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a  b  s  t  r  a  c  t

Innate  lymphoid  cells  (ILCs)  are a heterogeneous  population  of  cells  with  diverse  roles  in immune
responses.  Three  major  groups  of ILCs  have  been  defined  on  the  basis  of  similarity  in  their  production  of
signature  cytokines,  developmental  requirements,  and  phenotypic  markers.  Group  1 ILCs produce  IFN-�,
express  the  T-box  transcription  factors (TF)  T-bet  and/or  Eomesodermin  (Eomes),  group  2  ILCs  secrete
IL-5  and  IL-13  and  express  the  TF  GATA-3,  while  group  3 ILCs  produce  IL-22  and  IL-17  and  express  the
TF  RORgt.  In  this  review,  we  will  briefly  overview  each  group  in  terms  of  phenotype,  function  and  devel-
opment  and  then  focus  more  extensively  on  group  1  ILCs,  expanding  on their  emerging  diversity,  their
disparate  functions  and  the  differences  between  NK  cells  and  ILC1.

© 2016 Published  by Elsevier  B.V. on behalf  of  European  Federation  of  Immunological  Societies.
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1. Introduction

Innate lymphoid cells (ILCs) are a heterogeneous population of
cells with diverse roles in immune responses [7,14,17]. ILCs are
classified as innate cells because they do not require the RAG pro-
teins developmentally; moreover, ILCs are considered lymphoid
cells because they derive from the common lymphoid progenitor
(CLP). Three major groups of ILCs have been defined on the basis of
similarity in their production of signature cytokines, developmen-
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tal requirements, and phenotypic markers (Fig. 1). Group 1 ILCs
produce IFN-�, express the T-box transcription factors (TF) Eome-
sodermin (Eomes) and/or T-bet, and, in mice, are distinguished by
the expression of the cell surface receptors NK1.1 and NKp46. Group
2 ILCs secrete IL-5 and IL-13, express the TF GATA-3, and are identi-
fied by the expression of KLRG1, the receptor IL-7 (IL7R, also known
as CD127), and the receptor for IL-33 (IL33R). Finally, group 3 ILCs
produce IL-22 and IL-17 and express the TF ROR�t along with the
cell surface receptors CD127, NKp46, and CCR6. In this review, we
will briefly overview each group in terms of phenotype, function
and development and then focus more extensively on group 1 ILCs,
expanding on their emerging diversity, their disparate functions
and the differences between NK cells and ILC1.
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Fig. 1. Diversity of mouse ILCs. Three major groups of ILCs have been defined on the
basis of signature cytokines they produce, the transcription factors they express,
and the requirements for their developmental.

2. Group 1 ILCs

Group 1 ILCs are defined based on their capacity to produce IFN-
� and are composed of at least two cell types, conventional NK
cells and ILC1 [14,48] (Fig. 1). NK cells are present in numerous
sites as they recirculate between the blood and tissues. ILC1 are
tissue resident cells (and therefore also called tissue-resident NK
cells) and have been identified in the liver, gut, spleen, skin, peri-
toneum, uterus, and salivary glands [13,15,16,21,23,27,34,44,49].
In mice, group 1 ILCs are phenotypically distinguished from other
ILCs by their expression of the receptors NKp46 and NK1.1 (in mice
expressing the Nkrp1 epitope recognized by anti-NK1.1). IL-15 sig-
naling is also needed for both NK and ILC1 development. A defining
distinction between NK cells and ILC1 is the expression of the TFs
Eomes and T-bet: NK cells are Eomes+T-bet+ and require both TF
to develop; ILC1 are Eomes−T-bet+ and are dependent on T-bet but
not Eomes for development. NK cells have been well studied in
the context of viral and tumor immunity, however the contribu-
tions of ILC1 to various immune responses is currently under active
investigation.

3. Group 2 ILCs

Group 2 ILCs (also known as nuocytes, natural helper cells,
innate helper 2-IH2) produce IL-5 and IL-13 in response to IL-25,
IL-33 and TSLP [7,14,17]; Artis and Spits) (Fig. 1). ILC2s are defined
by expression of CD127, CD90, IL33R, KLRG1 and the TF GATA-
3, whereas they lack other lineage markers, such as pan NK cell
markers. Developmentally, ILC2s require IL-7 signaling and the TFs
ROR� and GATA-3. ILC2s are tissue resident cells and large popu-
lations have been found in the intestines and lungs [23]. Like TH2
cells, which produce similar cytokines, ILC2s contribute to immune
responses directed against parasites and have been implicated in
immune-mediated respiratory diseases.

