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Abstract
Purpose of Review To review innate lymphoid cells (ILCs) and their role in chronic rhinosinusitis (CRS).
Recent Findings The immune system consists of the innate and adaptive response. Until the recognition of ILCs, chronic
inflammatory diseases were characterized by cytokines linked only to T helper cells. However, these immune responses are
now described more broadly to include contributions from both the innate and adaptive immunity. In CRS, focus had been on
ILC2s in CRS with nasal polyps. These studies also highlight the importance of epithelial cell–derived cytokines in coordinating
these responses. In addition to indirect crosstalk via cytokines, ILCs and T helper cells can utilize the OX40/OX40 ligand and
major histocompatibility complex class II pathways to directly interact and coordinate responses.
Summary In addition to T helper cells, ILCs contribute to the inflammatory response associated with CRS. The understanding of
these cells along with pathways that activate and perpetuate these cells leads to new potential therapeutic targets for CRS
treatment.
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Introduction

Innate lymphoid cells (ILCs) are innate cell counterparts to the
adaptive T helper cells. Their recognition in the early 2000s
has resulted in a surge of studies on these cells and a renewed
interest in the innate immune response. Chronic inflammatory
diseases such as chronic rhinosinusitis result from immune
dysregulation originally attributed to T helper cells. This re-
view summarizes ILCs and highlights recent understanding of
these cells in particular to their roles in the pathophysiology of
CRS.

Chronic Rhinosinusitis, Once Defined by T
Helper Cytokines

Chronic rhinosinusitis (CRS) describes a heterogenous group
of diagnoses characterized by inflammation of the mucosa
lining the paranasal sinus cavities resulting in symptoms such
as discolored nasal drainage, nasal congestion, and facial
pain/pressure persisting for longer than 3 months. Affecting
approximately 39million Americans, the economic direct cost
burden is estimated between $10 and $13 billion per year [1].
Within this broad group, CRS is clinically subdivided by the
absence or presence of polyps resulting in CRS without
(CRSsNP) and with nasal polyps (CRSwNP) (Fig. 1). This
clinical distinction provides physicians some broad guidance
in considering possible etiologies/risk factors, associated co-
morbidities, treatment options, and overall long-term manage-
ment outcomes.

Support for clinical phenotyping of CRS based on the ab-
sence and presence of polyps came from finding distinct im-
munologic profiles associated with CRSwNP as compared to
CRSsNP. Initial studies of inflamed sinus mucosa linked
CRSwNP with elevated levels of cytokines, interleukin (IL)-
4, IL-5, and IL-13. At the time, the contribution of the innate
immune response to these cytokines was not appreciated and
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hence these cytokines were considered T helper 2 (Th2) cyto-
kines. Histologic evaluation of CRSwNPmucosa further char-
acterized it as a Th2 inflammatory disease with elevated eo-
sinophils and mast cells [2]. On the other hand, inflamed sinus
mucosa from CRSsNP revealed a Th1 profile with increased
presence of neutrophils and higher levels of IFN-γ and TNF-α
[3]. In addition to CRS, other chronic inflammatory diseases
such as asthma and dermatitis were similarly subcategorized
as either Th1 or Th2, emphasizing the perceived importance
of the adaptive immune response. The discovery of innate
lymphoid cells less than 20 years ago generated new interest
in the innate immune response contributing to chronic inflam-
matory diseases.

Emerging Understanding of Innate Lymphoid
Cells and Their Physiological Roles

In the early 2000s, several independent groups identified
sources for cytokines typically attributed to T helper cells
from non-B and non-T cell lymphocytes. These innate lym-
phoid cells, lacking antigen-specific receptors, were activated
by various stress signals such as exposure to microbes and
allergens. As resident tissue cells, ILCs can respond within
minutes to potential immunologic threats. Three ILC sub-
groups exist defined by their profile of secreted cytokines
and transcriptional requirements. These subgroups parallel
the T helper subgroups such that IFN-γ is the main cytokine
of ILC1; Th1, ILC2, and Th2 are defined by secretion of IL-5,
IL-13, and IL-4; and ILC3 produce IL-17 and IL-22 (Table 1)
[4]. As such, ILCs are capable of immediately responding to
environmental stresses and serve as the initial response while
T and B cells require days to generate an immunologic re-
sponse. Given the significant overlap in the expressed

cytokines between ILCs and T helper cell counterparts, it re-
mains unclear if ILCs have independent functions or serve as
redundancy in the immune system.

