liao Y, et al. A
point mutation in the Ncr1 signal peptide impairs the development of innate
Frontiers in Immunology 08
lymphoid cell subsets. Oncoimmunology (2018) 7(10):e1475875. doi: 10.1080/
2162402X.2018.1475875

43. Irshad S, Flores-Borja F, Lawler K, Monypenny J, Evans R, Male V, et al.
RORgt+ innate lymphoid cells promote lymph node metastasis of breast cancers.
Cancer Res (2017) 77:1083–96. doi: 10.1158/0008-5472.CAN-16-0598/652574/
AM/ROR-T-INNATE-LYMPHOID-CELLS-PROMOTE-LYMPH-NODE

44. Voigt C, May P, Gottschlich A, Markota A, Wenk D, Gerlach I, et al. Cancer
cells induce interleukin-22 production from memory CD4+ T cells via interleukin-
1 to promote tumor growth. Proc Natl Acad Sci U.S.A. (2017) 114:12994–9.
doi: 10.1073/PNAS.1705165114/SUPPL_FILE/PNAS.201705165SI.PDF

45. Zhang Y, Liu C, Gao J, Shao S, Cui Y, Yin S, et al. IL-22 promotes tumor
growth of breast cancer cells in mice. Aging (2020) 12:13354–64. doi: 10.18632/
AGING.103439

46. Rethacker L, Boy M, Bisio V, Roussin F, Denizeau J, Vincent-Salomon A,
et al. Innate lymphoid cells: NK and cytotoxic ILC3 subsets infiltrate metastatic
breast cancer lymph nodes. Oncoimmunology (2022) 11(1):2057396. doi: 10.1080/
2162402X.2022.2057396

47. Shi S, Ye L, Jin K, Xiao Z, Yu X,WuW. Innate lymphoid cells: Emerging players
in pancreatic disease. Int J Mol Sci (2022) 23(7):3748. doi: 10.3390/IJMS23073748

48. Mizrahi JD, Surana R, Valle JW, Shroff RT. Pancreatic cancer. Lancet (2020)
395:2008–20. doi: 10.1016/S0140-6736(20)30974-0

49. Xuan X, Zhou J, Tian Z, Lin Y, Song J, Ruan Z, et al. ILC3 cells promote the
proliferation and invasion of pancreatic cancer cells through IL-22/AKT signaling.
Clin Trans Oncol (2020) 22:563–75. doi: 10.1007/S12094-019-02160-5/FIGURES/6

50. Chidambaranathan-Reghupaty S, Fisher PB, Sarkar D. Hepatocellular
carcinoma (HCC): Epidemiology, etiology and molecular classification. Adv
Cancer Res (2021) 149:1. doi: 10.1016/BS.ACR.2020.10.001

51. Liu Y, Song Y, Lin D, Lei L, Mei Y, Jin Z, et al. NCR– group 3 innate
lymphoid cells orchestrate IL-23/IL-17 axis to promote hepatocellular carcinoma
development. EBioMedicine (2019) 41:333. doi: 10.1016/J.EBIOM.2019.02.050

52. Heinrich B, Gertz EM, Schäffer AA, Craig A, Ruf B, Subramanyam V, et al. The
tumour microenvironment shapes innate lymphoid cells in patients with hepatocellular
carcinoma. Gut (2022) 71:1161–75. doi: 10.1136/GUTJNL-2021-325288

53. Koh J, Kim HY, Lee Y, Park IK, Kang CH, Kim YT, et al. IL23-producing
human lung cancer cells promote tumor growth via conversion of innate lymphoid
cell 1 (ILC1) into ILC3. Clin Cancer Res (2019) 25:4026–37. doi: 10.1158/1078-
0432.CCR-18-3458/74163/AM/IL-23-PRODUCING-HUMAN-LUNG-CANCER-
CELLS-PROMOTE

54. Collisson EA, Campbell JD, Brooks AN, Berger AH, Lee W, Chmielecki J,
et al. Comprehensive molecular profiling of lung adenocarcinoma. Nature (2014)
511:543–9. doi: 10.1038/NATURE13385

55. Pan Y, Wang R, Ye T, Li C, Hu H, Yu Y, et al. Comprehensive analysis of
oncogenic mutations in lung squamous cell carcinoma with minor glandular
component. Chest (2014) 145:473–9. doi: 10.1378/CHEST.12-2679

56. Brahmer JR, Pardoll DM. Immune checkpoint inhibitors: making
immunotherapy a reality for the treatment of lung cancer. Cancer Immunol Res
(2013) 1:85–91. doi: 10.1158/2326-6066.CIR-13-0078/471022/P/IMMUNE-
CHECKPOINT-INHIBITORS-MAKING-IMMUNOTHERAPY

57. Brahmer JR. Harnessing the immune system for the treatment of non-small-
cell lung cancer. J Clin Oncol (2013) 31:1021–8. doi: 10.1200/JCO.2012.45.8703

58. Carrega P, Loiacono F, di Carlo E, Scaramuccia A, Mora M, Conte R, et al.
NCR+ILC3 concentrate in human lung cancer and associate with intratumoral
lymphoid structures. Nat Commun (2015) 6:1–13. doi: 10.1038/ncomms9280

59. Bruchard M, Geindreau M, Perrichet A, Truntzer C, Ballot E, Boidot R, et al.
Recruitment and activation of type 3 innate lymphoid cells promote antitumor
immune responses. Nat Immunol (2022) 23:262–74. doi: 10.1038/s41590-021-
01120-y

