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Introduction

Summary

Interleukin-25 (IL-25) and IL-33, which belong to distinct cytokine fami-
lies, induce and promote T helper type 2 airway inflammation. Both cyto-
kines probably play a role in asthma, but there is a lack of direct evidence
to clarify distinctions between their functions and how they might con-
tribute to distinct ‘endotypes’ of disease. To address this, we made a
direct comparison of the effects of IL-25 and IL-33 on airway inflamma-
tion and physiology in our established murine asthma surrogate, which
involves per-nasal, direct airway challenge. Intranasal challenge with IL-33
or IL-25 induced inflammatory cellular infiltration, collagen deposition,
airway smooth muscle hypertrophy, angiogenesis and airway hyper-
responsiveness, but neither increased systemic production of IgE or IgGl.
Compared with that of IL-25, the IL-33-induced response was character-
ized by more sustained laying down of extracellular matrix protein, neo-
angiogenesis, T helper type 2 cytokine expression and elevation of tissue
damping. Hence, both IL-25 and IL-33 may contribute significantly and
independently to asthma ‘endotypes’ when considering molecular targets
for the treatment of human disease.

Keywords: asthma; interleukin-25; interleukin-33; remodelling.

whereas, in developing countries, the prevalence is lower
but increasing rapidly.'Asthma is characterized by chronic

Asthma is one of the most common lifelong chronic dis-
eases. The prevalence of asthma in developed countries is
approximately 10% in adults and even higher in children

inflammation of conducting airways, remodelling of airway
walls, airway hyper-responsiveness to non-specific stimuli
and episodic exacerbations of airway obstruction. Recently,

Abbreviations: bFGF, basic fibroblast growth factor; IFN-vy, interferon-y; IL-25, interleukin-25; IL-25R, interleukin-25 receptor;
OVA, ovalbumin; PAS, periodic acid-Schiff; Th2, T helper type 2; TSLP, thymic stromal lymphopoietin; VEGF, vascular endothe-

lial growth factor
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epithelium-derived thymic stromal lymphopoietin (TSLP),
interleukin-33 (IL-33) and IL-25 have received attention
with regard to their possible roles in initiating and propa-
gating T helper type 2 (Th2) airway inflammation in
asthma. These cytokines are perceived to operate upstream
of production of Th2 cytokines such as IL-4 and IL-13 and
may therefore have greater potential as therapeutic targets.”

Interleukin-33 is a member of the IL-1 family of cyto-
kines, and has been associated with the promotion of sys-
temic Th2-type responses. In mice, IL-33 is abundantly
expressed in the lungs in the course of ovalbumin (OVA) -
induced airway inflammation,” whereas exogenous admin-
istration of IL-33 exacerbates allergen-induced airway
inflammation.* Patients with asthma have elevated concen-
trations of IL-33 in induced sputum and serum.’ Interleu-
kin-25 (IL-17E), in contrast, belongs to the IL-17 cytokine
family. It has also been implicated in the promotion of
Th2 immune responses. Murine airways challenged directly
with IL-25 develop epithelial cell hyperplasia, mucous
hypertrophy and hyper-reactivity.>” Production of IL-25 is
also elevated in human asthma.®

Hence, epithelium-derived IL-25 and IL-33 both have
the potential capacity to induce and promote Th2-type air-
way inflammation and induce remodelling and pathophys-
iological changes, including non-specific hypersensitivity
in the airways.” Consequently, when considering them as
molecular targets and potential endotypic markers in
human asthma, it is important to distinguish their func-
tions, as well as their origins as fully as possible. Existing
literature suggests a more prominent role for IL-33 in epi-
thelially driven airway inflammation and differential effects
of these mediators on T cells and dendritic cells.'®"
Recent genome-wide studies suggest a more pronounced
influence of IL-33 in generating the asthma phenotypes.'*

To clarify the roles of IL-33 and IL-25 in inducing air-
way inflammation, remodelling and hyper-reactivity, we
used an established murine surrogate of asthma to com-
pare, in parallel, the effects of these mediators using
direct challenge, with incorporation of a ‘classical’ OVA-
induced surrogate necessitating previous IgE sensitization
as a positive control. We hypothesized that it is possible
to identify distinct effects of these mediators on the
immunopathological and immunophysiological changes
which characterize asthma.

