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Abstract
Purpose of Review The adaptive immune response orchestrat-
ed by type 2 T helper (Th2) lymphocytes, strictly cooperates
with the innate response of group 2 innate lymphoid cells
(ILC2), in the protection from helminths infection, as well as
in the pathogenesis of allergic disease. The aim of this review
is to explore the pathogenic role of ILC2 in different type 2-
mediated disorders.
Recent Findings Recent studies have shown that epithelial
cell-derived cytokines and their responding cells, ILC2, play
a pathogenic role in bronchial asthma, chronic rhinosinusitis,
and atopic dermatitis.
Summary The growing evidences of the contribution of ILC2
in the induction and maintenance of allergic inflammation in
such disease suggest the possibility to target them in therapy.
Biological therapies blocking ILC2 activation or neutralizing
their effector cytokines are currently under evaluation to be
used in patients with type 2-dominated diseases.

Keywords Innate lymphoid cells . ILC2 . T helper
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Introduction

Group 2 innate lymphoid cells (ILC2), recently described in
both mice and humans, belong to the innate immunity and are
specialized in the induction and maintenance of type 2 inflam-
mation [1]. ILC2 share a lot of functional similarities with Th2
lymphocytes, and these two subsets collaborate during type 2
immune responses, both the protective ones, such as the re-
sponse to parasites and also the pathologic ones towards aller-
gens, that are responsible for the allergic inflammation [2].
Differently from Th2 lymphocytes that preferentially localize
in peripheral blood or lymphoid tissues, ILC2 mainly reside at
the interface between the host and the environment, in the sub-
mucosa of the lung and intestine as well as in the derma, and
this strategical localization allows them to behave as initiators
of type 2 immunity [3]. Indeed, ILC2 can be easily activated
by epithelial cell which not only operate as a physical barrier,
but also secrete damage-associated molecular patterns
(DAMPs), cytokines, and chemokines, in response to patho-
gens, in this way, playing an important role in the beginning of
the immune response [4].

ILC2 are part of a larger innate lymphoid cell (ILC) family,
which also includes ILC1, ILC3, and NK cells, and differen-
tiate from a common ILC precursor found in the bonemarrow.
Human ILC2were first identified in the fetal and adult gut and
lung but also in peripheral blood (PB) and nasal polyps of
patients with chronic rhinosinusitis (CRS), and were found
to express a panel of surface markers that can be used for both
identification and enrichment [5•, 6, 7]. Human ILC2s lack the
expression of classical lineage defining markers, but express
the leucocyte marker CD45 and the “chemokine receptor ho-
mo l ogou s mo l e cu l e exp r e s s ed on TH2 ce l l s ”
(CRTH2 = CD294), a molecule previously described to be
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expressed on human CD4+ Th2 cells [8]. In addition, ILC2
express the NK cell receptor CD161 [9] and ST2, a member of
the IL-1 family receptors, which is part of the IL-33 receptor
complex [10]. Among cytokine receptors, the IL-2Rα (CD25)
and IL-7R are indispensable for the development,
homoeostasis, and activation of ILC2s. The IL-7Rα chain
forms a heterodimer with the “thymic stromal lymphopoietin”
(TSLP) receptor. TSLP is able to activate cytokine production
by ILC2s, but works more efficiently in combination with IL-
2. A combination of these markers is frequently used for iden-
tifying human ILC2s (Table 1).

Unlike adaptive lymphocytes, ILCs do not express
rearranged antigen receptors but they can be activated by sev-
eral factors, and their knowledge is of help in understanding
their physiologic and pathophysiologic activity. The just cited
epithelial cytokines able to activate ILC2 are IL-33, IL-25, and
TSLP; ILC2s are activated also by cytokines produced by T
lymphocytes (IL-2, IL-4, IL-7, and IL-9) and lipid mediators
(PGD2, cysteinyl leukotriens). Inhibitory signals comprehend
soluble factors, such as IL-27, IFNγ, and IFN-α, and also cell-
to-cell interaction (KLRG1/E-cadherin) [11]. The integration
of activating and inhibitory signals determines their activity.
Once activated, ILC2 secrete IL-4, IL-13, the epidermal-
growth-factor-like molecule amphiregulin, and large amounts
of IL-5, whose production is considered to be a hallmark of
their function [12] (Table 1). Production of type 2 cytokines is
not the unique function of ILC2, that have been described to
be able to express CD154 and stimulate the production of IgE
by B lymphocytes, independently by T helper cells, through
IL-25/IL-33 stimulation or TLR triggering [5•]. Moreover, It
has been suggested that they can directly activate CD4 + T
cells, thanks to the expression of MHC class II, OX40L,
CD80, and CD86 [13].

