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Cancer is a complex disease and the role played by innate lymphoid cells (ILCs) in

cancer development has begun to be uncovered over recent years. We aim to provide

an exhaustive summary of the knowledge acquired on the role of ILCs in cancer. ILCs

are classified into 3 different categories, ILC1s, ILC2s, and ILC3s, each encompassing

specific and unique functions. ILC1s exhibit NK cells characteristics and can exert

anti-tumor functions, but surprisingly their IFNγ production is not associated with a better

immune response. In response to TGF-β or IL-12, ILC1s were shown to exert pro-tumor

functions and to favor tumor growth. ILC2s role in cancer immune response is dependent

on cytokine context. The production of IL-13 by ILC2s is associated with a negative

outcome in cancer. ILC2s can also produce IL-5, leading to eosinophil activation and an

increased anti-tumor immune response in lung cancer. ILC3s produce IL-22, which could

promote tumor growth. In contrast, ILC3s recognize tumor cells and facilitate leukocyte

tumor entry, increasing anti-tumor immunity. In some contexts, ILC3s were found at the

edge of tertiary lymphoid structures, associated with a good prognostic. We are at the

dawn of our understanding of ILCs role in cancer. This review aims to thoroughly analyze

existing data and to provide a comprehensive overview of our present knowledge on the

impact of ILCs in cancer.
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INTRODUCTION

Innate lymphoid cells (ILCs) are a heterogeneous immune cell population identified in the
late 2000’s by several teams (1–8). Previously known lymphoid tissue inducer (LTI) cells and
natural killer (NK) cells, discovered in 1997 and 1975, respectively, are also members of the ILC
family (9, 10). ILCs lack antigen specific receptors and their development is independent from
rearrangement genes. ILCs mirror T lymphocytes subpopulations in their expression of master
regulator transcription factors and cytokine production; they are therefore considered their innate
counterparts (11). ILCs are amongst the first responders when facing a threat and they help
shaping both innate and adaptive immune responses thanks to cytokine production. ILCs are
mostly tissue resident where they seed during fetal life (12). ILCs begin functioning during fetal
development (13).

ILCs are divided into 3 main groups, ILC1s, ILC2s, and ILC3s, depending on the expression of
transcription factors and cytokines (11). ILC1s and ILC3s contain several subgroups members with
different functions. Group 1 ILCs comprise NK cells, ILC1s and recently described intra-epithelial
ILC1s as well as ILC1 like cells (14, 15). Group 3 ILCs gather LTI cells, Natural Cytotoxicity
Receptor (NCR)+ ILC3s and NCR- ILC3s, with some NCR- ILC3s expressing CCR6 (16). ILC1s,
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ILC2s, and ILC3s constitute the innate equivalents of CD4+ T
helper Th1, Th2, and Th17, respectively, while NK cells are the
counterpart for cytotoxic CD8 T cells.

Group 1 ILC, like Th1, are regulated by Tbet and can produce
Interferon γ (IFNγ), GM-CSF (Granulocyte-Macrophage
Colony-Stimulating-Factor), granzyme and perforin in response
to IL-12, IL-18 or other activators. They cooperate with Th1
cells against intracellular microbes such as virus, bacteria or
parasites. Group 1 ILCs activate macrophages and some can
exert direct cytotoxicity (17, 18). Group 2 ILCs, similarly to
Th2, express Gata3 and can produce IL-4, IL-5, IL-13, IL-9, and
amphiregulin in response to IL-25, IL-33, and TSLP (Thymic
Stromal LymphoPoietin). Group 2 ILCs are essential in the
immune response against parasites and allergens and their
production of amphiregulin promotes tissue damage repair
(5, 19). Group 3 ILCs, mirroring Th17, express RORγt, the
lymphotoxins α and β, IL-17 and IL-22, GM-CSF, and Tumor
Necrosis Factor α (TNFα). They can be activated by IL-23,
IL-1β, or by NCR ligands and they are involved in the immune
response against extracellular microbes such as fungi or bacteria
(1, 3, 20). LTI, members of group 3 ILCs, are essential for the
formation of secondary lymphoid structures during embryonic
development (10). The Fan team recently identified a fourth
group of ILCs, both in mouse and human, called ILCregs
(21). These ILCregs can be induced during inflammation in
the intestine where they control ILC1 and ILC3 activation as
well as cytokine production thanks to their IL-10 production,
preventing intestinal inflammatory associated damage. ILCregs
also produce Transforming Growth Factor (TGF)-β that sustains
their maintenance and expansion in a paracrine manner.

CD4T lymphocytes and ILCs have some redundant as well as
specific functions. Phylogenetic studies have suggested that ILCs
probably appeared latter in evolution than T and B lymphocytes
(22). They appeared in vertebrates and the ILCs complete family
can only be found in mammals. This finding probably means that
ILCs do not constitute a simplified version of adaptive immune
system but rather a complementary one.

The plastic nature of ILCs is well documented. Like T cells,
ILCs adapt phenotype and functions upon the polarizing signals
they are exposed to. Evidence of this plasticity was first seen
between groups with the conversion of ILC3s into ILC1s (17, 23–
25). ILC2s can also convert into IFNγ producing ILC1s (13,
26, 27). Furthermore, ILCs can also evolve while remaining
within the same group, an example are NK cells that become
intermediate ILC1 cells upon TGF-β stimulation (28, 29). These
intermediate ILC1s present a phenotype with characteristics

Abbreviations: ILCs, innate lymphoid cells; NCR, natural cytotoxicity receptor;

NSCLC, non-small cell lung cancer; TLS, tertiary lymphoid structures; LTI,

lymphoid tissue inducer; NK, natural killer; CRC, colorectal cancer; PD-

1, programmed cell death 1; PD-L1, programmed death-ligand 1; IFNγ,

produce Interferon γ; GM-CSF, granulocyte-macrophage colony-stimulating-

factor; ICOS, inducible T-cell COStimulator; TGF-β, transforming growth factor-

β; TNFα, tumor necrosis factor α; TSLP, thymic stromal lymphopoietin; EOMES,

Eomesodermin; CTLA-4, cytotoxic T-lymphocyte–associated antigen 4; PBMC,

peripheral blood mononuclear cells; RANK, receptor activator of NF-κB; RANKL,

RANK-ligand; PGD2, Prostaglandin D2; M-MDSC, monocytic myeloid derived

suppressor cells.

of both ILC1 and NK cells, and are identified as CD49a+
and Cd49b+.

Another challenge in ILCs study is the heterogeneity of the
surface markers found within each subgroup depending on tissue
localization or disease. The expression of CD69 in ILC2s is
restricted to skin, spleen and mucosal tissue while CD69 can
be found together with ICOS (Inducible T-cell COStimulator)
on NKP44- ILC3s from the spleen and mucosal tissues. Within
pathological tissues, ICOS and CD69 are found upregulated
on both ILC2s and ILC3s (15). Discrepancies in the markers
used to identify ILCs can lead to study slightly different cells
under the same name, increasing data variability. Some studies
exclude CD5, while others have used this marker to identify
functionally immature ILCs in humans (30). Differences on the
markers chosen to identify ILCs and expressed by ILCs under
specific conditions should be kept in mind, in particular in
pathological situations.

