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Abstract Airway epithelial cells are the first cells to be
challenged upon contact with the conidia of Aspergillus. In
response, they express pattern-recognition receptors that play
fundamental roles as sentinels and mediators of pulmonary
innate immunity. The C-type lectin Dectin-1 is expressed
predominantly on the surface of myeloid lineage cells. We
examined the induction, regulation, and functions of Dectin-1
in pulmonary epithelial cells by challenging human bronchial
epithelial (HBE) cells with A. fumigatus. Inflammatory, anti-
microbial peptide genes and reactive oxygen species (ROS)
were quantified, with and without knockdown of Dectin-1.
We found that A. fumigatus induced the expression of Dectin-
1 mRNA and protein in HBE cells in a toll-like receptor (TLR)
2-dependent manner. In addition, A. fumigatus-mediated
generation of ROS was dependent on the upregulation of
Dectin-1. Moreover, A. fumigatus actively induced the expres-
sion of TNFα, GM-CSF, IL8, HBD2, and HBD9. Knockdown
of Dectin-1 inhibited TNFα, IL8, HBD2, and HBD9 expres-
sion. Hence, Dectin-1 was required for the upregulation of pro-
inflammatory cytokines and antimicrobial peptides. Finally,
knockdown of TLR2 significantly inhibited Dectin-1 upregu-
lation. Our results demonstrate the novel induction of Dectin-1

in human bronchial epithelial cells and its critical role in the
innate immune response against A. fumigatus in non-phagocytic
cells.

Introduction

Aspergillus fumigatus is a saprophytic, airborne mold that is
responsible for life-threatening invasive pulmonary aspergil-
losis (IPA) in immunocompromised hosts [1]. As an opportu-
nistic infection, IPA has an increasing incidence, at the same
rate as the number of severely immunocompromised patients,
despite the availability of new antifungal drugs [2]. Neutrope-
nia and high-dose steroid treatments are the main risk factors
for IPA, and these underline the importance of an appropriate
inflammatory response if fungal invasion is to be avoided.
Therefore, a better understanding of the mechanisms respon-
sible for resistance to A. fumigatus infection is required.

The respiratory epithelium plays an important role in the
innate immune defense against various inhaled pathogens by
sensing signals from the external environment. Most studies
stress the important roles that alveolar macrophages and neu-
trophils play in controlling A. fumigatus infection [3, 4].
However, the respiratory epithelium is the first tissue that
inhaled conidia encounter, and it probably participates in the
efficient coordinated response against IPA. In animal models
of IPA, most inhaled conidia are trapped in the upper respira-
tory tract, and the respiratory epithelium coordinates with
alveolar macrophages [5]. Some studies have observed the
production of inflammatory mediators and antimicrobial pep-
tides by studying the human lung epithelial cell line A549
after stimulation with molds or mold extracts [6–8]. Lee et al.
[9, 10] reported that Mycobacterium can induce Dectin-1
through a toll-like receptor (TLR) 2-dependent manner in type
II airway epithelial cells, and that the upregulation of Dectin-1
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plays a critical role in the innate immune response against
Mycobacterium in non-phagocytic cells.

Dectin-1 is a 28-KDa type II transmembrane protein. It
was originally defined as a receptor on dendritic cells (DC),
hence its name “Dendritic cell-associated C-type lectin-1,”
but, later, it was found to be expressed on macrophages,
monocytes, neutrophils, and some T cells [11]. In humans,
Dectin-1 is also expressed in eosinophils and B cells. The
functional importance of this difference in expression pat-
terns is not presently clear. The expression pattern can differ
between tissue and cell type, but, in general, Dectin-1 is
expressed at high levels in the lung and intestine, as well as
areas of high T cell levels, such as the spleen, thymus, and
lymph nodes [12]. Yeast cell walls are, in a large part, made
up of β-glucan, a ligand of Dectin-1, and the receptor is now
understood to be the primary receptor on macrophages for
the phagocytosis of yeast. Mice deficient in Dectin-1 are
more susceptible to fungal infections, demonstrating the
importance of this innate immune receptor in host defense
[13]. Dectin-1 is strongly linked to phagocytosis and also
strongly implicated in the induction of reactive oxygen
species (ROS). Moreover, Dectin-1 seems likely to signal to
modify cytokine and chemokine production, and can collab-
orate with TLRs in identifying and generating inflammatory
responses to fungi [14].