Materials and methods

Animals

Female BALB/c mice (8-10 weeks old) were purchased
from Vital River Laboratories (Beijing, China) and
housed in a pathogen-free mouse facility located in
the Department of Laboratory Animal Sciences, Capital
Medical University, Beijing, China. All animal studies
were carried out strictly under protocols approved by the

© 2015 John Wiley & Sons Ltd, Immunology, 145, 508-518
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Institutional Animal Care and Use Committee at Chinese
Capital Medical University (the approval number:
2010-X-104). Every effort was made to minimize the
number of animals used and the animals’ suffering.

IL-33, IL-25 and allergen challenge

To compare the differences between IL-33-induced and IL-
25-induced airway changes, mice were randomly distributed
into four groups including a group serially challenged with
50 pg/dose of OVA as a positive control,”"” a group adminis-
tered saline as a negative control, a group serially challenged
with IL-257 and a group serially challenged with IL-33."* In
brief, mice challenged with OVA were first sensitized by intra-
peritoneal injection of 100 pg/dose OVA (Sigma-Aldrich,
Beijing, China, emulsified in AI[OH];) on days 0 and 12.7
These mice were then further challenged daily intranasally on
days 18 to 23 with 50 pg/dose of OVA (OVAs) in 50 pl sal-
ine. Mice in the IL-33-challenged and IL-25-challenged
groups were not sensitized or exposed to OVA, but were sub-
jected to daily nasal challenge from days 18 to 23 with recom-
binant mouse IL-33 [mIL-33, R&D Systems (Abingdon, UK),
Minneapolis, MN, 100 ng in 50 pl saline (=1-1 x 1077 Mm)]
or IL-25 [mIL-25, R&D Systems, 2 pg in 50 pl saline
(=2-2 x 10 ° m)]. Subsequently, the mice in each group
were further challenged intranasally with OVA, IL-33 or IL-
25 every 2 days for a further 30 days. Some mice in each
group were observed for a further 17 days after cessation of
the challenges. Control mice were intraperitoneally injected
with same amount of Al[OH]; then nasally challenged with
normal saline at corresponding time-points (Fig. la).

Lung function measurements

Lung function was assessed on days 20, 24, 36, 48, 54 and
70 during the challenge period, 24 hr after the most
recent intranasal challenge. A baseline was established by
measurements at day 0. Airway responsiveness was deter-
mined by changes in lung resistance in anaesthetized and
tracheostomized mice in response to increasing concen-
trations of aerosolized methacholine (0-48 mg/ml) using
the FlexiVent system (Scireq Inc., Montreal, QC, Canada)
as described previously.”'>'®

Bronchoalveolar lavage fluid collection and characteriza-
tion of cellular infiltrates

After lung function measurements, total cell counts in
bronchoalveolar lavage fluid collected from mice were
enumerated as previously described.”'>'®

Lung histology
Using standard methods, resected left lung tissue was

fixed in 10% neutral-buffered formalin for 24 hr, then
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Figure 1. (a) Schedule of murine challenge. (b) Numbers of total cells, eosinophils, neutrophils and lymphocytes in bronchoalveolar lavage
(BAL) fluid from interleukin-33 (IL-33), IL-25, ovalbumin (OVA) and saline (NS) -challenged mice at various time-points. Bars show the
mean + SEM (n = 5 in each group at each time-point). *P < 0-05. (c) Representative photomicrographs of haematoxylin & eosin-stained lung

sections (original magnification x20).

dissected into blocks, embedded in paraffin, and 5-pum
sections were cut. Sections were stained with haemat-
oxylin & eosin (H&E) for detection of inflammatory
cell infiltration and periodic acid-Schiff (PAS) (Beijing
Yi Li Fine Chemistry Co Ltd, Beijing, China) to detect
mucus deposition. PAS staining was scored to assess
the degree of goblet cell hyperplasia as described previ-
ously.”"”

