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Summary

Background Interleukin (IL)-25 (IL-17E) is a potent inducer of the type-2 immune effector
response. Previously we have demonstrated that a neutralizing anti-IL-25 antibody, given
during the establishment of ovalbumin-specific lung allergy, abrogates airways
hyperreactivity.

Objective Blocking IL-25 results in the suppression of IL-13, a cytokine known to exacerbate
pulmonary inflammation, and an unexpected reciprocal increase in IL-17A. The role of IL-
17A in asthma is complex with reports of both pro-inflammatory and anti-inflammatory
functions. Our aim was to determine the influence of IL-17A in regulating IL-25-dependent
lung allergy.

Method Neutralizing antibodies to IL-25 and/or IL-17A were administered during an
experimental model of allergic asthma. Bronchoalveolar cell infiltrates and lung cytokine
production were determined to assess lung inflammation. Invasive plethysmography was
undertaken to measure lung function.

Results Neutralization of IL-25 correlated with a decrease in IL-13 levels and an increase in
IL-17A production, and an accompanying prevention of airway hyperresponsiveness (AHR).
Notably, the blocking of IL-17A reversed the protective effects of treating with anti-IL-25
antibodies, resulting in the re-expression of several facets of the lung inflammatory response,
including IL-13 and eotaxin production, eosinophilia and AHR. Using mice over-expressing
IL-13 we demonstrate that treatment of these mice with anti-IL-25 fails to suppress IL-13
levels and in turn IL-17A levels remain suppressed.

Conclusions and Clinical Relevance 1L-13 is known to be an important inducer of lung
inflammation, causing goblet cell hyperplasia and promoting airways hyperreactivity. OQur
data now demonstrate that IL-13 also plays an important role in the genesis of lung
inflammation downstream of IL-25 by suppressing a protective IL-17A response. These
findings also highlight the important reciprocal interplay of the IL-17 family members, IL-25
and IL-17A, in regulating allergic lung responses and suggest that the balance of IL-17A,
together with IL-25, will be an important consideration in the treatment of allergic asthma.
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Introduction

Key amongst these type-2 mediators is IL-13 the regula-
tion of which has been shown to be critical for the

It is well established from both human and mouse studies
that the classical type-2 cytokines IL-4, IL-5, and IL-13
play a central role in the pathogenesis of asthma and
accordingly they have become major targets for develop-
ing therapeutics for treatment of allergic airway disease.

*Contributed equally to this work.

development of airways hyperreactivity and many of the
inflammatory traits that characterize asthma [1-3]. As
such, antagonists of IL-13 are being actively pursued as
potential therapeutics in asthma [4, 5].

We know many of the effector functions that are
initiated by IL-13, for example goblet hyperplasia and
mucus production, alternative activation of macrophages,
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fibrosis, IgE expression and increased susceptibility to
airway hyperresponsiveness (AHR). More recently we
have also started to understand how IL-13 expression is
regulated. IL-25, a member of the IL-17 cytokine family,
has been shown to play an important role in promoting
the efficient onset of type-2 cytokine production both in
the innate type-2 response and in adaptive type-2 im-
munity [6-8]. IL-25 differs from other IL-17 family
members in that its production induces type-2 cytokine
expression associated with splenomegaly, elevated serum
levels of IgG1 and IgE, and pathological changes in the
lungs and digestive tract including eosinophilic infil-
trates, increased mucus secretion and epithelial cell hy-
perplasia [9-12]. Genetic ablation of IL-25 or the use of
blocking anti-IL-25 antibodies have clearly demonstrated
the importance of IL-25 in protecting from helminth infec-
tion [7, 8], but also its critical role in regulating responses
characteristic of asthma [13]. It appears that IL-25 stimu-
lates these responses through its ability to induce the release
of type-2 cytokines initially from innate non-B/non-T cells,
termed nuocytes, [6, 7, 9] and subsequently from the
adaptive T cell response [14, 15].