Although a recent study in humans with severe combined
immunodeficiency (SCID) suggests that ILCs may be redun-
dant to an intact adaptive immunity for typical immune ho-
meostasis and response, others argue that ILCs have critical
unique physiologic roles [5•]. With the ability to secrete
IFN-γ, ablating ILC1s prior to infection with mouse cytomeg-
alovirus led to significantly higher viral loads and hence
ILC1s seem critical in the immunosurveillance of the local
site of infection [6]. In addition to classic T helper cytokines,
ILC2s secrete unique molecules such as amphiregulin, which
mediates tissue repair, and ILC3s secrete lymphotoxin-α
which promotes immunoglobulin A production [7]. Arguing
against independent roles of ILCs to Tcells, Vely et al. studied
a unique rare cohort of SCID patients. With mutations in
IL2RG and JAK3, these SCID patients were deficient of both
functional Tcells and ILCs.With a follow-up of up to 39 years,
they followed these patients before and after treatment with
hematopoietic stem cell transplantation that reconstituted only
the T cell population. They found no increase in infection or
inflammatory conditions in these patients as compared to oth-
er SCID patients with intact ILCs [5]. Although there were
limitations to this observational cohort study, it did provide
compelling data suggesting redundancy of ILCs with an intact
adaptive immunity.

Innate Lymphoid Cells Linked to Chronic
Inflammatory Diseases

Similar to chronic rhinosinusitis, several chronic inflammato-
ry diseases have been linked to immunodysfunction including
inflammatory bowel disease (IBD) and asthma. Characterized
by cytokines initially attributed to T cells, many chronic in-
flammatory diseases and treatment options were focused on
the adaptive immune response. However, with the apprecia-
tion that ILCs are also significant sources of these cytokines
and can orchestrate the innate and adaptive immune response,
recent studies in the pathophysiology of these diseases have

Fig. 1 Nasal endoscopy of nasal polyps within a CRSwNP patient. Nasal
endoscopy of the right nasal cavity of a CRSwNP patient showing polyps
filling the nasal cavity between the nasal septum (on the right) and the
inferior turbinate (on the left)

Table 1 Correlation between classification of human T helper and ILCs

T helper
cells

Innate lymphoid
cells

Defining
transcription
factor

Defining cytokines

Th1 ILC1 Tbet IFN-γ

Th2 ILC2 GATA3 IL-5, IL-13, IL-4,
and IL-9

Th17 and
Th22

NCR- ILC3 and
NCR+ ILC3

RORγτ IL-17 and IL-22
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shifted focus towards the innate immune response.
Therefore, although ILCs may be redundant during homeo-
stasis, they seem to be significant players in chronic in-
flammatory disease states.

Like chronic rhinosinusitis, both IBD and asthma describe
clinical syndromes that consist of several different subtypes.
For IBD, studies on the role of ILCs have primarily focused on
Crohn’s disease characterized as a type-1 inflammatory dys-
function. These studies highlight the importance of ILC3 in
gut homeostasis and the plasticity of ILCs. Through the pro-
duction of IL-22 and IL-17, ILC3 helps to induce mucosal
wound healing and production of antimicrobial peptides in
healthy intestines [8]. In Crohn’s, there seems to be a loss of
IL-22 producing ILC3 and an emergence in IFN-γ producing
ILC1s, ultimately promoting gut inflammation by the recruit-
ment of lymphocytes and deterioration of the intestinal epithe-
lial cell barrier [9]. This skewing of ILC subtype distribution
between healthy and disease states is in part associated to the
plasticity of ILCs induced by the inflammatory cytokine mi-
lieu. Human ILC3s differentiate to IFN-γ producing ILC1s in
the presence of IL-12, a pro-inflammatory cytokine [10]. In
fact, plasticity is a shared characteristic among the ILC sub-
types. Ulcerative colitis, the other main IBD, is characterized
by a predominantly type 2 inflammatory response with elevat-
ed IL-13 and IL-5. The role of ILCs in ulcerative colitis re-
mains unclear.

