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Abstract

The fact that sensitization against fungi is closely related to the
severity of asthma suggests that immune systems recognizing fungi
are involved in the pathogenesis of severe asthma. Recently, Dectin-2
(gene symbol, Clec4n), a C-type lectin receptor, has been shown
to function as not only a major pattern-recognition receptor for
fungi, but also a receptor for some components of house dust mite
(HDM) extract, a major allergen for asthma. However, the roles
of Dectin-2 in the induction of HDM-induced allergic airway
inflammation remain largely unknown. Our objective was to
determine the roles of Dectin-2 in HDM-induced allergic airway
inflammation.We examined the roles of Dectin-2 in the induction of
HDM-induced T helper (Th) 2 and Th17 cell differentiation and
subsequent allergic airway inflammation by using Clec4n-deficient
(Clec4n2/2) mice. We also investigated Dectin-2–expressing
cells in the lung and their roles in HDM-induced allergic airway
inflammation. Clec4n2/2 mice showed significantly attenuated
HDM-induced allergic airway inflammation and decreased Th2 and
Th17 cell differentiation. Dectin-2 mRNA, together with Dectin-3 and
Fc receptor-gmRNAs, was expressed in CD11b1 dendritic cells (DCs),

but not in CD41 T cells or epithelial cells in the lung. CD11b1

DCs isolated from Clec4n2/2 mice expressed lower amounts of
proinflammatory cytokines and costimulatory molecules, which
could lead to Th2 and Th17 cell differentiation than those fromwild-
type mice. HDM-pulsed Clec4n2/2 DCs were less efficient for the
induction of allergic airway inflammation than HDM-pulsed wild-
type DCs. In conclusion, Dectin-2 expressed on CD11b1 DCs
promotes HDM-induced Th2 and Th17 cell differentiation and
allergic airway inflammation.
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Clinical Relevance

We show here that Dectin-2 signaling enhances house dust
mite–induced differentiation of T helper (Th) 2 cells and
Th17 cells, and promotes the induction of allergic airway
inflammation. These results suggest that Dectin-2 could be
a novel therapeutic target for asthma.

Asthma is a complex human disease
characterized by allergic airway inflammation
and airway hyperresponsiveness (AHR).
It is generally believed that these
characteristics are mainly mediated by

antigen-specific T helper (Th) 2 cells,
because elevated amounts of Th2
cytokines, such as IL-4, IL-5, and IL-13,
and increased numbers of eosinophils are
often observed in the airways of patients

with asthma (1, 2). In addition to
eosinophils, it has been demonstrated that
the number of neutrophils is increased
in the airways in severe asthma (3–5),
suggesting that neutrophilic inflammation
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is involved in the pathogenesis of severe
asthma (5).

Neutrophilic inflammation is
a hallmark of Th17-type immune response.
Consistently, the amounts of IL-17A in
bronchoalveolar lavage fluid (BALF) have
been reported to be positively correlated
with the severity of asthma (6, 7). In
addition, we have shown that IL-23, one
of Th17 cell–promoting cytokines, is
expressed in the lung on antigen inhalation,
and that IL-23 not only induces Th17 cell
differentiation, but also enhances Th2
cell–dependent eosinophilic airway
inflammation (8). Although these findings
suggest that IL-23 and Th17 cells play
important roles in the development of
severe asthma, molecular mechanisms
underlying the induction of IL-23
production and subsequent Th17 cell
differentiation in the airways are still largely
unknown.

A series of epidemiological and clinical
studies suggest a link between fungal
sensitization and severe asthma (9, 10). The
link between immune responses against
fungi and severe asthma was further
proposed by the association of chronic
fungal infection with asthma, and the
improvement of asthma symptoms with
antifungal treatment (11). In addition,
recent studies have revealed that Dectin-2,
a C-type lectin receptor expressed on
a variety of myeloid cells, including
dendritic cells (DCs), macrophages, and
inflammatory monocytes (12), recognizes
a fungal cell wall a-mannan and plays
a major role in the induction of immune
responses against fungi (13). Moreover,
Dectin-2, but not Dectin-1, has been shown
to be a major pattern-recognition receptor
(PRR) for IL-23 induction and the
development of Th17 cells (13–15).
Importantly, it has been demonstrated that
Dectin-2 recognizes an unidentified
glycoprotein contained in house dust mite
(HDM) allergen, and plays a key role in the
development of HDM-induced allergic
airway inflammation by activating cysteinyl
leukotriene pathways (16–18). These results
suggest that Dectin-2 could be a key
molecule that causes severe asthma.