Consistent with a role in asthma, IL-25 mRNA or
protein has been detected from a number of cell types
found in the lung including alveolar macrophages, mast
cells, eosinophils, and basophils [9, 14, 16, 17]. More
recently, IL-25 production by allergen-stimulated human
and mouse lung epithelial cells has supported a potential
role for IL-25 modulating allergic pulmonary responses
[15]. In addition, IL-25 has been reported to induce
inflammatory cytokine and chemokine production from
lung fibroblasts [18], and components of extra-cellular
matrix from airway smooth muscle cells [18, 19]. Recent
studies have also indicated that transcripts for I[L-25 and
IL-25R are significantly up-regulated in biopsy tissue
from asthmatic patients, associated with eosinophilic
infiltration [14, 18].

By contrast the other five family members (IL-17A, IL-
17B, IL-17C, IL-17D, and IL-17F) are associated with type-
1 inflammation. The role of IL-17A in autoimmunity has
now been firmly established in the mouse with the
identification of T-helper 17 (Th17) cells. Th17 cells
appear to have evolved to provide protection against
microbes not effectively dealt with by the Th1 and Th2
arms of immunity [20] and IL-17A is critical for host
defence against Klebsiella pneumoniae [21], Bacteroides
fragilis [22], and Candida albicans [23]. However, the role
of IL-17A in asthma is complicated and controversial. IL-
17A-deficient T cells, from mice immunized with OVA
complexed with alum, proliferated less well ex vivo and
produced lower levels of IL-4 and IL-5 compared with
wild-type T cells, suggesting IL-17A is required for opti-
mal activation of Th2 cells [24]. In addition, mice deficient
in IL-17A or IL-17A receptor failed to develop AHR or
pulmonary inflammation in an OVA-induced model of

asthma [24, 25]. However, a recent report has suggested
that administration of exogenous IL-17A resulted in an
improvement of lung function associated with reduced
levels of the chemokines TARC, RANTES, and eotaxin,
which are involved in the recruitment of Th2 cells,
eosinophils, and basophils to the lung [24]. A correspond-
ing decrease was seen in bronchoalveolar lavage (BAL)
eosinophils and lymphocytes. Thus IL-17A may play
differing roles in asthma responses dependent upon when
it is expressed during the induction of allergic responses.

Interestingly, the IL-25 receptor has now been shown to
function as a dimeric receptor complex, containing IL-
17RA and IL-17BR. Consequently, mice deficient in IL-
17RA do not respond to IL-25 [26]. Although IL-17A and
IL-25 have divergent functional properties a recent report
has suggested that the extent of inflammation observed in
experimental autoimmune encephalitis (EAE) is depen-
dent on the balance of IL-25 and IL-17A [25]. Adminis-
tration of exogenous IL-25 protected wild-type mice from
EAE development and reduced Th17 numbers, leading to
the hypothesis that IL-25 inhibits differentiation of Th17
cells. Strikingly, IL-25 prevented EAE in 1147~ mice but
not in 11137/~ or Il4Ro.~'~ mice indicating that IL-25 acts
via IL-13 to regulate IL-17A and suppress disease [25].

We recently reported that during a mouse model of
experimental asthma treatment with an anti-IL-25 mAb
efficiently prevented airways hyperreactivity and lung
inflammation [13]. We now demonstrate that IL-25 is a
critical regulator of the IL-13/IL-17A axis during pulmon-
ary responses. Inhibiting IL-25 during the challenge phase
results in a significant fall in IL-13 levels and a reciprocal
increase in IL-17A that we now demonstrate to be essential
for protection against airways hyperreactivity. Concurrent
neutralization of IL-25 and IL-17A leads to the resumption
of AHR. We go on to show that in conditions where
inhibition of IL-25 cannot suppress IL-13 secretion IL-17A
production fails to increase, indicating that the regulation of
IL-17A is via IL-13. Thus, the suppression of IL-17A by IL-
13 is critical for inducing experimental allergic asthma.

Materials and methods

Mice

BALB/c mice (Charles River facility, 6-8 weeks) and
I113Tg mice [27] back-crossed to BALB/c for more than
10 generations were maintained in a specific pathogen-
free environment. All animal experiments were under-
taken with the approval of the UK Home Office.

