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Abstract
Background—House dust mite (HDM) induces allergic asthma in sensitized individuals, although
the mechanisms by which HDM is sensed and recognized by the airway mucosa, leading to dendritic
cell (DC) recruitment, activation, and subsequent TH2-mediated responses, are unknown.

Objective—We sought to define the pathways by which HDM activates respiratory epithelium to
induce allergic airway responses.

Methods—Using a human airway epithelial cell line (16HBE14o-), we studied secretion of the DC
chemokine CCL20 after exposure to HDM or other allergens, investigated components of the HDM
responsible for the induction of chemokine release, and examined activation of signaling pathways.
Central findings were also confirmed in primary human bronchial cells.

Results—We demonstrate that exposure of airway epithelium to HDM results in specific and rapid
secretion of CCL20, a chemokine attractant for immature DCs. The induction of CCL20 secretion
is dose and time dependent and quite specific to HDM because other allergens, such as ragweed
pollen and cockroach antigen, fail to significantly induce CCL20 secretion. Induction of CCL20
secretion is not protease or Toll-like receptor 2/4 dependent but, interestingly, relies on β-glucan
moieties within the HDM extract, as evidenced by the ability of other β-glucans to competitively
inhibit its secretion and by the fact that disruption of these structures by treatment of HDM with β-
glucanase significantly reduces subsequent chemokine secretion.

Conclusion—Taken together, our results describe a novel mechanism for specific pattern
recognition of HDM-derived β-glucan moieties, which initiates allergic airway inflammation and,
through recruitment of DCs, might link innate pattern recognition at the airway surface with adaptive
immune responses.
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Allergic asthma is a chronic debilitating disease marked by intense infiltration of the bronchial
mucosa by lymphocytes and eosinophils, goblet cell hyperplasia, and increased serum IgE
levels.1 Exposure to ubiquitous environmental allergens, such as house dust mite (HDM), is a
major trigger for asthma exacerbations, and HDM sensitization has been associated with the
development of chronic asthma.2 We have previously demonstrated that asthma and allergy
are associated with an expansion of TH2-polarized CD4+ cells,3 and it has been shown that the
development of the allergic phenotype in mice is absolutely dependent on CD4+ T cells
producing a TH2 profile of cytokines.4–6 Although TH2-polarized CD4+ T cells have been
shown to be a hall-mark of asthma, the pathways that lead to TH2-driven immune responses
are not clear.

Dendritic cells (DCs), the primary antigen-presenting cell in the lung, play a unique role in
initiating and regulating primary immune responses.7 They are known to influence T-cell
differentiation through cytokine production, as well as through signals provided through
costimulatory molecules expressed on their surfaces. Rapid recruitment of DCs into the
bronchial mucosa has been well documented in animal studies and in human subjects in
response to allergen challenge.8,9 Central to early DC recruitment, CCL20 (also known as
macrophage inflammatory protein 3α) is the only known chemokine ligand for CCR6, a
receptor preferentially expressed on immature DCs10 and CCL20 has been shown to induce
CD1a+ DC migration in vitro.11 The importance of CCR6 in allergic pulmonary inflammation
has recently been demonstrated by using a cockroach antigen model with CCR6−/− mice,
showing that lack of CCR6 attenuates the allergic airway response to cockroach antigen.12

Although recruitment of DCs and presentation of antigenic peptides is a critical step in the
initiation of immune responses, other stimuli might be required for DC activation. These innate
danger signals involve inflammatory cytokines or signals transmitted through pattern-
recognition receptors (PRRs),13 and the epithelium is a rich source of these mediators. At
present, the mechanism by which HDM is sensed by the airway epithelium and induces the
secretion of DC-attractant chemokines is unknown.