Over the years, ILCs were shown to have a massive impact
in many diseases like asthma and allergy, multiple sclerosis or
inflammatory bowel disease. This review will focus on the role of
ILC1s, ILC2s, and ILC3s in cancer, regardless of NK cells. In solid
tumors, infiltrating immune cells are needed to trigger an efficient
immune response. Tissue resident ILCs present at the tumor site
are ideally located to tune anti-tumor immunity. Studies have
shown that ILC frequencies vary in cancer. A higher frequency
of ILC1s was observed in gastrointestinal tumors whereas an
increased frequency of ILC2s was observed in breast and gastric
cancer (31, 32). Tumor infiltrating ILCs can show an activated
phenotype (expression of CD69, CD44, MHCII, and KLRG1)
(32). The impact of NK cells in anti-tumor immune response
has been thoroughly documented and numerous reviews are
available, therefore this topic will not be addressed here. Despite
increasing knowledge on the role of ILCs in cancer cell biology,
our understanding on ILCs impact on anti-tumor immune
responses remains an emerging field. Previous reviews have
focused on the roles of ILCs in cancer (33), but this review aims
at analyzing the many progresses made in the recent years.

ILC1s

A multitude of studies demonstrated an increased proportion
of traditional ILC1s in cancer. ILC1s percentage increase
was found in peripheral blood mononuclear cells (PBMC) of
untreated acute myeloid leukemia patients with reduced cytokine
production (Table 1) (35). A similar observation was done in
PBMC from patients with chronic lymphocytic leukemia (36)
but no available studies have elucidated the consequences of
ILC1s increase in the efficacy of anti-tumor response or on
patients’ outcome.

ILC1s can be activated by various cytokines like IL-12, IL-
15 (18), IL-18 (17), or TGF-b (29) or by viruses (37) and
intracellular bacteria (38). In cancers triggered by viruses (e.g.,
cervical cancer) or by bacteria (e.g., stomach cancer), we would
expect an activation of ILC1s, the production of IFNγ and TNFα,
leading to anti-tumor immune responses. However, we will see
that ILC1s in cancer display a more complex behavior.
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TABLE 1 | ILC1 phenotypes and functions in solid and hematological cancers.

Organism Cancer Effect against

cancer

Phenotype Responsive to Production Observations References

ILC1 Human Acute myeloid

leukemia

ND Lin- CD127+

CD117–

CRTH2–NKp46–

Diminished

production of IFNγ

and TNFα

Increase in ILC1 %

in PBMC

(34, 35)

Human Chronic

lymphocytic

leukemia

ND Lin– CD127+

CD161+ CRTH2–

CD117–

Reduced

production of

TNFα compared to

healthy control

Increase in ILC1 %

in PBMC

(36)

Intraepithelial

ILC1

Human Crohn’s

disease

ND CD49a+ NKp44+

CD103+ CCR6–

CD127– CD56+

IL-15 and IL-12 Production of IFNγ

and Granzyme b

Increase in ILC1 %

in the epithelium

(18)

Intraepithelial

ILC1

Mouse CD40 colitis – CD160+NKp46+

NK1.1+CD3–

IL-15 Production of IFNγ

and Granzyme b

Increase in ILC1 %

in the epithelium

and contribution to

intestinal

inflammation

(18)

Type 1 like

ILC

Mouse Mammary

pre-

cancerous

lesions

+ CD127– CD49a+

TCR– NK1,1+

IL-15 Production of

Granzyme b

Increase in ILC1 %

in tumor

(14)

Intermediate

ILC1

Mouse MCA1956 – CD49a+ b+ Lin–

CD45+ NK1.1+

NKp46+ Eomes+

TGF-β Production of

GM-CSF and

TNFα and

decrease in IFNγ

and CCL5

Increase in ILC1 %

in tumor

(29)

ND, not determined; PBMC, peripheral blood mononuclear cells.

Th1 cells are known for their anti-tumor capabilities (39) and
type 1 ILCs were also shown to have anti-tumor properties in
an IL-15 rich environment. Type 1 ILCs are characterized by
particular surface markers such as CD127- and CD49a+ and by
their ability to produce granzyme B. These type 1 ILCs expanded
in mouse mammary pre-cancerous lesions and they exhibited
potent cytotoxic activities against tumor cells, limiting tumor
growth. Like NK cells, type 1 ILCs, are dependent on IL-15.
Nevertheless, they showed downregulation of signature NK genes
while expressing high levels of ILC1 signature genes (14).

Intraepithelial ILC1s are an ILC1s subtype identified in the
colon. Like type 1 ILCs, these cells also express CD49a and are
responsive to IL-15. After IL-12 stimulation, intraepithelial ILC1s
produced IFNγ and granzyme B. However, these intraepithelial
ILC1s were shown to expand in patients’ colon during Crohn’s
disease and to contribute to pathology development in a mouse
model of CD40 induced colitis (18). The role of these ILC1s in
colorectal cancer (CRC) remains to be determined. As patients
with ulcerative colitis are at higher risk of developing CRC, it
is likely ILC1s might maintain a pro-inflammatory environment
and favor cancer development (40).

Studies on TGF-β recently shed light on pro-tumor functions
of ILC1s. TGF-β, a cytokine often found in solid cancers, is
known to limit tumor immunosurveillance through its action
in many cell types (41). Recent data showed that TGF-β could
induce NK cells conversion into intermediate ILC1s (29). These
cells are CD49a and CD49b double positive and arise in TGF-
β rich tumor while NK cells numbers drop. Unlike the NK
cells they originated from, which show anti-tumor properties,

these intermediate ILC1s were unable to control local tumor
growth or metastasis development. They expressed higher levels
of the inhibitory immunological checkpoint receptor CTLA-4
(cytotoxic T-lymphocyte–associated antigen 4), Lag3 and CD96
and of the myeloid growth factor GM-CSF. Moreover, these cells
expressed low levels of IFNγ and CCL5, a chemoattractant and
Th1 activator. All these factors contributed to the establishment
of a pro-tumor microenvironment. Furthermore, tumor immune
escape was also shown to be partially due to ILC1s production
of TNFα (29). Another team further investigated the shift from
NK cells into ILC1 like cells in a TGF-β rich environment. They
observed that SMAD4 was essential to prevent NK cells from
becoming ILC1s when exposed to TGF-β. SMAD4 restrained
non-canonical TGF-β signaling and prevented NK cells from
developing ILC1 features. Moreover, it also preserved anti-
tumor functions and proliferative properties of these cells. NK
cells deficient in SMAD4 acquired an ILC1 like gene signature
and were unable to control tumor growth and metastasis or
infections (28). Interestingly, TGF-β signaling via the TGFR2
in salivary gland ILC1s enhanced IFNγ and Eomesodermin
(EOMES) expression while decreasing CD49a expression (42),
proving that the presence of one cytokine is not sufficient to
dictate the ILC1 response.