Asthma describes pulmonary inflammation resulting in air-
way hyperreactivity and is a frequent comorbidity with CRS,
especially CRSwNP. Although a large proportion of asth-
matics suffer from allergic asthma characterized by elevated
IL-13, IL-5, and IL-4, there are other asthma subtypes includ-
ing neutrophilic, obesity-related, and virus-induced highlight-
ing other cytokine profiles. With the discovery of ILCs, inves-
tigators found expansion of IL-5- and IL-13-expressing ILC2s
in the OVA allergen-induced asthma mouse model [11]. The
significant role of ILC2 in the pathophysiology of allergic
asthma is highlighted by inducing asthma using a protease-
containing allergen, papain, in mice with no B- or T cells
(Rag1−/−). In these mice with only an intact innate immunity,
papain induced mucus hypersecretion and pulmonary infiltra-
tion of eosinophils, hallmarks of pulmonary inflammation of
asthma [12].

Investigating the role of ILC2s in asthma has revealed sig-
nificant understanding of ILC2 biology. ILC2s express a num-
ber of receptors to epithelial cell-derived cytokines including
IL-33, IL-25, and thymic stromal lymphopoietin (TSLP). As
such, ILC2s are poised to respond rapidly to environmental
triggers stimulating epithelial cells. Although ILC2s can in-
duce components of asthma in the absence of the adaptive
immunity, ILC2s and T cells express cytokines and receptors
that support crosstalk between the two cell types and hence
amplification of pulmonary inflammation [13]. Therefore,
mouse models support the role of ILC2s in the initiation of

allergic asthma. However, T cells are preferentially triggered
in allergen sensitized mice and IL-5 production from memory
T cells is critical in the eosinophilic pulmonary inflammation
activated by the IL-33-ST2 axis [14]. Therefore, the role of
ILC2 seems less prominent than the adaptive immune re-
sponse in the maintenance of allergic asthma [13].

Other ILC subtypes have been linked to non-type 2 asthma.
Increasing obesity rates in humans are highlighting obesity as
a risk factor for asthma. In obese asthmatic patients, ILC3s are
found in the bronchoalveolar lavage fluid [13]. In mice made
obese by being fed a high-fat diet for 3 months, airway hyper-
reactivity along with elevated levels of IL-17A producing
ILC3 is present [13].

ILCs Critical Source of Cytokines in CRSwNP

Many studies into ILCs in asthma and IBD are based on
mice models with limited studies using human tissue. On
the other hand, the management of CRS often involves
surgery that removes diseased tissue. Utilizing this access
to tissue, we isolated and characterized Lin−CD127+ ILC
subtypes. ILC2s, defined by presence of CRTH2+, make up
the largest ILC population within inflamed sinus mucosa,
whether from patients with or without nasal polyps, while
ILC3s, defined by expression of NKp44+, are the smallest
population (Fig. 2) representing less than 0.2% of lineage
negative cells. Consistent with its type 2 immune charac-
terization, in CRSwNP, ILC2s represent the largest propor-
tion of innate lymphoid cells within inflamed sinus muco-
sa. However, percentages of ILC1s and ILC2s are near
equally present [15, 16]. Finally, allergic fungal
rhinosinusitis, a subtype of CRS with nasal polyps defined
by sensitization to fungi and fungal components identified
within sinus mucosa, was notable for an elevated percent-
age of ILC3s. However, given the new appreciation of the
plasticity of ILCs, additional characterization studies are
warranted. CRS represents a unique opportunity to isolate
and study human ILCs.