Sensitization, allergen exposure, and measurement of
airway hyperresponsiveness

Mice were sensitized by intraperitoneal administration of
endotoxin low ovalbumin (OVA) complexed in a 1 : 1 ratio
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with alum (Imject®, Thermo Scientific) and challenged
with aerosolized standard grade OVA [13]. Control ani-
mals received phosphate-buffered saline (PBS). Twenty-
four hours after the final aerosol challenge AHR was
assessed using a restrained whole body plethysmograph
(EMMS, Bordon, UK). Animals were anaesthetized, tra-
cheostomized, and ventilated (MiniVent 845 ventilator,
EMMS) at a rate of 150 breaths/min, with a tidal volume
of 150 uL/stroke. After recording stable baseline total
respiratory system resistance for 3 min increasing con-
centrations of acetyl-B-methylcholine chloride (metha-
choline) (Sigma-Aldrich, Dorset, UK) were administered
by aerosol for 10s with an ultrasonic nebulizer, and
total respiratory system resistance was recorded for a
3-min period. eDaq software was used to analyse airways
resistance.

Monoclonal antibody administration

All antibodies used for in vivo work were administered via
the intraperitoneal route 2 h before each aerosol adminis-
tration. The mouse IgG1 isotype control antibody and anti-
IL-25 neutralizing antibody have been described previously
[13] and were used at 500 pg per dose. The rat IgG2a isotype
control antibody (clone 20102) and anti-IL-17A neutraliz-
ing antibody (clone 50104) were obtained from R and D
Systems (Abingdon, UK) and were used at 7.5 ug per dose.
This dose was based on the inhibition of IL-17A as demon-
strated by Schnyder-Candrian et al. [24]. Anti-IL-25 (S. J.
Ballantyne, unpublished data) and anti-IL-17A (R and D
Systems) have been tested for cross reactivity and do not
recognize any other IL-17 family members.

Flow cytometry

Lung cell suspensions, treated with 720 pg/mL collagenase
D (Amersham, Bucks, UK), and BAL cell suspensions were
stimulated ex vivo with media alone, or 50 ng/mL PMA,
500 ng/mL ionomycin for 4 h at 37 °C. All cells also received
1 uL/mL of Golgi plug (BD Biosciences, Oxford, UK). Fol-
lowing stimulation all cells were stained for cell surface
expression of CD3 and CD19 using anti-CD3 conjugated to
FITC (clone 145-2C11, eBioscience, San Diego, CA, USA)
and anti-CD19 conjugated to PECy7 (clone eBiolD3,
eBioscience). The cells were then fixed, permeabilized, and
stained for IL-13 with anti-IL-13 conjugated to PE (clone
eBio13A, eBioscience), and IL-17A: anti-IL-17A conjugated
to Alexa 647 (clone eBioTC11-18H10.1, eBioscience) ac-
cording to the manufacturers instructions (BD Biosciences).

Differential white blood cell and bronchoalveolar lavage
cell counts

Blood smears or BAL cell cytospin slides were stained with
Giemsa (Sigma-Aldrich), following the manufacturer’s
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instructions. Differential cell counts were made blind on
100 cells per slide under oil and at a x63 magnification.

Bronchoalveolar lavage cytokine enzyme-linked
immunoassay

The IL-5 cytokine ELISA utilized the sandwich format
with capture and detection antibodies purchased from BD
Biosciences. The ELISA was performed according to
BD Biosciences ELISA protocol. The IL-13, IL-17A, eotax-
in, and TARC cytokine ELISAs were performed using the
appropriate R and D Systems Quantikine ELISA kits
according to the manufacturer’s instructions.

Lung histology

Lung cells were fixed in formalin (10% formaldehyde in
0.99% saline solution) and stained with Giemsa for inflam-
matory cell infiltrate and Periodic acid-Schiff for airway
mucus production. Inflammation and mucus production
was evaluated using a blind numerical scoring system
expressed in arbitary units [28].

