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Innate lymphoid cells (ILCs) are an essential component of the innate immune system in 

vertebrates. They are developmentally rooted in the lymphoid lineage and can diverge 

into at least three transcriptionally distinct lineages. ILCs seed both lymphoid and 

non-lymphoid tissues and are locally self-maintained in tissue-resident pools. Tissue-

resident ILCs execute important effector functions making them key regulator in tissue 

homeostasis, repair, remodeling, microbial defense, and anti-tumor immunity. Similar to 

T lymphocytes, ILCs possess only few sensory elements for the recognition of non-self 

and thus depend on extrinsic cellular sensory elements residing within the tissue. Myeloid 

cells, including mononuclear phagocytes (MNPs), are key sentinels of the tissue and are 

able to translate environmental cues into an effector pro�le that instructs lymphocyte 

responses. The adaptation of myeloid cells to the tissue state thus in�uences the effector 

program of ILCs and serves as an example of how environmental signals are integrated 

into the function of ILCs via a tissue-resident immune cell cross talks. This review sum-

marizes our current knowledge on the role of myeloid cells in regulating ILC functions 

and discusses how feedback communication between ILCs and myeloid cells contribute 

to stabilize immune homeostasis in order to maintain the healthy state of an organ.
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INTRODUCTION

Maintaining a physical barrier to the external environment is vital to proper physiology and 
function of the body’s organs. However, environmental signals including nutrients, xenobiotic 
chemicals, microbial metabolites, together with cell intrinsic triggers like proliferation, cell death, 
damage, and metabolism play an essential role in in�uencing tissue homeostasis within organs. 
�e immune system is a fundamental sensory system that contributes to physiology far beyond its 
classical role as modulator of immunity (1). Transient and long-lasting changes in the composition 
of these signals require appropriate interpretation by tissue-resident immune sensors, to ensure 
appropriate adjustments to environmental stimulation. Failure to achieve a balanced response 
through adequate instruction of non-sensory tissue-resident immune cells and incoming recruited 
immune cells resets the local tissue immune tone and ultimately a�ects the homeostatic physiology 
of an organ (2). While this description is generalized, it re�ects many of the recent �ndings on 
tissue-resident elements of the immune system across lymphoid and non-lymphoid organs (3). 
�e contribution of tissue-resident cells to organ homeostasis through sensory mechanisms and 
specialized e�ector functions sets the homeostatic tissue tone and is thus an essential process to 
preserve proper physiology of our body and its organs.
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Innate lymphoid cells (ILCs) are a new family of innate 
immune cells composed of at least three independent lineages 
with distinct transcriptional pro�les and e�ector functions. 
�ese cells predominantly reside in non-lymphoid tissues like 
the skin, lung, liver, intestine, and adipose tissue with organ-
speci�c enrichment of di�erent ILC subsets (4). Even though 
ILCs constitutively secrete cytokines and e�ector proteins, 
required to locally sustain tissue and immune homeostasis, their 
capacity to sense perturbations in the surrounding environment 
is limited (5, 6) (www.immgen.org). Interestingly, ILCs sparsely 
replenish their tissue-resident pool from circulating precur-
sors but rather, self-maintain locally (7). ILCs thus resemble 
a tissue-resident immune cell type that executes local e�ector 
functions depending on the interpretation of the environmental 
state by an instructive sensor. However, there are two exceptions, 
the composition of the nutrient and metabolite pool in the 
immediate environment and secreted neuropeptides seams to 
be directly recognized by ILCs and in�uences ILC development 
and function during steady state and in�ammation (8–12). �e 
neuron–immune interaction through neuropeptides represents 
a new aspect of tissue-ILC crosstalk and environmental sensing. 
Even though this area of research is still in its infancy, it greatly 
advances our view on innate immune control by the neuronal 
network (13). Environmental metabolic components (i.e., amino 
acids, polyaromatic carbohydrates, vitamins, and lipids) control 
the ligand-activated transcription factors Aryl Hydrocarbon 
Receptor (Ahr) and members of the Retinoic-acid Receptor 
(Rar) family (14, 15). �ese mechanisms, although utilized by 
many cells, decorate ILCs with relevant direct sensory capac-
ity impacting tissue development, protection, and homeostasis 
(16, 17). Although nutrient sensors like Ahr or Rar are widely 
expressed across the immune compartments and serve as sensor 
for metabolites, these receptors a�ect the development of several 
immune cells including ILCs (18). In addition, several non- 
dietary ligands are able to bind Ahr and result in its transcriptional 
activity or inhibition. �ese observations renders the actions 
of Ahr on its target cell highly dependent on environmental  
signals (19). Most strikingly, pathogen-associated Ahr ligands 
have been shown to enable the direct recognition of pathogens 
by Ahr-expressing ILCs and may thus be seen as ILC-intrinsic 
sensor of microbial ligands (17).

Myeloid cells are the earliest immune cells arising in our body 
and re�ect a heterogeneous family of cells containing phagocytic 
and granulocytic cells. Members of these family either rapidly 
enter the tissue out of the blood circulation or self-maintain 
locally as tissue-resident patrolling sensors of the environment. 
�eir migratory properties and excellent sensory machineries 
enable myeloid cells to recognize perturbations (i.e., cell death 
or infection) and immediately initiate a speci�c, local immune 
response (20, 21). Detailed genomic analysis of myeloid cells on 
high dimensional levels revealed tissue-speci�c epigenetic marks 
coupled to characteristic gene expression pro�les depending 
on the local tissue environment (22–25). Interestingly, transfer 
of myeloid cells from one tissue to another will reprogram the 
myeloid gene expression pro�le, supporting the idea that myeloid 
cells are superior in recognizing and adapting to their local tissue 
environment (23). With ILCs being a tissue-resident cell type with 

limited capacity to recognize microbial signals, myeloid cells, as 
superior sensors of microbial and other tissue-derived signals, 
play a crucial role in controlling ILC homeostasis and function 
(26, 27). Acute and chronic activation of tissues is accompanied 
by changes in the local myeloid immune cell pool followed by 
adaptation of the tissue-resident ILC compartment (28–31). Our 
recent progress in understanding the tissue-speci�c distribution 
of myeloid cells and ILCs coupled to a detailed picture of their 
gene expression pro�le sheds light on the potential local dialog 
of these cells during health and disease. Current research is 
uncovering new pathways and cross talks that may be suitable 
to target these interactions with potential therapeutics, to reset 
diseased tissues to a healthy homeostatic state. Within this review, 
we highlight our current knowledge on the interactions of ILCs 
and myeloid cells, focusing on the cytokine-mediated cross talk 
of ILCs and myeloid cells.