ILC2s have been shown to accumulate at the site of allergic
inflammation, including the lungs of patients with bronchial
asthma, the nasal polyps and sinus mucosa of subjects with
chronic rhinosinusitis, and the skin lesions in atopic dermati-
tis. This review has the purpose to discuss recent findings
about the pathogenic role of ILC2 in allergic diseases, such
as bronchial asthma, chronic rhinosinusitis, and atopic
dermatitis.

ILC2 and Bronchial Asthma

Asthma is a serious global health problem affecting all age
group, whose prevalence is increasing in many countries, es-
pecially among children. It is characterized by several symp-
toms such as wheeze, shortness of breath, chest tightness, and
cough associated with variable expiratory airflow limitation.
Both symptoms and airflow limitation in bronchial asthma are
the consequence of an inflammation of the airways. The in-
flammatory scenario in asthma varies among the different

“asthma phenotypes,” for the different underlying disease pro-
cesses. The most common phenotype of asthma is the allergic
one, in the pathogenesis of which both Th2 cells and ILC2,
surely play a pivotal role [2]. The functional importance of
ILC2s in asthma inflammation has been firstly demonstrated
in ILC2-deficient mice that exhibited less-severe lung inflam-
mation and reduced eosinophils migration, and IL-13 produc-
tion in comparison with wild-type mice, in response to intra-
nasal administration with allergens, such as papain and house
dust mites [14]. In particular, ILC2 seem to be involved in the
process of airway remodeling, thanks to their constitutive ex-
pression of the epidermal-growth factor family member
amphiregulin [15].

Epithelial cells of the airways are the main source of ILC2
activation. As airways are in continuous contact with the ex-
ternal environment, which results in exposure to an enormous
array of allergens, microbes, and noxious particulate matter,
airways epithelium responds to external environmental factors
through activating sensory receptors, that allow detection of
pathogen-associated molecular patterns and damage-
associated molecular patterns, by releasing cytokines that ac-
tivate neighboring cells [16]. These cytokines IL-25, IL-33,
and thymic stromal lymphopoietin play a pivotal role in ILC2
activation and in the beginning of allergic inflammation [17].
In particular, the ability of IL-33 in driving the early type 2
response to allergens has been shown in a mouse model of
acute airway inflammation that was induced by exposure to
the fungus Alternaria alternata. Alternaria, but not other
aeroallergens, possessed intrinsic serine protease activity that
elicited the rapid release of IL-33 into the airways of mice
through a mechanism that was dependent upon the activation
of protease-activated receptor-2 and adenosine triphosphate
signaling [18]. This peculiar ability ofA. alternata to stimulate
a massive release of IL-33 has important consequences in
pathophysiology. It is indeed well known that fungal allergy
is, among the sensitization to aeroallergens, the one most fre-
quently associated with asthma [19], and in particular with the
more severe forms of the disease, with acute exacerbations,
and sometimes with fatal events [20]. The strong activation of
ILC2 induced by the mold plays a crucial role in this “danger-
ous liaison,” between fungal sensitization and asthma.

Significantly greater numbers of total and type 2 cytokine-
producing ILC2s were detected in blood and sputum of pa-
tients with severe asthma compared to mild asthmatics, and
these cells could promote the persistence of airway eosino-
philia [21•]. Recently, it has been reported that frequencies
of ILC2 are similar in PBMCs of allergic subjects when com-
pared with those of non-allergic control subjects [5•].
However, higher numbers of circulating ILC2s have been
found in patients with allergic asthma when compared with
allergic patients that do not display asthma [22]. The higher
frequencies of ILC2s in the blood of asthmatic patients rela-
tive to non-asthmatic subjects might reflect the expansion of

66 Page 2 of 7 Curr Allergy Asthma Rep (2017) 17: 66



those cells before homing to the inflamed lower airways.
Notably, also a strong linkage between activated ILC2s in
the periphery and asthma control status has been described.
In particular, uncontrolled asthma and partly controlled asth-
ma patients had significantly higher percentages of IL-13 pro-
ducing ILC2s compared to well-controlled asthma and
healthy control groups [23]. The observation that these high
frequencies of IL-13 producing ILC2, dramatically decreased
when patients are treated and their symptoms become con-
trolled, suggests the possibility that ILC2s might serve as a
reliable predictor of asthma control status [23].