Statistical analysis

The significance of the differences between experimental
groups was analysed by using a two-way ANovA with
Bonferroni’ post-test (for dose-response to methacholine)
or Student unpaired f test.

Results

Blocking IL-25 results in increased levels of IL-17A that
are required to suppress IL-13 secretion

In order to test the effects of blocking IL-17A and IL-25
during an allergic inflammatory lung response, mice were
sensitized with two doses of OVA before being challenged
with aerosolized OVA. Administration of anti-IL-25 neu-
tralizing antibody during the OVA challenge phase of the
allergic response (Fig. 1a) decreased the levels of IL-13 in
the BAL fluid (Fig. 1b). By contrast we detected increasing
levels of the cytokine IL-17A in the lungs of the anti-IL-
25-treated mice (Fig. 1c). To test if the elevated level of IL-
17A was playing a mechanistic role in regulating the
cytokine and inflammatory response, mice were adminis-
tered with either neutralizing anti-IL-25 or neutralizing
anti-IL-17A antibody alone, or with the two antibodies in
combination, during the challenge phase of the OVA-
induced experimental asthma model (Fig. 1a). Isotype
control antibodies were administered as appropriate.
Administration of anti-IL-17A alone resulted in levels of
IL-13 equivalent to the isotype control group (Fig. 1b). In
contrast to the reduction of IL-13 and increase in IL-17A
that was observed following anti-IL-25 mAb treatment,
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Fig. 1. IL-17A is required for the protective effects of anti-IL-25 in
hyperresponsiveness (AHR). (a) Ovalbumin-sensitized and challenged mice
were injected with anti-IL-25 and/or anti-IL-17A. Bronchoalveolar lavage
fluid was harvested after OVA sensitization and challenge. (b) IL-13 and (c)
IL-17A levels were assayed by ELISA. Data are representative of three
independent experiments (1= 5 mice per group). (d) Airways resistance to
increasing concentrations of methacholine. Data are representative of two
independent experiments (n = 10 mice per group). ND, not detected.

the additional co-administration of anti-IL-17A mAb with
anti-IL-25 resulted in recovery in the levels of pulmonary
IL-13 (Fig. 1b). These data demonstrate that the elevated
levels of IL-17A observed after anti-IL-25 treatment are
required to suppress IL-13 production.

The balance of IL-25 and IL-17A regulates ovalbumin-
induced airway hyperresponsiveness

To test whether the expression of IL-17A was playing
a key functional role we investigated whether the
prevention of AHR, as assessed by measuring airways
resistance, following administration of anti-IL-25 was
dependent on the production of IL-17A. As expected,
administration of anti-IL-25 completely prevented AHR
(Fig. 1d). Strikingly, blocking the activity of IL-17A in
the presence of anti-IL-25 reversed the beneficial effects
of anti-IL-25 mAb and resulted in the re-emergence
of profound AHR (Fig. 1d). Co-administration of an
isotype-matched control antibody did not alter the effects
of anti-IL-25, and administration of anti-IL-17A mAb
alone had no effect on AHR (Fig. 1d). Thus, the IL-17A
expression that arises following neutralization of IL-25
plays a positive role in protecting against AHR. These
results clearly demonstrate that the relative levels of IL-
17A and IL-25 play critical roles during pulmonary
allergic asthma responses.

IL-17A is required to suppress eotaxin production and
eosinophilia following IL-25 neutralization

We tested the IL-25/IL-17A cytokine balance further to
investigate whether other pulmonary allergic mediators
were affected. Anti-IL-25 treatment caused a significant
decrease in circulating eosinophil numbers and pulmon-
ary eotaxin (Figs 2a and b). By contrast, the co-adminis-
tration of anti-IL-17A reversed the effects of blocking
only IL-25, giving comparatively similar results as those
seen following isotype control antibody treatment (Figs 2a
and b). Notably, anti-IL-17A treatment alone caused
elevated levels of pulmonary eotaxin and blood eosino-
philia compared with animals treated with isotype control
antibodies (Figs 2a and b), supporting the hypothesis that
IL-25 and IL-17A play opposing roles in the regulation of
lung allergy.