In this study, we analyzed the role
of Dectin-2 in HDM-induced asthmatic
responses by using Clec4n-deficient
(Clec4n2/2) mice, and found that Clec4n2/2

mice exhibited reduced amounts of
HDM-induced Th2 and Th17 cell
differentiation and airway inflammation.

We also found that Dectin-2 played an
important role in HDM-induced activation
of CD11b1 DCs, and that Dectin-2
expressed on DCs was crucial for HDM-
induced Th2 and Th17 cell differentiation.
Our results indicate the importance of
Dectin-2 expressed on CD11b1 DCs in the
induction of HDM-induced allergic airway
inflammation.

Materials and Methods

Mice
C57BL/6 mice were purchased from Charles
River Laboratories (Kanagawa, Japan).
Clec4n2/2 mice on a C57BL/6 background
were described previously (13). All mice
were housed in microisolator cages under
specific pathogen-free conditions, and all
experiments were performed according to
the guidelines of Chiba University (Chiba,
Japan).

HDM-Induced Allergic Airway
Inflammation in Mice
Mice were sensitized and challenged with
intratracheal administration of HDM
extracts (Dermatophagoides pteronyssinus,
lot no. 189257; Greer Laboratories, Lenoir,
NC) as described previously with minor
modification (19) (see the online
supplement for details).

Cytokine Assay
The amounts of IL-1b, IL-5, IL-6, IL-13,
IL-17, IL-23, and IFN-g were measured by
ELISA according to the manufacturer’s
instructions (see the online supplement for
details).

Measurement of HDM-Specific
Antibody
HDM-specific immunoglobulin G1 (IgG1)
was measured as described elsewhere (20).

Cytokine Production of CD41 T Cells
Single-cell suspensions were prepared from
mediastinal lymph nodes (MLNs) of HDM-
sensitized and -challenged Clec4n2/2

mice and wild-type (WT) C57BL/6 mice
48 hours after the last HDM challenge.
Immediately after the preparation, these
cells were stimulated with phorbol
12-myristate 13-acetate (20 ng/ml;
Calbiochem, San Diego, CA) plus
ionomycin (1 mg/ml; Calbiochem) at 378C
for 4 hours in the presence of brefeldin A
(10 mmol/L; BD Bioscience, San Diego,

CA). Cytokine profiles (IFN-g, IL-13,
IL-17A, granulocyte/macrophage
colony–stimulating factor [GM-CSF]) of
CD41 T cells were evaluated by flow
cytometry, as described previously (21).

Histological Analysis
Lung sections (3 mm thick) were stained
with hematoxylin-eosin and periodic acid-
Schiff (PAS) according to standard
protocols. The number of goblet cells was
counted on PAS-stained lung sections, as
described elsewhere (22).

Measurement of AHR
Airway responsiveness to aerosolized
acetylcholine was assessed by using
a computer-controlled small-animal
ventilator system (flexiVent; SCIREQ, Inc.,
Montreal, PQ, Canada), as described
elsewhere (23).

FACS Analysis of Lung DCs
Lung cell suspensions were prepared and
analyzed as described previously (24) (see
the online supplement for details).

Quantitative Real-Time PCR Analysis
Quantitative real-time PCR was performed
with a standard protocol on an ABI PRISM
7,300 instrument (Applied Biosystems,
Foster City, CA; see the online supplement
for details).

Preparation of Bone
Marrow–Derived DCs
Bone marrow–derived DCs (BMDCs) were
prepared as described previously (25) (see
the online supplement for details).

Statistical Analysis
Data are summarized as means (6 SEM).
The statistical analysis of the results
was performed by the unpaired t test.
P values less than 0.05 were considered
significant.

