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Induction of Airway Hyperreactivity by IL-25 Is Dependent on
a Subset of Invariant NKT Cells Expressing IL-17RB'

Philippe Stock,* Vincent Lombardi,” Viola Kohlrautz,* and Omid Akbari*'

IL-25 has been shown to induce Th2 responses and airway hyperreactivity (AHR) in mice, but the mechanism of action is not
understood and it is unclear which cells mediate this disease. In this study we show that the receptor for IL-25, IL-17RB, is highly
expressed on a subset of naive and activated CD4* invariant NKT (iNKT) cells, but not on activated T cells. IL-17RB* iNKT cells
produced large amounts of Th2 cytokines that were substantially increased by IL-25 stimulation. Furthermore, IL-17RB* iNKT
cells were capable of restoring AHR in iNKT cell-deficient mice, whereas IL-17RB™ iNKT cells failed to reconstitute AHR and
lung inflammation. Finally, IL-17RB™* iNKT cells were detected in the lungs of wild-type mice, and induction of AHR by intranasal
administration of IL-25 was significantly impaired in iNKT cell-deficient mice. Overall, our data suggest a critical role for iNKT
cells in IL-25-mediated AHR. These results may lead to novel therapeutic approaches to target IL-17RB* iNKT cells for the

treatment of allergic asthma.

sthma is a major public health problem that has in-

creased dramatically in prevalence over the past two de-

cades (1). Asthma is an immunological disease that is
caused by Th2-type inflammation and is characterized by in-
creased mucus production in the bronchioles and by airway hy-
perreactivity (AHR).? Although conventional CD4™ T cells play a
major role in asthma by recognizing exogenous Ags and initiating
allergic inflammation in the lungs, we and others have shown that
invariant NKT (iNKT) cells are important effector cells in asthma
(2—4). Thus, iNKT cell-deficient mice failed to develop AHR and
have substantially reduced eosinophilia after sensitization and
challenge with allergen, although Th2 responses developed nor-
mally (2—4). IL-25 (also known as IL-17E), a member of the IL-17
family, has been implicated in Th2-polarized immune responses
(5, 6). IL-25 has been reported to induce IL-4, IL-5, and IL-13
production from undefined non-T/non-B cells and has been shown
to promote eosinophilia and to elevate AHR (5-7). In addition,
overexpression of IL-25 or administration of rIL-25 was shown to
result in allergic pathologies (8, 9). Conversely, mice deficient in
IL-25 exhibited reduced Th2 cytokine production in the draining
lymph nodes (10, 11), and inhibition of IL-25 in wild-type (WT)
mice prevented inflammation and hyperreactivity of the airways
(12). IL-25R, which is also called IL-17RB, IL-17Rh1, or Evi27,
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is a 56-kDa single transmembrane protein with homology to IL-
17R (6, 13, 14). IL-17RB was first identified as a receptor for
IL-17B but has subsequently been shown to exhibit a higher af-
finity for IL-25 than for IL-17B.

In this report, we show that IL-17RB is selectively expressed on
a subset of CD4" iNKT cells. Upon stimulation with a-galacto-
sylceramide (a-GalCer), IL-17RB*CD4" iNKT cells secreted
high levels of Th2 cytokines, which were further enhanced by the
addition of IL-25. Moreover, we found that the adoptive transfer of
IL-17RB"CD4™" iNKT cells restores AHR in iNKT cell-deficient
mice. Finally, induction of AHR by IL-25 required the presence of
iNKT cells, as intranasal (i.n.) application of IL-25 induced AHR
in WT BALB/c but not in iNKT-deficient mice.

Materials and Methods
Mice

Female BALB/cByJ mice (6—8 wk old) and Ja18 ™/~ mice (backcrossed to
BALB/c) were a gift from M. Taniguchi (Chiba University, Chiba, Japan).
CDI1d™’~ (BALB/c) mice were a gift from M. Grusby (Harvard School of
Public Health, Boston, MA). Pathogen-free female BALB/c mice (Federal
Institute for Health Protection of Consumers and Veterinary Medicine
(BgVV), Berlin, Germany, and The Jackson Laboratory), 6-8 wk of age,
were maintained under institutional approved guidelines (Charité Univer-
sity Medicine, Berlin, Germany, and Keck School of Medicine, University
of Southern California, Los Angeles, CA).