The growing evidences on the importance of ILC2 in
asthma pathogenesis and the association with asthma con-
trol status have prompted several authors to hypothesize
to target them in asthma therapy. It is still controversial
whether ILC2 cells are corticosteroid resistant. The obser-
vation that ILC2 are increased in the airways of severe
asthmatics despite high dose oral corticosteroid therapy
compared to mild asthmatics has suggested that they
may be steroid insensitive. Moreover, it has been reported
that TSLP induced by allergen exposure makes ILC2s
resistant to steroid-induced cell death through STAT5 ac-
tivation [24]. On the other hand, in the presence of dexa-
methasone, both ILC2s and CD4+ T cells from mild

asthmatics attenuate the IL-33-stimulated generation of
type 2 cytokines, supporting the concept of their suscep-
tibility to steroids [25]. Anyway, ILC2’s potential role as
early source of type 2 cytokines and involvement in per-
sistent asthma makes them an attractive cell type for ther-
apeutic intervention, beyond their susceptibility to ste-
roids. In this view, new therapeutic strategies targeting
molecules involved in ILC2 activation are developing,
particularly in eosinophilic asthma. The production of
toxic mediators by eosinophils in the lungs of patients
with asthma is responsible for tissue damage and remod-
eling. This is the reason why, in the last years, several
inhibitors of IL-5 have been proposed to treat severe eo-
sinophilic asthma [26]. The possibility to act on ILC2, the
earliest source of eosinophil activation, through neutrali-
zation of TSLP has been investigated and proven to be
effective in mild asthma [27], whereas the blocking of IL-
25 and IL-33 pathways in humans is currently in course of
evaluation in clinical trials. Since Th2 and ILC2 cooperate
in the induction and maintenance of allergic inflamma-
tion, the possibility to use a drug that contemporary in-
hibits both the subsets may represent an intriguing and
novel approach for asthma treatment, independently by
its severity. In this direction, the DP2 receptor (CRTH2)

Table 1 ILC2 surface receptors

Receptor Ligand Function Effect Level of expression

IL-33R
(IL-1RL1 IL-1AcP)

IL-33 Activation Induction of cytokine production ++

IL-25R
(IL-17Rβ/IL-17Rα)

IL-25 Activation Induction of cytokine production ++

TSLPR
(TSLPR/IL-7Rα)

TSLP Activation Induction of cytokine production ++

CRTH2 PGD2 Activation Induction of cytokine production
Chemiotaxis

++

CysLT1R LTD4 Activation Induction of cytokine production +

DR3
(TNFRSF25)

TL1A (TNFSF15) Activation Induction of cytokine production +

ICOS ICOSL Activation Induction of cytokine production
Proliferation

+

CD25 IL-2 Activation Proliferation +

ALX/FPR2 LXA4 Inhibition Suppression of IL-13 production +

KLRG1 E-Cadherin Inhibition Suppression of GATA3 expression
Suppression of cytokines production

+/−

IFNαR1/IFNαR2 Type I interferons Inhibition Altered cytokine production
Suppression of proliferation

+

IFNγR1/IFNγR2 IFNγ Inhibition Suppression of proliferation
Suppression of cytokine production

+

IL-27R IL-27 Inhibition Suppression of cytokine production +

CD117 SCF Unknown Unknown +/−
CD161 LLT1 Unknown Unknown ++

Abbreviations: TSLP thymic stromal lymphopoietin, CRTH2 chemoattrant receptors expressed on Th2 cells, PGD2 prostaglandin D2, CysLT1R
cysteinyl leukotriene receptor 1, LTD4 leukotriene D4, DR3 death receptor 3, TNFRSF25 tumor necrosis factor receptor superfamily member 25,
TL1ATNF-like protein 1A, ICOS inducible T cell costimulatory, ALX/FPR2 N-formyl peptide receptor 2, LXA4 lipoxin A4, KLRG1 Killer cell lectin-
like receptor subfamily G member 1, SCF stem cell factor, LLT1 lectin-like transcript-1
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inhibitor, fevipiprant, ables to reduce eosinophilic airway
inflammation in patients with persistent moderate-to-
severe asthma, represent a favorable tool in this direction
[28]. Indeed, CRTH2 is expressed not only on ILC2 and
Th2 lymphocytes, but also on eosinophils themselves, and
in each of these subsets, induces cell-activating signals.