To our knowledge, there are few reports on the response of
Dectin-1 expression in bronchial epithelium to A. fumigatus.
Therefore, an investigation of the potential function and
mechanism of Dectin-1 receptor on bronchial epithelium
after A. fumigatus challenge could help explain why it is a
frequently encountered etiological agent of invasive infec-
tion. The aim of our study was to investigate whether the
upregulation of Dectin-1 occurred in airway epithelial cells
after exposure to A. fumigatus and whether this was
beneficial during the course of infection. We also aimed
to explore the potential collaboration between Dectin-1 and
TLR2.

Materials and methods

A. fumigatus strain and cell line

A. fumigatus A1 was kindly provided by the Microbiological
Laboratory of Jinlin Hospital (Nanjing, China). A. fumigatus
strains were propagated on Sabouraud dextrose agar (10 g/L
peptone, 40 g/L glucose, and 15 g/L agar) for 5 to 8 days
at 37 °C. Human bronchial epithelium (HBE) cells from a
papilloma virus immortalized bronchial epithelial cell line
were kindly provided by Professor Xing (Laboratory of Im-
munology and Virology, Nanjing University, China) [15].
HBE cells were cultured in a Ham’s F12/Dulbecco’s modified
Eagle’s medium (DMEM) (1:1) supplemented with insulin

(5 μg/ml), transferrin (5 μg/ml), epidermal growth factor
(10 ng/ml), dexamethasone (0.1 μM), cholera toxin (10 ng/ml),
bovine hypothalamus extract (15 μg/ml), and bovine serum
albumin (0.5 mg/ml), as described in a previous study [15].

Preparation of conidia

A. fumigatus conidia were harvested and prepared as described
in a previous study [16]. Briefly, after 5 to 8 days of culture, A.
fumigatus conidia were dislodged from agar plates by gentle
tapping and resuspended in sterile phosphate-buffered saline
supplemented with 0.025 % Tween-20 (PBST). The conidia
were then passed through eight layers of sterile gauze to
remove hyphal fragments and enumerated on a hemacytome-
ter. Fungal cells were washed twice and stored at 4 °C for use
within 48 h. To be sure that the inducible regulations were
specific toA. fumigatus resting conidia (RC) and did not simply
reflect a phagocytosis response, killed conidia (KC) were used
as a control. As required, heat inactivation was performed at
121 °C for 15 min in an autoclave.

Reagents and antibodies

Laminarin and latex beads were purchased from Sigma-
Aldrich (Carlsbad, CA, USA). DMEM and fetal bovine serum
(FBS) were purchased from Invitrogen Gibco (Carlsbad, CA,
USA). Dectin-1 siRNA (siDectin-1) and TLR2 siRNA
(siTLR2) were designed as described previously [17], and
synthesized by GenePharma (Shanghai, China). The Lipofect-
amine™ 2000 reagent was purchased from Invitrogen and
polymerase chain reaction (PCR) primers were synthesized
by GenScript (Nanjing, China). The sequences of all primers
are listed in Table 1, which is available in the supplementary
online material. The PrimeScript™ RT reagent Kit and
SYBR® Premix Ex Taq™ were purchased from TaKaRa
(Dalian, China). The mouse-anti-TLR2 antibody was ordered
from Abcam (Cambridge, UK) and goat-anti-Dectin-1 anti-
body was purchased from Santa Cruz Biotechnology (Santa
Cruz, CA, USA). The secondary antibody, fluorescein
(FITC)-conjugated donkey anti-goat IgG, was obtained
from Santa Cruz Biotechnology. The Alexa Fluor® 488-
conjugated mouse anti-human Dectin-1 for fluorescence-
activated cell sorting (FACS) was ordered from AbD Serotec
(Kidlington, UK).

