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Abstract

The prevalence rate of allergic diseases, such as asthma, atopic rhinitis (AR), and atopic dermatitis
(AD), has been significantly increasing over the years because of environmental changes. Type 2
immunity is mediated by allergic inflammation initiated by an innate immune response. This
response is orchestrated by type 2 cytokines (interleukin [IL]-4, IL-5, IL-9, and IL-13) together
with other cells. The dendritic cell [DC]-T helper 2 (Th2) cell axis is the conventional type 2
immune pathway, and is currently known as the group 2 innate lymphoid cell (ILC2)-DC-Th2 axis
that mediates type 2 inflammation. ILC2s strongly mediate type 2 inflammation in allergic dis-
eases. ILC2s are activated by epithelial cell-derived cytokines, such as IL-25 and IL-33, and thymic
stromal lymphopoietin. Additionally, ILC2s are activated by mast cell lipid inflammatory media-
tors, such as cysteinyl leukotrienes and prostaglandin D2. ILC2s produce a large amount of type 2
cytokines. The important role of ILC2s in the pathogenesis of type 2-mediated disease has
resulted in ILC2-derived cytokines being a target for therapeutic development. In this review,
we discuss type 2 immunity, mainly the ILC2-DC-Th2 axis, and other immune cells, the dominant
role of ILC2s in asthma, AR, and AD, and therapeutic targets against type 2 cytokines.
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Introduction

The prevalence rate of allergic diseases has
increased exponentially in westernized,
urbanized, and affluent societies. This
increase is attributed to not only genetic
factors, but also to a profound global trans-
formation that has occurred in the past few
decades. This increase in the prevalence of
allergic diseases is probably a result of mas-
sive environmental changes, such as indus-
trialization, housing design, family size,
early-life microbial exposure, and exposure
to significant amounts of pollutants.'
Type 2 immunity represents the typical
adaptive immunity initiated by innate
immunity in response to allergen exposure
in atopic individuals®; this results in a dys-
regulated immune response that leads to
chronic inflammation in individuals with
typical type 2-immune mediated diseases
such as asthma, AR and AD, ensued from
overexpression of type 2 inflammatory
pathways. The type 2 immune reaction is
characterized and orchestrated by a set of
type 2 cytokines in conjunction with a rep-
ertoire of cellular mechanisms. These mech-
anisms involve T helper 2 (Th2) cells,
dendritic cells (DCs), innate lymphoid
cells (ILCs), epithelial cells, eosinophils,
mast cells (MCs), and basophils.*>
Activation of group 2 innate lymphoid
cells (ILC2s) and Th2 pathways play a
prominent part in type 2 inflammation,
and both are capable of producing type 2
cytokines.* Remarkably, the recent discov-
ery of ILCs, particularly ILC2, has broad-
ened the understanding of the type 2
immune response. Unlike conventional
Th2 cells, ILC2s produce copious amounts
of type 2 cytokines. ILC2s from naive
unchallenged mice express interleukin
(IL)-5, while CD4 T cells require an activa-
tion signal to differentiate and secret
effector cytokines.” ILC2s exist as lineage-
negative innate cells producing type 2 cyto-
kines. These cells arise from lymphoid

progenitors in the bone marrow and this is
facilitated by the transcriptional factors ret-
inoic acid receptor-related orphan receptor
o and GATA-binding factor 3. ILC2s lack
antigen specificity and function in an
antigen-independent manner.® ILC2s serve
as a rapid, first line of defense against
invading pathogens before the adaptive
immune response (Th2 cells) becomes
active.” Interestingly, over the past decade,
many studies have confirmed the domi-
nance of ILC2s in typical type 2-mediated
diseases (asthma, atopic rhinitis [AR], and
atopic dermatitis [AD]), which is attributed
to the severity of the clinical conditions
mentioned above.'” These significant
insights into ILC2 pathology have resulted
in the consideration of ILC2 as a therapeu-
tic target.'!! Recently, several biological
drugs against type 2 cytokines were
approved by the Food and Drug
Administration (FDA), and they provide a
favorable outcome. However, several drugs
present with a therapeutic dilemma, and
others are still in the developmental
phase.'? Therefore, the effect and role of
ILC2s in the development of allergic dis-
eases, especially asthma, AR, and AD,
need to be determined. In this review, we
analyze the relationship between ILC2s
and allergic diseases, and provide a theoret-
ical basis for the current treatment of aller-
gic diseases.

