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Triggering receptor expressed on myeloid cells-1 (TREM-1) expression is increased
during pulmonary fungal infection suggesting that this receptor might be involved in
anti-fungal immune responses. To address the role of TREM-1 in a murine model of
fungal allergic airway disease, A. fumigatus-sensitized CBA/J mice received by intra-
tracheal injection a mixture of live A. fumigatus conidia and one of a control adenovirus
vector (Ad70), an adenovirus containing a gene encoding for the extracellular domain of
mouse TREM-1 and the F, portion of human IgG (AdTREM-1Ig; a soluble inhibitor of
TREM-1 function), or an adenovirus containing mouse DAP12 (AdDAP12; DAP12 is an
intracellular adaptor protein required for TREM-1 signaling), and examined at various
days after challenge. Whole lung TREM-1 levels peaked at day 3 whereas circulating
TREM-1 levels peaked at day 30 in this fungal asthma model. AATREM-1Ig-treated
mice exhibited significantly higher airway hyperresponsiveness following methacholine
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challenge compared with Ad70- and AdDAP12-treated mice. Whole lung analysis of
AdTREM-1Ig treated mice revealed markedly higher amounts of fungal material com-
pared with the other groups. ELISA analysis of whole lung and bronchoalveolar lavage
samples indicated that several pro-allergic cytokine and chemokines including CCL17
and CCL22 were significantly increased in the AATREM-1Ig group compared with the
other groups. Finally, Pam3Cys and soluble Aspergillus antigens induced TREM-1 tran-
script expression in macrophages in a TLR2 dependent manner. In conclusion, TREM-1
modulates the immune response directed against A. fumigatus during experimental
fungal asthma.

Keywords Allergic Inflammation, Fungus, TREM-1.

INTRODUCTION

Triggers for allergic pulmonary diseases are many and varied, but growing
evidence suggests that exuberant fungal growth associated with dwellings,
schools, and places of employment present a growing health hazard to individ-
uals in all age groups (Kurup, 2000). Individuals with cutaneous and serologic
evidence of A. fumigatus hypersensitivity typically exhibit the persistence of
A. fumigatus conidia or fungal material incorporated into immune cells within
airways, and this prolonged exposure to the fungus can cause airway hyper-
reactivity, peribronchial inflammation, and airway remodeling (Kauffman,
2000).

Allergic responses to A. fumigatus promote major complications frequently
observed in individuals with cystic fibrosis (CF; up to 20% of patients) (Hartl,
2006), atopic individuals, and asthmatics (Holt, 1999). All allergic responses to
Aspergillus appear to involve a number of immunologic abnormalities includ-
ing: elevated IgE, enhanced Th2 cytokines such as IL-4, IL-5, and IL-13 (Skov,
1999); eosinophilic and T cell inflammation; and profound airway remodeling
(Knutsen, 1994).

TREM-1 is an orphan receptor, which is highly expressed on the cell
surface of neutrophils and monocytes and serves as an amplifier of toll-like
receptor 2 (TLR2)- and TLR4-mediated immune responses (Bleharski, 2003).
Due to the absence of signaling motif in its cytoplasmic tail, TREM-1 asso-
ciates with the adapter protein DNAX-activation protein of 12kDa (DAP12) to
propagate activation signals. TREM-1 actually shares DAP12 with a number of
activating (i.e., MDL-1, PDC-TREM, etc) and inhibiting (i.e., TREM-2, NKp44,
and Siglec-H) receptors. Membrane-anchored TREM-1 is found on neutrophils
and CD14Mgh monocyte/macrophages (Bouchon, 2000, 2001), and is associated
with a mature stage of differentiation (Gingras, 2002), and its expression is
increased by the presence of LPS, bacteria or fungi (Bouchon, 2001). Liga-
tion of TREM-1 on neutrophils in vitro induces secretion of pro-inflammatory
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cytokines and chemokines, immediate degranulation, respiratory burst and
phagocytosis (Bleharski, 2003; Radsak, 2004). A soluble variant of TREM-1
(sTREM-1) also exists, and recent evidence suggests that it is generated
through the proteolytic cleavage of membrane-bound TREM-1 via matrix met-
alloproteinase (MMP) activity rather than via the translation of a gene splice
variant (Gomez-Pina, 2007).