RNA interference experiments

HBE cells were transfected with siDectin-1 or siTLR2 when
50–70 % confluent in six-well plates. Nonspecific siRNA
(siNS) with random nucleotides was used in each experi-
ment as a negative control. For each transfection, 100 pmol
siRNA per well was diluted in 250 μl Opti-MEM I medium
(Invitrogen, Cat. No. 31985–062) without serum and gently
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mixed with 5 μl Lipofectamine 2000 diluted in 250 μl Opti-
MEM I medium. After incubation for 15 min at room temper-
ature, siRNA and Lipofectamine 2000 complexes were added
to each well of the six-well culture plates. These plates were
gently mixed by rocking back and forth. Transfected cells
were incubated for 24 h before being stimulated with A.
fumigatus.

Molecular studies

For PCR assays, total RNA was isolated from cultured cells
using solutions in RNAprep pure Cell Kit (TIANGEN, Beijing,
China). One microgram subtotal RNAwas subjected to reverse
transcriptase PCR (RT-PCR) and the equivalent cDNA was
used for quantitative real-time PCR (Applied Biosystems,
Foster City, CA, USA). ThemRNA expression levels of genes
were analyzed by a two-step quantitative real-time RT-PCR,
as described previously [18]. Relative expression values were
normalized using an internal GAPDH control.

Western blot analysis and enzyme-linked immunosorbent
assay (ELISA)

HBE cells were lysed with a hypotonic buffer with 1 %NP-40
lysis buffer containing 1 mMPMSF, 1 % aprotinin, and 1 mM
sodium vanadate (Sigma), as described previously [19]. Cell
lysates were mixed with loading buffer and boiled for 5 min.
The cell lysis was then assayed on an SDS–polyacrylamide
electrophoresis gel (12 %) and transferred onto PVDF mem-
brane (Millipore). This membrane was subsequently blocked
with 5 % non-fat milk solution. Western blot analysis was
performed following standard protocols using relevant anti-
bodies, followed by incubation with relevant HRP-conjugated
secondary antibodies. BeyoECL Plus reagents (Beyotime)
were used for the development of colorimetric signals on the
membrane. The membrane was also blotted with a monoclonal
anti-actin antibody (Santa Cruz) as a loading control. The band
image was acquired using G:BOX Chemi systems (Syngene).

For ELISA, cell-free supernatants were collected at the
indicated times and aliquots were stored at −70 °C until use.
The concentration of TNFα in medium was determined using
an ELISA kit (R&D Systems, Minneapolis, MN, USA),
according to the manufacturer’s instructions.

Flow cytometry and immunofluorescence confocal
microscopy analysis

HBE cells were analyzed by FACS for the expression of
Dectin-1 using a flow cytometer (FACSAria III, Becton
Dickinson). The cells were collected at the indicated times
and stained with a primary antibody against Dectin-1, con-
jugated to Alexa Fluor 488, for 30 min at room temperature,
using 10 μl antibody at the suggested working dilution to

label 1×106 cells in 100 μl. In each case, 10,000 cells were
acquired. The data were analyzed usingWinMDI (version 2.9).

HBE cells were cultured in six-well culture plates and
cytospun onto glass slides. After stimulation, cells were fixed
and incubated with anti-Dectin-1 antibody at 4 °C overnight.
Then, cells were washed with PBS and incubated with FITC-
conjugated secondary antibody at room temperature for 1 h.
Cells were analyzed by an Olympus FV10i laser scanning
confocal microscope for acquiring and processing the confocal
images.

Measurement of intracellular ROS

HBE cells were initially plated and cytospun onto glass slides
at a density of 5×105 cells/well in six-well plates for 24 h. To
monitor the intracellular accumulation of ROS, the cells were
pretreated with MDCF-DA (10 μm/L), a substrate which
detects ROS production, for 20 min at 37 °C and then incu-
bated with RC and KC (MOI01) for 1 h. After stimulation,
the treated cells were subjected to confocal microscopy using
485-nm excitation and 535-nm emission filters [20]. DCF
fluorescence images were imported into NIH ImageJ soft-
ware, and fluorescence intensities were analyzed under fixed
thresholds across all slides [21]. Thresholds were chosen
within the range that allowed outlining as many immunopos-
itive areas as possible throughout all images. The intensities of
images were detected using the ‘analyze particle’ module of
the program. The results were given as percentages relative to
the oxidative stress of the control cells set to 1. All of the data
shown are means ± standard deviation (SD).