In vivo treatments with IL-25

Mice were lightly anesthetized with isoflurane. Murine IL-25 (0.75 ug;
R&D Systems) or saline was applied i.n. on three consecutive days. Six
days after the last i.n. treatment, mice were analyzed for AHR and lung
inflammation by histological staining.

Flow cytometry analysis

Cells were preincubated with anti-Fc blocking mAb (2.4G2) as well as
normal rat serum and washed before staining. iNKT cells were identified
using various Ab combinations that included PE-conjugated CD1d:PBS-57
loaded tetramer (National Institute of Allergy and Infectious Diseases
(NIAID), National Institutes of Health (NIH) MHC Tetramer Core Facility,
Atlanta GA), TCRb-PECy5 or allophycocyanin (clone H57-597, eBio-
science, San Diego, California) and CD4 allophycocyanin or allophyco-
cyanin-Alexa Fluor 750 (clone RM4-5) (eBioscience). Monoclonal IL-
17RB Ab was purchased from Lifespan Biosciences. Cells were acquired
on a FACSCanto flow cytometer (BD Biosciences). The data were ana-
lyzed with FlowJo software (Tree Star).
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FIGURE 1. A subset of CD4" iNKT cell expresses IL-17RB. iNKT cells were positively selected with a CD1d tetramer loaded with a-GalCer as
described in Materials and Methods. INKT cell subsets (25 X 10°) were cultured with 1 X 10°> BMDCs as described previously (24). a, Cells were stained
with IL-17RB mAb and analyzed by flow cytometry gated on enriched CD4" or DN iNKT cells. IL-17RB™ cells were quantified and the percentages of
IL-17RB*CD4" iNKT cells are indicated in the histograms. b, CD4" and DN iNKT cells were enriched from the spleens of BALB/c mice as described
in Materials and Methods. CD4" or DN iNKT cells (25 X 10°) were cultured with 10* BMDCs. Cells were collected at various time points after cell culture
and analyzed for the expression of IL-17RB by quantitative real-time PCR. Also, 25 X 10° positively selected iNKT cells from the lungs of BALB/c mice
with AHR were cultured with 10> BMDCs for 48 h and analyzed for the expression of IL-17RB. As a negative control, 1 X 10® BMDCs were also cultured
for 48 h and analyzed for IL-17RB expression. Data are representative of three separate experiments. The IL-17RB expression levels in CD4™ and lung
iNKT cells were compared with those in the appropriate DN iNKT cells *, p < 0.01.

Purification of iNKT cells

For isolation of splenic iNKT cells, cells were labeled with a PE-conju-
gated CD1d tetramer followed by anti-PE microbeads and then sorted by
autoMACS according to the manufacturer’s instruction (Miltenyi Biotec).
Purity of the iNKT cells was >90%. For isolation of CD4"* and double
negative (DN) iNKT cell subsets, cells were purified from spleens using
FITC-PBS-57 (a-GalCer analog)-loaded CD1d tetramers (NIAID, NIH
MHC Tetramer Core Facility) and using MACS anti-FITC MultiSort kit
(Miltenyi Biotec). Anti-FITC microbeads bound to tetramer-positive cells
were detached using a MACS MultiSort release reagent and a MACS
MultiSort stop reagent according to the manufacturer’s instructions (Milte-
nyi Biotec). The resultant tetramer-positive cells were further enriched for
CD4™ cells by positive selection on a MACS column after incubating with