Membrane-bound TREM-1 plays a critical regulatory role in immune
responses during acute infection and inflammation (Dower, 2008; Ho, 2008).
TREM-1 expression has also been reported in Aspergillus-containing granulo-
mas, suggesting that this receptor might be involved in antifungal responses
of the host (Bouchon, 2001). TREM-1 appears to be involved in inflammatory
responses in multiple tissues, including the lung (Gibot, 2004). Soluble TREM-
1 is present at high levels in serum and bronchoalveolar lavage (BAL) fluid
from patients with infections (Gibot, 2004) and in plasma during sepsis in
mice (Gibot, 2004), and appears to be released due to the activity of various
metalloproteinases (Gomez-Pina, 2007).

The precise role of STREM-1 during active infections is not known but
exogenously administered STREM-1 peptides have been shown to exert promi-
nent anti-inflammatory roles in experimental sepsis (Gibot and Cravoisy,
2004). The downregulation of TREM-1 expression in monocytes from cystic
fibrosis patients appears to partially contribute to the endotoxin tolerance
state of these cells (del Fresno, 2007). Finally, we showed that TREM-1 and
DAP-12 make important contributions to the innate immune response dur-
ing invasive pulmonary aspergillosis in mice, and transgenic expression of a
TREM-1 blocking protein via an adenovirus delivery system prevented fungal
clearance and enhanced CCL17 expression (Carpenter, 2005).

Thus, the aim of the present study was to investigate whether Aspergillus
fumigatus (A. fumigatus) altered TREM-1 levels during chronic fungal asthma
and what effect the blockade of TREM-1 or the enhancement of the expression
DAP12, had on the course of experimental allergic airway disease in mice. We
observed that the tissue levels of TREM-1 were significantly enhanced in A.
fumigatus-sensitized mice at day 3 after conidia, whereas soluble TREM-1 lev-
els were highest at day 30 after conidia. The inhibition of TREM-1 activity via
an adenovirus delivered TREM-1 blocker (i.e., AATREM-1Ig) in a mouse model
of fungal asthma markedly attenuated the clearance of A. fumigatus from the
lung and aggravated physiologic and histologic features of allergic disease.
AdTREM-1Ig-treated mice exhibited a significant increase in whole lung and
BAL levels of pro-allergic cytokines and chemokines including CCL2, CCL17,
and CCL22. Conversely, enhanced DAP12 expression markedly attenuated all
features of allergic airway disease in mice. Together, these data indicate that
TREM-1 and DAP12 are important for the clearance of A. fumigatus from the
susceptible, allergic host.
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METHODS

Mice

Female, CBA/J mice, C57BL/6 (TLR2"/*), and TLR2/~ (fully backcrossed
on a C57BL/6 background) mice at 6—-8 weeks of age were purchased from Jack-
son Laboratory (Bar Harbor, ME) and were maintained in a specific pathogen
free University Laboratory of Animal Medicine facility at the University of
Michigan. Prior approval for mouse usage was obtained from an University
Committee on Use and Care of Animals at the University of Michigan.

Chronic Fungal Asthma Model

We have previously described a model of chronic allergic airway disease
induced by A. fumigatus conidia (Hogaboam, 2000). CBA/J, TLR2*/*, and
TLR2~/~ mice were similarly sensitized to a commercially available prepa-
ration of soluble A. fumigatus antigens as previously described (Hogaboam,
2000). After completion of the sensitization protocol, all groups of mice
(n = 5-10 mice/group) were anesthetized with ketamine and xylazine. The
trachea of each CBA/J mouse was exposed in each anesthetized mouse using
aseptic surgical techniques and 30 ul of sterile 0.1 % Tween 80 (i.e., vehicle)
containing 5.0 x 106A. fumigatus conidia (American Type Culture Collection
strain 13073) thoroughly mixed with one of the following: saline alone, 2.0
x 108 PFU of a control adenovirus vector (Ad70), 2.0 x 108 PFU of an ade-
novirus encoding for a fusion molecule containing the extracellular domain of
mouse TREM-1 and the F, portion of human IgG1 (AdTREM-1 Ig), or 2.0 x 108
PFU an adenovirus containing FLAG-DAP12 (AdDAP12). The construction of
the latter two viral vectors is described in detail elsewhere (Nochi, 2003), and
both constructs have been used in vivo to impair TREM-1 function through
the elaboration of TREM-1 Ig (AdTREM-1 Ig) or enhance DAP12 (AdDAP12)
expression, respectively (Nochi, 2003).