A Masson’s trichrome kit (Nanjing Mindit Biochemis-
try Co Ltd, Nanjing, China) was used to observe collagen
accumulation.”"? Congo red (Beijing Solarbio Technology
Co Ltd, Beijing, China) staining was used for detection of
eosinophil infiltration.” Digital photographs of four bron-
chioles per tissue section were taken at x40 magnification
and Imace-Pro Prus was used to quantify Congo red-
positive eosinophils.

Lung immunohistochemistry

Immunohistochemistry was used to detect smooth muscle
and vascular endothelial cells. The primary monoclonal
antibodies against mouse o-smooth muscle actin
(1:200) and CD31 (endothelial cells) (1 :20) were
purchased from Abcam (Hong Kong, China).” ImMaGE-PrO
Prus software was used to measure the total numbers of
CD31" vascular endothelial cells per unit area of entire
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lung sections and the thickness of the smooth muscle
layer in large- and middle-sized airways.”

Preparation of lung tissue homogenates and quantifica-
tion of total collagen

Resected right lung tissue was weighed then homogenized
in PBS containing 1% Triton X-100 and a protease inhib-
itor cocktail tablet (Roche Diagnostics GmbH, Mann-
heim, Germany). After centrifugation to remove debris,
the supernatant was collected for measurement of cyto-
kines and chemokines. The Sircol collagen assay (Biocol-
or, Belfast, UK) was used to measure total soluble
collagen according to the manufacturer’s instructions and
then normalized for tissue weight.”

Cytokine and chemokine analysis

The concentrations of IL-4, IL-5, IL-13, IL-25, II-33,
TSLP, transforming growth factor-f and eotaxin in
supernatants of the right lung homogenates were
measured using ELISA kits (eBioscience, San Diego, CA);
basic fibroblast growth factor (bFGF) and vascular endo-
thelial growth factor (VEGF) were detected using ELISA
kits (RayBiotech, Inc, Atlanta, GA); interferon-y (IFN-y),
IL-6 and the murine IL-8 homologue (CXCL1/KC) were

© 2015 John Wiley & Sons Ltd, Immunology, 145, 508-518



measured using a commercial BDTMTM cytometric bead
array platform (BD Biosciences Pharmingen, San Diego,
CA) following the manufacturers’ instructions. The con-
centrations of serum total IgE and IgGl antibodies were
measured by ELISA (eBioscience).”

Statistical analysis

The software package GrapHPAD Prism 5.01 (GraphPad,
San Diego, CA) was used for all data analyses and prepa-
ration of graphs. In general, within-group variability was
analysed using two-way analysis of variance. Between-
group comparisons at specific time-points were per-
formed using the Student’s unpaired t-test. Data are
expressed as the mean + SEM. For all tests, P < 0-05 was
considered significant.

Results

Inflammatory cellular infiltration of the lung
parenchyma tissues and airways

Per-nasal, direct airway challenge with IL-33 and IL-25 in
naive mice and OVA sensitized mice caused florid
infiltration of inflammatory cells into the airway lumen

D70
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and peribronchial and perivascular regions of the lung
parenchyma (Fig. 1b,c). Most of the lumen infiltrating
cells were eosinophils, neutrophils and lymphocytes
with eosinophils predominating (Fig. 1b) and persisting
for the entire observation period. Significant IL-33-
induced cellular infiltration occurred slightly earlier
(day 24) and persisted longer (day 70) compared with
that of IL-25 (Fig. 1b). H&E staining of lung sections
revealed in comparison with saline-challenged control
mice, extensive mucous hypertrophy with peribronchio-
lar and perivascular inflammation in all challenged
groups from day 24, which peaked between days 36
and 48, then progressively declined at days 54 and 70.
In contrast, in IL-33-challenged mice these changes
were still evident at these later time-points, even at
day 70, although attenuated compared with the peak
(Fig. 1c).