anti-CD4 microbeads. For detection of iNKT cells in lung, single cell sus-
pensions from lung parenchyma were prepared as follows. Lungs were
flushed in situ with 20 ml of cold PBS via cannulation of the heart to
remove the intravascular blood pool. Minced lung tissue was incubated for
90 min at 37°C on a rocker in DMEM supplemented with 10% FCS, 50
U/ml DNase I (Boehringer Mannheim), and 250 U/ml collagenase I, type
4197 (Worthington). Passing the digested lung tissue through a nylon mesh
and subsequent discontinuous Percoll gradient (Pharmacia) centrifugation
(35-55%) yielded purified live lung parenchymal cells. For purification of
IL-17RB* and IL-17RB~ NKT cells, cells were purified from spleens as
described above using FITC-conjugated IL-17RB Ab. All preparations,
cellular isolations, and staining were performed on ice. In some experi-
ments, selected cells were further enriched using a MoFlo high-speed cell
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Table 1. Absolute number of IL-17RB* iNKT cells per spleen (X 1000)"

0h 24 h 48 h 72 h
Total CD4*iNKT 974 *+ 136 1018 = 147 1214 = 129 1121 = 141
Total DN iNKT 251 £ 49 311 =61 363 = 78 411 £ 112
CD4" iNKT IL-17RB* 235+ 23 265 = 34 359 = 46 329 =29
DN iNKT IL-17RB* 52=*0.32 7.1 £0.52 8.7 £0.64 7.3 +0.33

“ Mean absolute numbers of iNKT cell subsets isolated from spleens of BALB/c mice were quantified and analyzed for the
expression of IL-17RB by flow cytometry. Cells were activated in vitro by culturing them with BMDCs loaded with a-GalCer
for various time points as indicated. Data are mean of three separate experiments (n = 5) and are shown as mean = SD.

sorter (DakoCytomation). Tetramer-positive CD4 " and CD4~ NKT cell
preparations were confirmed to contain an average of >91 and >93% pure
populations, respectively.

In vitro culture of NKT cells

CD4" and DN NKT cells were magnetically enriched from spleens of
BALB/c mice as described above. iNKT cells (25 X 10%) were cultured in
round-bottom, 96-well plates with 1 X 10° bone marrow-derived dendritic
cells (BMDCs) from BALB/c mice prepared as previously described (15,
16) with some modifications (17, 18). As indicated, in some wells IL-
17RB* or IL-17RB ™ iNKT cells were treated with 20 pg/ml IL-25. Su-
pernatants were collected after 48 h and measured for cumulative levels of
cytokines by ELISA.

Real-time PCR for IL-17RB

For analysis of IL-17RB expression, total RNA was prepared from CD4*
and DN iNKT cells, lung iNKT cells, or BMDCs by TRIzol, and cDNA
was generated. Real-time RT-PCR was performed as described before
(13, 19).

Adoptive transfers

Total, IL-17RB™, or IL-17RB~ iNKT cells (2 X 10°) were isolated as
described above and adoptively transferred into Ja18 ™/~ mice that were
sensitized to OVA (50 pg of OVA in alum administered i.p. 1 wk previ-
ously) and recipients were challenged with three consecutive doses of
OVA in. (50 pg).

Cytokine ELISA

Cytokine secretion following in vitro challenge was determined by ELISA
as previously described (2). The mAb pairs used were as follows (capture-
detection): IFN-y, R4-6A2-XMG1.2; IL-4, BVD4-BVD6; and IL-5,
TRFK-5-TRFK-4. Reagents for mouse IL-13 were purchased from R&D
Systems.

Induction of AHR and measurement of airway responsiveness

To induce AHR, mice were sensitized with 100 ug of OVA Ag (ICN
Biomedical) in alum administered i.p. After 8 days, mice were exposed to
in. OVA (50 wg) or PBS on three consecutive days. AHR responses were
assessed by methacholine-induced airflow obstruction in conscious mice
placed in a whole body plethysmograph (Buxco Electronics) as described
previously (2, 20). In some experiments we assessed AHR by invasive
measurement of airway resistance in which anesthetized and tracheos-
tomized mice were mechanically ventilated using a modified version of a
described method (21). Aerosolized methacholine was administered in in-
creasing concentrations, and we continuously computed lung resistance
and dynamic compliance by fitting flow, volume, and pressure to an equa-
tion of motion.