DIVERSITY OF INNATE LYMPHOCYTES

Unlike T and B cells, ILC-poiesis is independent of Recombination-
activated gene (Rag) and Rag-dependent rearrangement of 
antigen receptors for their development but require signals 
through the common gamma chain (γc). �e cytokines thymic 
stromal lymphopoietin (TSLP), stromal cell-derived interleukin 
(IL)-7, and IL-15 also play dominant roles in their survival and 
homeostasis (32, 33). Concerted actions of these cytokines and 
others lead to the activation, priming and execution of e�ector 
functions of ILCs (34). �e family of ILCs contains three line-
ages of ILCs (group 1 ILC, group 2 ILC, and group 3 ILC). �ese 
groups comprised natural killer (NK) cells (included in group 1 
ILC), ILC1, ILC2, ILC3, and lymphoid tissue inducer (LTi) cells 
(included in group 3 ILC) that collectively mirror the e�ector 
pro�les of most T helper (h) cells and cytotoxic T cell lineages 
(35) (summarized in Figure 1).

�e development of all ILCs is tightly controlled by transcrip-
tional programs that are shared with T  cells, but additionally 
requires a unique composition of transcription factors to deter-
mine ILC commitment (e.g., Tox, Id2, Plzf, N�l3, and Gata3) 
(38). In general, common innate lymphocyte precursors (CILPs) 
are lymphoid precursor cells in the adult bone marrow that are 
identi�ed as Lin− CD127+ Id2+ N�l3+ Tox+ Plzfhigh cells and have 
unrestricted potential to di�erentiate into all groups of ILCs (39). 
Common helper innate lymphocyte precursor (CHILP) is an 
immediate descendent of CILPs and characterized as Id2high and 
Plzf− cells, which retain the potential to exclusively give rise to 
ILC1, ILC2, and ILC3, while lacking the potential to di�erentiate 
into NK cells and LTi cells (36). NK cells arise from precursor 
NK cells that are generated from CILPs, while LTi cells arise early 
during ontogeny from a fetal liver lymphoid precursor sharing 
transcriptional homologies with ILC3 (36, 39, 40). Being unique 
in their developmental origin, CHILP-derived ILCs are sepa-
rated into three lineages (ILC1, ILC2, and ILC3) characterized 
by lineage-speci�c transcription factors and e�ector functions 
that mirror �1, �2, and �17 cells (6, 41–44). Observations in 
Rag2−/− mice identi�ed lymphoid cells secreting cytokines com-
monly associated with �1, �2, or �17 lineage commitment 
supporting the functional and developmental homology of ILCs 
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FIGURE 1 | Development and functional specialization of innate lymphoid cells (ILCs). The diagram shows the developmental pathways of ILCs and branching  

into their different lineages. The early innate lymphoid precursor (EILP) and the common helper innate lymphoid precursor (CHILP) are progenitors to all ILCs  

(36, 37). Critical lineage-determining transcription factors are shown. Arising ILCs [natural killer (NK) cells, lymphoid tissue inducer (LT) cells, ILC1–3, and ILCreg]  

are displayed, including arising subsets. Individual groups of ILCs are indicated through color schemes. The expression of natural cytotoxicity receptors (NCRs)  

on ILC subsets is indicated. Speci�c and shared effector cytokines secreted during in�ammation and steady state are listed below the indicated subsets of ILCs. 

Documented plasticity within group 2 ILCs and group 3 ILCs is indicated using overlapping and colored bubbles.
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and � cells (45–48). During the steady state and even stronger 
during the onset of tissue in�ammation, ILCs are a potent local 
source of cytokines that rapidly prime the “immunological tone” 
of a tissue (49). Given the limited capacity of ILCs to directly 
recognize tissue in�ammation, the e�ector pro�le of these cells 
strikingly relies on cells interpreting the state of the tissue and 
communicating the presence of homeostasis, danger, or damage 
to ILCs.

Group 1 ILCs (ILC1) are identi�ed as lin− NK1.1+ CD49b− 
KLRG1− IL-7R+ CD117− cells that secrete high levels of interferon 
(IFN)-γ and TNF-α but express little to no Granzyme (Gzm) or 
Perforin (Prf). Like �1 cells, ILC1 are developmentally depend-
ent on the T box transcription factor Tbx21 (Tbet) and produce 
high amounts of their signature cytokine IFN-γ to protect from 
intracellular pathogens and contribute to chronic in�ammatory 
pathologies (6, 36, 50, 51). Unlike NK cells that share an e�ec-
tor program with cytotoxic CD8+ T cells, ILC1 are independent 
of Eomesodermin (Eomes), originate from CHILP and lack the 
capacity to lyse target cells (27, 36). Based on their phenotypic 
similarity to NK cells and other ILC subsets (discussed below), 
group 1 ILCs might thus represent a heterogeneous population of 
innate e�ectors (51). �e increasing appreciation of plastic behav-
ior within ILC subsets may thus simply re�ect the activation of a 
developmentally di�erent and heterogeneous pool of ILCs within 
the ILC1-like features (Figure 1) (52).

Group 2 ILCs (ILC2) are identi�ed as lin− KLRG1+ IL-7R+ 
CD117− IL33R+ IL1R2+. ILC2 represent an innate �2 coun-
terpart, which is developmentally tied to high expression of the 

transcription factor Gata-binding protein 3 (Gata3) and essential 
in the anti-parasite/helminth defense through the production of 
the cytokines IL-4, -5, -9, -13, and GM-CSF (6, 43, 51, 53, 54). 
ILC2 have further been associated with allergic reactions and 
tissue repair (55–57). Interestingly, di�erent ILC2 subsets and 
activation states have been identi�ed, enhancing the interest 
in understanding the contribution of di�erent ILC2 subsets to 
defense, autoimmunity, or tissue repair (51). Changes in ILC2-
speci�c cytokine secretion and adaptation of mixed e�ector 
phenotypes within ILC2 have been uncovered, adding functional 
plasticity to the ILC2 lineage (58, 59). Under chronic in�am-
matory conditions of the airways, ILC2 start to show features of 
ILC1 and express Tbet and IFN-γ (59–62). �is shi� toward an 
ILC1-like phenotype depends on the cytokines IL-1, IL-12, and 
IL-27 secreted by macrophages and dendritic cells (DCs) (63). 
Interestingly, adaptation of IL-17 production by ILC2 has been 
reported during Candida infection, suggesting a highly plastic 
behavior in order to adapt to the in�ammatory context (64).