The major allergenic peptides of HDM (Der p 1 and Der p 2) are digestive enzymes of the
mites, which are secreted in their feces.14 These antigenic peptides are responsible for adaptive
immune responses, with the majority of mite-sensitive patients demonstrating both T-cell
recognition and IgE serologic reactivity to Der p 1 and Der p 2.15–18 Other effects of HDM
exposure have been attributed to its protease activity, including direct injury to the epithelium
with clear demonstration of epithelial damage and desquamation, loss of tight junctions, and
subsequent entrance of antigen into the submucosal space.19 The cysteine protease of dust mite,
Der p 1, has also been shown to activate the innate immune response through cleavage of
complement components into their active forms at the mucosal surface.20 Others have reported
that the ability of allergenic peptides to activate intracellular signaling pathways in airway
epithelium is dependent on their protease activity.21,22

HDMs are complex organisms, and in addition to their well-characterized proteases, they
produce thousands of proteins and macromolecules that might serve as ligands for PRRs. Toll-
like receptors (TLRs) are the best-described PRRs and are present on mucosal surfaces, but
epithelial cells are relatively unresponsive to many TLR ligands. A more recently described
class of PRRs is the non-Toll PRRs, such as the C-type lectin dectin-1, which recognizes fungal
pathogens. However, the process by which HDM is recognized at the epithelial surface is not
well understood at this time.

In this study we sought to define the mechanism by which airway epithelium recognizes the
potent and common aeroallergen HDM and to delineate its role in the initiation of immune
responses in the lung through recruitment of DCs. We demonstrate that HDM induces CCL20
secretion through TLR-independent, protease-independent, and β-glucan–dependent
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processes. These data indicate that recognition of β-glucan moieties in HDM is involved in
early allergic airway responses.

METHODS
Reagents and antibodies

HDM, Der p 1, and ragweed were purchased from Greer (Lenoir, NC); protease inhibitor
cocktail (1 complete Mini tablet dissolved in 25 mL of media) was purchased from Roche
(Indianapolis, Ind); laminarin, ovalbumin (OVA), chitin, zymosan, curdlan, β-glucanase, and
piceatannol were purchased from Sigma (St Louis Mo); cycloheximide was purchased from
Calbiochem (San Diego, Calif); and LPS was purchased from Invitrogen (Carlsbad, Calif).
Cockroach antigen was a gift from Dr Kristen Page (Cincinnati, Ohio). Ambient urban
Baltimore particulate matter was collected as previously described.23 β-Glucanase–treated
HDM (200 μg of β-glucanase/100 μg of HDM) and HDM treated with vehicle (maleic acid,
pH 5.2) were incubated at 50°C for 1 hour to maximize enzymatic activity.

Cell culture
An SV40-transformed human bronchial epithelial cell line (16HBE14o-; California Pacific
Medical Center, San Francisco, Calif) was grown in minimum essential medium supplemented
with 10% FBS, 2 mmol/L L-glutamine, 100 U/mL penicillin, and 100 μg/mL streptomycin.
Cells were grown on collagen/fibronectin-coated tissue-culture plates and passaged by means
of trypsinization at 80% to 85% confluence. Cells were serum deprived for 18 to 24 hours
before treatment with HDM extract (100 μg/mL).

Human bronchial epithelial cell isolation
Eight volunteers, aged between 20 and 35 years, were recruited from the Asthma Clinic at
Hôpital Laval (Quebec, Canada). The Ethics Committee of Hôpital Laval approved the study,
and all subjects provided written informed consent. Epithelial cells were isolated from
bronchial biopsy specimens obtained by means of bronchoscopy. Epithelial cells were
characterized by means of immunofluorescence and flow cytometry by using anti-cytokeratin
antibody from Calbiochem. This identification confirmed the purity of the bronchial cell
culture, as has been previously described.24 Bronchial epithelial cells were cultured in a
combination of Dulbecco modified Eagle medium with Ham F12 in a 3:1 proportion
(Invitrogen, Burlington, Ontario, Canada), supplemented with 10 ng/mL human epidermal
growth factor (Austral Biologicals, San Ramon, Calif); 24.3 μg/mL adenine; 5 μg/mL
crystallized bovine insulin; 5 μg/mL human transferrin, 2 × 109 mol/L 3, 3′, 5′, triiodo-L-
thyronine (Sigma); 0.4 μg/mL hydrocortisone (Calbiochem); 10−10 mol/L cholera toxin (Sigma
Chemicals); 10% FBS (Invitrogen); 100 U/mL penicillin G and streptomycin; and 25 μg/mL
gentamicin (Sigma). The culture medium was changed 3 times per week.