4. Group 3 ILCs

Group 3 ILCs were initially described in human tissues as
mucosal-associated lymphoid cells that expressed some NK cell
markers, such as NKp44, and produced IL-22 [6]. ILC3s now encom-
pass several cell types: lymphoid tissue inducer (Lti) cells, which
include both fetal Lti and adult Lti-like cells; NKp46− ILC3; and
NKp46+ ILC3 [9,14]; [52] (Fig. 1). ILC3s require IL-7 signaling for
their development and the TFs ROR�t and aryl hydrocarbon recep-
tor (AHR) [36]. ILC3s express CD127, the receptors for IL-1 (IL1R)
and IL-23 (IL23R). Some ILC3 express NKp46, while LTi cells can

be CD4+. They produce IL-22 and IL-17 upon stimulation with IL-
23 and IL-1�. ILC3-derived IL-22 promotes protective immunity by
maintaining epithelial integrity and is required to initiate antimi-
crobial programs of epithelial cells during bacterial infection [35].
LTi cells are also critical for the development of secondary lymphoid
tissues. Under certain conditions, ILC3s may  also facilitate excessive
intestinal inflammation and promote intestinal cancer [32,50].

5. Developmental pathways of ILCs

ILCs derive from the common lymphoid progenitor (CLP), which
resides in the bone marrow (BM) and can give rise to B and T cells,
as well as all ILC lineages [60] (Fig. 1). Downstream of the CLP, the
CXCR6+ �4�7

+ CLP (�LP), also known as the common innate lym-
phoid progenitor CILP [60], is a progenitor cell that gives rise to all
ILCs but not T or B cells. This progenitor is capable of faithfully dif-
ferentiating into all known ILC populations, including Eomes+ NK
cells, Eomes− ILC1s, ILC2s, NKp46+ ILC3s, NKp46− ILC3s, and CD4+

LTi-like cells.
After the �LP, lineage divergence of ILC populations occurs via

the CHILP (Common Helper-Like Innate Lymphoid Progenitor) [34].
The CHILP was  identified through the use of reporter mice for
the transcriptional repressor Id2 and characterized as Id2+Lin−IL-
7R+�

4�7
+CD25−. The CHILP can give rise to Eomes− ILC1s, ILC2s,

NKp46+ ILC3s and NKp46− ILC3s including the CD4+ LTi-like sub-
set, but not Eomes+ NK cells. Downstream of the CHILP is the ILCP
(innate lymphoid cell precursor), which was identified through
lineage tracing experiments for the TF PLZF [11]. The ILCP was  dis-
tinguished as PLZFhighLin−IL-7R+cKit+�

4�7
highCXCR6− and found

to differentiate to Eomes− ILC1s, ILC2s, and some ILC3s, but not
Eomes+ NK cells or LTi-like subsets.

NFIL3 has also been identified as a master TF required for
the development of multiple ILC lineages. NFIL3 was  initially
reported to be critical for the development of NK cells [22,30].
However, subsequent studies found a defect in ILC1s, ILC2s, and
ILC3s in peripheral sites [25,45]. Moreover, Nfil3−/− mice have been
reported to lack the �LP and CHILP; thus, it seems that NFIL3 acts
to sustain the earliest ILC progenitors [57,60]. However, we and
others have found that ILC1 subsets in some tissues do not require
NFIL3 for development [2,13,44,49]. Moreover, NK cells were also
found to develop independently of NFIL3 during viral infection [20].
Thus, it is possible that unique factors present during infections or
in certain tissues sustain ILC development in the absence of NFIL3,
or that these cells derive from alternative progenitor populations.

6. NK cells and ILC1s: different cells or distinct
developmental stages of the same cell?

Group 1 ILCs are composed of at least two subsets, conventional
Eomes+ NK cells and Eomes− ILC1s. There is some discrepancy in the
literature regarding the relationship between NK cells and ILC1s.
The original view is that Eomes− ILC1s are immature NK cells (iNK)
that have not fully developed their cytolytic potential, whereas
Eomes+ NK cells in the tissues are mature NK cells [28,31,53]. A
more recent viewpoint is that Eomes+ NK cells are developmentally
distinct from Eomes− ILC1s, which share a common developmental
origin with ILC2s and ILC3s. Below we provide arguments to sup-
port the proposal that Eomes+ NK cells and Eomes− ILC1s are the
two extremes of a broad spectrum of cells with partially distinct
origins and disparate functions that, together, constitute group 1
ILCs.
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