ILC2s

Clinical studies noted an increase in ILC2s in breast (32),
gastric (31), or prostate cancer (35). Like Th2, their adaptive
counterparts, ILC2s produce IL-4 and IL-13, which are
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known to participate in the establishment of a pro-tumor
microenvironment (43). IL-4 and IL-13 could be used as a
predictor of clinical outcome for clear-cell renal cell carcinoma,
with low levels of cytokines being linked with a better outcome
(44). ILC2s can also produce amphiregulin, which, on one
hand, helps tissue repair and controls local inflammation via
Tregs but, on the other hand, promotes the growth of tumors
expressing the epidermal growth factor receptor (EGFR), tissus
invasion and metastasis (45) and enhances Tregs functions and
thus immunosuppression (46). Consequently, ILC2s like Th2,
are considered pro-tumoral and a potential target to improve
anti-tumor immune responses (Table 2).

In a clinical study published in 2017, patients in remission
with an acute promyelocytic leukemia showed a decrease in
Prostaglandin D2 (PGD2) and IL-13 production. ILC2s and
monocytic myeloid derived suppressor cells (M-MDSC) cell
numbers were also reduced (35). M-MDSC is an important
immunosuppressive cell population (55). In mice, ILC2s are
expanded and activated through the interaction of CRTH2
and NKp30 with tumor derived PGD2 and B7H6, respectively,
leading to an increased production of IL-13. M-MDSC, which
express the IL-13 receptor alpha1 are in turn activated by
ILC2s produced IL-13 and set up a pro-tumor environment
(48). Blocking PGD2, IL-13, and NKp30 partially reduces the
levels of ILC2s and M-MDSC in PBMC and leads to increased
survival in animal models (35). A positive correlation was
also found between ILC2s and M-MDSC in patients bearing
prostate and bladder cancer (35, 48). This ILC2/M-MDSC
immunosuppressive axis was shown to be dependent on the
T/M-MDSC ratio. Patients with a ratio of more than 1 (less M-
MDSC than T cells) showed a dramatically higher recurrence free
survival than patients with more M-MDSC than T cells in the
context of bladder cancer (48).

IL-33 activates ILC2s. This cytokine is found in mouse and
human breast cancers (56) and colorectal cancers (57) and
could potentially directly activate ILC2s. In the 4T1 mouse
mammary cancer model, IL-33 was associated with an increase
in M-MDSC, ILC2s, and Tregs. IL-33 also accelerated tumor
growth and metastasis development, by sustaining the ILC2/M-
MDSC/Tregs immunosuppressive axis as well as by promoting
neovascularization (49). In the B16 melanoma model, it was
also recently shown that IL-33 induced NK cells mediated
anti-tumor immune responses in parallel with the expansion
and activation of ILC2s via its receptor ST2. ILC2s expression
of the ectonucleotidase CD73 (capable of transforming ATP
into immunosuppressive adenosine along with CD39) inhibited
the activation and cytotoxicity of NK cells, resulting in a less
efficient tumor growth control (50). This study highlights that
one cytokine can trigger opposite reactions as well as a new
suppressive ILC2s mechanism via CD73 expression. The link
between IL-33/ILC2s/Tregs was also observed in an allergic
setting in lungs (58). In this context, IL-33 induced the expression
of OX-40L on the surface of ILC2s, which was shown to be
essential for Th2 and Tregs responses. The broad expression of
IL-33 in cancers and the pro-tumor functions of Th2 and Tregs
suggest ILC2s may facilitate the tumor growth by helping the
installation of a pro-tumor immunity.

ILC2s produce amphiregulin, a molecule that orchestrates
tissue homeostasis and wound repair. If uncontrolled, this
protein can contribute to pathological fibrosis in the context of
chronic inflammation. Pathological fibrosis and tumorigenesis
can both result from a prolonged and exacerbated healing
response. In the liver, fibrosis will progress to cirrhosis and
finally to hepatocellular carcinoma, which is why the study
of fibrosis development can bring meaningful insights to the
development of cancer (59). It was demonstrated that IL-13
potentiated collagen deposition and fibrosis in lung, liver and
intestine (46). A study reported that IL-33 was required and
sufficient for severe hepatic fibrosis in vivo. The pro-fibrotic
effect of IL-33 was ILC2 dependent. In thioacetamide (TAA) and
carbontetrachloride (CCL4) models of hepatic fibrosis, increased
IL-33 production favored the expansion and activated liver
resident ILC2s. Depletion of ILC2s or IL-13 were sufficient
to limit fibrosis development (51). Accordingly, another study
identified IL-25 activated ILC2s as a source of IL-13 in a mouse
model of pulmonary fibrosis. Using an egg-induced pulmonary
granuloma model, the authors found that ILC2s numbers
increased in IL-25 positive mice and that IL-13 production by
ILC2s was a potent driver of pulmonary collagen deposition (52).

However, in certain circumstances, ILC2s were reported to
have anti-tumor properties. In a murine lymphoma model,
production of IL-33 within the tumor locally enhances the
number of ILC2s with potent anti-tumor activity. IL-33 induces
ILC2s to secrete a large amount of the CXCR2 ligands CXCL1
and CXCL2. IL-33 also triggers CXCR2 upregulation in tumor
cell surface through a dysfunctional angiogenesis leading to
ROS production. Tumor cell-specific apoptosis is caused by the
interaction between CXCR2 and its ligands, leading to limited
tumor growth (53). ILC2s produce IL-5, a cytokine able to
stimulate B cells and to recruit and activate eosinophils. IL-5
was found to limit B16 melanoma tumor establishment in mice
lungs. IL-25 and IL-33 activated ILC2s were the main source
of IL-5 in this model. IL-5 recruited eosinophils, leading to an
elevated and prolonged lung eosinophilia anti-tumor activity
(54). Interestingly, ILC2s were found at a lower percentage in
non-small cell lung carcinoma (NSCLC) patient lung’s compared
to healthy tissue, suggesting that ILC2s may play a positive role
in anti-tumor immune responses in the lung (47).

Overall, although IL-13 production was always found to have
a negative impact on the immune response, the consequences
of IL-33 or IL-25 on ILC2s in a tumor may vary depending
on organs or on the cellular and molecular environment. If
ILC2s can enhance immunosuppression along with M-MDSC
and Tregs, they can also potentiate eosinophils anti-tumor
properties. Additional studies are required to understand key
factors involved on the shift of ILC2s from immunosuppression
to anti-tumor response.

ILC3s

Th17 role in cancer progression is controversial (Table 3). This
can be partially explained by the importance of the cytokine
milieu on Th17 effector functions. Depending on the presence
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of TGF-β, Th17 can acquire an inflammatory or a regulatory
phenotype. Inflammatory Th17 produce IFNγ and IL-17 and
exert anti-tumor effects while regulatory Th17 secrete IL-10 and
IL-17 and transform ATP into the immunosuppressive molecule
adenosine thus sustaining tumor development (67). Likewise,
ILC3s, the innate counterpart of Th17, were shown to have both
pro and anti-tumor functions. Cell heterogeneity in group 3 ILCs
also explains some of the variations observed in the anti-tumor
immune response.