Human ILCs were initially isolated from fetal tissue
and inflamed sinus tissue from CRS patients. In 2011,
M jo sbe rg e t a l . we r e t h e f i r s t t o de s c r i b e a
Lin−CD127+CRTH2+ innate lymphoid cell in sinus muco-
sal tissue which we now know are ILC2s as a source of
IL-13 when stimulated with either IL-25 or IL-33 in con-
junction with IL-2 [17]. Building on this finding, we
showed that ILC2 levels are elevated in polyp tissue,
and found that although mast cells and T helper 2 cells
can potentially secrete IL-13 in response to IL-33, ILC2s
were the primary source of IL-13 in response to IL-33
stimulation [18]. Other groups have confirmed an in-
creased presence of ILC2 in polyp tissue and demonstrat-
ed that these cells were also a source for IL-5, another
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type 2 cytokine [19•]. Finally, elevated levels of ILC2 are
associated with higher tissue and peripheral eosinophil
levels in CRSwNP, supporting a possible role of ILC2 in
the activation and viabili ty of eosinophils [20].
Characterization of surface receptors on ILC2s shows

expression of receptors for IL-25, IL-33, and TSLP [21].
Taken together, ILC2s in nasal polyps can respond to IL-
33, IL-25, and TSLP released rapidly from stimulated re-
spiratory epithelial cells quicker than T helper 2 counter-
parts that require antigen stimulation.

Fig. 2 ILC1-3s are elevated in CRSwNP. a ILC1 gating strategy in
inflamed mucosa. Lineage negative/CD127+ events were analyzed for
PE-CXCR3+ (b), PE-CRTH2+ (c), and PE-NKp44+ cells (d).

Representative histogram (black) and FMO control (shaded) from CRS
subtypes. Percentage of ILC1–3+ cells from CRSsNP (n = 8), CRSwNP
(n = 13), and AFRS (n = 10). Data presented as mean + SD
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Epithelial Cell–Derived Cytokines Regulate
ILCs

The increased appreciation of ILCs in the pathophysiology
of CRS also highlights the importance of epithelial cell–
derived cytokines IL-33, IL-25 and TSLP in CRS. Beyond
serving as a physical barrier, the respiratory epithelial cells
through expression of cytokines and chemokines can reg-
ulate immune responses to various environmental triggers
such as viruses, bacteria, fungi, and allergens. Initially
linked by their promotion of type 2 cytokines from Th2
cells and localization of IL-33, IL-25, and TSLP receptors
on ILCs, several immune effector cells and epithelial cells
in addition to T helper cells broadened the role of these
cytokines to the orchestration of both the innate and adap-
tive immune responses.

IL-33 was first described in 2005 as the ligand to the or-
phan ST2 receptor [22]. ST2 is a transmembrane receptor and
member of the IL-1 receptor family expressed on several im-
mune cells including mast cells, Th2 cells, eosinophils, and
ILCs [23]. A number of different tissues and cells including
skin, lung, dendritic cells, and respiratory epithelial cells ex-
press IL-33 [22]. Interest in the role of ST2 in the pathophys-
iology of type 2 chronic inflammatory respiratory diseases
developed after genome-wide association studies strongly as-
sociated IL-33 and its receptor ST2 with atopic asthma [22,
24]. In CRSwNP, ILC2s are the primary source of IL-13 in
response to IL-33 [18]. In turn, the IL-13 promotes goblet cell
hyperplasia and mucus production. IL-33 also activates IL-5
production from ILC2s to similar levels as IL-13 [19•]. As
compared to IL-25 and TSLP, IL-33 is the most potent epithe-
lial cell cytokine to activate ILC2s to express type 2 cytokines
[25•]. In addition, IL-33 expression from respiratory epithelial
cells is activated by several triggers including protease-active
allergens and molecules associated with tissue damage induc-
ing and supporting the type 2 immune response characteristic
of CRSwNP [18, 26, 27].