ELISA
Chemokine protein levels in epithelial culture supernatants were measured by means of ELISA
with matched antibody pairs from R & D Systems (Minneapolis, Minn). The sensitivity of the
assay per the manufacturer’s instructions is 20 pg/mL.

RT-PCR analysis
RNA was isolated by using a standard TRIzol method of phenol extraction per the
manufacturer’s instructions (Invitrogen), and first-strand cDNA was synthesized with the
Superscript First-Strand Synthesis kit (Invitrogen). Quantitative RT-PCR assays were
performed as described previously.25 PCR primer pairs were as follows: CCL20 sense,
CTGCTTTGATGT CAGTGCTGC; CCL20 antisense, TCACCCAAGTCTGTTTTGG.
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Luciferase assay for nuclear factor κB
16HBE14o- cells were transiently transfected with the nuclear factor (NF) κB TATA Luc
reporter plasmid (Stratagene, La Jolla, Calif), serum starved, and treated with HDM extract
(100 μg/mL) or TNF-α (3 ng/mL). Sixteen hours later, cells were harvested and analyzed for
luciferase activity by using a Promega Luciferase Assay (Promega, Madison, Wis).

Statistical analysis
Results are presented as the mean of 3 determinations ± SEM. One-way ANOVA was used to
determine differences between multiple groups, with post-hoc comparisons using the
Bonferroni method. For comparison between 2 groups, the Student t test was performed
(GraphPad Prism; GraphPad Software, Inc, La Jolla, Calif)). Significance was assumed at a
P value of less than .05 (n = 3 per experiment). Data are representative of at least 3 separate
experiments.

RESULTS
CCL20 and HDM

CCL20 is crucial for the initial recruitment of immature DCs to the lung during allergic airway
responses and has been found to be upregulated by a variety of inflammatory cytokines.26–
29 To determine whether HDM initiates allergic airway responses at the mucosal surface, we
examined the ability of HDM to induce CCL20 secretion from human respiratory epithelial
cells. Specifically, we treated nearly confluent 16HBE14o- cells that were serum starved
overnight with increasing concentrations of HDM (1, 10, 100, and 200 μg/mL) and examined
CCL20 protein levels in the cell supernatants after 24 hours. We show that HDM increases
CCL20 levels in a dose-dependent manner, with an increase in CCL20 level initially seen at
10 μg/mL HDM and a plateau reached at 100 μg/mL (P <.001; Fig 1, A). No detectable levels
of CCL20 were found in the HDM extract or the growth medium itself (data not shown). We
demonstrate that HDM induction of CCL20 is time dependent, with an increase in CCL20
levels seen as early as 30 minutes after exposure (P < .05 and P <.001; Fig 1, B).

Because rapid release of CCL20 was noted after HDM exposure, we examined whether HDM
induces transcriptional changes in the message for CCL20. RT-PCR was used to assay the
level of CCL20 gene expression in cDNA from HDM-treated 16HBE14o- cells. Constitutive
expression of CCL20 was detected at baseline, but no significant increase in message was seen
at 1, 4, or 24 hours after HDM treatment (P = not significant; Fig 1, C). This suggests that
transcriptional regulation plays only a small part in the increased secretion of CCL20 observed
in HDM-exposed 16HBE14o- cells. To further explore the role of transcriptional regulation in
HDM-induced CCL20 secretion, 16HBE14o- cells were pretreated with cycloheximide (100
μg/mL) before HDM application to inhibit de novo protein biosynthesis. Cycloheximide
treatment failed to inhibit the HDM-induced CCL20 secretion (P <.001; Fig 1, D).