If LTI cells are absent in the organism after birth, some ILC3s
may continue to exert some of their functions. Tertiary lymphoid
structures (TLS), ectopic lymphoid formations commonly found
in NSCLC, are predictors of a favorable clinical outcome
(68). NCR+ ILC3s were found located at the edge of tumor
associated TLS in patients with NSCLC and a positive correlation
between TLS and ILC3s was shown. Moreover, the presence of
NCR+ ILC3s within tumor tissues significantly decreased in
advanced cancer stages. These NCR+ ILC3s could recognize
lung tumor cells via NKp44, triggering a strong production of
TNFα. TNFα could activate endothelium, facilitating leukocytes
entry in the tumor (47). A similar role was also observed
in B16 melanoma mouse model. NKp46+ ILC3s reacted
to locally produced IL-12 and induced ICAM and VCAM
upregulation leading to an increased leukocyte invasion and
tumor suppression (62). In PBMC of patients with acute myeloid
leukemia, NCR+ ILC3s number was diminished of about 3
times. Interestingly, this number was significantly increased in
patients responding to chemotherapy compared to the number
found prior treatment, reaching the values normally observed in
healthy individuals.

CCR6+ ILC3s cells were shown to possess anti-tumor
functions in certain contexts. The recruitment of immune cells
to the tumor is essential to allow a potent anti-tumor immune
response. Several studies demonstrated that an important
immune infiltrate was a predictor of a good outcome in various
cancers (breast, colorectal, ovarian, NSCLC) (69–73). In line
with this observation, splenic CCR6+ ILC3s cells can, after
activation by IL-12, suppress tumor growth and increase immune
cell recruitment (specifically CD8T cells, NK, and NKT cells
as well as activated myeloid cells) in the B16 melanoma mouse
model. Recent data showed that these ILCs expressed high
levels of CCR2, CCR6, CCR7, CCR8, and CXCR5 suggesting a
possible involvement in the formation of TLS (63). In the skin,
Notch1 mediated upregulation of TNFα, CCL20 and CXCL13
attracted CCR6+ ILC3s that orchestratedmacrophages entry and
wound closure through the production of CCL3 (74). This study
illustrates the critical role of ILC3s in tissue injury resolution
which can be potentially be a major issue in cancer since
sometimes this pathology can be seen as a wound that does not
heal (75).

However, ILC3s do not always have a beneficial impact on
cancer evolution. Bacteria induced colon cancer model shows
an accumulation of ILCs where the depletion of IL-22 or CD90
reduced cancer development (61). The authors also showed
that CCR6+ ILC3s are the major source of IL-22 in Hh+
(Helicobacter hepaticus) driven colorectal cancer, a model in
which IL-22 is essential for cancer promotion. In human breast

cancer, an increased number of ILC3s correlated with an increase
number of lymph node metastasis and an increased percentage
of NCR- ILC3s was also found in chronic lymphocytic leukemia
patients PBMC (60).

The role of Receptor Activator of NF-κB (RANK)—RANK-
ligand (RANKL) interaction in the regulation of CCR6+
ILC3s was recently discovered. ILC3-ILC3 interaction through
RANK-RANKL negatively controls production of IL-17 and IL-
22 in the intestine (76). This system constitutes an efficient
negative feedback loop to avoid an overproduction of ILC3
cytokines. However, another recent study indicated RANK-
RANKL interaction lead to an increased cancer cell motility
and metastasis formation. In this study, ILC3-stromal cell
interaction favored the expression of RANKL on the stromal cell
surface and its action on RANK expressing 4T1 breast cancer
cells, promoted metastasis development into tumor draining
lymph nodes. In this model, NKp46- ILC3s were recruited
thanks to CCL21 produced by 4T1 tumor cells (60). CCL21
expression by B16 melanoma cells was also able to attract
CD3- CD4+ RORγt LTI cells. In this model, CCL21 was
responsible for the establishment of a tolerogenic environment
within the tumor bed via the recruitment of Tregs and MDSC.
Nevertheless, a direct link between ILC3s recruitment and
CCL21 enhanced tumor growth and immune tolerance was not
established (64).

Like ILC1s, ILC3s are susceptible to the cytokines they are
exposed to, in particular IL-23, which is known to activate
ILC3s. Systemic IL-23 expression is sufficient to induce duodenal
adenoma development within 4 weeks with an incidence of 100%,
independently of exogenous carcinogens. Tumor development
was dependent on ILC3s but IL-22 and IL-17 do not seem to be
involved in the process (65). The exact mechanism remains to
be determined.

A regulatory type of ILCs was recently described in human
high-grade serous ovarian cancer. These ILCs produce IL-22
and are NKp46+. They were able to limit tumor infiltrating
lymphocytes expansion via the NKp46 expression and were
associated with reduced T cell numbers and altered T cell
functions. Despite NKp46 expression and IL-22 production,
these cells differ from ILC3s since they lack RORγt and display
unique properties (66). Patients possessing these regulatory ILCs
exhibit a reduced immunosurveillance and have a shorter time
to relapse.

CONCLUSION AND
FUTURE PERSPECTIVES

As with CD4T helper cells, ILCs role in anti-tumor immune
response is ambiguous. Indeed, ILCs can lead to both pro-
and anti-tumor effects, depending on the cytokines and
chemokines they are exposed to or on the cells they are
in contact with. Moreover, it is difficult to strictly assign a
specific effect to a particular subset given ILCs plasticity and
phenotypic discrepancies.

Being aware of tumor development mechanisms is crucial
and we have only begun to unravel the part played by
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ILCs. Additionally, it is also essential to understand the
consequences of anti-tumor treatments on immune system and
their impact on ILCs. For instance, radiotherapy can attract
antigen presenting cells, and cytotoxic T cells for a limited period
of time (77) and we could hypothesize that ILC3s participate
to cytotoxic T cell attraction. Similarly, immunotherapy and
more specifically immune checkpoint inhibitors, a currently
growing field in oncology, effect on ILCs has never been
studied. PD-1 (Programmed cell death 1) can negatively regulate
KLRG1+ ILC2s (78) and PD-L1 (programmed death-ligand 1)
expressing ILC2s can increase the expression of Gata3 and IL-
13 production of PD-1+ Th2 cells both in vitro and in vivo in
worm infection models in mice (79). PD-1 was also observed
on ILC3s and could decrease their cytokine production in
Human (80). Additionally, in Human breast tumor, CTLA-
4 expression was increased in ILC1s and ILC2s and PD-1
expression was augmented in ILC2s (32), rendering interesting

the study of the impact of checkpoint inhibitors on ILCs
in cancer.

Studies over the last few years provided important insights
on the role of ILCs in anti-tumor immune responses but many
aspects remain unexplored and numerous additional studies
will be required to decipher the details of ILCs involvement
in tumor immunity.