�e last and currently most diverse group of ILCs matching 
a � cell lineage, are group 3 ILCs (ILC3), including LTi cells. 
LTi cells (likely including ILC3 by the time of discovery) were 
�rst identi�ed as a population of lymphocytes accumulating in 
the developing lymph nodes of embryos to initiate lymph node 
and lymphoid cluster formation through surface Lymphotoxin 
(sLTα1β2 and LTα3)–LTβ receptor interaction with stroma 
cells. In vitro cultures of puri�ed LTi-like cells revealed that 
LTi-like cells are capable of expressing NK  cell receptors and 
major histocompatibility complex (MHC) II on their surface, 
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resembling features of NK  cells and antigen-presenting cells 
(40). �e NK  cell receptor-expressing population was later 
identi�ed as an independent subset of the ILC3 lineage (45, 46, 
65–67). Recent reports con�rmed the expression of MHCII+ 
ILCs, particularly on subsets of the ILC3 and ILC2 lineages, 
granting these ILCs with the ability to regulate adaptive T cell 
responses directly (68–70). LTi cells and ILC3 most closely mir-
ror retinoic acid-induced orphan receptor (ROR)γt-dependent 
�17  cells through their production of the cytokines IL-17A, 
IL-17F, IL-22, and GM-CSF (34). Importantly, ILC3s contain 
a population of RORγt+ cells, expressing natural cytotoxicity 
receptors (NCRs; i.e., NKp46, NKG2D, NK1.1), sharing tran-
scriptional and functional features with NK cells and ILC1 (i.e., 
expression of Tbet, Gzm, Prf, IFN-γ and IL-12R) (71). �ese 
cells were termed NCR+ILC3 and led to the subdivision of ILC3s 
into NCR−ILC3s and NCR+ILC3s (72). �e expression of the 
transcription factor RORγt in NCR+ILC3 does not de�ne a 
stable end state and is repressed by the cytokines IL-12 and IL-15 
(71, 73, 74). NCR+ILC3 that lost their expression of RORγt were 
identi�ed using genetic fate mapping and conclusively termed 
ex-RORγt ILC3 (71). Like ILC1 these cells express Tbet, high 
levels of IFN-γ and are attributed with the capacity to contribute 
to colitis-like pathologies through the secretion of IFN-γ and 
GM-CSF (31, 50, 71, 75). �e stage of ex-ILC3s, as a �nal/stable 
di�erentiation state, was challenged by a recent report demon-
strating that ex-ILC3 are able to induce RORγt in the presence 
of IL-23 and retinoic acid (RA) potentially adapting their e�ec-
tor function to changes in the environmental cytokine milieu 
from in�ammatory to homeostatic (75). Fate mapping of ILCs 
using NKp46-Cre mice reveals that NCR+ILC3 might actually 
downregulate the expression of NCRs to adopt an NCR−ILC3 
phenotype (76). �ese routes of plasticity among ILC3s appear 
to be shi�ed from RORγt+ILC3 toward ex-RORγt ILC3 under 
chronic in�ammatory conditions, suggesting environmental 
signals as regulator of ILC3 plasticity.

Natural killer cells are the oldest and most studied population 
of ILCs. �ey were identi�ed as lymphocytes capable of lysing 
target cells in the absence of antigen-presentation, associated 
by the secretion of high amounts of the in�ammatory cytokines 
IFN-γ, TNF-α and IL-2. NK cells are able to recognize classical 
self-MHCI and non-classical MHCI-like molecules, as well as 
NCR-ligands through activating or inhibiting NCRs during steady 
state and during stress (77). While the expression of activating 
and inhibitory NCRs allows the direct sensing of environmental 
states, the integration of these signals into NK  cell functions 
heavily depends on the signaling module associated with the 
recognizing NCR (78). Activating NCRs allow NK cells to lyse 
and kill ligand expressing target cells and thus, unlike ILC1, share 
functional similarities with cytotoxic CD8+ T cells (79). �e tran-
scriptional regulators Tbet and Eomes are essential for NK cell 
development and function, including the production of IFN-γ 
and the execution of cytotoxicity, emphasizing their importance 
in anti-viral defense and anti-tumor immunity through direct 
cytotoxicity (80, 81). Interestingly, the exclusive role of NK cells in 
anti-tumor immunity was challenged by reports demonstrating a 
role for ILC3 and ex-ILC3 in contributing to potent anti-tumor 
immunity (82, 83).

Making up a highly diverse family of innate e�ector cells, 
ILCs execute a diverse range of homeostatic and in�ammatory 
functions that are important for repair and defense of the body. 
Being of tissue-resident nature, ILCs permanently execute 
their e�ector functions locally driven by tissue-derived signals 
(26). Even though ILCs retain features of direct environmental 
sensing, their capability to recognize foreign microbial patterns 
remains poor and requires extrinsic sensory immune elements. 
Myeloid cells are perfectly equipped to undertake this task and 
play a dominant role in tissue homeostasis and in�ammation by 
triggering repair and defense (84, 85). Communication between 
myeloid cells as sensors of the environment and ILCs as e�ector 
at the local tissue site is an attractive model accounting for early 
adaptations of organs to infections and resolution.