Type 2 immunity

Type 2 immunity comprises the mecha-
nisms through which an immune response
is initiated following helminth infections,
exposure to allergens, and other diverse
environmental stimuli.'® Type 2 immunity
consists of innate immune response and an
antigen-specific adaptive immune response.
An innate immune system is the first line of
defense against invading pathogens, while
an adaptive immune response is slower-
acting, longer-lasting, and requires antigen
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presentation to mount an effective counter-
active response.'* Epithelial cells are non-
hematopoietic cells that are critical for
initiating the type 2-immune response.
Epithelial cell-derived cytokines (thymic
stromal lymphopoietin [TSLP], IL-25, and
1L-33) are crucial in the development and
regulation of ILC2 and Th2 proliferation.'?
Type 2 immunity is characterized by the
cytokines I1L-4, IL-5, IL-9, and IL-13, and
by associated cell types, including baso-
phils, eosinophils, MCs, T helper cells,
and TLC2s, which are crucial in orchestrat-
ing type 2 inflammation.'® Traditionally,
the type 2 immune response is recognized
as the DC-Th2 cell axis, where Th2 cells
take the center stage, although currently,
the type 2 immune response is widely
known as the ILC2-DC-Th2 axis.®
DC-Th2 cell crosstalk is dependent
on antigen-presenting cells, mainly DCs.
Extracellular pathogens are recognized by
DCs via specific pathogen-associated
molecular patterns on the pathogen’s sur-
face, resulting in destruction of pathogens
through phagocytosis. DCs then move fur-
ther to lymph nodes to present antigens to
naive T-cells, resulting in differentiation of
naive T-cells into Th2 cells. Furthermore,
DCs release IL-6 and IL-4 to induce matu-
ration and proliferation of Th2 cells, respec-
tively. Mature Th2 cells produce type 2
cytokines to elicit the type 2 immune
response and promote a humoral immune
response.!” Moreover, DCs’ expression of
programed death-ligand 2 affects Th2

responses.
ILC2-Th2 cell crosstalk is more complex
and has Dbidirectional communication.

ILC2s affect Th2 cell responses through
indirect effects (i.e., cytokines) or direct
cell to cell contact. Although ILC2s
mainly express IL-5 and IL-13, they can
express IL-4 during helminth infection,
which is involved in immune regulation to
induce Th2 cell differentiation.'” Therefore,
Th2 cells are an abundant source of IL-4,

which induces the conversion of the B cell
isotype to immunoglobulin E (IgE) produc-
tion.?® In the indirect effect scenario,
ILC2-derived IL-4 promotes early Th2 dif-
ferentiation. Th2-derived IL-2 induces
ILC2 proliferation and IL-13 secretion.
However, in a direct cell to cell effect,
ILC2s promote Th2 polarization in
in vitro culture of ILC2s together with
Th2 cells. Studies in IL-17 knockout mice
have shown that contransfer of ILC2s and
Th2 cells induces a potent antigen-specific
type 2 immune response.”' This finding sug-
gests that coordination between ILC2s and
Th2 cells is essential for the production of
long-lasting type 2 immunity. Oliphant
et al. showed that ILC2s expressed major
histocompatibility complex II-mediated
antigen presentation, which was able to
process pathogens and present antigen pep-
tide to activate Th2 cells.”> Additionally,
ILC2 expression of programed death-
ligand 1 has a crucial role in inducing and
maintaining Th2 responses via programmed
death receptor 1 (PD-1) expression on Th2
cells.'®