In contrast to eosinophilia and BAL eotaxin, production
of IL-5 in the BAL fluid, while up-regulated by OVA
challenge, compared with PBS-treated mice, was not
significantly altered in any of the anti-IL-25/anti-IL-17A
treatment groups (Fig. 2c). Similarly, airway mucus pro-
duction and BAL eosinophils were not affected by
IL-25 and IL-17A levels (Figs 2d and e). Additionally,
Schnyder-Candrian et al. [24] had previously suggested a
role for IL-17A in the regulation of TARC production
by dendritic cells, in wvitro [24]. However we were
unable to detect any modulation of TARC following
anti-IL-25 and anti-IL-17A administration (Fig. 2f).
These results suggest that the opposing effects of
IL-25 and IL-17A are only critical for specific aspects
of the type-2 response during experimental allergic
asthma.
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Fig. 2. Eotaxin levels and blood eosinophilia are reciprocally regulated by IL-25/IL-17 levels. (a) Blood smears were made from ovalbumin (OVA)
sensitized and challenged mice to assess eosinophilia. Bronchoalveolar lavage (BAL) fluid was harvested after OVA sensitization and challenge and
assayed by ELISA for (b) eotaxin, (c) IL-5. (d) Periodic acid-Schiff score as a measure of airway mucus production. Each data point represents one mouse.
(e) eosinophilia in BAL fluid and (f) TARC (CCL17). Data are representative of 3 independent experiments (# =5 mice per group), with the exception of

(d), which are from a single data set. ND, not detected.

Lung and blood neutrophils are not dysregulated following
anti-IL-25 and anti-IL-17A administration

The pro-inflammatory functions of IL-17A, especially its
ability to induce neutrophilia, are well documented, and
intra-tracheal administration of IL-17A has been shown to
increase the absolute number of neutrophils in the BAL [29].
Accumulation of neutrophils is a feature of both bronchial
asthma and chronic obstructive pulmonary disease [30, 31]
and is particularly associated with corticosteroid resistance
[32], occupational asthma [33], and asthma in smokers [34].
To determine whether the elevated levels of IL-17A were
inducing neutrophilia, and therefore potentially suppressing
type-2 pathology, we undertook differential cell counts on
blood and BAL cytospins. We observed no significant
changes in the proportion of neutrophils in either blood (Fig.
3a) or BAL (Fig. 3b). These data suggest that the rising levels
of IL-17A following anti-IL-25 monoclonal antibody treat-
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ment do not simply induce neutrophils into the lung, and
thus suppress the type-2 response independently of IL-25.

The effects of IL-25 and IL-17A on airway
hyperresponsiveness and type-2 pathology are not due to
changes in cell infiltration into the lung

The possibility existed that BAL cytokine production,
following anti-IL-25 and/or anti-IL-17A treatment during
lung allergy, was being regulated due to changes in lung
cell infiltration and cell proliferation. However, on inves-
tigation lung cell infiltration was not affected by IL-25
and IL-17A levels (Fig. 4a). In addition, the number of
cells recovered from the draining lymph nodes of OVA-
sensitized and challenged animals was not significantly
different between animals administered with anti-IL-25
and/or anti-IL-17 or control animals treated with isotype-
matched antibodies (data not shown).
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Furthermore, no effect of anti-IL-25 or anti-IL-17
antibodies on proliferative capacity or cytokine produc-
tion was observed after antigen restimulation of cells
isolated from the draining lymph nodes (data not shown).
Furthermore, intracellular flow cytometric analysis of
cells isolated from disaggregated lung tissue (Figs 4b and
c) showed that while the percentage of IL-13- and IL-17A-
producing cells increased following OVA challenge, it was
not affected by anti-IL-25 and anti-IL-17A treatment.
However, investigation of intracellular IL-17A production
in BAL cells showed that while the number of T cells
producing IL-17A did not alter following antibody
treatment (data not shown), the increase of a population
of IL-17A-producing non-B/non-T (CD37CD197) cells did
correlate with anti-IL-25 treatment as compared with
isotype OVA-treated control mice (Fig. 4d).