MYELOID CELL DEVELOPMENT

Myeloid cells across our body arise from clonogenic myeloid-
primed precursors (MPPs) branching up into granulocytic or 
monocytic-primed progenitors giving either rise to polymorpho-
nuclear leukocytes (PMNL) like basophils, mast cells, eosinophils 
and ganulocytes, as well as mononuclear phagocytes (MNPs) 
like monocytes, macrophages, DC, and plasmacytoid DC. �e 
transcriptional circuits responsible for this diverse branching of 
the hematopoietic tree have been extensively reviewed elsewhere 
and will not be discussed in this review. However, myelopoiesis 
is one of the earliest processes during embryonic hematopoiesis, 
it continuously occurs throughout adulthood. While the yolk sac 
and the fetal liver are early sources for myelopoiesis, its primary 
source during adulthood is the bone marrow-resident precursor 
pool (85). �e strongly in�amed tissue poses as an exception 
of this pattern, as undi�erentiated myeloid precursors locally 
di�erentiating into mature myeloid cells have been reported in 
the acute and chronically in�amed spleen, lung. and intestine 
of mice (20, 86–88). Tissue-resident MNPs arise from early 
erythroid-myeloid precursors (EMP) in waves of myelopoiesis 
during ontogeny. �ese cells seed the developing organs and 
locally self-renew in the steady state, while chronic in�ammation 
fosters the replacement of tissue-resident myeloid cells by prog-
eny arising from circulating precursors (89, 90). MNPs including 
monocytes, macrophages, and DCs are generated from a common 
monocyte DC precursor (MDP) that requires cytokine-mediated 
signaling for its di�erentiation (84). A clonogenic progenitor with 
restricted potential to the monocyte/macrophage lineage has 
been described as Common Monocyte Precursor (cMoP) giving 
rise to both Ly6Clow and Ly6Chigh monocytes, the latter being the 
immediate precursor to macrophages of the adult tissue. A recent 
report suggested a linear lineage positioning of cMoP upstream 
of Ly6Chi monocytes that di�erentiate into Ly6Clo monocytes fol-
lowing the fate to develop into a macrophage (91). �e ontogeny 
of macrophages during di�erent stages of development, including 
their transcriptional regulation has been reviewed excessively, is 
the subject of ongoing research and will not be the focus of the 
review (3). However, monocytes leaving the bone marrow into 
the circulation enter tissues for their terminal di�erentiation into 
macrophages. Recent epigenetic and transcriptomic characteriza-
tions of macrophages across almost the entire body demonstrated 
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conserved commonalities within macrophages across all tissue 
but more interestingly identi�ed substantial tissue-dependent 
heterogeneity within the enhancer landscape and the gene expres-
sion pro�le in a tissue-dependent fashion (22, 23). Monocytes 
as immediate precursors of macrophages do not display any of 
these tissue-dependent traits prior to local di�erentiation into 
macrophages, pointing at tissue-derived signal as key driver of 
terminal macrophage heterogeneity. On the contrary, single cell 
pro�ling of precursor DCs (preDCs) uncovered pre-committed 
subpopulations giving rise to the two major DC lineages termed 
cDC1 and cDC2 previously called CD103+ DC or CD11b+DC, 
before leaving the bone marrow to migrate into the circulation 
(24, 92). cDC1-primed and cDC2-primed preDCs then enter 
this tissues and fully di�erentiate into their mature progeny to 
adopt tissue-speci�c activation marker expression. Even though 
diverse activation stages within the tissue have been identi�ed 
for terminally di�erentiated granulocytes, basophils, eosinophils, 
or mast cells, it is currently not known if tissue speci�cation 
within PMNLs exists across di�erent organs or within their early 
precursor population (93). Multiple-primed precursors (MMPs) 
with PMNL potential have been identi�ed; their capacity to dif-
ferentiate into multiple myeloid cell types renders this population 
rather uncommitted and heterogeneous (94). While eosinophils 
develop from an IL-5 receptor expressing population within the 
granulocyte-macrophage precursor (GMP) pool, basophils and 
mast cells develop from a common basophil-mast cell precursor, 
giving rise to further committed basophil or mast cell precur-
sor cells (95, 96). Surprisingly, common routes of myeloid cell 
development can be short cut and located to non-bone marrow 
niches to generate MNPs and PMNLs under conditions of acute 
infection or chronic in�ammation. �is process, called “emer-
gency granulopoiesis” or “extramedullary myelopoiesis”, rapidly 
generates large quantities of granulocytes, mast cells, basophils 
eosinophils, and monocytes depending on the type of in�amma-
tion. Reports identi�ed the spleen and the intestine as prominent 
sources of extramedullary myelopoiesis (86, 88). Even though 
very few myeloid precursors are found in the steady state intestine 
or spleen, chronic autoimmune-driven intestinal in�ammation 
or parasitic worm infections drive a substantial increase in these 
populations. Under these conditions, GMPs and MPPs give rise 
to granulocytes and macrophages, or basophils, eosinophils, and 
mast cells, respectively (86, 88). However, the contribution of 
bone marrow versus extramedullary myelopoiesis during steady 
state is currently unknown.

INDUCTION OF FEEDBACK 

COMMUNICATION BETWEEN TISSUE-

RESIDENT ILCs AND MYELOID CELLS

Within diverse microenvironments and through selective pre-
cursor populations, myeloid cell development displays a highly 
complex and heterogeneous process adapted to the physiology of 
the hosting organ. With functions far beyond immunity, myeloid 
cells execute processes that are tailored to serve the physiology 
and homeostasis of the organ. �us, functional diversi�cation of 
myeloid cells, adapting to the local milieu adds another layer of 

complexity to the processes of myeloid specialization. ILCs are a 
potential tissue determinant of myeloid diversi�cation as their 
tissue-resident production of cytokines, upon stimulation, can 
act on myeloid cells to reprogram their e�ector pro�le. However, 
with myeloid cells being the prominent tissue-resident sensors of 
the tissue environment, their activation precedes the activation 
of ILCs. �us, it is important to �rst understand myeloid-derived 
signals as potent drivers of ILC function in order to ultimately 
determine the e�ects of cytokine-mediated feedback responses 
by ILCs on myeloid cells. �ese tissue-speci�c innate immune 
cell cross talks reprogram the local cytokine milieu and set the 
immune tone for tissue in�ltrating immune cells prior to the 
initiation of an adaptive immune responses.

MNP-DERIVED STIMULI

Monocytes, macrophages, and DCs express highly conserved 
sensory machineries enabling them to recognize danger signals, 
pathogens, and foreign antigens (i.e., malignant cells, infected 
cells, bacteria, parasites, and viruses) to initiate protective immu-
nity (97, 98). Toll-like receptors, NOD-like receptors, lectins, 
and Fc-receptors are intra- and extracellular sensors that trigger 
the activation of myeloid cells to alert the local cellular micro-
environment. MNPs utilize the secretion of the cytokines IL-1α, 
IL-1β, IL-33, and IL-18 in order to achieve this goal (97, 98). As 
epithelial cells are also able to produce IL-1α, IL-18, and IL-33, 
tissue-resident non-myeloid sensors also contribute to the pool 
of cytokines to activate tissue-resident immune cells. However, as 
the sensory machinery of epithelial cells and MNPs di�ers, these 
di�erent sensory compartments may be poised to react to distinct 
and de�ned stimuli. Monocytes, macrophages, and DCs secrete 
the cytokines IL-12, IL-15, TL1A, and IL-23 upon engagement 
of pattern recognition receptors and are able to synergistically 
amplify cytokine signaling in ILCs by IL-1α, IL-1β, IL-33, and 
IL-18 (26, 71, 99–101) (Figure  2A). Collectively, IL-1α, IL-1β, 
IL-12, IL-15, TL1A, IL-18, IL-23, and IL-33 are MNP-derived, 
locally produced cytokines that allow rapid stimulation of tissue-
resident ILCs and thus determine the local immune tissue-tone 
upon danger recognition (Figures  2A,B). However, similar to 
the communication of DCs and T cells through MHC-peptide-
antigen receptor complexes, MNPs including DCs are able to 
express MHC-like surface receptors that engage activating and 
inhibiting NCRs on ILC subsets (102, 103) (Figure 2C). �ese 
receptor-ligand interactions modulate the tissue environment 
and are an essential element in �ne-tuning ILC-responsiveness 
in the steady state as well as during infection and cancer (104). 
Noteworthy, MNPs are metabolically active cells able to catabo-
lize lipids, vitamins and amino acids, all of which are implicated 
in controlling the development and function of di�erent ILC 
subsets (11, 105). With metabolites a�ecting ILC function and 
development, MNPs may modulate tissue-speci�c immunity 
by dampening and inhibiting the activation of ILC subsets 
through their contribution of speci�c metabolites (Figure 2D). 
MNPs further secrete the cytokines IL-10 and TGF-β, both 
immunologic inhibitors. Similar to inhibitory NCR-MHC-like 
receptor-ligand interactions, anti-in�ammatory cytokines are 
potential negative regulators of ILCs arising from MNPs (106). 
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FIGURE 2 | Myeloid regulation of innate lymphoid cells (ILCs) function and plasticity. (A) Dendritic cells (DCs) activate natural killer (NK) cells, group 1 ILCs (ILC1), 