Results

Dectin-2 Plays a Crucial Role in the
Induction of HDM-Induced Allergic
Airway Inflammation
Dectin-2, a C-type lectin receptor that plays
an essential role in the development of
immune responses against fungi (13), has
been shown to recognize some unknown
glycoprotein contained in mite allergen
(16). In addition, recent studies using
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lentivirus-mediated knockdown (17) and
antibody-mediated neutralization (18)
suggest that Dectin-2 is involved in the
induction of HDM-induced allergic airway
inflammation. To address the roles of
Dectin-2 in the induction of allergic
airway inflammation and its underlying
mechanisms more precisely, we first
examined HDM-induced allergic airway
inflammation in Clec4n2/2 mice. Clec4n2/2

mice and WT mice were sensitized and
challenged intratracheally with HDM or
PBS (as controls) and 48 hours after the last
HDM administration, inflammatory cell
infiltration into BALF was evaluated.
Consistent with a previous report (19),
repeated administration of HDM into the
airways induced lymphocyte and eosinophil
infiltration into the BALF (Figure 1A). The
numbers of lymphocytes and eosinophils
in the BALF were significantly decreased
in Clec4n2/2 mice as compared with
those in WT mice (Figure 1A). Although
the difference did not reach statistical
significance, the number of neutrophils
in the BALF tended to be decreased in
Clec4n2/2 mice (Figure 1A). FACS analysis
of BALF cells revealed that more than 70%
of lymphocytes in the BALF were CD41

T cells, and that HDM-induced CD41

T cell recruitment in the BALF was
significantly decreased in Clec4n2/2 mice
(Figure 1A). Histological analysis of
the lung showed that HDM-induced
peribronchial and perivascular
inflammation, which is mainly composed
of eosinophils and lymphocytes, was
significantly diminished in Clec4n2/2

mice (Figure 1B). PAS staining of the
lung sections revealed that goblet cell
hyperplasia was also significantly
attenuated in Clec4n2/2 mice as compared
with that in WT mice (n = 4, P , 0.05;
Figure 1B, right panel). In addition, serum
amounts of HDM-specific IgG1 antibody
were significantly decreased in Clec4n2/2

mice as compared with those in WT mice
(Figure 1C), whereas HDM-specific IgG2c
and immunoglobulin E were below the
detection limit in WT and Clec4n2/2 mice
(data not shown). Consistent with the
diminished airway inflammation in Clec4n2/2

mice, AHR to acetylcholine was significantly
decreased in Clec4n2/2 mice (Figure 1D).
These results indicate that Dectin-2 signaling
enhances the induction of eosinophil and
CD41 T cell recruitment into the airways,
goblet cell hyperplasia, IgG1 production, and
AHR on HDM stimulation.

Dectin-2 Is Involved in Th2 and Th17
Cell Development during HDM-
Induced Allergic Airway Inflammation
To examine the basis for Dectin-2–mediated
enhancement of HDM-induced allergic

airway inflammation, we next examined
cytokine profiles of MLN cells from HDM-
sensitized and -challenged WT and
Clec4n2/2 mice. Single-cell suspensions
of MLN cells from HDM-sensitized

Figure 1. Dectin-2 plays a crucial role in the induction of house dust mite (HDM)-induced allergic
airway inflammation. Clec4n-deficient (Clec4n2/2) and wild-type (WT) mice were sensitized and
challenged with HDM or PBS (as a control). (A) The numbers of lymphocytes, eosinophils, neutrophils,
and CD41 cells in the bronchoalveolar lavage fluid (BALF) were evaluated at 48 hours after the last
HDM challenge. Data are means 6 SEM for 10 mice in each group. *P , 0.05, **P , 0.01. (B)
Representative photomicrographs (hematoxylin-eosin [HE] and periodic acid-Schiff [PAS] staining) of
lung sections and the numbers of goblet cells in the airways (left panels) at 48 hours after the last
HDM challenge are shown. Data are means6 SEM for four mice in each group. *P, 0.05. (C) Serum
amounts of HDM-specific immunoglobulin G1 (IgG1) are shown. Data are means6 SEM for five mice
in each group. **P , 0.01. (D) Airway resistance to acetylcholine was measured at 48 hours after the
last HDM challenge. Data are means 6 SEM for six mice in each group. *P , 0.05.
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and -challenged mice were restimulated
with HDM for 5 days, and cytokine
amounts in the culture supernatants
were evaluated by ELISA. As shown in
Figure 2A, MLN cells from HDM-
sensitized and -challenged Clec4n2/2 mice
produced significantly less IL-5 and IL-13
than those from WT mice. MLN cells from
Clec4n2/2 mice also produced significantly
lower amounts of IL-17A than those from
WT mice (Figure 2A). In contrast, although
the differences did not reach statistical
significance (P = 0.057), the amounts of
IFN-g tended to be higher in Clec4n2/2

mice (Figure 2A). Intracellular cytokine
analysis showed that freshly isolated MLN
CD41 T cells from Clec4n2/2 mice
produced lower amounts of IL-13 and
higher amounts of IFN-g than those
from WT mice (Figure 2B). Furthermore,
freshly isolated MLN CD41 T cells from
Clec4n2/2 mice produced less IL-17A and
GM-CSF, recently identified as another
effector cytokine produced from Th17 cells
(26, 27). Absolute numbers of IL-131