Statistical analysis

The data expressed in the figures were either from a represen-
tative experiment or from the mean ± SD of three independent
experiments. Except where otherwise indicated, Student’s
paired t-test was used to compare the difference between
groups, and values of p<0.05 were considered to be statisti-
cally significant.

Results

Upregulation of Dectin-1 expression in HBE cells

Dectin-1 can be induced in epithelial cells and plays a critical
role in the innate immune response to microorganisms such as
M. ulcerans and M. tuberculosis by the recognition of β-
glucan [9, 10]. As the cell walls of A. fumigatus are rich in
β-glucan, just like Mycobacterium sp., we sought to deter-
mine whether A. fumigatus could induce Dectin-1 expression
in human bronchial epithelial cells. To explore the expression
of Dectin-1 and identify its potential role in airway epithelium
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during A. fumigatus infection, we challenged HBE cells with
RC. In cells stimulated with KC, latex beads, and laminarin,
the expression of Dectin-1 mRNA remained at a low level.
When challenged by RC, the cells significantly increased the
expression of Dectin-1 mRNA at 6 and 18 h (Fig. 1a). The
results also showed that neither laminarin nor latex beads
induced Dectin-1 expression in HBE cells. Interestingly, the
pretreatment of HBE cells with laminarin resulted in an inhi-
bition of RC-induced Dectin-1 upregulation (Fig. 1a). Further-
more, FACS analysis and confocal immunofluorescence
microscopy identified that the distribution of Dectin-1 receptor
on the cell membrane increased in a time-dependent manner
(Fig. 1b, c, d). According to confocal analysis, the expression
of Dectin-1 peaked about 24 h after stimulation.

Expression of inflammatory cytokines and innate
antimicrobial peptides

The exposure of epithelial cells to A. fumigatus can increase
the mRNA levels of some inflammatory mediators and
antimicrobial peptides [5, 8, 22–24]. We aimed to investi-
gate the role of epithelial chemokines, cytokines, and anti-
microbial peptides in initiating the protective response to A.
fumigatus. After exposing HBE cells to RC, HBE cells were
subjected to real-time PCR for the quantification of genes
expression. HBE cells significantly increased the expression
of TNFα, GM-CSF, IL8, HBD2, and HBD9 after being
stimulated for 6 and 18 h, and the expression of IL6,
HBD1, and LL37 had unchanged levels (Fig. 2a, b).

Fig. 1 The expression of Dectin-1 in human bronchial epithelial (HBE)
cells can be induced by Aspergillus fumigatus. a HBE cells were stimu-
lated with resting conidia (RC), killed conidia (KC) (MOI01), latex
beads, or laminarin (250 μg/ml), as indicated. Total mRNAwas isolated
at the indicated times for real-time polymerase chain reaction (PCR). The
mRNA level of Dectin-1 was measured by quantitative real-time PCR. b
After being challenged with RC and KC (MOI01), and labeled with
specific human Dectin-1 antibody and fluorescein (FITC)-conjugated

secondary antibody in the indicated times, the HBE cells were observed
through a confocal immunofluorescence microscope. c HBE cells were
collected 6 h after stimulationwith RC andKC (MOI01) and subjected to
fluorescence-activated cell sorting (FACS) analysis. In total, 10,000 cells
were analyzed per sample. d Themean fluorescence intensities are shown
as the mean ± standard deviation (SD) of three independent experiments.
#p<0.01. Scale bar020 μm
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Dectin-1 and protective responses

Since Dectin-1 was required for pro-inflammatory cytokine
release and antimicrobial effects of bronchial epithelia against
some Mycobacterium [9, 10], we next investigated the role of
the upregulation of Dectin-1 in the protective response of HBE
cells to A. fumigatus. We performed knockdown experiments
using siRNA for Dectin-1. As shown in Fig. 3, the transfection
of siDectin-1 significantly reduced the A. fumigatus-mediated
upregulation of Dectin-1 in HBE cells, whereas the transfec-
tion of control siRNA did not.