60. Li LJ, Gong C, Zhao MH, Feng BS. Role of interleukin-22 in inflammatory
bowel disease. World J Gastroenterol: WJG (2014) 20:18177. doi: 10.3748/
WJG.V20.I48.18177

61. Zeng B, Shi S, Ashworth G, Dong C, Liu J, Xing F. ILC3 function as a
double-edged sword in inflammatory bowel diseases. Cell Death Dis (2019) 10:1–
12. doi: 10.1038/s41419-019-1540-2

62. Arshad T, Mansur F, Palek R, Manzoor S, Liska V. A double edged sword
role of interleukin-22 in wound healing and tissue regeneration. Front Immunol
(2020) 11:2148/XML/NLM. doi: 10.3389/FIMMU.2020.02148/XML/NLM
frontiersin.org

https://doi.org/10.1038/mi.2013.101
https://doi.org/10.1002/EJI.201747183
https://doi.org/10.1084/JEM.20190456
https://doi.org/10.1016/J.IMMUNI.2021.03.018
https://doi.org/10.1038/S41586-019-0899-7
https://doi.org/10.1016/J.CELL.2021.07.029
https://doi.org/10.1038/s41577-020-0282-9
https://doi.org/10.1016/J.CELL.2017.07.027
https://doi.org/10.1038/s41422-020-0312-y
https://doi.org/10.3389/FIMMU.2019.02121/FULL
https://doi.org/10.1158/2326-6066.CIR-19-0775/470930/AM/HUMAN-NKP44-GROUP-3-INNATE-LYMPHOID-CELLS
https://doi.org/10.1158/2326-6066.CIR-19-0775/470930/AM/HUMAN-NKP44-GROUP-3-INNATE-LYMPHOID-CELLS
https://doi.org/10.1016/J.XCRM.2021.100353
https://doi.org/10.1016/J.XCRM.2021.100353
https://doi.org/10.1007/S13555-016-0165-Y
https://doi.org/10.1038/ni.1947
https://doi.org/10.1084/JEM.20162031
https://doi.org/10.3389/FIMMU.2022.742571/FULL
https://doi.org/10.1016/j.celrep.2018.03.023
https://doi.org/10.1016/j.celrep.2018.03.023
https://doi.org/10.4049/JIMMUNOL.1701333/-/DCSUPPLEMENTAL
https://doi.org/10.4049/JIMMUNOL.1701333/-/DCSUPPLEMENTAL
https://doi.org/10.1038/NI.2545
https://doi.org/10.1016/J.IMMUNI.2010.10.017
https://doi.org/10.1080/2162402X.2018.1475875
https://doi.org/10.1080/2162402X.2018.1475875
https://doi.org/10.1158/0008-5472.CAN-16-0598/652574/AM/ROR-T-INNATE-LYMPHOID-CELLS-PROMOTE-LYMPH-NODE
https://doi.org/10.1158/0008-5472.CAN-16-0598/652574/AM/ROR-T-INNATE-LYMPHOID-CELLS-PROMOTE-LYMPH-NODE
https://doi.org/10.1073/PNAS.1705165114/SUPPL_FILE/PNAS.201705165SI.PDF
https://doi.org/10.18632/AGING.103439
https://doi.org/10.18632/AGING.103439
https://doi.org/10.1080/2162402X.2022.2057396
https://doi.org/10.1080/2162402X.2022.2057396
https://doi.org/10.3390/IJMS23073748
https://doi.org/10.1016/S0140-6736(20)30974-0
https://doi.org/10.1007/S12094-019-02160-5/FIGURES/6
https://doi.org/10.1016/BS.ACR.2020.10.001
https://doi.org/10.1016/J.EBIOM.2019.02.050
https://doi.org/10.1136/GUTJNL-2021-325288
https://doi.org/10.1158/1078-0432.CCR-18-3458/74163/AM/IL-23-PRODUCING-HUMAN-LUNG-CANCER-CELLS-PROMOTE
https://doi.org/10.1158/1078-0432.CCR-18-3458/74163/AM/IL-23-PRODUCING-HUMAN-LUNG-CANCER-CELLS-PROMOTE
https://doi.org/10.1158/1078-0432.CCR-18-3458/74163/AM/IL-23-PRODUCING-HUMAN-LUNG-CANCER-CELLS-PROMOTE
https://doi.org/10.1038/NATURE13385
https://doi.org/10.1378/CHEST.12-2679
https://doi.org/10.1158/2326-6066.CIR-13-0078/471022/P/IMMUNE-CHECKPOINT-INHIBITORS-MAKING-IMMUNOTHERAPY
https://doi.org/10.1158/2326-6066.CIR-13-0078/471022/P/IMMUNE-CHECKPOINT-INHIBITORS-MAKING-IMMUNOTHERAPY
https://doi.org/10.1200/JCO.2012.45.8703
https://doi.org/10.1038/ncomms9280
https://doi.org/10.1038/s41590-021-01120-y
https://doi.org/10.1038/s41590-021-01120-y
https://doi.org/10.3748/WJG.V20.I48.18177
https://doi.org/10.3748/WJG.V20.I48.18177
https://doi.org/10.1038/s41419-019-1540-2
https://doi.org/10.3389/FIMMU.2020.02148/XML/NLM
https://doi.org/10.3389/fimmu.2022.1033252
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Innate lymphoid cells type 3 in cancer
	Introduction
	Gut cancer
	Skin cancer
	Breast cancer
	Pancreatic cancer
	Liver cancer
	Lung cancer
	Discussion
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