CD41 T cells and IL-17A1 CD41 T cells in
MLNs were also significantly decreased in
Clec4n2/2 mice (Figure 2C). These results
suggest that Dectin-2 is involved in the
development of Th17 and Th2 cells in
HDM-induced allergic airway
inflammation.

Dectin-2 Receptor Complex Is
Expressed in CD11b1 DCs in HDM-
Induced Allergic Airway Inflammation
To further address the mechanisms by
which Dectin-2 enhances HDM-induced
allergic airway inflammation, we next
searched for Dectin-2–expressing cells
in the lung. Because Dectin-2 needs Fc
receptor-g (FcRg) for its surface expression
and signal transduction (13, 14), and
because Dectin-2 forms a heterodimeric
complex with Dectin-3 for efficient ligand
recognition (28), the expression of FcRg
and Dectin-3 was evaluated in parallel.
Due to the lack of anti–Dectin-2 antibody
applicable for FACS analysis, we examined
mRNA expression of Dectin-2 in isolated
cell populations from the lung in HDM-
induced allergic airway inflammation.
Because Dectin-2 has been identified as
a DC-associated C-type lectin (29), we
examined the expression of Dectin-2 in
CD11b1 DCs and CD1031 DCs, two major
DC subpopulations in the lung (32).
Importantly, Dectin-2 mRNA was highly
expressed in CD11b1 DCs as compared

with that in CD1031 DCs (Figure 3). FcRg
and Dectin-3 were also highly expressed
in CD11b1 DCs (Figure 3). Consistent
with previous reports (12, 18), Dectin-2
was expressed in alveolar macrophages
(Figure 3), but the expression levels of
Dectin-3 in alveolar macrophages were
lower than those in CD11b1 DCs

(Figure 3). On the other hand, Dectin-2,
Dectin-3, and FcRg mRNAs were not
significantly expressed in CD41 T cells or
lung epithelial cells (Figure 3). These results
suggest that Dectin-2 receptor complex
is mainly expressed on CD11b1 DCs
in HDM-induced allergic airway
inflammation.

Figure 2. Dectin-2 is involved in T helper (Th) 2 and Th17 cell differentiation in HDM-induced allergic
airway inflammation. (A) Mediastinal lymph node (MLN) cells were harvested from HDM-sensitized
and -challenged Clec4n2/2 and WT mice, and were stimulated with HDM for 5 days. The amounts of
IL-5, IL-13, IL-17A, and IFN-g in the culture supernatants were examined. Data are means 6 SEM for
five mice in each group. *P , 0.05, **P , 0.01. (B and C) Single-cell suspensions of MLN cells from
HDM-sensitized and -challenged Clec4n2/2 and WT mice were stimulated with PMA plus ionomycin
for 4 hours. Shown are representative FACS profiles of intracellular IL-13 together with IFN-g, IL-17A,
and granulocyte/macrophage colony–stimulating factor (GM-CSF) (B), and means 6 SEM of absolute
numbers of IL-131 CD41 cells and IL-17A1 CD41 cells (C) (n = 5 mice in each group). *P , 0.05.
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Dectin-2 Is Crucial for the Activation
of CD11b1 DCs in HDM-Induced
Allergic Airway Inflammation
We next examined the roles of Dectin-2 in
HDM-induced cytokine production from
DCs. BMDCs fromWT and Clec4n2/2mice
were activated with HDM, and the amounts
of cytokines in the culture supernatants
were evaluated. As shown in Figure 4A,
HDM-induced production of inflammatory
cytokines, such as IL-1b, IL-6, and IL-23,
was significantly decreased in Clec4n2/2

BMDCs as compared with that in WT
BMDCs.