Eosinophil infiltration

Congo red staining revealed abundant eosinophil infiltra-
tion into the airway peribronchial and perivascular
regions of the IL-33-challenged mice, which was evident
from day 20 and persisted up to day 70 (Fig. 2). OVA-
induced lung eosinophil infiltration peaked at day 36,

Congo red* eosinophils NS

—_
o
=

Congo red stained cells (%)

Figure 2. (a) Representative photomicrographs of Congo red” eosinophils in lung sections from interleukin-33 (IL-33), IL-25, ovalbumin (OVA)

and saline (NS) -challenged mice at various time-points (original magnification x40). (b) Numbers of Congo red" cells as percentages of the
total nucleated cells. Bars show the mean £+ SEM (n = 5 in each group at each time-point). *P < 0-05.
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then rapidly declined (Fig 2). IL-25-induced lung eosino-
philia also peaked at day 36, then declined more slowly,
remaining significant up to day 70. In IL-33-challenged
mice, eosinophil infiltration peaked by day 24 and per-
sisted until day 54. Even at day 70, 17 days after cessation
of challenge, IL-33-induced airway eosinophilia was still
statistically greater than that caused by OVA- and IL-25
challenge (Fig. 2).

Airway goblet cell hyperplasia

Staining with PAS showed that IL-33 inhalation challenge
induced florid mucous hyperplasia in the bronchial epi-
thelium (Fig. 3), which was similar in terms of extent
and duration to that induced by IL-25. At all time-points
after 24 days, the changes in the IL-25 challenge and
IL-33 challenge mice were significantly greater than those
observed in the OVA-challenged mice (Fig. 3).

IL-33 increased extracellular lung matrix protein
deposition

Masson’s trichrome blue staining of lung sections
and quantitative detection of total lung collagen by
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biochemical assay showed significantly elevated collagen
deposition around the airways and vasculature in IL-33-,
IL-25- and OVA-challenged animals at 48 days and later
time-points (Fig. 4). While the IL-25- and OVA-chal-
lenged animals showed similar profiles of increased lung
collagen content with time, only in the IL-33-challenged
animals did this change persist following cessation of
challenge at day 70, at which time-point it was still signif-
icantly elevated compared with the IL-25- and OVA-chal-
lenged mice (Fig. 4). There was no significant change in
lung collagen content in the saline-challenged animals
throughout the experiment.

IL-33-induced airways smooth muscle hypertrophy

Image analysis of immunoreactivity for a-smooth muscle
actin showed that OVA, IL-25 and IL-33 challenge caused
transient smooth muscle hypertrophy/hyperplasia, signifi-
cant at days 36, 48 and 54 and with a similar extent and
time—course, (Fig. 5). Quantitative analysis demonstrated
that the thickening of the airway smooth muscle in the
IL-33-challenged animals was slightly but significantly
greater than that of the IL-25-challenged animals at
day 36.

PAS score NS

PAS score

Figure 3. (a) Representative photomicrographs of periodic acid-Schiff (PAS) stained lung sections from interleukin-33 (IL-33), IL-25, ovalbumin
(OVA) and saline (NS) -challenged mice at various time-points (original magnification x20). (b) Mucus score based on PAS staining (see Mate-
rials and methods). Bars show the mean + SEM (n = 5 in each group at each time-point). *P < 0-05.
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Figure 4. (a) Representative photomicrographs of Masson’s Trichrome Blue-stained lung sections from interleukin-33 (IL-33), IL-25, ovalbumin
(OVA) and saline (NS) -challenged mice at various time-points (original magnification x20). (b) Total lung collagen (ug/100 mg of total pro-
tein). Bars show the mean = SEM (n = 5 in each group at each time-point). *P < 0-05.

IL-33-induced increased pulmonary vascularity

Analysis of CD31 immunoreactivity showed that all three
challenge regimens induced a significant increase in the
numbers of CD31" vascular endothelial cells, evident
from day 36 (Fig. 6) and persisting at the end of the
experiments. Again the effects of each challenge were
quantitatively and temporally similar, although the IL-33-
challenged animals retained significantly greater airway
vascularity at day 70, 17 days after cessation of challenge,
compared with the IL-25- and OVA-challenged animals.