To confirm the applicability of our findings, cultured primary human bronchial epithelial cells
from adult volunteers were treated with 100 μg/mL HDM extract for 24 hours, and CCL20
levels were measured in the cell supernatants. We found robust secretion of CCL20 from HDM-
exposed cells, which is consistent across the panel of donors (P < .001; Fig 1, E). Protein levels
of CCL20 were within a range that has been demonstrated to induce DC migration in vitro (1–
10 ng/mL).30 We conclude that HDM induces rapid release of CCL20 from preformed stores
and that this rapid response is an important initial event in DC recruitment.

HDM-induced CCL20 production is not protease dependent
Because it has previously been shown that HDM possesses potent proteolytic activity and
HDM’s effects on epithelial cells are often ascribed to this activity, we investigated the role of
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proteases in HDM-induced CCL20 production using several different approaches. First, HDM
was heat inactivated at 60°C or treated with a chemical protease inhibitor cocktail (which
neutralizes both serine and cysteine proteases) before exposure of 16HBE14o- cells, as
described above. Interestingly, the increased CCL20 levels seen after HDM exposure were
unchanged when the HDM was heat inactivated or when it was pretreated with the protease
inhibitor cocktail (P <.001, Fig 2). Further evidence that protease activity in our model does
not contribute to CCL20 secretion is the fact that treatment of cells with the allergenic peptide
Der p 1 (5 μg/mL), which is known to be a cysteine protease, did not have any effect on CCL20
secretion. Collectively, these studies strongly suggest that the mechanism of HDM-induced
CCL20 production is independent of its protease activity.

HDM induction of CCL20 is not mediated through TLR stimulation
The mechanism by which the innate arm of the immune system recognizes and senses HDM
is unknown at this point. HDM is a complex mixture of antigenic peptides and biologic
materials and is likely to include endotoxin and other bacterial products. To investigate the
role of TLRs in HDM induction of CCL20, we treated 16HBE14o- cells with LPS, an
ubiquitous component of almost all biologic samples, which signals through TLR4 and TLR2.
We found that a range of doses of LPS were unable to replicate the effects of HDM in
stimulating CCL20 release from the airway epithelial cells. The TLR2 agonist Pam3Cys (10
μg/mL) also failed to elicit CCL20 secretion from 16HBE14o- cells (P < .001; Fig 3, A). Cell
lysates were analyzed for NF-κB activation by using an NF-κB luciferase assay. NF-κB levels
were only increased by HDM 2-fold over control values, in contrast to the positive control of
TNF-α, which increases NF-κB 25-fold, indicating minimal activation of this pathway after
HDM exposure (P <.001; Fig 3, B). We conclude that the classic pathway of TLR2 and TLR4
ligand binding and signaling through NF-κB is not responsible for the release of CCL20 from
epithelium exposed to HDM.

HDM is a specific stimulus for CCL20 production
16HBE14o- cells were treated with a variety of antigenic compounds (HDM, 100 μg/mL;
ragweed, 100 μg/mL; cockroach, 10 μg/mL; Der p 1, 5 μg/mL; ambient urban Baltimore
particulate matter, 50 μg/mL; OVA, 800 μg/mL; chitin, 100 μg/mL; and LPS, 0.1 μg/mL) to
determine the specificity of the effect of HDM on CCL20 secretion. HDM was found to be a
very specific and consistent stimulus for CCL20 secretion from these cells, increasing CCL20
levels almost 4-fold over control values (P < .001, Fig 4). In contrast, ragweed induced a less
than 2-fold increase in CCL20 secretion, and levels of CCL20 from cockroach extract–,
purified Der p 1–, OVA-, chitin-, and LPS-treated cells were indistinguishable from those from
media-treated cells. We conclude that HDM is a unique allergen in its ability to induce early
and robust secretion of the DC chemokine CCL20.