In DC-ILC2 crosstalk, the OX40 ligand
expressed by DCs is important for the effec-
tive response of Th2 cells to worm-derived
antigens, which stimulate the activation of
DCs.? Activated DC subsets (cDC1 and
c¢DC2) can trigger the activation of ILC2
through the production of TSLP, IL-33,
and tumor necrosis factor-like ligand
1A.** ILC2-derived IL-13 enhances migra-
tion of activated DCs into the lymph nodes
where they promote the differentiation of
naive T cells into Th2 cells.>> The down-
stream repertoire of type 2 immunity
includes eosinophils, basophils, and MCs.
MCs are capable of producing epithelial-
derived cytokines (TSLP, IL-25, and
IL-33) to drive type 2 immune inflamma-
tion by further activation of ILC2s and
Th2 cells. ILC2-derived IL-5 promotes the
recruitment and production of eosinophils.
ILC2s can produce IL-4 and express I1L-4
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receptor. IL-4-producing eosinophils cocul-
tured with IL-33 greatly increase ILC2 pro-
liferation and production of IL-5 and 1L-13
to magnify the type 2 immune response.”®
Basophils directly modulate ILC2s, and
basophil-derived IL.-4 enhances the sensitiv-
ity of ILC2s to epithelial cell-derived cyto-
kines and promotes the migration of ILC2s
into the inflammation site.”” MCs release
IL-33, which leads to the expansion of
ILC2s and the production of IL-13. Th9
cells secrete IL-9, which acts on MCs to
release 1L-2, and MC-derived IL-2 causes
the proliferation of CD45 + ILC2 and cyto-
kine production. Additionally, MCs pro-
duce lipid mediators, such as
prostaglandin D2 (PGD2), which stimu-
lates ILC2 migration into the lungs and
facilitates the production of type 2 cyto-
kines.?® The recent discovery of ILC2s has
increased the immunological understanding
of ILC2s and the Th2 immunity nexus,
along with other associated immune cells.
Several studies have shown that the ILC2
and Th2 inflammation loop is a connected
circuit and functions in a bidirectional
manner, but many aspects of it remain com-
plex and unclear.”

An overview of the ILC2-DC-Th2 axis
associated with type 2 immunity is shown
in Figure 1.

ILC2 activation and expansion

ILC2s are activated by epithelial cell-
derived cytokines termed ILC2 alarmins,
including 1L-25, 1L.-33, and TSLP. ILC2
alarmins are expressed by epithelial cells
and other immune cells owing to a patho-
genic challenge resulting in ILC2 expansion
and production of type-2 effector cyto-
kines.*® TSLP is a member of the IL-2
family, and is primarily present at epithelial
cells lining the lungs, skin, and gastrointes-
tinal tract. TSLP is also produced by DCs,
basophils, and MCs. TSLP activates ILC2s
by binding to the TSLP receptor that is

coupled with IL-7a to promote the induc-
tion of type 2 cytokines. IL-25 (also known
as IL-17E) is a member of the IL-17 family
and is produced by epithelial cells, eosino-
phils, MCs, macrophages, and basophils.
IL-25 is also more widely expressed by epi-
thelial cells in the lungs and skin in patients
with asthma or atopic disease compared
with control subjects. IL-25 binds to
IL-17RB in response to tissue injury to acti-
vate ILC2s downstream, and this mediates
the production of type 2 cytokines, predom-
inately IL-13. IL-33 belongs to the IL-1
family, and it activates ILC2s through bind-
ing to its receptor named suppression of
tumorigenicity 2 (also referred to as
IL-33R, IL-1RL1, or T1). IL-33 is largely
expressed in barrier cells (epithelial or endo-
thelial cells) and MCs. IL-33 proliferates
into the extracellular space in response to
cellular damage or tissue injury, resulting
in enhanced production of type 2 cytokines,
predominately IL-5 and IL-13.%

Studies have shown that IL-33 is more
potent than IL-25 or TSLP in ILC2 activa-
tion.”*?* However, ILC2s show a strong
response to synergistic stimulation com-
pared with a single cytokine effect. 1L-33
along with IL-2 induce robust activation
of ILC2s and increase expression of type 2
cytokines. IL-33 in combination with either
IL-25 or TSLP doubles ILC2 proliferation
with 5 days in vitro stimulation.™
Furthermore, ILC2s not only respond to
inducer cytokines, but also respond to MC
lipid inflammatory mediators, such as cys-
teinyl leukotrienes (CysLTs) and PGD?2.
Doherty et al. showed that CysLT type 1
receptor (CysLTI1R) was expressed on
lung ILC2s in unaffected mice and
remained expressed on lung ILC2s after
an allergen attack, which was independent
of B cells and T cells.*> Human ILC2s
express CysLT receptor. CysLTs, particu-
larly leukotriene E4 (LTE4), trigger ILC2
survival, migration, and activation, and
enhance type 2 cytokine (IL-4, IL-5,



Jin et al.

fﬁﬁﬁ.’f."It"JL'i.l‘f‘l:_?G:J‘.lf"*_:?,'-L‘.u’-lxlh‘f.r:?[f.fﬂ I Ltz
ole o oo o/

A tilam {J *[ ad
ufiil @ | @ | @ |

\ "

1L- 1Al TsLP

=2|L-25 IL-33 TSLP

eEosmophlI

1 IL-5

Figure I. Summary of type 2 immunity.