We next examined cytokine expression
in lung DCs in HDM-induced allergic
inflammation. CD11b1 DCs and CD1031

DCs were isolated from the lung of HDM-
sensitized and -challenged WT and
Clec4n2/2 mice at 48 hours after the
last HDM challenge, and then mRNA
expression of cytokines was analyzed by
quantitative real-time PCR. Consistent with
a previous study (30), CD11b1 DCs
expressed higher amounts of IL-6 and IL-
23p19 mRNAs, but lower amounts of IL-
12p40 than CD1031 DCs in WT mice
(Figure 4B). Importantly, CD11b1

DCs from Clec4n2/2 mice expressed
significantly lower amounts of IL-6 and IL-
23p19 mRNAs than those from WT mice
(Figure 4B). CD11b1 DCs from Clec4n2/2

mice also expressed significantly lower
amounts of OX40L (Figures 4C and 4D),
a representative costimulatory molecule
that is essential for the development of

HDM-induced allergic airway
inflammation (31). Moreover, the
expression levels of other costimulatory
molecules, such as CD40, CD80, and CD86,
were also significantly attenuated in
Clec4n2/2 CD11b1 DCs (Figures 4C
and 4D). These results suggest that
Dectin-2 is crucial for the production of
inflammatory cytokines and the expression
of costimulatory molecules in CD11b1

DCs in HDM-induced allergic airway
inflammation.

Dectin-2 Expressed on DCs Is Crucial
for the Induction of HDM-Induced
Allergic Airway Inflammation
Finally, we evaluated the in vivo roles
of Dectin-2 expressed on DCs in the
induction of HDM-induced allergic
airway inflammation by BMDC transfer
experiments. HDM-pulsed BMDCs from
WT or Clec4n2/2 mice were transferred to
Clec4n2/2 or WT mice intratracheally and,
12 days after the transfer, the mice were
challenged with HDM intratracheally, daily,
for 3 consecutive days. As shown in
Figure 5A, HDM-induced lymphocyte and
eosinophil recruitment into the airways
was significantly attenuated in Clec4n2/2

mice that received Clec4n2/2 BMDCs as
compared with that in Clec4n2/2 mice that
received WT BMDCs. Histological analysis
of the lung showed that peribronchial and
perivascular inflammation was diminished
in Clec4n2/2 mice received Clec4n2/2

BMDCs (Figure 5B). FACS analysis

demonstrated that MLN CD41 T cells from
Clec4n2/2 mice that received Clec4n2/2

BMDCs produced less IL-13, IL-17A, and
GM-CSF than those from Clec4n2/2 mice
that received WT BMDCs (Figure 5C).
MLN cells from Clec4n2/2 mice that
received Clec4n2/2 BMDCs produced
significantly less IL-5, IL-13, and IL-17A as
compared with those from Clec4n2/2 mice
that received WT BMDCs (Figure 5D).
Similar, but less dramatic, results were
obtained when WT mice were used as
recipient mice (see Figure E1 in the online
supplement), presumably due to the
roles of Dectin-2 during the challenge
phase of HDM-induced allergic airway
inflammation. These results indicate that
Dectin-2 expressed on DCs plays a critical
role in the development of HDM-induced
differentiation of Th2 and Th17 cells and
subsequent allergic airway inflammation.

Discussion

Activation of PRRs on DCs is crucial for the
induction of appropriate acquired immune
responses. In this study, we show that
Dectin-2 plays an important role in HDM-
induced Th2 and Th17 cell differentiation
and the induction of allergic airway
inflammation (Figures 1 and 2). We also
show that functional Dectin-2 receptor
complex is expressed on CD11b1 DCs
(Figure 3), an important DC subset for
the induction of Th2 responses in the lung
(32), and is involved in the induction of
cytokines and costimulatory molecules
(Figure 4), which lead to the development
of Th2 and Th17 cells.

By using Clec4n2/2 mice, we
demonstrate that Dectin-2 is crucial, not
only for the development of Th2 cells, but
also for the development of Th17 cells in
HDM-induced asthma models (Figure 2).
Previous studies with lentivirus-mediated
knockdown of Dectin-2 (17) or antibody-
mediated neutralization of Dectin-2 (18)
have shown the importance of Dectin-2 in
the development of Th2 cells, but not of
Th17 cells, in HDM-induced asthma
models. Our results with Clec4n2/2 mice
clearly show that Dectin-2 has a broad
range of function in the pathogenesis of
asthma, as suggested by the previous
studies (17, 18). The discrepancy between
previous studies and ours is presumably
due to the degree of Dectin-2 depletion in
each experimental system, and suggests that