AUTHOR CONTRIBUTIONS

MB wrote and conceived the manuscript. FG wrote
the manuscript.

FUNDING

MB is supported by the Fondation de France (n◦ 00067095) and
by la Fondation ARC (projet fondation ARC).

REFERENCES

1. Cella M, Fuchs A, Vermi W, Facchetti F, Otero K, Lennerz JK, et al. A

human natural killer cell subset provides an innate source of IL-22 formucosal

immunity. Nature. (2009) 457:722–5. doi: 10.1038/nature07537

2. Cupedo T, Crellin NK, Papazian N, Rombouts EJ, Weijer K, Grogan JL,

et al. Human fetal lymphoid tissue-inducer cells are interleukin 17-producing

precursors to RORC+ CD127+ natural killer-like cells. Nat Immunol. (2009)

10:66–74. doi: 10.1038/ni.1668

3. Luci C, Reynders A, Ivanov II, Cognet C, Chiche L, Chasson L, et al.

Influence of the transcription factor RORgammat on the development of

NKp46+ cell populations in gut and skin. Nat Immunol. (2009) 10:75–82.

doi: 10.1038/ni.1681

4. Sanos SL, Bui VL,Mortha A, Oberle K, Heners C, Johner C, et al. RORgammat

and commensal microflora are required for the differentiation of mucosal

interleukin 22-producing NKp46+ cells. Nat Immunol. (2009) 10:83–91.

doi: 10.1038/ni.1684

5. Neill DR,Wong SH, Bellosi A, Flynn RJ, Daly M, Langford TK, et al. Nuocytes

represent a new innate effector leukocyte that mediates type-2 immunity.

Nature. (2010) 464:1367–70. doi: 10.1038/nature08900

6. Price AE, Liang HE, Sullivan BM, Reinhardt RL, Eisley CJ, Erle DJ, et al.

Systemically dispersed innate IL-13-expressing cells in type 2 immunity. Proc

Natl Acad Sci USA. (2010) 107:11489–94. doi: 10.1073/pnas.1003988107

7. Saenz SA, Siracusa MC, Perrigoue JG, Spencer SP, Urban JF Jr, Tocker JE,

et al. IL25 elicits amultipotent progenitor cell population that promotes T(H)2

cytokine responses. Nature. (2010) 464:1362–6. doi: 10.1038/nature08901

8. Satoh-Takayama N, Lesjean-Pottier S, Vieira P, Sawa S, Eberl G, Vosshenrich

CA, et al. IL-7 and IL-15 independently program the differentiation of

intestinal CD3-NKp46+ cell subsets from Id2-dependent precursors. J Exp

Med. (2010) 207:273–80. doi: 10.1084/jem.20092029

9. Kiessling R, Klein E, Pross H, Wigzell H. “Natural” killer cells in the

mouse. II Cytotoxic cells with specificity for mouse Moloney leukemia

cells Characteristics of the killer cell. Eur J Immunol. (1975) 5:117–21.

doi: 10.1002/eji.1830050209

10. Mebius RE, Rennert P, Weissman IL. Developing lymph nodes collect

CD4+CD3- LTbeta+ cells that can differentiate to APC, NK cells, and

follicular cells but not T or B cells. Immunity. (1997) 7:493–504.

11. Spits H, Artis D, Colonna M, Diefenbach A, Di Santo JP, Eberl G, et al. Innate

lymphoid cells–a proposal for uniform nomenclature. Nat Rev Immunol.

(2013) 13:145–9. doi: 10.1038/nri3365

12. Gasteiger G, Fan X, Dikiy S, Lee SY, Rudensky AY. Tissue residency of

innate lymphoid cells in lymphoid and nonlymphoid organs. Science. (2015)

350:981–5. doi: 10.1126/science.aac9593

13. Bal SM, Bernink JH, Nagasawa M, Groot J, Shikhagaie MM, Golebski K, et al.

IL-1beta, IL-4 and IL-12 control the fate of group 2 innate lymphoid cells in

human airway inflammation in the lungs. Nat Immunol. (2016) 17:636–45.

doi: 10.1038/ni.3444

14. Dadi S, Chhangawala S, Whitlock BM, Franklin RA, Luo CT, Oh SA, et al.

Cancer immunosurveillance by tissue-resident innate lymphoid cells and

innate-like T cells. Cell. (2016) 164:365–77. doi: 10.1016/j.cell.2016.01.002

15. Simoni Y, Fehlings M, Kloverpris HN, McGovern N, Koo SL, Loh CY,

et al. Human innate lymphoid cell subsets possess tissue-type based

heterogeneity in phenotype and frequency. Immunity. (2017) 46:148–61.

doi: 10.1016/j.immuni.2016.11.005

16. Spits H, Di Santo JP. The expanding family of innate lymphoid cells: regulators

and effectors of immunity and tissue remodeling. Nat Immunol. (2011)

12:21–7. doi: 10.1038/ni.1962

17. Bernink JH, Peters CP, Munneke M, te Velde AA, Meijer SL, Weijer K, et al.

Human type 1 innate lymphoid cells accumulate in inflamed mucosal tissues.

Nat Immunol. (2013) 14, 221–9. doi: 10.1038/ni.2534

18. Fuchs A, Vermi W, Lee JS, Lonardi S, Gilfillan S, Newberry RD, et al.

Intraepithelial type 1 innate lymphoid cells are a unique subset of IL-12- and

IL-15-responsive IFN-gamma-producing cells. Immunity. (2013) 38:769–81.

doi: 10.1016/j.immuni.2013.02.010

19. Moro K, Yamada T, TanabeM, Takeuchi T, Ikawa T, Kawamoto H, et al. Innate

production of T(H)2 cytokines by adipose tissue-associated c-Kit(+)Sca-1(+)

lymphoid cells. Nature. (2010) 463:540–4. doi: 10.1038/nature08636

20. Satoh-Takayama N, Vosshenrich CA, Lesjean-Pottier S, Sawa S, Lochner M,

Rattis F, et al. Microbial flora drives interleukin 22 production in intestinal

NKp46+ cells that provide innate mucosal immune defense. Immunity.

(2008) 29:958–70. doi: 10.1016/j.immuni.2008.11.001

21. Wang S, Xia P, Chen Y, Qu Y, Xiong Z, Ye B, et al. Regulatory innate lymphoid

cells control innate intestinal inflammation. Cell. (2017) 171:201–16.e18.

doi: 10.1016/j.cell.2017.07.027

22. Vivier E, van de Pavert SA, Cooper MD, Belz GT. The evolution of innate

lymphoid cells. Nat Immunol. (2016) 17:790–4. doi: 10.1038/ni.3459

23. Vonarbourg C, Mortha A, Bui VL, Hernandez PP, Kiss EA, Hoyler

T, et al. Regulated expression of nuclear receptor RORgammat

confers distinct functional fates to NK cell receptor-expressing

RORgammat(+) innate lymphocytes. Immunity. (2010) 33:736–51.

doi: 10.1016/j.immuni.2010.10.017

24. Sciume G, Hirahara K, Takahashi H, Laurence A, Villarino AV, Singleton KL,

et al. Distinct requirements for T-bet in gut innate lymphoid cells. J Exp Med.