IL-13, and amphiregulin) production. The
addition of IL-2 and epithelial cytokines to
LTE4 causes considerable ILC2 activation.
PGD?2 alone or in combination with epithe-
lial cytokines stimulates ILC2s and enhan-
ces production of type 2 cytokines. The
efficacy of CysLTs in human ILC2s
in vitro was significantly higher than that
of endogenous cytokines (IL-33, IL-25,
and TSLP), but lower than that of PGD?2,
when used individually.>® Activated ILC2s
produce type 2 cytokines, which orchestrate
a type 2 immune response against allergens
or pathogens. ILC2-derived I1L-4 is required
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Th2 polarization

to modulate the recruitment and migration
of ILC2 to the inflammation site in
Heligmosomoides polygyrus and induce the
differentiation of CD4+ Th2 cells.”” ILC2-
derived IL-5 helps activate and recruit
inflammatory eosinophils, thereby promot-
ing inflammation and tissue damage in type
2 immune-mediated diseases.’® ILC2-
derived IL-9 amplifies the role of ILC2s
by promoting their survival and activation
by stimulating MCs. This process promotes
the function of ILC2 by releasing IL-2
growth  factor, resulting in  an
effective ILC2 inflammatory response.”’
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ILC2-derived IL-13 is crucial in facilitating
the migration of activated lung DCs into
draining lymph nodes, where naive T cells
are initiated to Th2 cells, thereby activating
an adaptive response.*

An overview of the activation and exten-
sion of ILC2s is shown in Figure 2.

ILC2 dominance in different
allergic diseases

ILC2 dominance in AD

AD is also referred to as atopic eczema in
humans and presents with symptoms, such

fungi

bacteria

as dryness of the skin, pruritus, and chronic
scratching. AD is also related to dysregula-
tion of ILC2s, similar to other allergic dis-
eases. ILC2s are significantly increased in
the skin of patients with AD relative to
skin samples obtained from healthy con-
trols. Over the past decade, many studies
have shown the dominance of ILC2s in
skin AD-like inflammation.*! Kim et al.
isolated ILC2s from human and murine
AD lesions and showed that the number
of ILC2s was significantly higher compared
with that in healthy skin.** These authors
further reported that isolated ILC2s were
independent of IL-33 and IL-25, but

virus allergens

o

‘._r ,;-

—Eosinophil Proliferation
—Eosinophil recruitment

——Eosinophil activation

——mucus production
—smooth muscle contractility
——airway hyperreactivity
——airway remodeling

Figure 2. Activation and expansion of group 2 innate lymphoid cells.
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dependent on TSLP. Additionally, deple-
tion of ILC2s in mice with AD was accom-
panied by a significant reduction in
inflammation and AD-like disease. Imai
et al. found that IL-33-induced AD
depended on ILC2s.* They depleted the
ILC2 population by transplanting retinoic
acid receptor-related orphan receptor
a-deficient bone marrow into IL33tg mice.
In 15 weeks, ILC2s were effectively deplet-
ed, and AD-like inflammation was abol-
ished in ILC2-lacking IL33tg mice.
Mashiko et al. examined isolated skin
lesions from patients with AD (n=12)
and patients with psoriasis (n=11).*
They found a remarkable elevation in
ILC2s in patients with AD compared with
those with psoriasis. Furthermore, they
analyzed subtypes of ILCs (ILC2s and
ILC3s) in AD and psoriasis, and they
found a substantial increase in ILC2s in
AD skin lesions and an increase in ILC3s
in psoriatic skin. Salimi et al. showed that
ILC2s are skin-resident lymphoid cells, but
their frequency tended to increase in the
presence of AD-like inflammation.*> They
examined AD skin biopsies to determine
whether ILC2s contribute to the pathogen-
esis of AD, and found a significantly higher
number of ILC2s in skin biopsies from
patients with AD compared with that of
ILC2s in healthy subjects. Moreover, they
reported depletion of ILC2-inducing cyto-
kines (IL-33, IL-25, and TSLP), which
resulted in a decreased number of ILC2s
and a decline in AD-like inflammation.
Roediger et al. isolated skin ILC2s, and
found that dermal ILC2s, which were abun-
dant in the skin tissue, were dependent on
IL-7 and essentially produced IL-13.%¢
Additionally, upon IL-2 stimulation, IL-5
production was enhanced and this further
activated other immune cells to cause spon-
taneous dermatitis. Such studies have con-
tributed to proving that ILC2s reside in the
skin tissue and that they are involved in the
generation of type 2-associated skin