Figure 3. Dectin-2 receptor complex is expressed on lung CD11b1 dendritic cells (DCs) in HDM-
induced allergic inflammation. CD11b1 DCs, CD1031 DCs, CD41 T cells, lung epithelial cells, and
alveolar macrophages were isolated from the lung of HDM-sensitized and -challenged WT mice at
48 hours after the last HDM challenge. The expression levels of Dectin-2, Dectin-3, and Fc receptor-g
(FcRg) were analyzed by quantitative real-time PCR (qPCR). mRNA expression of each gene was
normalized to that of b-actin and then expressed as the relative expression level to CD1031 DCs.
Data are means 6 SEM for three independent experiments.
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Figure 4. Dectin-2 is crucial for the activation of CD11b1 DCs in HDM-induced allergic airway inflammation. (A) Bone marrow–derived DCs (BMDCs)
derived from Clec4n2/2 and WT mice were stimulated with HDM for 24 hours. The amounts of IL-1b, IL-6, and IL-23 in the supernatants were evaluated
by ELISA. Data are means6 SEM for four independent experiments. *P, 0.05. (B–D) Clec4n2/2 and WT mice were sensitized and challenged with HDM.
(B) At 48 hours after the last HDM challenge, CD11b1 DCs and CD1031 DCs were isolated from the lung by FACS sorting, and mRNA expression of IL-6,
IL-12p40, and IL-23p19 was evaluated by qPCR. mRNA expression of each gene was normalized to that of b-actin and then expressed as the relative
expression level to WT CD1031 DCs. Data are means 6 SEM for three independent experiments. *P , 0.05; **P , 0.01. (C and D) At 48 hours after the
last HDM challenge, the expression of OX40L, CD40, CD80, and CD86 on lung CD11b1 DCs was analyzed by FACS. Shown are representative
histograms with mean fluorescence intensity (MFI) (C) and means 6 SEM of MFI (D) from three independent experiments. *P , 0.05; **P , 0.01.
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low amounts of Dectin-2 expression may be
sufficient for HDM-induced development
of Th17 cells. Because Th17 cells have
been implicated in severe asthma or
glucocorticoid resistance (33), our results
suggest that Dectin-2 may be a key
molecule in the development of such
pathological conditions.

Regarding the mechanisms by which
Dectin-2 enhances Th2 and Th17 cell
differentiation in vivo, we found that
Dectin-2 mRNA is preferentially expressed
in CD11b1 DCs (Figure 3), which are
essential DC subpopulations for the
development of both Th2 and Th17 cells
(30, 32). Furthermore, mRNAs for Dectin-3
and FcRg, crucial components of Dectin-2
receptor complex for its efficient ligand
recognition, surface expression, and signal
transduction (13, 14, 28), were also
expressed in CD11b1 DCs (Figure 3). In
contrast, mRNA amounts for Dectin-2 and
Dectin-3 in CD1031 DCs were significantly
lower than those in CD11b1 DCs (Figure 3).
Moreover, cell transfer experiments
with HDM-pulsed BMDCs have shown
that Clec4n2/2 BMDCs are less efficient
for the induction of Th2 and Th17 cells and
subsequent allergic airway inflammation
than WT BMDCs (Figure 5). Taken
together, these results suggest that Dectin-2
receptor complex expressed on CD11b1

DCs in the lung is involved in HDM-
induced allergic airway inflammation
through the induction of Th2 cells and
Th17 cells.

Our results show that Dectin-2 is
involved in HDM-induced IL-6 and IL-23
production from CD11b1 DCs (Figure 4B).
Recently, it has been revealed that CD11b1

DCs are major producers of IL-6 and IL-23
in the lung (30). Importantly, previous
studies have shown that IL-6 and IL-23 are
involved not only in the differentiation of
Th17 cells, but also in the differentiation
of Th2 cells. We have previously shown
that IL-23p19 neutralization during antigen
challenge significantly inhibits Th2-
mediated eosinophilic airway inflammation
in murine asthma models (8). In addition,
it has been reported that IL-23p19–
deficient mice are defective in the induction
of allergic inflammation and specific
immunoglobulin E production (34).
Moreover, IL-6 has been shown to enhance
IL-4 production from CD41 T cells (35).
These findings suggest that the impaired
IL-6 and/or IL-23 production of Clec4n2/2