Bronchoalveolar lavage (BAL) fluid

Following measurement of AHR and euthanasia, the lungs were lavaged
twice with 1 ml of PBS and 2% FCS and the fluid was pooled as described
previously (2). Differential leukocyte counts were determined from slide
preparations of BAL fluid stained with H&E.

Statistical analysis

The statistical significance of differences between indicated groups was
determined by Student’s 7 test. Any difference with a value of p < 0.01 was
considered significant (*, p < 0.01; =, p < 0.001).

Results
The IL-25 receptor IL-17RB is preferentially expressed on
CD4™ iNKT cells

To define the expression levels of IL-17RB on iNKT cells, we
isolated CD4™ and DN iNKT cells from the spleens of naive
BALB/c mice as described in Material and Methods. Positively
selected iNKT cells were activated in vitro by culturing them with
BMDCs loaded with a-GalCer for various time points as indicated
in Fig. la. Surface expression of IL.-17RB on activated CD4 ™" and
DN iNKT cells was assessed by flow cytometry and compared
with isotype control at each time point. We found that IL-17RB
was selectively expressed on the CD4™ subset of naive iNKT cells
and the levels increased upon activation, showing peak expression
after 48 h of culture. In contrast, neither naive nor activated DN
iNKT cells expressed significant amounts of IL-17RB as compared
with isotype controls.

To examine the expression of IL-17RB mRNA on the afore-
mentioned iNKT cell subsets, cells were positively selected and
activated as described above and gene expression levels were char-
acterized by RT-PCR (Fig. 1b). We found that IL-17RB mRNA
was substantially and exclusively expressed on CD4" iNKT cells,
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FIGURE 2. IL-17RB™" iNKT cells preferentially produce Th2 cyto-

kines. IL-17RB™ or IL-17RB™ iNKT cells were sorted as described in
Materials and Methods. Cells were incubated with a-GalCer-loaded BM-
DCs in the presence or absence of IL-25 (50 ng/ml). Supernatants were
collected after 48 h and cytokines were measured by ELISA. ELISA data
are representative of three separate experiments and are shown as mean =+
SD for triplicate samples. The cytokine levels from IL-25-treated IL-
17RB* cells were compared with IL-25-treated IL-17RB™ cells; *,
p < 0.01.
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the spleens of BALB/c mice and adoptively transferred (2 X 10° cells) into OV A-sensitized Ja18 '~ mice that were then challenged with OVA (50 ug)
i.n. on three consecutive days and assessed for AHR by measuring Penh (left panel), lung resistance (R, ; middle panel), and dynamic compliance (Cyy,;
right panel). As controls, nonrecipient WT BALB/c or Ja18 ™/~ mice were sensitized (i.p.) and challenged (i.n.) with OVA. Data are the mean + SD and
are representative of three experiments (n = 5) with the following p values: *, p < 0.01; and ##, p < 0.001 (recipients of IL-17RB™ vs recipients of
IL-17RB™ iNKT cells). b, Lung histopathology of Ja18 ™/~ recipient mice from a. Lung tissue from an OV A-challenged Ja18 '~ mouse shows normal
airway and surrounding parenchyma (far right panel). Lung tissue from an OV A-treated Ja18 '~ mouse that received 2 X 10° wild-type iNKT cells shows
inflammatory cells surrounding the airways (second panel from left). Lung parenchyma of an OV A-sensitized Ja18 /~ mouse that received 2 X 10° iNKT
cells from IL-17RB™/~ mice shows minimal mucus production and negligible cellular infiltration (third panel from left). However, lung tissue from
OVA-treated Ja18 ™/~ mice that received 2X 10° IL-17RB* iNKT cells, shows a significantly higher infiltration of inflammatory cells and mucus production

(far left panel). All stainings are H&E (original magnification, X200).

and expression levels were induced upon activation with a-Gal-
Cer. We also found no expression of IL-17RB on the dendritic
cells added to our culture. In concordance with our data regarding
IL-17RB expression on the surface of iNKT cells, DN iNKT cells
contained no significant levels of IL-17RB mRNA in comparison
to CD4" iNKT cells. In contrast, CD4" T cells did not express
IL-17RB at resting or activated conditions (data not shown).