β-Glucan structures in HDM mediate its induction of CCL20
Because HDM does not activate epithelial cells through pure TLR signaling, we explored the
possibility that HDM is specifically recognized by a non-TLR PRR. A β-glucan receptor, such
as dectin-1, was an excellent candidate because fungal species have been demonstrated in the
gastrointestinal tract of HDMs.31 We competitively inhibited the dectin-1 receptor with other
β-glucan moieties (laminarin, 10 mg/mL; zymosan, 100 μg/mL; and curdlan, 100 μg/mL). We
demonstrated that pretreatment of 16HBE14o- cells with these dectin-1 ligands competitively
inhibits HDM-induced CCL20 production (P < .001 vs control and P < .001 vs HDM; Fig 5,
A). None of the β-glucan analogs themselves were able to induce CCL20 secretion from the
respiratory epithelium. This suggests that HDM provides a ligand for a unique β-glucan
receptor or induces a novel signaling pathway in contrast to the classic β-glucan moieties. In
studying a range of laminarin concentrations, we found competitive inhibition was most
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effective at 10 mg/mL (P < .001 vs control and P < .001 vs HDM; Fig 5, B). To further explore
the role of HDM-derived β-glucans, we used β-glucanase to digest these structures in the HDM
extract. No effect on the viability of the cells was noted by means of Trypan blue exclusion
(data not shown). Our data demonstrate that β-glucanase treatment (200 μg/mL) dramatically
reduces epithelial CCL20 secretion significantly more than vehicle alone (P < .001 vs control,
P < .001 vs HDM, and P <.01 vs maleic acid plus HDM; Fig 5, C). We conclude that specific
recognition by a non-Toll β-glucan–dependent process mediates the effects of HDM on the
epithelium.

HDM’s effects on CCL20 are mediated through the spleen tyrosine kinase pathway
We hypothesized that a non-Toll PRR recognizes HDM-derived β-glucan moieties, and thus
we looked for evidence of involvement of transcription factors known to be downstream of the
β-glucan family of receptors, including dectin-1. The cytoplasmic tail of dectin-1 has been
demonstrated to interact with spleen tyrosine kinase (Syk), and we used a Syk inhibitor
(piceatannol) to examine the contributions of this pathway. 16HBE14o- cells were pretreated
with various doses of piceatannol for 1 hour and then exposed to HDM, as previously described.
Syk inhibition at 4 μmol/L decreased HDM-induced CCL20 secretion, whereas higher
concentrations showed some cellular toxicity (P <.001 vs HDM; Fig 5, D). The dependence
on the Syk pathway is supportive of the model in which HDM is recognized by and signals
through a β-glucan receptor similar to dectin-1.

DISCUSSION
In this study we describe a novel pattern-recognition pathway wherein the allergen HDM binds
a non-Toll PRR to initiate innate immune responses. Our data show that stimulation of
respiratory epithelium by HDM induces rapid secretion of CCL20, a chemokine central to
recruitment of immature DCs to the lung. The effect is specific to HDM because other
aeroallergens, such as ragweed and cockroach, fail to elicit this response, and the response is
dependent on β-glucan structures in the HDM extract. HDM is understood to be an important
trigger of allergic airway responses, but until now, the mechanisms by which HDM stimulates
the innate arm of the immune system through the epithelium were unknown.

Previously, proteases were thought to be central to epithelial activation, although initial events
at the airway surface remain largely unknown. As shown by the inability of protease inhibitors
or heat inactivation to alter the secretion of CCL20 after HDM exposure, we demonstrate that
the protease activity of HDM is not responsible for the induction of CCL20 from epithelial
cells. This is in contrast to the body of literature that has focused on the direct injury caused
by the protease activity of allergens, including damage to tight junctions, cleavage of mediators
(eg, complement), and subsequent activation of signaling pathways.19–22 Although there are
clearly potent danger signals induced by nonspecific injury to the epithelium and an important
role for proteases in mediating these effects, our data suggest a unique pathway of epithelial
stimulation through HDM, whereby an allergen is specifically recognized by the airway
epithelium to effect intracellular events, leading to DC recruitment to the lung.