ex-ILC3/ILC1 through interleukin (IL)-12, IL-15, and IL-23. (B) Natural cytotoxicity receptor (NCR)-expressing ILC subsets are subject to receptor-ligand mediated 

activation or inhibition. Improved immune responses through re-occurring engagement of activating receptors have been associated with memory-like behavior in 

NK cells. Co-stimulatory receptors and checkpoint inhibitory ligands could control the interactions of macrophages/DCs and ILCs. (C) Monocyte/macrophages 

inhibit NK cells via IL-10 and TGF-β secretion. (D) DC subsets are capable of activating ILC2 through the production of IL-33, thymic stromal lymphopoietin (TSLP), 

and TL1A. (E) PMN leukocytes (basophils and mast cells) activate ILC2 through IL-33, IL-4, and lipid mediators. (F) DC subsets and macrophages in�uence the 

stability of ILC2 by inducing type 1 immune features through IL-12, IL-1, and IL-27 leading to plastic behavior of ILC2. (G) ILC3 are activated by  

monocyte/macrophages and DCs. Lipid mediators and the cytokines IL-1β, IL-23, and TL1A drive ILC3 effector functions. (H) Retinoic acid, IL-23, IL-15, and IL-12 

are myeloid-derived cytokines that control the plasticity and transition of NCR+ILC3 and ex-RORγtILC3/ILC1.
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MNPs thus collectively provide activating and inhibiting signals 
through cytokines, NCR-ligands and metabolites to control the 
activation of tissue-resident ILCs. With recent �ndings in mice, 
identifying an Id3-dependent ILC subset that secrets IL-10 and 
TGF-β, such inhibitory signals could also arise internally from 
within the ILC pool (107).

PMNL-DERIVED STIMULI

Basophils, eosinophils, mast cells, and neutrophils are PMNL that 
either reside locally within tissues or rapidly enter tissues from the 
circulation. PMNL are equipped to recognize tissue damage, par-
asitic worm infections and antigen-antibody complexes of the IgE 
isotype thus di�ering signi�cantly from MNP (108, 109). PMNL 
contain cytosolic granules loaded with mediators of in�amma-
tion (e.g., eicosanoids and prostaglandins). Within minutes a�er 

activation, PMNL release these mediators, histamine, serotonin, 
proteases, reactive oxygen species, and anti-microbial peptides 
from their preloaded cytosolic granules followed by a delayed 
wave of secreted cytokines and chemokines to recruit additional 
myeloid cells. �e immediate response of PMNLs in the tissue, 
similar to the response of MNPs, changes the local cytokine 
milieu and activates surrounding tissue-resident innate immune 
cells. PMNL therefore sets the local immune tone through acti-
vating signals that di�er from MNPs (95, 110). Much like their 
tissue-resident MNP counterpart, basophils and mast cells are 
locally residing cells that adapt a tissue-speci�c transcriptional 
pro�le in the steady state (93, 111). IL-4 and IL-33 are prominent 
cytokines released by activated basophils and mast cells that are 
potent activators of ILCs (112) (Figure 2E). Eosinophils and neu-
trophils in�ltrate injured tissues out of the circulation, initiate a 
local antimicrobial immune response, and serve as an ampli�er of 
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mast cell and basophil-induced tissue in�ammation. Eosinophils 
and neutrophils do not respond to mast cell and basophil-derived 
cytokines but require stimulation by additional cytokines. PMNL 
are producers of prostaglandine E2 and leukotrine D4 both 
lipid mediators and potent drives of ILC activation (113–115) 
(Figure  2E). PMNLs are thus tissue-resident or in�ltrating 
myeloid cells controlling the local cytokines production by other 
tissue-resident immune cells like ILCs. �is activation results 
in a feedback crosstalk of in�ltrating myeloid cells and locally 
activated ILCs.

MYELOID ACTIVATION OF ILCs

Tissue-resident and in�ltrating myeloid cells utilize diverse 
sensory machineries to integrate disturbances of the tissue into 
the activation of local immune cells. �is is achieved through the 
secretion of cytokines, the release of lipid mediators and activat-
ing NCR-ligands. While other non-hematopoietic activators of 
tissue-resident immune cells have been identi�ed (e.g., neuron, 
glial cells, �broblasts, and epithelial cells) (10, 12, 34, 116), their 
sensory machinery and location may di�er from myeloid cells 
and thus allow for the integration of more complex stimuli. In 
addition to activation, myeloid cells are able to inhibit tissue-res-
ident immunity through cytokines and inhibitory NCR ligands. 
With ILCs being tissue-resident cells, these mechanisms control 
their local, tissue-speci�c activation, development, and function. 
Myeloid cells and other sensory non-hematopoietic cells are thus 
potent regulators of ILCs depending on their sensory receptors 
and downstream e�ector mechanisms.

Innate lymphoid cells are a diverse group of cells with 
characteristic transcriptional pro�les determining their lineage 
commitment, di�erentiation, and function (35). �eir e�ector 
machinery is primed to rapidly secrete large amounts of cytokines 
following antigen-independent stimulation by tissue-resident 
sensors. With myeloid cells being elementary in interpreting and 
integrating the local tissue state, MNP-derived or PMNL-derived 
stimulation selectively activates subsets of ILCs to determine the 
appropriate ampli�cation of the tissue immune response. Type 1, 
2 and 3 immune responses are tailored to defend an organ from 
speci�c pathogens. Type 1 combats viruses, intracellular bacteria, 
intracellular parasites and malignant cells. Type 2 protects against 
parasitic worm infections, while type 3 defends against fungal 
and extracellular bacterial attacks (117). �e transcriptional 
programs of ILC1, ILC2 and ILC3s are tailored to selectively 
support these antimicrobial immune responses, respectively. �e 
activation of either of these ILC subsets, however, is determined 
by signals arising from speci�c myeloid cells based on their 
cytokine receptor pro�les (118).