(2012) 209:2331–8. doi: 10.1084/jem.20122097

25. Rankin LC, Groom JR, Chopin M, Herold MJ, Walker JA, Mielke LA, et al.

The transcription factor T-bet is essential for the development of NKp46+

Frontiers in Immunology | www.frontiersin.org 8 April 2019 | Volume 10 | Article 656

https://doi.org/10.1038/nature07537
https://doi.org/10.1038/ni.1668
https://doi.org/10.1038/ni.1681
https://doi.org/10.1038/ni.1684
https://doi.org/10.1038/nature08900
https://doi.org/10.1073/pnas.1003988107
https://doi.org/10.1038/nature08901
https://doi.org/10.1084/jem.20092029
https://doi.org/10.1002/eji.1830050209
https://doi.org/10.1038/nri3365
https://doi.org/10.1126/science.aac9593
https://doi.org/10.1038/ni.3444
https://doi.org/10.1016/j.cell.2016.01.002
https://doi.org/10.1016/j.immuni.2016.11.005
https://doi.org/10.1038/ni.1962
https://doi.org/10.1038/ni.2534
https://doi.org/10.1016/j.immuni.2013.02.010
https://doi.org/10.1038/nature08636
https://doi.org/10.1016/j.immuni.2008.11.001
https://doi.org/10.1016/j.cell.2017.07.027
https://doi.org/10.1038/ni.3459
https://doi.org/10.1016/j.immuni.2010.10.017
https://doi.org/10.1084/jem.20122097
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles


Bruchard and Ghiringhelli Innate Lymphoid Cells in Cancer

innate lymphocytes via the Notch pathway. Nat Immunol. (2013) 14:389–95.

doi: 10.1038/ni.2545

26. Ohne Y, Silver JS, Thompson-Snipes L, Collet MA, Blanck JP, Cantarel BL,

et al. IL-1 is a critical regulator of group 2 innate lymphoid cell function and

plasticity. Nat Immunol. (2016) 17:646–55. doi: 10.1038/ni.3447

27. Silver JS, Kearley J, Copenhaver AM, Sanden C, Mori M, Yu L, et al.

Inflammatory triggers associated with exacerbations of COPD orchestrate

plasticity of group 2 innate lymphoid cells in the lungs. Nat Immunol. (2016)

17:626–35. doi: 10.1038/ni.3443

28. Cortez VS, Ulland TK, Cervantes-Barragan L, Bando JK, Robinette ML,

Wang Q, et al. SMAD4 impedes the conversion of NK cells into ILC1-like

cells by curtailing non-canonical TGF-beta signaling. Nat Immunol. (2017)

18:995–1003. doi: 10.1038/ni.3809

29. Gao Y, Souza-Fonseca-Guimaraes F, Bald T, Ng SS, Young A, Ngiow SF, et al.

Tumor immunoevasion by the conversion of effector NK cells into type 1

innate lymphoid cells. Nat Immunol. (2017) 18:1004–15. doi: 10.1038/ni.3800

30. Nagasawa M, Germar K, Blom B, Spits H. Human CD5(+) innate

lymphoid cells are functionally immature and their development from

CD34(+) progenitor cells is regulated by Id2. Front Immunol. (2017) 8:1047.

doi: 10.3389/fimmu.2017.01047

31. Bie Q, Zhang P, Su Z, Zheng D, Ying X, Wu Y, et al. Polarization

of ILC2s in peripheral blood might contribute to immunosuppressive

microenvironment in patients with gastric cancer. J Immunol Res. (2014)

2014:923135. doi: 10.1155/2014/923135

32. Salimi M, Wang R, Yao X, Li X, Wang X, Hu Y, et al. Activated innate

lymphoid cell populations accumulate in human tumour tissues. BMCCancer.

(2018) 18:341. doi: 10.1186/s12885-018-4262-4

33. Mattner J, Wirtz S. Friend or foe? The ambiguous role of innate

lymphoid cells in cancer development. Trends Immunol. (2017) 38:29–38.

doi: 10.1016/j.it.2016.10.004

34. Trabanelli S, Curti A, Lecciso M, Salomé B, Riether C, Ochsenbein A, et al.

CD127+ innate lymphoid cells are dysregulated in treatment naïve acute

myeloid leukemia patients at diagnosis. Haematologica. (2015) 100:e257–60.

doi: 10.3324/haematol.2014.119602

35. Trabanelli S, Chevalier MF, Martinez-Usatorre A, Gomez-Cadena A, Salome

B, Lecciso M, et al. Tumour-derived PGD2 and NKp30-B7H6 engagement

drives an immunosuppressive ILC2-MDSC axis. Nat Commun. (2017) 8:593.

doi: 10.1038/s41467-017-00678-2

36. de Weerdt I, van Hoeven V, Munneke JM, Endstra S, Hofland T,

Hazenberg MD, et al. Innate lymphoid cells are expanded and functionally

altered in chronic lymphocytic leukemia. Haematologica. (2016) 101:e461–4.

doi: 10.3324/haematol.2016.144725

37. Weizman OE, Adams NM, Schuster IS, Krishna C, Pritykin Y, Lau C, et al.

ILC1 confer early host protection at initial sites of viral infection. Cell . (2017)

171:795–808.e12. doi: 10.1016/j.cell.2017.09.052

38. Klose CS, Kiss EA, Schwierzeck V, Ebert K, Hoyler T, d’Hargues Y, et al. A

T-bet gradient controls the fate and function of CCR6-RORgammat+ innate

lymphoid cells. Nature. (2013) 494:261–5. doi: 10.1038/nature11813

39. Aqbi HF, Wallace M, Sappal S, Payne KK, Manjili MH. IFN-

gamma orchestrates tumor elimination, tumor dormancy, tumor

escape, and progression. J Leukoc Biol. (2018) 103:1219–23.

doi: 10.1002/JLB.5MIR0917-351R

40. Lakatos PL, Lakatos L. Risk for colorectal cancer in ulcerative colitis: changes,

causes and management strategies.World J Gastroenterol. (2008) 14:3937–47.

doi: 10.3748/wjg.14.3937

41. Miyazono K, Katsuno Y, Koinuma D, Ehata S, Morikawa M. Intracellular and

extracellular TGF-beta signaling in cancer: some recent topics. Front Med.

(2018) 12:387–411. doi: 10.1007/s11684-018-0646-8

42. Cortez VS, Cervantes-Barragan L, Robinette ML, Bando JK, Wang Y, Geiger

TL, et al. Transforming growth factor-beta signaling guides the differentiation

of innate lymphoid cells in salivary glands. Immunity. (2016) 44:1127–39.

doi: 10.1016/j.immuni.2016.03.007

43. Suzuki A, Leland P, Joshi BH, Puri RK. Targeting of IL-4 and IL-13 receptors

for cancer therapy. Cytokine. (2015) 75:79–88. doi: 10.1016/j.cyto.2015.05.026

44. Chang Y, Xu L, An H, Fu Q, Chen L, Lin Z, et al. Expression of IL-4 and IL-13

predicts recurrence and survival in localized clear-cell renal cell carcinoma.