inflammation and ILC2 interaction in a
coordinated manner with other immune
cells in the skin to regulate their function.
However, further studies are required to
assess the factors that promote and regulate
ILC2-mediated skin inflammation.*’

ILC2 dominance in AR

AR is mediated by exposure to an allergen,
and is caused by dysregulation of ILC2s
and IgE in response to an invading allergen.
Typical symptoms of AR include sneezing,
nasal pruritus, rhinorrhea, and nasal con-
gestion. Several studies have shown
increased ILC2s, and increased concentra-
tions of ILC2-inducing cytokines (IL-33,
IL-25, and TSLP) and ILC2-derived cyto-
kines (IL-4, IL-5, and IL-13) in patients
with AR.? Liu et al. analyzed the presence
of ILC2s from nasal mucosa in a murine
model of AR.*® They reported remarkably
higher ILC2 infiltration in the nasal mucosa
of AR mice compared with that in control
mice. They also found that the nasal
mucosa in AR mice showed elevated
ILC2-derived cytokine and IgE concentra-
tions compared with those in the control
group. Doherty et al. studied patients with
a cat allergy and reported a significant ele-
vation in the percentage of ILC2-expressing
prostaglandin D2 receptor (CRTH?2) in the
peripheral blood following an allergen chal-
lenge.*” Similarly, Fan et al. analyzed
ILC2s in the periphery in patients with
house dust mite (HDM) sensitivity and
AR, those with mugwort sensitivity and
AR, and controls.”® They reported a
remarkably higher number of peripheral
blood ILC2s in patients with HDM sensi-
tivity and AR compared with that in con-
trols. However, there was no notable
difference in ILC2 levels between patients
with mugwort sensitivity and AR and the
control group. Furthermore, Fan et al.
observed peripheral blood mononuclear
cells (PBMCs) in patients with HDM
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sensitivity and AR when cocultured with
IL-33 alone or in synergy with IL-25.
However, coculture with IL-2 potently
induced IL-13 and IL-5.°° These findings
suggested a dominant role of ILC2s in
AR, particularly in patients with HDM sen-
sitivity. In a murine model, Kato et al.
induced local AR via nasal sensitization
with phorbol 12-myristate 13-acetate and
ionomycin, and they found that ILC2s in
the nasal mucosa produced IL-5 and IL-
13.°! Lombardi et al. studied the number
of ILC2s and ILC3s in the blood during
and outside of the grass pollen season in a
population of patients who were sensitized
to grass pollen and an unsensitized group.>
They observed a higher number of ILC2s
and ILC3s in patients who were sensitized
to grass pollen compared with that in the
unsensitized group. Lombardi et al. further
reported that the number of ILCls in the
blood remained unchanged during seasonal
allergen exposure.’> Zhong et al. reported
an increase in ILC2 levels in patients with
HDM responsiveness, and the severity of
symptoms was associated with the number
of peripheral blood ILC2s.>® Similar to
Salimi et al.,*> Qin et al.>* examined the
circulating ILC2s that expressed CysLTIR
in patients with AR, in those with AD, and
in controls. PBMCs were stimulated with
LTE4, leukotriene C4, or leukotriene D4
(LTD4), and treated with a CysLTIR
antagonist (montelukast). Interestingly,
they found a higher frequency of ILC2s
expressing CysLTIR in patients with AR
compared with that in controls. However,
treatment with montelukast in freshly iso-
lated ILC2s resulted in a profound reduc-
tion in type 2 cytokines in the presence of
leukotriene C4 and LTD4, but not LTE4.
Qin et al. proposed that the activation of
ILC2s in AR is more strongly associated
with leukotriene C4 and LTD4, but not
LTE4, and that treatment with montelukast
in ILC2s expressing CysLT1R-related AR
may be beneficial.>*