Then, we examined whether Dectin-1 was required for the
unregulated expression of some inflammatory cytokines and
antimicrobial peptides in HBE cells. Dectin-1 silencing resulted

in a moderate but significant downregulation of TNFα and IL8
mRNA at 6 and 18 h of RC infection (p<0.05), but not of GM-
CSF (Fig. 4a). Innate antimicrobial peptides, HBD2 and
HBD9, also showed significant downregulation (Fig. 4b).
The expression of GM-CSF was not influenced by Dectin-1
silencing, suggesting that there may be some other signaling
pathway involved in GM-CSF expression. We also measured
the concentration of TNFα in culture supernatants from HBE
cells by ELISA (Fig. 4c). After Dectin-1 silencing, the level of
TNFαwas significantly attenuated at 6 and 18 h post-infection,
according to ELISA detection.

ROS generation

Dectin-1 is reported to play a role in ROS production in
murine macrophages [25], and human epithelium can gen-
erate Dectin-1-dependent ROS when challenged by some
Mycobacterium [9, 10]. Therefore, we next determined
whether Dectin-1 expression was also required for A. fumi-
gatus-induced ROS generation in airway epithelial cells.
HBE cells were transfected with siNS or siDectin-1 and,
24 h after transfection, these cells were treated with RC and
KC. The knockdown of Dectin-1 (Fig. 5) markedly inhibited
conidia-induced ROS production in HBE cells. ROS gener-
ation decreased considerably in cells transfected with
siDectin-1, whereas cells transfected with siNS showed
higher ROS generation when stimulated with RC. The fluo-
rescence intensity of cells was measured using NIH ImageJ
software (Fig. 5b).

Dectin-1 expression in a TLR2-dependent manner

M. tuberculosis actively induces the expression of Dectin-1
mRNA and protein in A549 cells in a TLR2-dependent manner
[9]. Therefore, we investigated whether the inducible Dectin-1
expression was mediated by TLR2 receptor. HBE cells were
transfected with hTLR2-specific siRNA (siTLR2) and siNS
(Fig. 6a) and were then stimulated with RC and KC. We found
that the upregulation of Dectin-1 was reduced significantly
(p<0.05) in HBE cells with TLR2 silencing compared to those
transfected with siNS (Fig. 6b, c).

Discussion

The inhalation of conidia is the main cause of IPA, and as an
important part of the innate immune system, the respiratory
epithelium is the first line of defense.Many studies suggest that
the airway epithelia are not simply ‘innocent bystanders,’ but
may play a crucial role in innate and inflammatory responses
[26].

Fig. 2 Standardized HBE cell mRNA expression of the genes encod-
ing inflammatory cytokines and innate antimicrobial peptides after
exposure to RC and KC. Total mRNA was isolated at the indicated
times for real-time PCR. The levels of mRNA for different genes were
measured by quantitative real-time PCR. a Induction of inflammatory
cytokines was measured by quantitative real-time PCR in HBE cells
after being stimulated for 6 and 18 h, as indicated. b Induction of
antimicrobial peptides was measured by quantitative real-time PCR in
HBE cells after being stimulated for 6 and 18 h, as indicated. Gene
expression was subsequently normalized against the median values of
the uninfected controls. #p<0.01
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Dectin-1, a C-type lectin-like receptor, appears to play a
central role in defense against A. fumigatus [14, 27]. Dectin-1
is a non-TLR receptor that mediates the recognition of glucan
[28] and the production of inflammatory mediators in response
to live fungal pathogens [29]. It is expressed on the surface of
dendritic cells, monocytes/macrophages, neutrophils, and at
low levels on a subpopulation of T cells [30, 31]. Human
epithelial cells can upregulate Dectin-1 levels when challenged
by certain microorganisms [9, 10]. M. tuberculosis actively
induces Dectin-1 expression in A549 cells, and this is modu-
lated by blocking TLR2 [9]. We found that treating bronchial
epithelial cells with A. fumigatus significantly induced Dectin-
1 mRNA and protein expression. In our study, the heat-
inactivated resting conidia were used for stimulation, and no
induction of Dectin-1 had been observed. However, a similar
experiment found that heat-inactivated conidia could induce
Dectin-1 expression in airway epithelium [32]. The different
data between two studies could be caused by using conidia
with different stages. The similar study generated and used

inactivated swollen conidia for stimulation. Resting conidia
were surrounded by a hydrophobic layer comprised of rodlet
proteins. The rodlet layer could protect conidia from recogni-
tion and phagocytosis by the host defense system [33]. Conidial
swelling released the protective rodlet layer and exposed glucan
and some other antigens. Then, innate immune function would
be activated, such as upregulation pattern recognition receptors,
proinflammatory responses, and phagocytosis [34, 35].