IL-33 challenge did not increase IgE or IgG1
expression

Intraperitoneal OVA sensitization and subsequent per-
nasal OVA challenge induced a marked increase in the
concentrations of total serum IgE and IgG1 (the murine
equivalent of human IgG4) detectable by day 20, peaking
at day 36 and persisting until the end of the study
(Fig. 7). In contrast, per-nasal challenge with IL-33 or
IL-25 did not significantly alter the concentrations of
total serum IgE or IgGl throughout the entire duration
of the experiments (Fig. 7).

© 2015 John Wiley & Sons Ltd, Immunology, 145, 508-518

IL-33 challenge increased cytokine and chemokine
expression in the lung parenchyma

ELISA and cytometric bead array data from analysis of
lung homogenates demonstrated that, whereas the OVA
and IL-25 challenge regimens caused modestly elevated
expression of the ‘signature’ Th2 cytokines IL-4, IL-5 and
IL-13, but not the ‘signature’ Thl cytokine IFN-vy. Inter-
leukin-33 challenge induced marked local production of
IL-4, IL-5 and IL-13, the concentrations of which were
typically two to three times higher than those induced by
OVA and IL-25 challenge from days 24 until 70 (Fig. 7).
Interleukin-33 challenge also induced marked, signifi-
cantly elevated expression of IL-25 itself and TSLP (two
cytokines also thought to a play pivotal role in the initia-
tion of asthma), which peaked at day 48 and persisted
without decline until day 70 (Fig. 7). Although challenge
with IL-25 or OVA also induced elevated expression of
either TSLP or TSLP and IL-25, the quantities were much
less than those induced by IL-33-challenge. Conversely, as
we previously reported,” both IL-25 and OVA challenge
were able to induce increased production of IL-33 (Fig. 7).
Although all three stimuli induced increased expression
of eotaxin, the peaks of IL-33 and IL-25-induced eotaxin
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Figure 5. (a) Representative photomicrographs of a-smooth muscle actin immunoreactivity in lung sections from interleukin-33 (IL-33), IL-25,

ovalbumin (OVA) and saline (NS) -challenged mice at various time-points (original magnification x20). (b) Quantitative analysis of thickness of

a-smooth muscle actin-positive airway smooth muscle. Bars show the mean = SEM (n = 5 in each group at each time-point). *P < 0-05.

expression were at day 48, whereas the OVA-induced
peak was slightly earlier (at day 36, Fig. 7). In addition,
the zenith of IL-33-induced eotaxin expression persisted
up to day 54 before declining, whereas that induced by
OVA and IL-25 challenge declined rapidly (Fig. 7).
Induced production of the chemokine KC (IL-8) was
comparable with all three stimuli whereas compared with
OVA and IL-33, IL-25 did not significantly increase IL-6
production (Fig. 7).

Finally, although all three challenge regimens were able
to increase local concentrations of the pro -fibrotic and
angiogenetic cytokines transforming growth factor-f,
bFGF and VEGF, the lung concentration of bFGF in
IL-33-challenged mice was significantly greater than that
in the IL-25- or OVA-challenged mice from day 36
onwards until the end of the experiments, whereas the
production of VEGF in the IL-33-challenged mice was
elevated compared with IL-25-challenged animals at days
54 and 70 (Fig. 7).

IL-33 challenge induced airway hyper-responsiveness
and increased tissue damping

Ovalbumin challenge induced a significant elevation of
methacholine-induced airway resistance relatively early at
day 20 although this did not persist at later time-points.
The IL-33 challenge induced a similar effect but this was
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more delayed (from day 36) and more sustained (up to
day 54), whereas IL-25 challenge marginally increased air-
way hyper-responsiveness over the same time period
(Fig. 8a).

Similarly, tissue damping (G), a parameter that is clo-
sely related to tissue resistance and reflects the dissipative
properties of the lung tissues was significantly elevated in
the OVA-, IL-25- and IL-33-challenged mice. With this
parameter the effect of IL-33 was apparent earlier (by day
20) and persisted until the end of the experiments (day
70), whereas methacholine hyper-responsiveness had
resolved by this time-point (Fig. 8b).