Anti-IL-25 monoclonal antibody requlates IL-17A through
IL-13 levels

Since IL-13 has been reported to counter-regulate IL-17A
during EAE we wished to determine whether the regula-
tion of IL-17A was caused directly by IL-25 or mediated
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Fig. 4. IL-13 and IL-17A production by T cells and non-B/non-T cells as assessed by intracellular flow cytometry. (a) Perivascular cell infiltrate was
assessed on paraffin-embedded histological sections stained with Giemsa. Data are representative of three independent experiments (1 =5 per group).
Intracellular staining for IL-13 (b) and IL-17A (c) producing cells in disaggregated lung tissue. Data plots are representative of five mice per group. No
statistical significance was found by Student #-test between any of the ovalbumin treatment groups. (d) Intracellular staining for IL-17A-producing cells
in bronchoalveolar lavage. Data plots are representative of six mice per group.
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through a downstream IL-13 effect. To test the role of IL-
13 we made use of 1113Tg mice that express IL-13 from the
1113 promoter in the presence of the human CD2 locus
control region. These mice produce elevated levels of IL-
13 even in the absence of antigen stimulation compared
wild-type controls (Fig. 5a). Following OVA challenge
I113Tg mice express approximately eightfold higher levels
of IL-13 than wild-type controls and in contrast to the
wild-type animals anti-IL-25 treatment does not inhibit
IL-13 production (Fig. 5a), meaning that we can assess the
affect on IL-17A production when anti-IL-25 antibody is
present but IL-13 levels are high. Notably, while anti-IL-
25 administration resulted in the up-regulation of IL-17A
in wild-type mice, anti-IL-25 did not result in elevated
levels of IL-17A when IL-13 expression was maintained at
elevated levels in the I113Tg mice (Fig. 5b). Interestingly,
we were also unable to detect an increase in IL-17A-
producing non-B/non-T (CD37CD197) cells in the II-13Tg
anti-IL-25 OVA-treated mice (Fig. 4d).

Discussion

We demonstrate a novel role for IL-25-induced IL-13 in
suppressing the protective effects of IL-17A in allergic
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lung inflammation. Neutralizing IL-25 in an experimental
model of allergic asthma resulted in down-regulation of
IL-13 levels and a reciprocal increase in the levels of IL-
17A, correlating with prevention of AHR. When these
elevated levels of IL-17A were neutralized by anti-IL-17A
antibody treatment the levels of IL-13 recovered, as did
eotaxin production and eosinophilia, and AHR returned
to normal. In I113Tg mice, that express elevated levels of
IL-13 that cannot be inhibited by anti-IL-25 treatment,
IL-17A is not up-regulated, indicating that IL-13 levels
downstream of IL-25 are important for suppressing
protective IL-17A production.

Our data also demonstrate that following neutralization
of IL-25 a population of non-B/non-T IL-17A-producing
cells arises in the BAL and correlate with protection from
asthma. These cells do not appear in I113Tg mice. Although
we have been unable to identify these cells due to their
extremely low number they may represent known IL-17A-
producing lineages such as neutrophils or NK cells. A
further possibility is that they may represent recently
identified IL-17A-producing innate lymphoid cells [35, 36].
While we found no evidence for modulation of Th17 cells
upon anti-IL-25 treatment it has recently been shown that
Th17 cells may express functional IL-13 receptors and
respond to IL-13 by down-regulating IL-17A expression
[37]. It is possible that this type of regulation may affect the
non-T/non-B IL-17A-producing cells that we observed in
the BAL and it will be interesting to determine whether these
cells express functional IL-13 receptors.