Collectively, several ports from recent literature agree on
the opportunity to consider ILC2 as a potential target of treat-
ment not only in allergic asthma, but also in those forms of
non-allergic eosinophilic asthma that are supported by a type 2
inflammation, such as the aspirin-exacerbated asthma.

ILC2 and Chronic Rhinosinusitis

In addition to their presence in the lungs and peripheral blood,
ILC2s may also be found in human nasal tissues and are found
in increased numbers in patients with chronic rhinosinusitis
(CRS) [5•, 29]. CRS is a heterogeneous disease characterized
by local inflammation of the upper airways that affects 10% of

the population in Europe and the USA. Based on histology
and physical examination, CRS exist in two distinct forms,
with nasal polyps (CRSwNP) and without nasal polyps
(CRSsNP). CRSwNP patients exhibit a greater infiltration of
inflammatory cells, particularly ILC2s, and sustain higher
levels of IL-5 and IL-13, when compared to CRSsNP patients
without polyps, and to healthy controls. In this context, the
finding that TSLP activity is increased in nasal polyps of pa-
tients with chronic rhinosinusitis is unsurprising [29].
Moreover, it has been reported an accumulation of ILC2 in
nasal polyps of CRSwNP patients and in allergic CRS. In
these patients, ILC2 numbers significantly correlated with
Th2 cell frequencies, suggesting that, besides nasal polyps,
allergy also has an independent positive association with the
percentage of ILC2s [30].

All ILC subsets are present in nasal polyps, but ILC2 were
dominant and significantly elevated compared to PBMC, ton-
sil, CRSsNP, and normal sinus tissue. In addition, ILC2 from
nasal polyps express higher levels of inducible T cell co-
stimulator (ICOS), whereas CD127 was downregulated

Fig. 1 ILC2 work like a bridge between epithelial cells and the immune
system. ILC2 reside in human respiratory and gastrointestinal
submucosal tissues as well as in derma. ILC2 can be promptly activated
by epithelial release of alarmins (IL-25, IL-33, and TSLP) and also
directly by PAMPs recognition. Once activated, ILC2 orchestrate the

protective type 2 response that provokes helminth expulsion and tissue
repair. When ILC2 are activated by environmental allergens, they work as
initiators of allergic inflammation by stimulating both the innate and the
adaptive immune response
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respect to blood or tonsil ILC2. Furthermore, sorted ILC2,
from nasal polyps, differently from the ones isolated from
PB, spontaneously released type 2 cytokines including IL-5
and IL-13 [31]. Beyond the well-known role in promoting
eosinophilic inflammation through IL-5 secretion, ILC2 in
nasal polyps also induced Epstein–Barr virus-induced protein
2 (EBI2) expression on B cells, a marker of extrafollicular
plasmablasts, which are B cells that are activated outside of
the germinal center [32]. This observation suggests that, with-
in NP, there is a unique B cell activation environment and that
ILC2s may play an important role in B cell activation, as also
reported elsewhere [5•].

These evidences, in their complex, indicate that ILC2 may
play a significant pathogenic role in CRSwNP and suggest the
need to develop new therapeutic strategies that interfere with
the pathways of their recruitment and activation. This prospec-
tive would be of help particularly in those patients in which
CRS and asthma are associated. It is indeed well known the
frequent coexistence of CRS with asthma, as well as the im-
pairment of asthma control in these subjects. Severe asthma is
associated with high ILC2 cell counts in nasal tissues, and
nasal surgery significantly improved asthma control and lung
function in these patients [33]. The rapid decline in lung func-
tion associated with poor asthma control, observed in patients
with severe asthma and CRS could at least in part explained
by the pro-inflammatory activity played by ILC2.

ILC2 and Atopic Dermatitis

Atopic dermatitis (AD) is an inflammatory skin disease char-
acterized by epidermal barrier dysfunction, due to complex
genetic and environmental susceptibility factors, such as the
filaggrin-null mutations [34]. This inherited epidermal abnor-
mality is often associated with a type 2 immune responses to
common environmental allergens, as shown by the high levels
of IL-13 and IL-4 found in lesions of AD patients [35].