CD11b1 DCs might be involved in the

Figure 5. Dectin-2 expressed on DCs is crucial for the induction of HDM-induced allergic airway
inflammation. (A–D) HDM-pulsed BMDCs prepared from WT and Clec4n2/2 mice were transferred to
Clec4n2/2 mice intratracheally, and, 12 days after the transfer, the mice were challenged with HDM
intratracheally daily for 3 consecutive days. (A) The numbers of lymphocytes, eosinophils, and neutrophils in
the BALF were evaluated at 48 hours after the last HDM challenge. Data are means6 SEM for five mice in
each group. *P, 0.05. (B) Representative photomicrographs (HE staining) of lung sections are shown. (C)
At 48 hours after the last HDM challenge, CD41 T cells from MLN were stimulated with PMA plus
ionomycin and analyzed for intracellular IL-13 together with IFN-g, IL-17A, and GM-CSF. Shown are
representative FACS profiles from five mice. (D) At 48 hours after the last HDM challenge, MLN cells were
stimulated with HDM and the as of IL-5, IL-13, and IL-17A in the supernatants were examined at 5 days
after the stimulation. Data are means 6 SEM for five mice in each group. *P , 0.05.
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reduced Th2 cell–mediated eosinophilic
airway inflammation in Clec4n2/2 mice.
On the other hand, previous studies have
shown that Dectin-2 signaling primes Th2
cell differentiation via cysteinyl leukotriene
production from DCs (17) or macrophages
(18). Taken together, these results suggest
that dectin-2 signaling enhances Th2 cell
differentiation via multiple pathways.

It is well recognized that the allergy-
promoting properties of HDM extract are
associated not only with mite-derived
allergens themselves, but also with mite-
associated bacterial and fungal PRR ligands,
such as LPS and b-glucans (36). We found
that HDM-induced induction of Th2 cells
was significantly reduced in Clec4n2/2

mice; however, HDM-induced induction of
Th2 cells was still observed in Clec4n2/2

mice (Figure 2), indicating that Dectin-
2–independent pathways are also involved
in HDM-induced Th2 cell differentiation in
the lung. Interestingly, it has been shown
that Toll-like receptor 4–mediated
activation of lung epithelial cells, but not of
immune cells, plays a critical role in HDM-
induced allergic airway inflammation (37).
In addition, it has been demonstrated that
HDM-induced CCL20 secretion from lung
epithelial cells relies on b-glucan moieties
within the HDM extract (38). These results
suggest that several PRRs participate in the

development of HDM-induced allergic
airway inflammation.

We also found that, although HDM-
induced induction of Th17 cells was
significantly reduced in Clec4n2/2 mice,
Th17 cell differentiation was still observed
in Clec4n2/2 mice (Figure 2), suggesting
the existence of other signaling pathways
for HDM-induced Th17 cell differentiation
in the lung. In this regard, a recent study
has shown that HDM-induced Th17 cell
differentiation is attenuated in mice lacking
MyD88 (39), suggesting that Toll-like
receptor family and/or IL-1 receptor family
members that use MyD88 as a signaling
molecule are also involved in HDM-induced
Th17 cell differentiation in asthma models.
Furthermore, complement pathways have
been shown to regulate the severity of allergic
inflammation by modulating Th17 cell
differentiation (40). Further studies that clarify
the relative importance of these pathways in
HDM-mediated Th17 cell differentiation are
necessary for the development of efficient
therapeutic approaches against severe
neutrophilic asthma.

Although our results clearly
demonstrate that Dectin-2 is involved in
the activation of CD11b1 DCs in HDM-
induced allergic airway inflammation,
the corresponding DC subpopulation in
humans is still largely unknown. Recently,

Schlitzer and colleagues (30) have reported
that CD1c1 DCs isolated from lung express
IL-23, and are capable of inducing Th17
cells in vitro. In addition, previous studies
have shown that peripheral CD141

monocytes and 6-sulfo N-acetyllactosamine
(LacNAc)1 DCs could induce Th17 cells
(41, 42). These findings suggest the
existence of several cell types that lead to
the development of Th17 cells in humans.
Further studies are required to clarify the
human DC subpopulation that induces the
differentiation of Th17 cells and is involved
in the pathogenesis of severe asthma.

In conclusion, our findings indicate
that Dectin-2 expressed on CD11b1 DCs is
crucial for HDM-induced Th2 and Th17
cell differentiation and subsequent allergic
airway inflammation. Our results should
add a new insight into the molecular
mechanisms underlying HDM-induced
allergic inflammation and raise the
possibility that Dectin-2 could be a novel
therapeutic target for asthma. n
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