IL-13 is known to exacerbate allergic lung inflamma-
tion, and experiments using soluble IL-13Ra2-Fc fusion,
or 1137/~ mice, have been shown to ameliorate allergen-
induced AHR and reduce mucus in the airways in a mouse
model of asthma [3, 38]. Our initial observation of lower
levels of IL-13 occurring following anti-IL-25 antibody
treatment suggested a relatively simple model in which
neutralization of IL-25 led to inhibition of AHR primarily
through restricting local induction of IL-13 in the lung
tissue and bronchoalveolar space, and consequently the
downstream blocking of IL-13-induced effector functions
such as mucus production and enhancing muscle con-
tractility [39, 40]. However, our data now indicate that
IL-25 regulation of IL-13 is also important for controlling
IL-17A levels. Levels of IL-17A rise during treatment
with anti-IL25 and this elevated IL-17A is essential for
reducing AHR and pulmonary inflammation, through
suppression of specific inflammatory mediators. It is also
interesting to speculate that the balance of IL-25 and
IL-17A, which can utilize the same receptor, IL-17RA, is
perhaps critical to the production of IL-13 in the lung
during allergic asthma. Anti-IL-17A treatment alone does
not result in regulation of IL-13 production in our model,
suggesting that only when IL-25 is neutralized can IL-17A
out-compete IL-25 for their receptor and alter IL-13
production. Further experiments will be required to
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determine how IL-17A production inhibits IL-13. To date
our studies have used the model antigen OVA complexed
with alum, where endotoxin has been removed, during the
sensitization period. Further studies would be required to
ascertain the significance of this finding using other com-
plex antigens such as ragweed or house dust mite that have
a greater capacity for activating toll like receptor pathways.
Although previous studies using mice deficient in IL-
17A or IL-17A receptor reported that IL-17A was neces-
sary for the development of AHR or pulmonary inflam-
mation in an OVA-induced model of asthma [24, 41], a
protective role for IL-17A has been suggested recently
[24]. Schnyder-Candrian et al. [24] reported that although
IL-17A is essential for the establishment of allergic
asthma, administration of IL-17A to already sensitized
mice could attenuate the allergic response [24], possibly
by mediating TARC control of cell infiltration. Our data
now show that the protective effects of IL-17A are likely
to be dependent on the suppression of IL-25 and, conse-
quently, IL-13. Although we failed to observe significant
changes in TARC production in the BAL following anti-IL-
25 and anti-IL-17A treatment, we found eotaxin and
eosinophilia to be abrogated in parallel with decreases in
IL-13 levels. These data are in keeping with previous
reports in which IL-13, IL-4 and eotaxin have been
demonstrated to play key roles in the tissue distribution
of eosinophils [39, 42]. Independently of this others have
reported the absence of an AHR response in mice geneti-
cally deficient in eosinophils [43], though the specific
involvement of eosinophils in AHR remains contentious.
Notably, we did not observe any changes in BAL eosino-
philia or mucus production in the lung. This mirrors
observations made by Ballantyne et al. [13] showing a
disconnect between the effect of anti-IL-25 on inflamma-
tion and AHR at this time-point. Although other reports
have shown IL-17A to induce neutrophilia we failed to
observe significant changes in neutrophil infiltration,
possibly due to the specific antigen used, temporal effects,
or the context of an already committed type-2 response.
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It is noteworthy that Kleinschek et al. [25] recently
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IL-25 response or a dominant IL-17A directed response.
This suggests that counterregulation of these cytokines
is important in type-2-dependent allergic asthma in a
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[25]. The findings also highlight the critical importance
of maintaining the equilibrium of IL-25 and IL-17A in
disease. This novel mechanistic observation, for the con-
trol of allergic AHR and the underlying type-2 directed
pathology, is also potentially important for any therapeu-
tic use of anti-IL-25 in treating asthma.

Elevated IL-17A has been reported to be associated
with neutrophilic infiltrates in the lungs and increased
asthma severity [44-46]. However these results are
difficult to interpret due to the heterogeneity of asthma
in humans, particularly as the role of neutrophils in
asthma has not been defined. It is possible that the
increased levels of IL-17A may be a consequence of severe
inflammation and tissue damage rather than a cause. Here
we demonstrate that rather than causing changes in
neutrophil populations, the balance of IL-25, IL-13, and
IL-17A is responsible for regulating type-2 responses
during lung allergy.
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