As demonstrated by the lack of a similar response to other common aeroallergens, HDM
activation of airway epithelium is quite specific and suggests recognition of a distinct molecular
pattern. The immunoreceptor tyrosine-based activation motifs found on PRRs are
evolutionarily distinct and interface with diverse adaptor proteins, conferring specificity to the
intracellular signals that are transduced. Although TLRs are present on mucosal surfaces,
epithelial cells are relatively unresponsive to many TLR ligands, and the failure of classic TLR4
(LPS) and TLR2 (Pam3Cys) ligands to induce CCL20 in our study indicates that the epithelial
stimulation seen after exposure to HDM is not mediated through TLR2 or TLR4. Although it
has been shown in occupational settings that inhalation of dust-containing bacterial
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components, especially LPS, can cause airway inflammation, decreases in lung function, and
airway hyperresponsiveness,32 a clear link between ambient levels of LPS and the development
of allergic airway responses has not been demonstrated; exposure to LPS early in life can even
decrease allergic responses.33 In contrast to our findings, others have reported NF-κB
activation after HDM exposure,34 with reports focused on NF-κB activation in leukocytes.
Wong et al34 used bronchial epithelial cells cocultured with eosinophils, suggesting that signals
from other cell types might be required for NF-κB activation. We conclude that HDM-induced
CCL20 production from epithelium is not TLR dependent.

We speculate that the unique ligation of HDM with a non-Toll PRR is responsible for triggering
allergic airway responses and demonstrate that HDM-derived β-glucans are essential for the
activation of respiratory epithelium by showing abrogation of HDM-induced CCL20
production by β-glucanase treatment or by competitive inhibition with other β-glucans. It has
been suggested that the water-soluble fraction of Candida albicans, which is mainly composed
of mannoprotein β-glucans, can be classified as a pathogen-associated molecular pattern
because of its toxicologic effects.35 β-Glucans, which are now recognized as potent
immunologic activators, have been demonstrated to induce neutrophil chemotaxis and are even
being used clinically for immune stimulation in some parts of the world.36,37 Ligation of the
classic β-glucan receptor dectin-1 by fungal antigens has been demonstrated to lead to the
activation of Syk,38 and our finding that Syk inhibition abrogates the HDM-induced CCL20
production is suggestive of involvement of a dectin-like receptor. Our data suggest for the first
time that a non-Toll β-glucan receptor, such as dectin-1, mediates HDM activation of the
respiratory epithelium.

As evidenced by the rapid response to HDM in our isolated epithelial cell culture system and
the fact that this response can be abrogated by β-glucanase treatment or competitively inhibited
by other β-glucans, we demonstrate that β-glucan moieties in HDM are essential for the
induction of epithelially derived CCL20 independent of adaptive immunity. Laminarin is
composed of (1→3)(1→6)-β-glucan linkages, whereas zymosan is a mixture of β-glucans,
mannan, and chitin; these structures were more effective in competitively inhibiting HDM-
induced CCL20 than was curdlan, which contains (1→3)-β-glucan linkages with reactive
carboxyl groups, suggesting that the particular linkage structure of the β-glucans is crucial in
determining their interaction with the epithelium. The role of antigenic peptides, such as Der
p 1, in the adaptive immune response to allergens is well established, but our data show that
distinct components in the HDM extract are responsible for early and innate epithelial
responses. Literature on the association between environmental β-glucan exposure and
subsequent wheezing or asthma are contradictory, with increased respiratory symptoms
described in adults exposed to indoor environments with increased β-glucan levels39 but a
decreased risk of recurrent wheezing in an infant population exposed to high levels of (1→3)-
β-glucans.40 In a parallel example of allergic activation of innate immunity, ragweed pollen
extracts have been shown to contain intrinsic reduced nicotinamide adenine dinucleotide
phosphate (NADPH) oxidases, which induce neutrophil migration to the airways independent
of adaptive immune responses. Challenge with Amb a 1, the major antigen in ragweed pollen,
which does not contain NADPH oxidase activity, failed to induce robust responses in a murine
model of allergic airway inflammation.41 Thus activation of innate immunity by allergen likely
involves mechanisms distinct from the antigenic stimulation of the adaptive arm of the immune
system.