TYPE 1 IMMUNE RESPONSES AND 

MYELOID ACTIVATION OF ILC1, NK 

CELLS, AND ex-ILC3

Natural killer cells, ILC1, and ex-ILC3 are capable of receiving 
activating signals by myeloid cells through cytokine receptors. 
�ese ILCs express IL-12Rb1, IL-12Rb2, IL-2Rb, and IL-18R 
and transduce signals upon engagement by IL-12, IL-15, and 

IL-18 (6) (Figure 2A). Stimulation via these cytokines initiates 
the production of INF-γ, TNF-α, and GM-CSF and triggers a 
Type 1 immune response for the defense against intracellular 
bacteria, intracellular parasites, viruses, and tumors, but can also 
be attributed to the development of autoimmune pathologies 
like in�ammatory bowel disease (34). Myeloid cells are capable 
of activating group 1 ILCs beyond secreted cytokines. �e 
expression activating NCRs (e.g. NKp46, NKG2D, NKG2A and 
Ly49s) on NK cells, ILC1 and ex-ILC3 o�er a receptor-ligand-
mediated mechanism for ILC activation (41, 50, 71) (Figure 2B). 
Engagement of activating NCRs can drive cytotoxicity in NK cells 
and trigger the release of cytokines by ILC1 and ex-ILC3. Direct 
cell–cell contact of ILCs and myeloid cells thus contributes to 
an increase in e�ector function. Astonishingly, “memory-like” 
NK cells expressing the receptor Ly49H have been found to sus-
tain their activation state and exhibit accelerated responses upon 
reengagement of this receptor (119). With recent observations 
describing the expression of PD1 on ILC3 subsets and additional 
inhibitory receptors being expressed by NK  cells and ILC2 
subsets (e.g., Ly49A, KLRG1, or CTLA4), a critical role of check 
point inhibitors and their ligands on myeloid cells requires future 
investigations (120–122). Noteworthy, two recent reports identi-
�ed regulatory functions in ILC subsets suggest ILC-mediated 
negative regulations, particularly during in�ammation (107, 
123). Comparable to observations made in NK cells, ILC subsets 
can be inhibited by the suppressive cytokines IL-10 and TGF-β 
secreted by macrophages and a recently identi�ed set of regula-
tory ILCs (106, 107) (Figure  2C). �ese suppressive activities 
are exclusively observed under conditions of strong or chronic 
in�ammation. It thus remains to be shown if suppression of ILCs 
by ILCs or macrophages takes place during the steady state in 
order to maintain homeostasis.

TYPE 2 IMMUNE RESPONSES AND 

MYELOID ACTIVATION OF ILC2

Group 2 ILCs express the cytokine receptors IL-2Ra, IL-4Ra, 
IL-9R, IL-17Rb, IL-1Rl1, and TSLPR and low levels of death 
receptor (DR)3, IL-1R2, and IL-12Rb1. �ese receptors render 
ILC2 susceptible to signaling through the cytokines IL-2, IL-4, 
IL-9, IL-25, TL1A, IL-33, and IL-12 (6, 34). �ese cytokines are 
produced by activated basophils, mast cells, cDCs, and mac-
rophages and induced the release of GM-CSF, IL-4, IL-5, IL-9, and 
IL-13 by ILC2 (Figures 2D,E). Triggering the expression of IL-5, 
IL-9, and IL-13 is critical for the defense against parasitic worms 
and respiratory �u infections (47, 88). Noteworthy, exacerbated 
secretion of IL-5, IL-9, and IL-13 has been reported to be a driver 
of allergic reactions and chronic in�ammatory conditions of the 
lung and skin (56, 124). More strikingly, mast cell and eosinophil-
derived lipid mediators are strong non-cytokine-related drivers 
of ILC2-speci�c cytokine production (112, 113, 115) (Figure 2E). 
Conversely, the cytokines IFN-α, IFN-β, and IL-27 have been 
reported to inhibit ILC2 activity. Although the exact source of 
these cytokines within the hematopoietic compartment remains 
to be identi�ed, it is anticipated to stem from myeloid cells (58). 
Concerted actions of inhibitory and activating cytokines, atypical 
to type 2 immune responses, revealed plastic adaptions of the 
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secreted cytokine pro�le by ILC2 (59–61) (Figure 2F). Nonetheless, 
tissue-derived inhibition of ILC2 through the engagement of 
KLRG1 by E-cadherin further suggests ligand receptor-mediated 
suppression to dampen and control ILC2 activity (125).

TYPE 3 IMMUNE RESPONSES AND 

MYELOID ACTIVATION OF ILC3

Group 3 ILCs express the cytokine receptors IL-1R1, IL-2Ra, 
IL-2Rb, IL-12Rb1, IL-12Rb2, IL-18R, IL-23R, DR3, and IFN-γR. 
ILC3 are thus responsive to IL-1, IL-2, IL-12, IL-15, IL-23, IL-18, 
TL1A, and IFN-γ. Stimulation through these receptors drives 
the production of IL-22, IL-17A, IL-17F GM-CSF, TNF-α, and 
IFN-γ (6, 34) (Figure 2G). �ese ILC3-derived cytokines play an 
important role in the defense against extracellular bacteria and 
fungi (26, 34, 126). Expression of ILC3-produced cytokines also 
supports tissue and immune homeostasis during the steady state 
through induction of immunosuppressive functions of DC and 
macrophages as well as the modi�cation of local and systemic 
antibody responses (26, 116, 127). More strikingly, exacerbated 
activation of ILC3 has been implicated in chronic in�ammatory 
diseases like in�ammatory bowel disease (86, 128, 129). �e 
activation of ILC3 thus requires contextual interpretation to �ne 
tune their secreted signature cytokines to ensure homeostasis and 
prevent chronic in�ammation. A mechanism negatively regulat-
ing ILC3 functions includes the epithelial cell-derived cytokine 
IL-25 (130). IL-25 is highly produced by Tu� cells, a crucial 
stimulus to activate ILC2 and essential to control parasitic worm 
infections (131). Understanding the exact molecular pathways to 
facilitate ILC3 inhibition requires more detailed future investiga-
tions. Interestingly, cytokine-independent myeloid activation of 
ILC3s represents a way of communication between NCR+ILC3 
and their tissue-resident myeloid partners. NCR+ILC3 express 
the activating NCR NKp44. Crosslinking this receptor increases 
the capacity of NCR+ILC3 to secrete cytokines and induces a 
functional switch from homeostatic toward pro-in�ammatory 
phenotype with an increase in INF-γ and TNF-α production (102) 
(Figures 2B,H). In line with these observations, enrichment of 
NKG2D-expressing ILC3s has been observed in psoriatric lesions 
of patients, suggesting that the expression of NKG2D ligands 
in the skin leads to the activation of skin-resident ILC3 (132). 
While these �ndings suggest receptor-ligand signaling through 
activating NCRs to stimulate ILC3s, the role of inhibitor NCRs on 
these cells remains enigmatic. In light of growing e�orts to block 
inhibitory receptors on immune cells, to revitalize their e�ector 
program, receptor-ligand interactions controlling ILC3s are of 
great interest in order to therapeutically target ILC3s during 
chronic in�ammatory diseases.