ILC2 dominance in asthma

Asthma is a chronic disease and heteroge-
neous, and is characterized by airway
inflammation, reversible airflow obstruc-
tion, and airway hyperresponsiveness. The
symptoms associated with asthma include
shortness of breath, wheezing, and cough-
ing. Previously, asthma was understood as
a Th2 and cosinophilic dominant disease.
However, since the discovery of ILC2s,
many studies have suggested otherwise.
Over the past decade, several studies have
postulated the dominant role of ILC2s in
the pathogenesis of asthma.’ Chen et al.
induced asthma attacks by an allergen chal-
lenge, and found that, 24 hours after sensi-
tization, the number of ILC2s in the
sputum was significantly higher than that
before sensitization.” Additionally, the
number of ILC2s expressing IL-5 or IL-
13, and both IL-5 and IL-13 was signifi-
cantly elevated in the sputum at 24 hours,
but not at 48 hours, after sensitization.
However, the number of blood and bone
marrow ILC2s remained low and inacti-
vated at 24 hours up until 48 hours after
the allergen challenge. Their findings sug-
gested early local activation of ILC2s
before systemic activation of ILC2s in the
presence of an allergen. Smith et al
reported higher numbers of blood and
sputum ILC2s in patients with severe
asthma in whom the rate of airway eosino-
philia was >3% compared with those in
patients with mild asthma.’® However,
sputum CD4+ lymphocytes were more
numerous than ILC2s, but ILC2s were the
major source of type 2 cytokines.
Furthermore, the number of type 2 cyto-
kines expressed by ILC2s in the airway
and peripheral blood was significantly
higher in patients with oral corticosteroid
therapy and severe eosinophilic asthma
compared with that in patients with
steroid-naive mild asthma. This study sug-
gests that a high number of ILC2s in
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individuals with severe eosinophilic asthma
can be resistant to oral corticosteroid ther-
apy. Similarly, Christianson et al. showed
increased IL-33 concentrations in bron-
choalveolar lavage fluid in patients with
asthma.’” This subsequently resulted in an
increased number of ILC2s in bronchoal-
veolar lavage fluid, and IL-33 concentra-
tions were correlated with asthma severity.
Furthermore, depletion of T cells in a per-
sistent asthma model resolved inflamma-
tion, but not airway hyperreactivity and
airway remodeling. In contrast, depletion
of TLC2s resulted in the resolution of all
symptoms of asthma. These findings indi-
cate the important role of ILC2s in airway
remodeling.”” Bartemes et al. investigated
ILC2s in the peripheral blood of asthma
in humans, and found that the frequency
of ILC2s in PBMCs was significantly
higher in patients with asthma compared
with that in healthy controls.”® Isolated
ILC2s from human PBMCs when stimulat-
ed with IL-33 or IL-25 in the presence of
1L-2, IL-7, or TSLP produced high IL-5
and IL-13 concentrations, but not IL-4 con-
centrations.”® This finding suggests that IL-
2, IL-7, and TSLP play an important role in
the survival of ILC2s, and also indicates
that ILC2s are the predominant source of
IL-5 and IL-13, but not IL-4. The role of
ILC2s in human and murine asthma has
been extensively studied over the past
years, but the role of ILC2s and their sub-
sets in asthma are still not fully understood.
Therefore, further studies are required to
better understand the role of ILC2s in
asthma.

Therapeutic targets against
selected biologics

Dupilumab is a humanized 1gG4 monoclo-
nal antibody that acts against the alpha
subunit of the IL-4 receptor (IL-4R,).
Dupilumab inhibits IL-4 and IL-13

signaling, which are important type 2 cyto-
kines that promote atopic inflammation.
IL-4R, was recently approved by the US
FDA for treating AD in adults and as
add-on therapy in patients with asthma
aged 12 years or older with eosinophilic
asthma or with oral corticosteroid depen-
dency. Dupilumab has a good efficacy and
improves symptoms in atopic diseases.
However, the safety and adverse effects of
dupilumab remain unclear, and more data
are required for further analysis. Moreover,
advanced research is required to evaluate
the efficacy of dupilumab in various
atopic diseases and their effectiveness in
pediatric patients.®