Int J Clin Exp Pathol. (2015) 8:1594–603.

45. Busser B, Sancey L, Brambilla E, Coll JL, Hurbin A. The multiple roles of

amphiregulin in human cancer. Biochim Biophys Acta. (2011) 1816:119–31.

doi: 10.1016/j.bbcan.2011.05.003

46. Zaiss DMW, Gause WC, Osborne LC, Artis D. Emerging functions of

amphiregulin in orchestrating immunity, inflammation, and tissue repair.

Immunity. (2015) 42:216–26. doi: 10.1016/j.immuni.2015.01.020

47. 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) 6:8280.

doi: 10.1038/ncomms9280

48. Chevalier MF, Trabanelli S, Racle J, Salome B, Cesson V, Gharbi D, et al.

ILC2-modulated T cell-to-MDSC balance is associated with bladder cancer

recurrence. J Clin Invest. (2017) 127:2916–29. doi: 10.1172/JCI89717

49. Jovanovic IP, Pejnovic NN, Radosavljevic GD, Pantic JM, Milovanovic

MZ, Arsenijevic NN, et al. Interleukin-33/ST2 axis promotes breast

cancer growth and metastases by facilitating intratumoral accumulation of

immunosuppressive and innate lymphoid cells. Int J Cancer. (2014) 134:1669–

82. doi: 10.1002/ijc.28481

50. Long A, Dominguez D, Qin L, Chen S, Fan J, Zhang M, et al. Type 2 innate

lymphoid cells impede IL-33-mediated tumor suppression. J Immunol. (2018)

201:3456–64. doi: 10.4049/jimmunol.1800173

51. McHedlidze T, Waldner M, Zopf S, Walker J, Rankin AL, Schuchmann M,

et al. Interleukin-33-dependent innate lymphoid cells mediate hepatic fibrosis.

Immunity. (2013) 39:357–71. doi: 10.1016/j.immuni.2013.07.018

52. Hams E, Armstrong ME, Barlow JL, Saunders SP, Schwartz C, Cooke G, et al.

IL-25 and type 2 innate lymphoid cells induce pulmonary fibrosis. Proc Natl

Acad Sci USA. (2014) 111:367–72. doi: 10.1073/pnas.1315854111

53. Kim J, Kim W, Moon UJ, Kim HJ, Choi HJ, Sin JI, et al. Intratumorally

establishing type 2 innate lymphoid cells blocks tumor growth. J Immunol.

(2016) 196:2410–23. doi: 10.4049/jimmunol.1501730

54. Ikutani M, Yanagibashi T, Ogasawara M, Tsuneyama K, Yamamoto S, Hattori

Y, et al. Identification of innate IL-5-producing cells and their role in lung

eosinophil regulation and antitumor immunity. J Immunol. (2012) 188:703–

13. doi: 10.4049/jimmunol.1101270

55. Gabrilovich DI. Myeloid-derived suppressor cells. Cancer Immunol Res.

(2017) 5:3–8. doi: 10.1158/2326-6066.CIR-16-0297

56. Xiao P, Wan X, Cui B, Liu Y, Qiu C, Rong J, et al. Interleukin 33 in

tumor microenvironment is crucial for the accumulation and function

of myeloid-derived suppressor cells. Oncoimmunology. (2016) 5:e1063772.

doi: 10.1080/2162402X.2015.1063772

57. Li Y, Shi J, Qi S, Zhang J, Peng D, Chen Z, et al. IL-33 facilitates proliferation

of colorectal cancer dependent on COX2/PGE2. J Exp Clin Cancer Res. (2018)

37:196. doi: 10.1186/s13046-018-0839-7

58. Halim TYF, Rana BMJ, Walker JA, Kerscher B, Knolle MD, Jolin HE, et al.

Tissue-restricted adaptive type 2 immunity is orchestrated by expression of the

costimulatory molecule OX40L on group 2 innate lymphoid cells. Immunity.

(2018) 48:1195–207.e6. doi: 10.1016/j.immuni.2018.05.003

59. Ramakrishna G, Rastogi A, Trehanpati N, Sen B, Khosla R, Sarin SK.

From cirrhosis to hepatocellular carcinoma: new molecular insights on

inflammation and cellular senescence. Liver Cancer. (2013) 2:367–83.

doi: 10.1159/000343852

60. Irshad S, Flores-Borja F, Lawler K, Monypenny J, Evans R, Male

V, et al. RORgammat(+) innate lymphoid cells promote lymph

node metastasis of breast cancers. Cancer Res. (2017) 77:1083–96.

doi: 10.1158/0008-5472.CAN-16-0598

61. Kirchberger S, Royston DJ, Boulard O, Thornton E, Franchini F, Szabady

RL, et al. Innate lymphoid cells sustain colon cancer through production

of interleukin-22 in a mouse model. J Exp Med. (2013) 210:917–31.

doi: 10.1084/jem.20122308

62. Eisenring M, vom Berg J, Kristiansen G, Saller E, Becher B. IL-12

initiates tumor rejection via lymphoid tissue-inducer cells bearing the

natural cytotoxicity receptor NKp46. Nat Immunol. (2010) 11:1030–8.

doi: 10.1038/ni.1947

63. Nussbaum K, Burkhard SH, Ohs I, Mair F, Klose CSN, Arnold SJ, et al.

Tissue microenvironment dictates the fate and tumor-suppressive function

of type 3 ILCs. J Exp Med. (2017) 214:2331–47. doi: 10.1084/jem.20

162031

Frontiers in Immunology | www.frontiersin.org 9 April 2019 | Volume 10 | Article 656

https://doi.org/10.1038/ni.2545
https://doi.org/10.1038/ni.3447
https://doi.org/10.1038/ni.3443
https://doi.org/10.1038/ni.3809
https://doi.org/10.1038/ni.3800
https://doi.org/10.3389/fimmu.2017.01047
https://doi.org/10.1155/2014/923135
https://doi.org/10.1186/s12885-018-4262-4
https://doi.org/10.1016/j.it.2016.10.004
https://doi.org/10.3324/haematol.2014.119602
https://doi.org/10.1038/s41467-017-00678-2
https://doi.org/10.3324/haematol.2016.144725
https://doi.org/10.1016/j.cell.2017.09.052
https://doi.org/10.1038/nature11813
https://doi.org/10.1002/JLB.5MIR0917-351R
https://doi.org/10.3748/wjg.14.3937
https://doi.org/10.1007/s11684-018-0646-8
https://doi.org/10.1016/j.immuni.2016.03.007
https://doi.org/10.1016/j.cyto.2015.05.026
https://doi.org/10.1016/j.bbcan.2011.05.003
https://doi.org/10.1016/j.immuni.2015.01.020
https://doi.org/10.1038/ncomms9280
https://doi.org/10.1172/JCI89717
https://doi.org/10.1002/ijc.28481
https://doi.org/10.4049/jimmunol.1800173
https://doi.org/10.1016/j.immuni.2013.07.018
https://doi.org/10.1073/pnas.1315854111
https://doi.org/10.4049/jimmunol.1501730
https://doi.org/10.4049/jimmunol.1101270
https://doi.org/10.1158/2326-6066.CIR-16-0297
https://doi.org/10.1080/2162402X.2015.1063772
https://doi.org/10.1186/s13046-018-0839-7
https://doi.org/10.1016/j.immuni.2018.05.003
https://doi.org/10.1159/000343852
https://doi.org/10.1158/0008-5472.CAN-16-0598
https://doi.org/10.1084/jem.20122308
https://doi.org/10.1038/ni.1947
https://doi.org/10.1084/jem.20162031
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles


Bruchard and Ghiringhelli Innate Lymphoid Cells in Cancer

64. Shields JD, Kourtis IC, Tomei AA, Roberts JM, Swartz MA. Induction

of lymphoidlike stroma and immune escape by tumors that express

the chemokine CCL21. Science. (2010) 328:749–52. doi: 10.1126/science.

1185837

65. Chan IH, Jain R, Tessmer MS, Gorman D, Mangadu R, Sathe M, et al.

Interleukin-23 is sufficient to induce rapid de novo gut tumorigenesis,

independent of carcinogens, through activation of innate lymphoid cells.

Mucosal Immunol. (2014) 7:842–56. doi: 10.1038/mi.2013.101

66. Crome SQ, Nguyen LT, Lopez-Verges S, Yang SY, Martin B, Yam JY, et al. A

distinct innate lymphoid cell population regulates tumor-associated T cells.

Nat Med. (2017) 23:368–75. doi: 10.1038/nm.4278

67. Martin F, Apetoh L, Ghiringhelli F. Controversies on the role of Th17 in

cancer: a TGF-beta-dependent immunosuppressive activity? Trends Mol Med.

(2012) 18:742–9. doi: 10.1016/j.molmed.2012.09.007

68. Dieu-Nosjean MC, Antoine M, Danel C, Heudes D, Wislez M, Poulot

V, et al. Long-term survival for patients with non-small-cell lung cancer

with intratumoral lymphoid structures. J Clin Oncol. (2008) 26:4410–7.

doi: 10.1200/JCO.2007.15.0284

69. Hwang WT, Adams SF, Tahirovic E, Hagemann IS, Coukos G. Prognostic

significance of tumor-infiltrating T cells in ovarian cancer: a meta-analysis.

Gynecol Oncol. (2012) 124:192–8. doi: 10.1016/j.ygyno.2011.09.039

70. Mei Z, Liu Y, Liu C, Cui A, Liang Z, Wang G, et al. Tumour-infiltrating

inflammation and prognosis in colorectal cancer: systematic review and

meta-analysis. Br J Cancer. (2014) 110:1595–605. doi: 10.1038/bjc.2014.46

71. Geng Y, Shao Y, He W, Hu W, Xu Y, Chen J, et al. Prognostic role of tumor-

infiltrating lymphocytes in lung cancer: a meta-analysis. Cell Physiol Biochem.

(2015) 37:1560–71. doi: 10.1159/000438523

72. Mao Y, Qu Q, Chen X, Huang O, Wu J, Shen K. The prognostic value

of tumor-infiltrating lymphocytes in breast cancer: a systematic review and

meta-analysis. PLoS ONE. (2016) 11:e0152500. doi: 10.1371/journal.pone.

0152500

73. Barnes TA, Amir E. HYPE or HOPE: the prognostic value of

infiltrating immune cells in cancer. Br J Cancer. (2017) 117:451–60.

doi: 10.1038/bjc.2017.220

74. Li Z, Hodgkinson T, Gothard EJ, Boroumand S, Lamb R, Cummins I,

et al. Epidermal Notch1 recruits RORgamma(+) group 3 innate lymphoid

cells to orchestrate normal skin repair. Nat Commun. (2016) 7:11394.

doi: 10.1038/ncomms11394

75. Sundaram GM, Quah S, Sampath P. Cancer: the dark side of wound healing.

FEBS J. (2018) 285:4516–34. doi: 10.1111/febs.14586

76. Bando JK, Gilfillan S, Song C, McDonald KG, Huang SC, Newberry RD, et al.

The tumor necrosis factor superfamily member RANKL suppresses effector

cytokine production in group 3 innate lymphoid cells. Immunity. (2018)

48:1208–19 e4. doi: 10.1016/j.immuni.2018.04.012

77. Lumniczky K, Candeias SM, Gaipl US, Frey B. Editorial: radiation and the

immune system: current knowledge and future perspectives. Front Immunol.

(2017) 8:1933. doi: 10.3389/fimmu.2017.01933

78. Taylor S, Huang Y, Mallett G, Stathopoulou C, Felizardo TC, Sun MA, et al.

PD-1 regulates KLRG1(+) group 2 innate lymphoid cells. J Exp Med. (2017)

214:1663–78. doi: 10.1084/jem.20161653

79. Schwartz C, Khan AR, Floudas A, Saunders SP, Hams E, Rodewald HR, et al.

ILC2s regulate adaptive Th2 cell functions via PD-L1 checkpoint control. J

Exp Med. (2017) 214:2507–21. doi: 10.1084/jem.20170051

80. Vacca P, Pesce S, Greppi M, Fulcheri E, Munari E, Olive D, et al. PD-1 is

expressed by and regulates human group 3 innate lymphoid cells in human

decidua.Mucosal Immunol. (2019). doi: 10.1038/s41385-019-0141-9

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2019 Bruchard and Ghiringhelli. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Immunology | www.frontiersin.org 10 April 2019 | Volume 10 | Article 656

https://doi.org/10.1126/science.1185837
https://doi.org/10.1038/mi.2013.101
https://doi.org/10.1038/nm.4278
https://doi.org/10.1016/j.molmed.2012.09.007
https://doi.org/10.1200/JCO.2007.15.0284
https://doi.org/10.1016/j.ygyno.2011.09.039
https://doi.org/10.1038/bjc.2014.46
https://doi.org/10.1159/000438523
https://doi.org/10.1371/journal.pone.0152500
https://doi.org/10.1038/bjc.2017.220
https://doi.org/10.1038/ncomms11394
https://doi.org/10.1111/febs.14586
https://doi.org/10.1016/j.immuni.2018.04.012
https://doi.org/10.3389/fimmu.2017.01933
https://doi.org/10.1084/jem.20161653
https://doi.org/10.1084/jem.20170051
https://doi.org/10.1038/s41385-019-0141-9
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles

	Deciphering the Roles of Innate Lymphoid Cells in Cancer
	Introduction
	ILC1s
	ILC2s
	ILC3s
	Conclusion and Future Perspectives
	Author Contributions
	Funding
	References