Discussion

In this study we have taken the opportunity to compare
the effects of direct airways challenge with IL-33 and
IL-25 alongside a conventional animal asthma surrogate
involving OVA sensitization and challenge. The concen-
trations of IL-25 and IL-33 used here were optimized in
the preliminary experiments in which 2 pg of IL-25 and
100 ng of IL-33 were found to be the lowest effective dos-
ages causing detectable airway inflammatory changes in
the mice. One general caveat when comparing the effects,
in terms of magnitude and time—course, of these two
mediators on the airways in vivo is that different concen-
trations of IL-25 and IL-33 were delivered per-nasally to

© 2015 John Wiley & Sons Ltd, Immunology, 145, 508-518
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(b) CD31+ vessels/mm? NS
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Figure 6. (a) Representative photomicrographs of CD31" peribronchial blood vessels in lung sections from interleukin-33 (IL-33), IL-25, ovalbu-

min (OVA) and saline (NS) -challenged mice at various time-points (original magnification x40). (b) CD31" vessels per unit area of sections.

Bars show the mean + SEM (n = 5 in each group at each time-point). *P < 0-05.

the airways, and it is not possible precisely to determine
the fates of these mediators (for example, their clearance
half times) following delivery. Notwithstanding this, our
regimen offers the opportunity to compare acute and
sub-acute changes in airway inflammatory cellular infil-
tration as well as remodelling and recovery phases. We
have made a number of novel observations. First, IL-33
alone is able to increase airway smooth muscle thickness,
as can IL-25 this might at least partly reflect its
enhancement of interstitial fibrosis because previous stud-
ies suggest that myofibroblasts contribute to smooth mus-
cle hypertrophy.'® This may also at least partly explain
why IL-33 increases airway hyper-responsiveness, as
shown here and in a previous study.'” Second, we have
shown that IL-33 can increase angiogenesis in the airways
(previously this potential has been inferred indirectly
from experiments on umbilical vein endothelial cells in
vitro®®), which may again at least partly reflect its
induction of local VEGF and bFGF synthesis potentially
by various airway structural and infiltrating inflammatory
cells.’”

The cytokine IL-33 is essentially an ‘alarmin’,”' consti-
tutively expressed in lymphoid tissues, epithelial barriers
and the central nervous system and released in response
to injury and infection (in asthma this might include

© 2015 John Wiley & Sons Ltd, Immunology, 145, 508-518

injury from pollutants, viral infections and allergen-
derived and other proteases via the uric acid ‘sensor’).*?
The cytokine IL-25, although also derived from epithelial
cells. is also produced by a wide range of infiltrating
inflammatory cells relevant to asthma (macrophages, eo-
sinophils, mast cells, basophils and both CD4" and CD8"*
T cells).” Precise stimuli for IL-25 production in asthma
are yet to be elucidated (local matrix metalloproteinase is
one candidate stimulus,” and helminthic infection is a
clear stimulus for the gut mucosal epithelium).> A fur-
ther complication, as we have shown here and in a previ-
ous study is that either cytokine can induce elevated
expression of the other.” This is also congruent with a
study®® showing that blockade of the effects of IL-33 on
the murine airways with a blocking antibody or a soluble
form of its ST2 receptor abrogated airways IL-25 and
TSLP production in an OVA challenge-based surrogate.
This tendency for IL-33 and IL-25 to be mutually cross-
inducing might cloud the issue of identifying specific
endotypes of human asthma that depend primarily on
induction of synthesis of one cytokine or the other, which
is why a detailed study of their differential downstream
effects in asthma is potentially illuminating.

With respect to the downstream similarities and differ-
ences in the effects of these two cytokines relevant to
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(IL-33), IL-25, ovalbumin (OVA) and saline (NS) -challenged mice at various time-points. Bars show the mean £ SEM (n = 5 in each group at

each time-point). *P < 0-05.

asthma pathogenesis, in our experiments both induced a
marked cellular and in particular eosinophilic infiltration
of the airways with florid associated mucous hypertrophy
and airway smooth muscle hypertrophy/hyperplasia. Both
also induced the laying down of interstitial collagen and
angiogenesis, but these effects were sustained only with
IL-33 challenge. A similar, sustained effect of IL-33 in
inducing lay down of collagen has previously been
reported in an allergen sensitization/challenge surrogate
of asthma, and may at least partly reflect a direct effect of