TYPE 1 IMMUNE CONTROL THROUGH 

THE ILC1/NK CELL/ex-ILC3–MYELOID 

CELL AXIS

Group 1 ILCs, NK cells, and ex-ILC3 produce high levels of INF-γ, 
TNF-α, and GM-CSF. Neutrophils, monocytes, macrophages, and 
DC express INF-γR1, IFN-γRII, TNFR and the GM-CSF-speci�c 
receptor α and common β chain to integrate stimulation of these 

cytokines into their di�erentiation and maturation (97, 98) 
(Figure 3A). Each of these cytokines is able to individually activate 
monocytes, macrophages and DC through their corresponding 
receptor, resulting in speci�c e�ector functions like phagocytosis, 
antigen-presentation, lysosome degradation and the production 
of reactive oxygen species (133). Interestingly, stimulation by 
GM-CSF is used to drive the di�erentiation of monocytes into 
macrophages and DC, while synergistic activation through con-
certed actions of GM-CSF, IFN-γ, and TNF-α results in strong 
activation and in�ammatory phenotypes (134). Recent �ndings 
demonstrated that GM-CSF and TNF-α play important role 
during the steady state by controlling myeloid cell homeostasis  
(135, 136). �e steady state production of these cytokines thus 
controls the local myeloid cell population. �e absence of GM-CSF, 
IFN-γ, or TNF-α renders mice highly susceptible to infections 
by viruses, intracellular bacteria, and intracellular parasites 
particularly at mucosal surfaces. While steady state expression 
of GM-CSF and TNF-α controls the local myeloid homeostasis, 
concerted actions of additional in�ammatory cytokines (i.e., IFN-
γ) or changes in the locally produced concentrations of GM-CSF 
and TNF-α could contribute to the development of tissue in�am-
mation. �e myeloid cell-induced production of IFN-γ, TNF-α 
and GM-CSF by ILC1, NK cells, and ex-ILC3 are thus essential 
feedback signals required to initiate antimicrobial immunity and 
in�ammation, while steady state sources of these cytokines might 
control homeostatic functions of myeloid cells (42). ILC1 and 
ex-ILC3 have been found to accumulate and exacerbate chronic 
intestinal in�ammation- driven by IL-12, IL-23, and IL-15 (41, 
50, 71, 75, 86). In these studies, RORγt-expressing ILC3 lost their 
RORγt-controlled e�ector functions and adapted an ILC1-like 
phenotype associate with increased levels of secreted IFN-γ, 
which promote a pro-in�ammatory phenotype in neutrophils 
and monocytes resulting in tissue damage and destruction. 
Furthermore, ILC-derived in�ammatory cytokines promoted the 
secretion of matrix metalloproteases ultimately destabilizing the 
epithelial barrier (137). High levels of IFN-γ and GM-CSF in�u-
ence the local myeloid cell population, but additionally induce 
changes in in�ltrating myeloid cells and the local epithelial barrier. 
Changes in the location of myeloid cells within the in�amed tissue 
are associated with adaptations in myeloid cell recruitment and 
di�erentiation of myeloid precursor (86, 138). �e e�ector func-
tions of ILC1/NK cells and ex-ILC3 during in�ammation there-
fore control the local and peripheral development of myeloid cells 
leading to a reprogramming of the local tissue-resident myeloid 
e�ector pool followed by an increased myeloid cell output by 
bone-marrow myelopoiesis and extramedullary granulopoiesis. 
Collectively, the activation of ILC1, NK  cells, and ex-ILC3 by 
myeloid cells drives strong tissue in�ammation and potentiates 
the pro-in�ammatory type 1 immune response.

TYPE 2 IMMUNE CONTROL THROUGH 

THE ILC2-BASOPHIL/EOSINOPHIL/MAST 

CELL AXIS

Group 2 ILCs are potent producer of IL-4, IL-5, IL-13, IL-9, and 
GM-CSF. ILC2 secreted cytokines are able to activate myeloid 
cells through the common β chain, IL-5Rα chain, IL-9Rα chain, 
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IL-13R1, IL-13R2, common γ chain, and GM-CSFR α chain. Mast 
cells, basophils, eosinophils, macrophages, and DC express these 
receptors and are potential target cells for ILC2-derived cytokines 
(93, 97, 98) (Figure 3B). While IL-4, IL-9, IL-33, IL-25, and TSLP 
act on ILC2 to drive the secretion of IL-4, IL-5, IL-13, IL-9, and 
GM-CSF, a few of these cytokines act in an autocrine fashion on 
ILC2 to sustain the secretion of cytokines—being an important 
example of a positive feedback loop (34). IL-5 and GM-CSF are 
essential di�erentiation and activation factors for MPPs in the 
bone marrow and mucosal tissue. ILC2-produced cytokines were 
found to be key drivers of MPP-derived progeny cell di�eren-
tiation (i.e., basophils, mast cells, eosinophils, and macrophages) 
upon stimulation by IL-25 and IL-33 and contributed to the local 
anti-parasitic host defense by enlarging the pool of tissue-resident 
myeloid cells through extramedullary myelopoiesis (87, 88). 
Interestingly, synergistic activity of IL-5 and IL-13 or IL-5 and 
IFN-γ was shown to modulate the phenotype of eosinophils, sug-
gesting plastic behavior of eosinophils in the context of ILC activa-
tion (139). Concerted actions of INF-γ and IL-33 on ILC2-speci�c 
cytokine production revealed a similar pattern of adaptation to 
environmental cytokines by ILC2 (140). ILC2-derived IL-13 has 
been shown to acts on mast cells, macrophages, and DCs (34). In 
conjunction with other myeloid growth and di�erentiation factors 
like GM-CSF, IL-4 and IL-13 promote an alternatively activated 
macrophage phenotype that is essential in controlling adipocyte 
di�erentiation, lung tissue �brosis, and anti-helmith immunity 
(141–143). DC exposed to the ILC2-produced cytokines IL-4 and 

IL-13 are more prone to licensing a type 2 � cell response and 
support the recruitment of memory T helper cells to the in�amed 
airways during allergy (144). ILC2-derived cytokines further play 
a signi�cant role in maintaining tissue macrophages through the 
recruitment of monocyte and the initiation of the di�erentiation 
into alternatively activated macrophages. More strikingly, ILC2-
produced IL-13 is a critical factor driving allergic reactions and 
could be an interesting target for future therapeutic manipulation. 
Collectively, ILC2-derived cytokines control extramedullary 
myelopoiesis and speci�c adaptations of tissue-resident myeloid 
cells in the context of type 2 immune responses.