Furthermore, we analyzed the number of iNKT cell subsets ex-
pressing IL-17RB obtained from total splenocytes of BALB/c
mice (Table I). We found that ~25% of CD4" iNKT cells from
the spleens of naive mice express IL-17RB (974 =+ 136 total CD4™
iNKT cells vs 235 + 23 IL-17RB CD4" iNKT cells). By contrast,
expression of IL-17RB on DN iNKT cells was comparable to that
on isotype controls (< 2%). The number of IL-17RB™ cells grad-
ually increased upon activation and peaked after 72 h to ~30% of
total CD4" iNKT cells (1121 *+ 141 total CD4™ iNKT cells vs
329 = 29 IL-17RB CD4™" iNKT cells). Together, these data indi-
cate that CD4 " iNKT cells express significant levels of IL-17RB
and thus have the potential to respond to IL-25.

IL-25 promotes the secretion of Th2 cytokines on IL-17RB™
iNKT cells

To analyze the effects of IL-25 on iNKT cells, we magnetically
sorted IL-17RB™ and IL-17RB™ iNKT cells from the spleens of
naive BALB/c mice. The cells were stimulated with a-GalCer-
loaded dendritic cells in the presence of either IL-25 or isotype
controls in vitro. As demonstrated in (Fig. 2), IL-17RB" iNKT
cells secreted significantly higher amounts of IL-4, IL-5, and IL-13
and lower amounts of IFN-y when compared with IL-17RB™
iNKT cells. The addition of IL-25 to a-GalCer stimulation of
iNKT cells further enhanced the production of Th2 cytokines, pre-

dominantly in the IL-17RB™ iNKT cell subset. These data indicate
that subsets of iNKT cells may respond to IL-25 to rapidly secrete
Th2 cytokines.

IL-25 and IL-17RB" iNKT induce AHR in iNKT cell-deficient
mice

iNKT cell deficient Ja18 '~ mice do not develop AHR. Due to the
fact that the expression of CD1d is unaffected in these mice, they
were preferentially used for iNKT cell adoptive transfer studies.
We and others have previously been able to demonstrate that the
adoptive transfer of iNKT cells from WT mice restores the devel-
opment of AHR in Ja18 '~ mice (2-4). To determine whether the
expression of IL-17RB on iNKT cells is required for the induction
of AHR, IL-17RB™ and IL-17RB ™~ iNKT cells were purified from
the spleens of BALB/c mice and adoptively transferred into OVA-
sensitized Ja18 ™/~ mice, which were then challenged with OVA
to induce AHR. Only the IL-17RB™ and not the IL-17RB~ iNKT
cells from WT BALB/c mice restored AHR in iNKT cell-deficient
mice, as measured by airway resistance, dynamic compliance, and
enhanced pause (Penh) (Fig. 3a). Moreover, examination of the
lungs of iNKT cell-deficient mice that received IL-17RB™* iNKT
cells from WT mice showed a significantly increased inflammation
of the airways in comparison with recipients of IL-17RB™ iNKT
cells (Fig. 3b). In addition, the pulmonary inflammation of the
recipients of IL-17RB™ iNKT cells was more severe than that of
recipients of total iNKT cells. This may be explained by the fact
that only 25% of total iNKT cells are positive for IL-17RB,
whereas recipients of IL-17RB™ cells received enriched IL-
17RB™ iNKT cells (purity > 80%; data not shown).

To gain a better understanding of the biological influence of
IL-25 on iNKT cells in vivo, we administered IL-25 i.n. to naive
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p < 0.001.

