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Cutaneous Type 2 Innate
Lymphoid Cells Come in

Distinct Flavors

Juan-Manuel Leyva-Castillo1,2 and Raif S. Geha1,2
In a new article published in JID Innovations, Nakatani-Kusakabe et al. (2021)
show that type 2 innate lymphoid cells (ILC2s) in the skin of mice with IL-33
overexpression in keratinocytes are heterogeneous and consist of two distinct
populations: skin-resident ILC2s and circulating ILC2s. They show that the
circulating subset of skin ILC2s migrates to draining lymph nodes during hapten-
induced cutaneous inflammation to potentially enhance the adaptive immune
response.

JID Innovations (2021) 1, 100059. doi:10.1016/j.xjidi.2021.100059
Atopic dermatitis (AD) is the most
common skin inflammatory disease
and affects 10e20% of infants in the
United States and worldwide
(Weidinger et al., 2018). AD lesional
skin is characterized by a defective skin
barrier and a type-2‒dominated local
immune response (Weidinger et al.,
2018). AD skin lesions demonstrate
increased expression of type-2‒pro-
moting epithelial cytokines IL-33, TSLP,
and IL-25 and increased numbers of
type 2 innate lymphoid cells (ILC2s)
that express high levels of receptors for
these cytokines (Alkon et al., 2021;
Kim et al., 2013; Salimi et al., 2013;
Savinko et al., 2012; Soumelis et al.,
2002). IL-33, TSLP, and IL-25, alone
or in combination, promote type 2
cytokine production by ILC2s in vitro
(Salimi et al., 2013). ILC2s lack distinct
lineage markers as well as antigen-
specific surface receptors and are
enriched at the interfaces between the
body and the environment (Spits et al.,
2013; Vivier et al., 2018). ILC2s ex-
press the transcription factor RORa,
which is essential for their develop-
ment (Wong et al., 2012) and for
expression of type 2 cytokines (IL-4, IL-
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5, and IL-13) (Spits et al., 2013; Vivier
et al., 2018).

In a new article published in JID In-
novations, Nakatani-Kusakabe et al.
(2021) identify two distinct pop-
ulations of cutaneous ILC2s by single-
cell RNA-sequencing (RNAseq) anal-
ysis of skin from hK14-mIl33‒trans-
genic mice that overexpress IL-33
selectively in keratinocytes (KCs).
Analysis of sorted ILC2s from the skin
and skin-draining lymph nodes (LNs) of
these mice reveals two distinct pop-
ulations of ILC2s with different gene
expression profiles: an ILC2 population
restricted to the skin and an ILC2 pop-
ulation present in both the skin and the
skin-draining LNs. Skin-resident ILC2s
express CD103 and high levels of
IL2Ra (CD25) and type 2 cytokines IL-5
and IL-13, whereas circulating ILC2s
express KLRG1 and major histocom-
patibility complex (MHC) class II mol-
ecules. These differences were
confirmed by flow cytometry and
immunofluorescence. Moreover,
Nakatani-Kusakabe et al. (2021)
elegantly show that circulating ILC2s
present in the skin but not skin-resident
ILC2s migrate from the skin to draining
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LNs using double transgenic mice that
express IL-33 in KCs as well as the
photoconvertible fluorescence protein
KikGR. Violet light irradiation of the
skin of KikGR-transgenic mice changes
the fluorescence spectrum of KikGR in
cutaneous cells from green to red,
allowing to track resident skin cells at
the moment of irradiation. Induction of
skin inflammation in oxazolone-
sensitized double transgenic mice after
cutaneous hapten challenge enhanced
the migration of circulating ILC2s from
the skin to the draining LNs (Figure 1).
Thus, cutaneous ILC2s have the poten-
tial to activate the two arms of the im-
mune response, with skin-resident
ILC2s being responsible for the activa-
tion of local innate immunity, whereas
circulating ILC2s present in the skin
being able to potentially drive adaptive
immunity by their ability to present
antigen‒MHC complexes and to
secrete cytokines.

There are some limitations to the
conclusions of this elegant study. The
use of skin-specific Il33-transgenic
mice and the sorting strategy to isolate
ILC2s for subsequent single-cell RNA-
seq analysis could bias the nature of
ILC2s analyzed. Transgenic over-
expression of Il33 in the skin together
with the elevated expression of IL-33
receptor that it causes in skin ILC2s
and possibly other cells, for example,
mast cells, regulatory T cells (Tregs),
and basophils, may influence directly
or indirectly the ILC2 recruitment to the
skin as well as their phenotype and
function.

Activation of ILC2s during calcipo-
triol (MC903)-induced dermatitis,
which is independent of adaptive im-
munity, highly depends on TSLP in the
B6 background, whereas it depends on
IL-25 in the BALB/c background (Kim
et al., 2013; Salimi et al., 2013). We
recently showed that the activation of
ILC2s by IL-25 is essential for their IL-
13 production in mouse skin epicuta-
neously sensitized with an allergen
(Leyva-Castillo et al., 2020). Whether
activation of ILC2s by epithelial cyto-
kines other than IL-33 generates het-
erogeneous populations of skin ILC2s
needs to be determined.

A critical question not addressed by
Nakatani-Kusakabe et al. (2021) is
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Clinical Implications
� Skin type 2 innate lymphoid cells (ILC2s) in skin-specific Il33‒transgenic mice
are a heterogeneous population.

� Skin-resident ILC2s and circulating ILC2s exhibit distinctive phenotypes and
functions.

� Circulating ILC2s could modulate the adaptive immune response to cutane-
ously encountered antigens.
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whether the two distinct populations of
cutaneous ILC2s exist in normal mouse
skin or in other mouse models of skin
inflammation and importantly in
normal or inflamed human skin. Single-
cell RNAseq analysis of healthy and AD
lesional skin shows that skin ILCs are a
heterogeneous population, including
ILC1s, ILC2s, ILC3s, and ILC precursors,
with ILC2s being predominant (Alkon
et al., 2021). Furthermore, ILC2s in
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normal human skin were found to be a
homogenous population that expresses
type 2 cytokines IL-13 and IL-4 and the
transcription factor GATA3, whereas
ILC2s present in AD lesional skin were
found to be heterogeneous and
expressed type 2 as well as type 17
cytokines and the transcription factors
that drive these cytokines, including
GATA3, AHR, and RORC (Alkon et al.,
2021). Similar ILC2 plasticity has been
f skin ILC2s in hK14-mIl33‒‒transgenic mice. Nakatan
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observed in a mouse model of psoriasis
induced by recombinant IL-23 injection
(Bielecki et al., 2021). These results
highlight the important role of the
microenvironment in ILC2 activation
and plasticity in the skin.

ILC2s control the adaptive immune
response locally promoting the activa-
tion of dendritic cells, suppressing Treg
functions, interacting with CD4þ T
cells, and inducing chemoattraction of
T helper type 2 cells (Halim et al.,
2018, 2016; Leyva-Castillo et al.,
2020; Noval Rivas et al., 2016;
Oliphant et al., 2014). The expression
of MHCII molecules by circulating skin
ILC2s and their migratory capacity
shown by Nakatani-Kusakabe et al.
(2021) raises the exciting possibility
that this subpopulation of skin ILC2s
modulates the adaptive immune
response to cutaneously encountered
antigen in skin-draining LNs.
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