Some studies have highlighted the importance of collabo-
ration between toll-like receptors and Dectin-1 in regulating
inflammatory responses [14]. Dectin-1, in collaboration with
TLRs and the nucleotide oligomerization domain proteins,
plays a central role in the detection of and response to invad-
ing pathogens. We found that A. fumigatus-induced Dectin-1
expression is regulated in a TLR2-dependent manner. The
modulation of Dectin-1 expression by TLR2 suggests a close
interaction between these proteins.

We found that Dectin-1 was required for the upregulation
of inflammatory cytokines and innate antimicrobial peptides.

Fig. 3 Inhibition of Dectin-1 mRNA and protein expression by
siRNA. HBE cells were pretransfected with nonspecific siRNA (siNS)
or Dectin-1-specific siRNA (siDectin-1). After 12 h, HBE cells were
challenged with RC conidia (MOI01). a The level of mRNA for
Dectin-1 was measured in total RNA preparations by quantitative
real-time PCR for the indicated times. b HBE cells were harvested at

18 h and subjected to Western blot analysis using Dectin-1 antibody. c
After transfection, HBE cells were challenged with RC and then sub-
jected to FACS analysis 6 h after incubation. In total, 10,000 cells were
analyzed per sample. d The mean fluorescence intensities are shown as
the mean ± SD of three independent experiments. #p<0.01
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An important element of antimicrobial defenses is the produc-
tion of inflammatory cytokines, the induction of which is
critically dependent on the TLRs [36]. However, in addition
to the TLRs, this inflammatory response has also been shown to
require Dectin-1 [29]. The inducible expression of defensins by

human bronchial epithelial cells exposed to A. fumigatus was
investigated and several types of defensins can be induced [8].
When challenged with A. fumigatus, HBE cells activated the
expression of some inflammatory cytokines and innate antimi-
crobial peptides, such as TNFα, GM-CSF, IL8, HBD2, and

Fig. 4 Regulation of
inflammatory cytokines and
antimicrobial peptides mRNA
in HBE cells after Dectin-1
knockdown. Total mRNA was
isolated at the indicated times
for reverse transcription PCR.
The levels of mRNA for differ-
ent genes were measured by
quantitative real-time PCR. a
The induction of inflammatory
cytokines was measured in
HBE cells following transfec-
tion with siDectin-1 or siNS
after stimulation with RC for 6
and 18 h, as indicated. b
Induction of antimicrobial pep-
tides was also measured in HBE
cells following transfection
with siDectin-1 or siNS. Gene
expression was subsequently
normalized against the median
values of the uninfected con-
trols. c Culture supernatants
from HBE cells were harvested
at different time points and the
level of TNFα was measured
by enzyme-linked immunosor-
bent assay (ELISA). The data
are the mean ± SD of three
experiments. *p<0.05, #p<0.01

Fig. 5 Reactive oxygen species (ROS) induction is dependent on the
expression of Dectin-1 in HBE cells. a HBE cells pretreated with
DCHF-DA (10 μm/L) for 20 min were stimulated with KC and RF
(MOI01) for 6 h and then subjected to confocal fluorescence micros-
copy. b The fluorescence intensities, indicating ROS levels, were

measured by using the ‘analyze particle’ module of NIH ImageJ
software and presented as the amount of ROS production. The data
represent the mean ± SD for three independent replicates. Scale
bar020 μm
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HBD9. The knockdown of Dectin-1 resulted in a significant
decrease in A. fumigatus-induced TNFα, IL8, HBD2, and
HBD9.