TYPE 3 IMMUNE CONTROL THROUGH 

THE ILC3–MONOCYTE/DC/

GRANULOCYTE AXIS

Group 3 ILCs express the �17-associated cytokines IL-17A, 
IL-17F IL-22, and GM-CSF in the steady state and IFN-γ during 
in�ammation (6, 34). �ese cytokines engage the IL-17R, IFN-γR, 
and the GM-CSFR on myeloid cells. Macrophages, neutrophils, 
eosinophils, and DC are particularly responsive to GM-CSF even 
though the expression level of the GM-CSF-speci�c GM-CSFR 
alpha chain varies among these cells (23, 97) (Figure  3C). 
Much like other cytokines expressed by ILC3 (i.e., IL-22 and 
IL-17A), GM-CSF production requires instructive signal from 
the intestinal microbiota commonly sensed by myeloid cells and 
epithelial cells (26). ILC3-derived GM-CSF has been implicated 
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in connecting the innate and adaptive immune response through 
its actions on myeloid cells. It imprints macrophages, DC and 
neutrophils with the capacity to produce RA, IL-10, and BAFF, 
cytokines that contribute to the generation of regulatory T cells, 
gut homing of T  cell, and the production of innate antibody 
responses in the steady state (26, 71, 126, 127). Under in�am-
matory conditions, GM-CSF acts in concert with IFN-γ, TNF-α, 
and pathogen associated molecules to induce a switch in e�ector 
functions and polarization (134). It controls the anti-microbial 
activity of neutrophils and eosinophils and contributes to exacer-
bated in�ammation at mucosal tissues (128, 137). Most striking, 
both the absence of and the chronic production of GM-CSF result 
in high susceptibility to intestinal pathology, demonstrating the 
importance of its balanced expression and activity to maintain 
homeostasis (145, 146). Additionally, promiscuous expression 
of GM-CSF at tissue sites that commonly show little to no 
expression of GM-CSF has been associated with an increased 
pathology (147). �ese �ndings suggest that increased expression 
of ILC3-derived GM-CSF or ectopic expression in concert with 
other cytokines support in�ammation. It will be important to 
dissect the role high versus low level of GM-CSF expression in 
the context of tissue in�ammation, as well as the localized actions 
on the myeloid e�ector pool. With some reports demonstrating 
IFN-γ production in ILC3, the concerted expression of GM-CSF 
and IFN-γ by ILC3 could help to identify unique in�ammatory 
ILC3 subsets that would be an interesting target for treatment of 
chronic in�ammatory conditions.

DISCUSSION

Research over the last decade extended our understanding of ILCs 
as a new and exciting cell type within the innate immune system. 
ILCs are a potent source of homeostatic cytokines in the steady state 
and essential in tuning in�ammatory innate and adaptive immune 
responses (4). Being members of the tissue-resident immune com-
partment, ILCs respond to cytokines released by activated myeloid 
cells in order to sustain their own cytokine pro�le. Several ILC-
derived cytokines signal back to myeloid cells and in turn control 
their survival, recruitment, functional pro�le or developmental 
origin. �e communications of ILC subsets and their matching 
myeloid counterpart within the tissue are elementary to early 
host defense and signi�cantly contribute to chronic in�amma-
tory processes like IBD, psoriasis, multiple sclerosis, obesity, or 
asthma. Deciphering the essential homeostatic and in�ammatory 
cytokines, their modes of orchestrated action within the network 
of ILC-regulating cytokines will greatly advance our understand-
ing of how the myeloid cell–ILC axis drives defense or triggers 
chronic in�ammation. New in vitro cell culture systems will be 
instrumental in characterizing the responsive signaling pathways 

within ILCs to identify selective drug targets (148–150). With 
ILC-derived cytokines acting on myeloid cells and their precur-
sors, functional and developmentally distinct myeloid cells arise at 
sites of tissue-resident ILC activation. Identifying the contribution 
of individual cytokines to the onset of this myeloid reprogram-
ming will uncover the role speci�c ILC-derived cytokines during 
defense or chronic in�ammation and should be another priority 
to target ILCs for tissue-speci�c modulation. While ILCs can 
secrete several cytokines at the same time, subsets of ILCs at 
the site of activation could collaborate to confer more then two 
cytokine-signals to myeloid cells. �e analysis of ILC subsets and 
their cytokine pro�les during health and disease will help identify 
in�ammatory cytokine-producing ILC subsets that either initi-
ate defense, or chronic in�ammation. A systematic approach is 
required to understand myeloid-derived cytokine networks that 
control the crosstalk of myeloid cells and ILCs in order to tailor 
interventions of their communication. Understanding the changes 
of ILC and myeloid cell-derived cytokines at the local tissue site 
during, steady state, infection or chronic in�ammation will allow 
the design of strategies to revert tissue-speci�c changes in innate 
immune activation associated with in�ammation. Several clinical 
trials targeting in�ammatory cytokines are in pre-clinical or clini-
cal phase, aiming to block tissue-speci�c in�ammation by systemic 
neutralization of cytokines. While successful therapies are based 
on this approach of cytokine neutralization (e.g., In�iximab or 
Anakindra), other targeting strategies resulted in severe side e�ects 
that exacerbated the pathology (151). �e cytokine-mediated 
cross talks described in this review o�er several targets that could 
be utilized to intervene in the myeloid cell–ILC communication. 
Targeting approaches however, should take into account that 
�ne-tuning the myeloid cell-ILC axis, rather then blocking it 
completely might be desirable. Sustained, homeostatic activation 
of ILCs should be maintained during targeting approaches. With 
strong developmental and functional homology between mouse 
and human ILCs across tissues, animal models are an attractive 
system to screen for myeloid cell–ILC interactions that could be 
translated into the human setting. In summary, understanding 
the cytokine-mediated cross talks between myeloid cells and 
tissue-resident ILCs could lead to a better understanding of tissue 
homeostasis and chronic tissue in�ammation.
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