Taken together, our data support the novel finding that HDM is specifically recognized by the
airway epithelium, setting in motion a cascade of intracellular events that result in secretion of
DC-attracting chemokines. We propose a model in which ligation of HDM-derived β-glucans
by non-Toll PRRs results in secretion of CCL20 to attract a specific subset of immature DCs
to the lung, thereby coupling innate and adaptive immunity. A better understanding of these
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pathways will allow us to develop therapeutic interventions for the growing epidemic of
allergic asthma.
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FIG 1.
CCL20 levels in HDM-treated epithelium. A, CCL20 protein levels determined by means of
ELISA in supernatant from 16HBE14o- cells treated with varying doses of HDM. *P < .001.
B, Time course of CCL20 secretion from 16HBE14o- cells treated with HDM (100 μg/mL).
*P < .05 and **P < .001. C, CCL20 message from 16HBE14o- cells treated with HDM. P =
not significant. D, CCL20 protein levels in HDM-exposed 16HBE14o- cells pretreated with
cycloheximide (CHX) at 100 μg/mL. *P < .001. E, CCL20 protein levels determined by means
of ELISA in supernatant from HDM-treated primary human bronchial epithelial cells. P < .
001. ctrl, Control.
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FIG 2.
Effect of protease inhibition on CCL20 secretion. HDM was pretreated with a chemical
protease inhibitor cocktail (PI) for 1 hour or heat treated for 20 minutes at 60°C. CCL20 protein
levels were measured in supernatants from 16HBE14o- cells exposed to HDM, protease
inhibitor–treated HDM, heat-inactivated HDM, or purified Der p 1. *P < .001. ctrl, Control.
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FIG 3.
Role of TLRs in mediating HDM effects on epithelium. A, CCL20 levels were measured in
16HBE14o- cells exposed to HDM, Pam3Cys, or LPS. *P < .001. B, 16HBE14o- cells
transfected with a NF-κB TATA Luc reporter plasmid were stimulated with HDM or TNF-α,
and NF-κB activation was assessed by using a luciferase activity. *P < .001. ctrl, Control.
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FIG 4.
Induction of CCL20 production by various environmental antigens. 16HBE14o- cells were
exposed to HDM, ambient urban Baltimore particulate matter (AUB), LPS, OVA, ragweed,
cockroach antigen (Ag), Der p 1, or chitin, and subsequent CCL20 secretion was measured by
means of ELISA. *P < .001. ctrl, Control.
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FIG 5.
Role of β-glucan structures in HDM-induced CCL20 production. A, CCL20 secretion from
16HBE14o-cells treated with HDM, zymosan (Zym), laminarin (Lam), curdlan (Curd), and a
combination of these β-glucans. *P < .001 vs control and ††P < .001 vs HDM. B, Dose-
dependent inhibition of HDM-induced CCL20 secretion by laminarin. *P < .001 vs control
and ††P < .001 vs HDM. C, Decreased CCL20 production by 16HBE14o- cells exposed to
HDM pretreated with a β-glucanase. **P < .001 vs control, †P < .001 vs HDM, and §P < .01
vs maleic acid plus HDM. D, CCL20 secretion from HDM-exposed 16HBE14o- cells
pretreated with the Syk inhibitor piceatannol (4 μmol/L final concentration). †P < .001 vs
HDM. ctrl, Control.
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