Commonly, Dectin-1 is strongly linked to functions of
phagocytosis or the production of ROS [14, 37]. We showed
that the upregulation of Dectin-1 played a crucial role in the
induction of ROS. When Dectin-1 was silenced, HBE cells
significantly decreased their A. fumigatus-induced ROS pro-
duction. ROS can be released by recruited neutrophils as a
response to conidia challenge and mediate extracellular
killing [28, 38]. The importance of ROS killing mechanisms
is demonstrated by patients with chronic granulomatous
disease (CGD), who carry genetic lesions in essential com-
ponents of an ROS-generating NADPH oxidase complex,
and commonly present with life-threatening IPA [28, 39]. We
confirmed that HBE cells generated A. fumigatus-induced
ROS in a Dectin-1-dependent manner.

Our data also confirmed thatA. fumigatus-induced Dectin-1
expression was regulated in a TLR2-dependent manner. A
recent study found that M. tuberculosis can actively induce
the expression of Dectin-1 mRNA and protein in A549 cells in
a TLR2-dependent manner [26]. It also confirmed that phos-
phorylation of Src family kinases is a crucial regulator of
Dectin-1-dependent signaling. Therefore, we investigated
whether the induction of Dectin-1 expression was dependent
on the TLR2 receptor using TLR2 silencing and found that

knockdown of TLR2 significantly reduced the expression of
Dectin-1 following A. fumigatus stimulation. As the bronchial
epithelium did not express Dectin-1 receptor on the cell mem-
brane, the activation of Dectin-1 upregulation may be initiated
by the recognition of A. fumigatus by TLR2.

Our results emphasize a role for Dectin-1 in theA. fumigatus
infection of bronchial airway epithelial cells. Innate immune
responses to microbial challenge include the production of
immunomodulatory cytokines and chemokines, phagocytosis,
and killing by the production of anti-microbial peptides and
reactive oxygen and nitrogen species. Dectin-1 is strongly
linked to phagocytosis or the production of ROS, and likely
implicated in regulating cytokine and chemokine production
[14]. Previous studies have shown that Dectin-1 collaborates
with TLR2 to induce TNFα and IL-6 [31]. In addition, Dectin-
1 is involved in conjunction with TLR2 in M. abscessus-
induced innate immune responses, including phagocytosis
and inflammatory cytokine production by macrophages [40].
Phagocytosis and antimicrobial activation are two crucial ele-
ments of the innate immune system response to microorganism
infection. The present data clearly demonstrated that Dectin-1
contributes to theA. fumigatus-induced chemokine synthesis in
HBE cells. We also found that the upregulation of Dectin-1
was essential for ROS production, thus, indicating that induc-
ible Dectin-1 expression was functional in bronchial airway
epithelial cells.

Fig. 6 The induction of
Dectin-1 expression was in a
toll-like receptor (TLR) 2-
dependent manner. a After the
transfection of hTLR2-specific
siRNA (siTLR2), HBE cells
were incubated with RC and
KC for 18 h, harvested, and
subjected to Western blot anal-
ysis using TLR2 antibody. b, c
HBE cells were transfected with
siNS, or siTLR2, and then sub-
jected to FACS analysis to
identify Dectin-1 expression 6 h
after incubation with RC and
KC. In total, 10,000 cells were
analyzed per sample. For b, the
mean fluorescence intensities of
FACS are shown as the mean ±
SD of three independent
experiments. *p<0.05
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In summary, this study presents a novel insight into Dectin-
1 induction via TLR2 in airway epithelial cells, resulting in the
induction of proinflammatory responses and ROS generation
in response to A. fumigatus. The robust activation of ROS
release in response to A. fumigatus required the upregulation
of Dectin-1. In addition, our siRNA silencing data indicated
that the upregulation of Dectin-1 played a crucial role in the
expression of TNFα, GM-CSF, IL8, HBD2, and HBD9. Our
results confirmed the biological role that bronchial epithelia
play in the innate defense against A. fumigatus infection and
the importance of Dectin-1 in this process. Elucidation of the
molecular mechanisms which drive the innate immune re-
sponse in airway epithelial cells will provide new insights into
the development of therapies for A. fumigatus.
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