TSLP and IL-25 are two other epithelial cell–derived
cytokines whose expression is upregulated by proteases
and have receptors on ILC2s [28]. TSLP and IL-25 expres-
sion are upregulated in nasal polyp tissue. The TSLP pro-
tein in nasal polyp tissue was initially elusive. TSLP pro-
tein is susceptible to cleavage and not detected by typical
commercial antibodies. This TSLP fragment is the active
form of the cytokine, and its activity is elevated in nasal
polyp tissue relative to healthy control tissue [29]. Using
isolated ILC2s from human peripheral blood, in vitro stud-
ies showed that TSLP was the primary epithelial cytokine
that increased viability of ILC2s [25•]. Current studies sug-
gest that IL-25 has the least effect on ILC2s relative to IL-
33 or TSLP. Clearly, epithelial cell–derived cytokines are
central to the initiation and coordination of the type 2 im-
mune response characteristic of CRSwNP.

Crosstalk Between ILCs and T Helper Cells

The significant overlap in expressed cytokines from the innate
and adaptive immunity leads to questions of coordination and
division of labor between these two immune responses. As
tissue resident cells, ILCs can rapidly respond to environmen-
tal triggers. Dendritic cells then process these allergens or
microbes, which then activate T cells, but this pathway may
take days to mount a reaction. The type 2 immune response
highlights the various pathways that coordinate the innate and
adaptive immunity as well as means for direct crosstalk.

As discussed above, epithelial cell–derived cytokines are
critical in activating ILC2s. These same cytokines, IL-33, IL-
25, and TSLP, are also important in completion of the Th2
activation. Naïve CD4+ T cells are primed in lymph nodes by
processed antigens and this priming is independent of ILC2.
However, once these primed T cells migrate to the inflamed
tissues, the milieu of epithelial cell–derived cytokines signals
the final process of differentiation of these T cells [30]. In this
model, ILC2 does not directly interact with T cells to coordi-
nate the type 2 immune response, but rather the epithelial cell–
derived cytokines function to coordinate the innate and adap-
tive type 2 response. In a different model activated by an
epithelial cell–derived cytokine, IL-33 incites not only IL-13
but also tissue-restricted expression of OX40 ligand (OX40L)
on ILC2s. The OX40L on ILC2s allows direct interaction with
OX40 expressed on dendritic cells to support expansion and
differentiation of Th2 cells [31], and an adaptive Type 2 im-
mune response triggered by IL-33 is dependent on OX40L
expression on ILC2s [32•].

In more direct crosstalk between ILCs and T cells, major
histocompatibility complex class II (MHCII) expression on
some ILC2s provide a direct bridge between ILC2s and T
cells. During an antihelminthic immune response, the deple-
tion of ILC2s resulted in an impaired Th2 response. The
MHCII-expressing ILC2s interact with antigen-specific T
cells to promote IL-2 production from T cells, which promote
ILC2 proliferation, and concurrently, the interaction is neces-
sary to support T cell proliferation [33]. In addition, MHCII-
expressing ILC2s can interact with naïve CD4+ cells to induce
differentiation towards Th2 versus Th1 cells [34].

Taken together, there is clear coordination of the innate and
adaptive immune response and, in some type 2 immune re-
sponses, the crosstalk between ILCs and T cells is critical.

Conclusion

In a relatively short time since they were first recognized,
much has been learned about ILCs. Although there is signifi-
cant overlap with their T helper cell counterparts, ILCs express
other molecules that highlight some unique roles. Current data
suggest that the adaptive immunity is sufficient to maintain
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immune homeostasis. However, ILCs are actively involved in
several chronic inflammatory diseases including CRS. As
such, they present a possible future therapeutic target for these
diseases. In addition, the coordination of a type 2 immune
responses by epithelial cell–derived cytokines represents other
future therapeutic targets. As ILCs clearly play a role in the
pathophysiology of CRS, future research areas to explore in-
clude the plasticity of ILCs and its implication along with the
interaction of the innate and adaptive immune response.
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