All three ILC subsets have been identified in healthy hu-
man adult skin, being ILC2 about 25% of the total ILC pool
[36]. In AD patients, ILC2 infiltrate the skin, where they pro-
duce the type 2 cytokines IL-5 and IL-13, in addition to
amphiregulin. Furthermore, it has been discovered that E-
cadherin ligation on human ILC2, through interaction with
KLRG1 (killer cell lectin-like receptor G1), results in a clear
reduction of IL-5 and IL-13 production [37•]. The fact that
downregulation of E-cadherin is characteristic of filaggrin in-
sufficiency, suggests that the two mechanisms may cooperate
in AD pathogenesis. On one hand, the absence of the suppres-
sive activity on ILC2 caused by the absence of E-cadherin
ligation favor a type 2 inflammation, on the other hand, the
filaggrin deficiency is involved in the epidermal barrier dys-
function. Even if the increased numbers of ILC2 cells in AD
lesions is not necessarily indicative of their contribution to

inflammation, particularly in light of their additional role in
restoring tissue homeostasis, some evidences suggest that ex-
cessive production of type 2 cytokines is associated with in-
creased susceptibility to infections and inflammatory skin le-
sions [38•]. Recently, it has been shown in mice that the ex-
pression of IL-33 in the skin activates an immune response
involving ILC2 and that this process might play a crucial role
in the pathogenesis of allergic inflammation that is character-
istic of atopic dermatitis. Indeed, transgenic mice with IL-33
expressed under the keratin 14 promoter developed a sponta-
neous AD-like inflammation of the skin which associatedwith
ILC2 infiltration [39]. Another pathogenic cytokine in AD is
IL-13, as shown by the finding that elevated IL-13 levels in
the skin predisposes mice to inflammatory skin lesions. Of
note, it has been demonstrated that ILC2 are the predominant
IL-13-producing population in the skin [40]. More important-
ly, in humans, the blocking of IL-13 activity trough
dupilumab, a mAb specific for IL4R-α chain, improved the
signs and symptoms of atopic dermatitis [41]. The robust ef-
fects of dupilumab on skin inflammation confirm the patho-
genic role of IL-4 and IL-13 signaling in AD, and further
support the application of Th2 cytokine antagonists in the
treatment of this disease. Also, TSLP has been proven to be
involved in the activation of a population of skin-resident
group 2 ILCs present in healthy human skin and enriched in
lesional human skin from AD patients [42].

Collectively, these results demonstrate that ILC2 are pres-
ent within the skin and suggest that theymay play a role in AD
pathogenesis.

Conclusions

ILC2 are essential in the initiation of allergic inflammation
and are involved in the maintenance and propagation of in-
flammation in the airways and in the skin (Fig. 1). Therefore,
therapeutic strategies for the treatment of type 2-mediated dis-
eases should focus on ILC2 responses. Among such diseases,
bronchial asthma probably represent the most rapid opportu-
nity to evaluate the impact of ILC2 blocking in clinical man-
ifestations and disease control. This is mainly due to the fact
that several drugs blocking the activity of type 2 cytokines are
developed in the recent years and approved or in course of
validation, for asthma treatment. Most of these drugs, such as
the IL-5 inhibitors, the IL-4/IL-13 inhibitor dupilumab and the
CRTH2 inhibitor fevipiprant contemporary act on both Th2
and ILC2 subsets. This approach, that seems to be so promis-
ing in dampening type 2 inflammation, will be evaluated in
the next years in terms of clinical efficacy. Other developing
drugs that prevalently act on ILC2 will be more useful in the
comprehension of the relative contribution of ILC2 and Th2
subsets in asthma pathogenesis. Anti-TSLP specific mAb has
been proven to be efficacy in mild asthma, whereas IL-25 and
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IL-33 neutralization are currently under evaluation. Once
established the efficacy of these drugs in asthma, it will be
possible to eventually extend their usage to chronic sinusitis
and atopic dermatitis.

In any case, it is generally accepted that ILC2 are involved
in type 2-mediated inflammation, and, as consequence, inter-
ference with their activity represent a promising tool for the
treatment of allergic diseases.
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