WT BALB/c mice or both iNKT cell-deficient mice and Ja18 ™/~
and CD1d /" mice. As controls, WT BALB/c or CD1d/~ mice
were systemically immunized (i.p.) and locally challenged (i.n.)
with OVA. In all groups, AHR was measured by airway resistance,
dynamic compliance, or Penh (Fig. 4a). Both Jal8 /" and
CD1d™’~ mice immunized and challenged with OVA did not de-
velop AHR when compared with BALB/c controls, confirming
previous results (2—4). Intranasal administration of IL-25, while
inducing severe hyperreactivity of the airways in BALB/c mice,
was unable to induce AHR in both iNKT cell-deficient mice and
CDI1d™’" and Jal8 /" mice. The defect in the CD1d /" and
Ja187/" mice treated with IL-25 was associated with a substantial
reduction in airway eosinophilia, as indicated by a reduction of
eosinophils in BAL fluid as compared with BAL fluid from
BALB/c mice sensitized and challenged with OVA or treated with
IL-25 (Fig. 4b). No significant recruitment of T cell subsets (in-
cluding iNKT cells) to the BAL fluid was observed in PBS-treated
BALB/c, Ja18 /", or CD1d ™'~ mice. Overall, these findings con-
firm that IL-25 may indeed function primarily via iNKT cells to
induce Th2-polarized immune responses and AHR. In the absence
of cells expressing the IL-25 receptor (IL-17RB*CD4" iNKT

cells), IL-25 had no effect and was unable to induce allergic airway
disease in mice.

Lung iNKT cells and the expression of IL-17RB

As previously demonstrated, induction of AHR in WT BALB/c
mice with OVA caused activation and recruitment of iNKT cells to
the lungs. These iNKT cells were CD4" and secreted predomi-
nantly Th2 cytokines such as IL-4 and IL-13. To test whether
iNKT cells infiltrating the lungs in this model express IL-17RB,
we induced AHR in WT mice with either OVA or rIL-25. Subse-
quently, lungs were digested and analyzed by flow cytometry to
assess the expression level of IL-17RB on iNKT cells. As shown
in Fig. 5, ~12% of TCRB™ cells stained positive for a-GalCer-
loaded CD1d tetramer in the lungs of mice that had been immu-
nized and challenged with OVA and thus resemble iNKT cells.
IL-25 was almost twice as effective as OVA in recruiting iNKT
cells to the lungs of mice (21.6% of TCRB™ cells). Likewise, we
found that 48% of iNKT cells in the lungs of IL-25 treated mice
expressed IL-17RB. In contrast, only 23% of iNKT cells in the
lungs of OV A-treated mice expressed the IL-25 receptor IL-17RB.
These data indicate that iNKT cells respond to IL-25 and that



The Journal of Immunology

OVA IL-25
he ] Rl
L c 12% gg 21.6%
S 2 § ¢
S5 3g
5 = =
o3 s
T QO <A
%T %8

23% 48%

——>IL-17RB — > IL-17RB

FIGURE 5. Pulmonary iNKT cells express high levels of IL-17RB.
Lymphoid cells purified from the lungs of BALB/c mice that had been
immunized and challenged with OVA or IL-25 to induce AHR were
stained with a-GalCer-loaded, PE-conjugated CD1d tetramers and anti-
TCR Vg after gating on total CD45" cells. IL-17RB expression was an-
alyzed by gating on a CDI1d tetramer and TCR VB-positive iNKT cells.
IL-17RB™ cells were quantified and the percentages of IL-17RB™* iNKT
cells are indicated in the histograms. Filled histograms represent the iso-
type control.

IL-17RB-positive iNKT cells are recruited to the lungs in signif-
icant numbers upon activation with IL-25.

Discussion

The IL-17 cytokine family consists of several isoforms (IL-17A to
IL-17F). Five members of the IL-17R family act as receptors for
the IL-17 isoforms (IL-17RA to IL-17RE) (22). Although IL-
17RA is essential for most biologic activities of IL-17 and is ex-
pressed ubiquitously, IL-17RB has been reported to be specifically
required for IL-25 activity, even though a recent report suggests
that IL-25 requires both IL-17RB and IL-17RA (23).