IL-33 in enhancing collagen production by fibroblasts.>”*®

516

Sustained angiogenesis may reflect the ability of IL-33 to
induce the production of angiogenesis-promoting media-
tors by a variety of airway structural and inflammatory
cells, as mentioned above.” Interleukin-33 challenge also
resulted in elevated and sustained release of the asthma-
relevant cytokines IL-4, IL-5 and IL-13, as well the
asthma-relevant CCL chemokine eotaxin into the airways.
Although for many years labelled as ‘signature’ cytokines
of Th2-type T cells, it is now clear that these cytokines
may originate, in whole or part, not from T cells but
from activation of type 2 innate lymphoid cells within the

© 2015 John Wiley & Sons Ltd, Immunology, 145, 508-518
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Figure 8. (a) Airway (Rn) resistance of mice from interleukin33 (IL-33), IL-25, ovalbumin (OVA) and saline (NS) -challenged mice at the indi-
cated time-points. (b) Tissue damping (G) parameter at the same time-points. Data are presented as the mean = SEM (n = 5 in each group at
each time-point). ***P < 0-05 versus IL-25-, OVA- and NS-challenged mice, **P < 0-05 versus OVA- and NS-challenged mice, *P < 0-05 versus

NS-challenged mice.

airway mucosa. Indeed IL-33 has been shown to activate
type 2 innate lymphoid cells in murine airways, causing
rapid secretion of IL-5 and IL-13,"* and is more potent in
this regard than IL-25.""* Interleukin-33 has also been
shown to activate resident mast cells, which are also
potential sources of cytokines such as IL-4, in an IgE-
independent fashion.’®’! Similarly, sustained local release
of eotaxin may at least partly reflect a direct effect of
IL-33 on airway fibroblasts.>>* Finally it is of interest to
note that, although IL-4 and IL-13 are only cytokines
known to be capable of switching B cells to IgE synthesis,
all of the observed pathophysiological changes effected by
both IL-25 and IL-33 in this system appear to be com-
pletely mechanistically independent of IgE (which is not
to say that both cytokines might not affect IgE-dependent
mechanisms in some asthma ‘endotypes’ indeed IL-33 has
been reported to play a key role in regulating the produc-
tion of allergen-specific IgE in humans, with IL-25 and
TSLP playing a subsidiary role™).

Finally, underlining the functional consequences of
these distinct differences between the activities if IL-33
and IL-25 in regulating airway inflammation, cytokine
expression, remodelling and neoangiogenesis, while air-
way challenge with both cytokines caused a transient

© 2015 John Wiley & Sons Ltd, Immunology, 145, 508-518

increase in bronchial hyper-responsiveness, only IL-33
challenge produced a suggestion of prolonged, increased
tissue damping, which may at least partly reflect its longer
term effects on airway angiogenesis and the laying down
of extracellular matrix proteins.

Although there are important differences between these
cytokines, they are also important for the initiation and
development of asthma. Data from experiments using
mouse models provide evidence for their synergistic inter-
action. In an OVA challenge-based surrogate, blockade of
the effects of IL-33 on the murine airways with a blocking
antibody or a soluble form of its ST2 receptor abrogated
airway IL-25 and TSLP production®® and in a house dust
mite model of airway inflammation, IL-33, TSLP and IL-
25 were all elevated but neutralizing IL-25 completely
ablated this early innate response to allergen challenge.”
It is known that expression of the two cytokines increased
in the airways from the patients with asthma, but the
interaction between the two cytokines in patients is less
clear than in murine models of asthma, so better
understanding of the similarities, differences and relation-
ships of IL-25 and IL-33 may help to improve our under-
standing of pathogenetic mechanisms and to identify
novel targets for therapeutic intervention.
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In summary, these data suggest clearly distinct contri-
butions of IL-25 and IL-33 to the pathophysiological
changes that accompany asthma and that both may be
legitimate molecular targets for addressing symptoms and
perhaps even influencing the natural history of the dis-
ease.
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