Mepolizumab (anti-IL-5) is a humanized
monoclonal IgG1l antibody, which selec-
tively recognizes and blocks IL-5, and
thus inhibit its ability to bind with IL-5R,,.
IL-5 is a key cytokine secreted by ILC2s,
Th2 cells, MCs, and ecosinophils, and it
plays a role in the activation, proliferation,
maturation, and survival of eosinophils.
Mepolizumab has been approved by the
US FDA and the European Medicines
Agency as an add-on therapy for treating
severe ecosinophilic asthma. Moreover,
mepolizumab has shown effectiveness in
treating individuals with difficult-to-treat
asthma, decreases the number of eosino-
phils in the blood and sputum, and greatly
lowers dependence on oral corticosteroids.
Furthermore, treatment with mepolizumab
decreases exacerbation of asthma, but has
not been shown to improve overall asthma
symptoms or lung function. Interestingly,
mepolizumab has recently been included
as an add-on therapy for severe eosinophilic
asthma within the Global Initiative for
Asthma Guidelines.®'

Benralizumab (anti-IL-5R,) is a human-
ized monoclonal antibody that blocks
IL-5R,. Benralizumab has been approved
by the FDA as a synergy for treating
severe asthma in individuals aged 12 years
or older with eosinophilia. This antibody
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has remarkable efficacy, improves asthma-
related quality of life, decreases asthma
exacerbation, and improves lung function
in moderate to severe cosinophilic asthma.
However, benralizumab’s adverse effects
remain debatable. Therefore, benralizumab
requires further comprehensive analysis.®
Tralokinumab (anti-IL-13) is a human-
ized IgG4 monoclonal antibody that inhib-
its soluble IL-13 from binding with IL-4R,/
IL-13R,1. TIL-13 is responsible for goblet
cell hyperplasia, airway hyperresponsive-
ness, and fibrosis. Tralokinumab improves
lung function in moderate to severe asthma,
but does not improve asthma symptoms or
asthma exacerbation. However, tralokinu-
mab reduces asthma exacerbation in
patients with severe asthma and high

fractional exhaled nitric oxide concentra-
tions. The efficacy and safety of tralokinu-
mab for treating asthma require further
evaluation.®> However, phase III clinical
trials have demonstrated a significant role
of tralokinumab in AD.** On 9 July 2020,
LEO Pharma A/S announced that the
Biologics License Application for traloki-
numab for treating adults with moderate
to severe AD had been accepted for
review by the US FDA.

An overview of therapeutic targets
against selected biologics and their mecha-
nism is shown in Figure 3.

There are some other therapies related to
ILC2s and allergic diseases, especially
asthma, such as PD-1 agonists and leuko-
triene receptor antagonists. PD-1, which is
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Tralokinumab monoclonal antibody acts against the cytokine IL-13.
Dupilumab binds at the IL-4 receptor, hence inhibiting IL-4 and IL- 13 signal transduc-

Mepolizumab binds to IL- 5 to prevent its' interaction with IL-5 receptor.
Benralizumab binds to IL- 5Ra, thus inhibiting IL- 5 interaction with its’ receptor.

Figure 3. Therapeutic targets against selected biologics.
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metabolic checkpoint in ILC2s, affects cel-
lular  activation  and  proliferation.
Furthermore, PD-1 can limit the viability
of TLC2s and downregulate the function
of their effector. A human PD-1 agonist
was developed, and it can ameliorate
airway hyperreactivity and suppress lung
inflammation in a humanized mouse
model of allergic asthma.®> CysLT1 has an
extremely high affinity for LTD4, which is
the most effective airway muscle constric-
tor. Montelukast, which is a CysLTIR
antagonist, is commonly prescribed to
improve asthma symptoms in humans and
has been proven to have good results.®®

Conclusion

The incidence of asthma, AR, and AD is
increasing in industrialized nations. Type 2
immunity consists of innate and adaptive
immune responses that promote allergic
inflammation. The relationship between the
ILC2-DC-Th2 axis and other repertoires of
immune cells is complex and intriguing, and
some part of this circuit remains unclear and
requires further investigation. Since the dis-
covery of ILC2, many studies have con-
firmed the implications of ILC2s in various
clinical conditions, such as asthma, AR, and
AD. These important insights suggest that
ILC2s could be an important therapeutic
target. Recently, some drugs have been
approved that function against type 2 cyto-
kines and have shown a favorable outcome.
However, some other drugs have shown no
clinical benefits and some are still at the
developmental stage.
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