We and others have already reported that iNKT cells are essen-
tial for the induction of allergic diseases like asthma (2—4); how-
ever, it was not clear whether particular subsets of iNKT cells are
specifically required for the induction of AHR. We recently dem-
onstrated that only the CD4™ and not the DN iNKT cells from WT
BALB/c mice restored AHR in Ja18 /" recipients (24) and that
CD4™ iNKT cells constitutively express ICOS. We have shown
that CD4" iNKT cells predominantly secrete Th2 cytokines when
compared with DN iNKT cells. In this report, we show that CD4™
iNKT cells can be further differentiated regarding their expression
of the IL-25 receptor IL-17RB (i.e., IL-17RB™ or IL-17RB™ sub-
sets). In the current study, we show that only IL-17RB"CD4*
iNKT cells are responsible for the induction of AHR in mice.

Several groups have already demonstrated that IL-25 promotes
Th2 responses (5-7, 19, 25), and IL-25 was found to be crucial for
the induction of AHR in mice (12, 26). However, it was unclear
which cell type mediates these effects. Our findings that the IL-25
receptor IL-17RB is expressed on a subset of CD4" iNKT cells
and that only IL-17RB*CD4 " iNKT cells induce allergic airway
disease in mice sheds new light onto those previous findings and
suggest that IL-25 leads to allergic airway disease in mice by ac-
tivating a subset of CD4 ™" iNKT cells.

Furthermore, we show that IL-25 increases the release of Th2
cytokine by IL-17RBTCD4" iNKT cells in vitro (Fig. 2). As
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stated above, several studies have demonstrated that IL-25 pro-
motes a Th2 polarization of the immune response (5, 6). It was also
reported that IL-25-responsive cells aid in the further development
of CD4" Th2 cells that are fundamental for the development of
asthma. In confirmation of those observations, a recent study
showed that IL-25 is expressed by lung epithelial cells of mice as
aresult of innate immune responses to allergens (19). Furthermore,
levels of IL-25 were increased in the lung and gut during pathogen
infections and in the BAL fluids after the induction of AHR in
mice (6, 7). In patients with asthma, IL-25 was also detected in
significant amounts in lung samples (27). The fact that only the
IL-25-responsive subset of iNKT cells (IL-17RB" CD4* iNKT)
was capable of restoring allergic airway disease in iNKT cell-
deficient mice confirms previous findings and strengthens the hy-
pothesis that responsiveness to IL-25 is a key mechanism by which
iNKT cells may induce Th2-polarized allergic diseases like
asthma.

Our data also suggest that lung iNKT cells express a significant
level of IL-17RB after the induction of AHR by OVA. The level
of IL-17RB expression was increased even further after i.n. ad-
ministration and induction of AHR by IL-25. These observations
imply that local CD4™ iNKT cells in the lungs are the main targets
for IL-25. The increase in the expression of IL-17RB after the
administration of IL-25 indicates that CD4™ iNKT cells play an
important role in the biologic effects of IL-25, potentially by using
local IL-25 in lungs to secrete high levels of Th2 cytokines. Our
data are in concordance with a recently published study indicating
that IL-25 may act via a subset of iNKT cells to induce allergic
airway disease in mice (28). These authors have elegantly shown
that iNKT cell-deficient mice failed to develop IL-25-dependent
AHR and that expression of IL-17RB on iNKT cells was essential
for the induction of IL-25-induced inflammation and hyperreac-
tivity of airways.

Undoubtedly, Th2 cytokines such as IL-13 can directly induce
AHR (2, 29). In this line, IL-5 secreted by iNKT cells may be
responsible for the infiltration and recruitment of eosinophils to the
lungs of mice treated with IL-25, as we observed a substantial
reduction in airway eosinophilia in the lungs of iNKT-deficient
mice after treatment with IL-25 (Fig. 4b). Thus, we believe that the
combination of IL-4, IL-5, and IL-13 from lung iNKT cells pro-
vides a microenvironment in the lungs that conditions local T cells
for further Th2 polarization.

In conclusion, we have identified a subset of CD4" iNKT cells
that expresses IL-17RB and thus responds to IL-25. Our data sug-
gest that IL-25 induces proallergic immune responses in mice by
selectively activating IL-17RB*CD4" iNKT cells to secrete Th2
cytokines. Therefore, IL-25 and IL-17RB*CD4" iNKT cells ap-
pear to mediate allergic diseases and may provide novel therapeu-
tic targets for Th2-driven immune pathologies like asthma.
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