To examine the effects of the adenoviral vectors alone on the pulmonary
immune system, other groups of non-sensitized CBA/J received one of the
above vectors at 2.0 x 108 PFU via intra-tracheal injection. A. fumigatus-
sensitized TLR2* and TLR2/~ received 30 pl of sterile 0.1% Tween 80
(i.e., vehicle) containing 5.0 x 10%A. fumigatus conidia alone by intratracheal
injection as described above.

Assessment of Mouse Airway Physiology

Immediately prior to and at various days after the intratracheal A.
fumigatus conidia + adenovirus vector challenge in CBA/J mice, bronchial
hyperresponsiveness was assessed in a Buxco™™ plethysmograph (Buxco, Troy,
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NY). After the assessment of airway hyperresponsiveness, approximately 500
il of blood was removed from each mouse and centrifuged at 900 x g for 10 min
to yield serum. BAL was then performed using 1 ml of filter-sterilized normal
saline. Finally, whole lungs were dissected from each mouse and snap frozen
in liquid Ny or fixed in 10% formalin for histological analysis.

RNA Isolation and TAQMAN Analysis

Total RNA was isolated from snap-frozen mouse lung at various times
after A. fumigatus conidia + adenoviral vector challenge using Trizol reagent
(Invitrogen/ Life Technologies, Carlsbad, CA). Total RNA was also isolated
from cultured bone marrow derived macrophages using Trizol reagent. Puri-
fied RNA from whole lung and macrophage samples was treated with DNAse
and reverse transcribed into cDNA using TAQMAN Reverse Transcription
Reagents (Foster City, CA). Pre-developed TAQMAN Gene Expression Assays
were used to quantify mouse MMP, DAP12, and TREM-1 transcripts as per
the manufacturer’s (Applied Biosystems) instructions.

Whole lung MMP transcript levels were normalized to GAPDH transcript
level and then expressed as relative transcript expression. Whole lung DAP12
transcript levels were also normalized to GAPDH levels and expressed as fold
changes in expression, which was calculated via the comparison of gene expres-
sion in naive whole lung samples (assigned a value of 1) to that in the fungal
asthma lung samples. Fold changes in TREM-1 expression in macrophages
were similarly calculated. The amount of fungal material in paraffin wax
embedded tissue sections, was determined using a method described and val-
idated previously by Paterson and colleagues (Paterson, 2003, 2006). Briefly,
a TaKaRa DEXPAT kit (TaKaRa Biomedicals, Shiga, Japan) with lyticase
(Sigma, St Louis, USA) was used to extract DNA from the histological
tissues sections and quantitative PCR analysis was then used to amplify
Aspergillus 188S.

ELISA Analysis

Murine TREM-1, CCL2, IL-12p70, IL-13, CCL3, CCL17, CCL22, IL-10,
CCL1, TNF-«, CCL5, and CCL6 were determined in 50-ul samples of whole
lung homogenates, BAL, and/or serum at various times prior to and after A.
fumigatus conidia and £ adenoviral vector challenge using a standardized
sandwich ELISA technique previously described in detail (Evanoff, 1992). Cell-
free tissue culture supernatant samples were analyzed in a similar manner.
The TREM-1, cytokine, and chemokine levels in each whole lung sample were
normalized to total protein levels measured using a Bradford assay, unless
otherwise indicated.
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Immunocytochemical Analysis of BAL Cells for TREM-1 Expression

BAL samples at various days after the conidia + adenovirus inoculation
in CBA/J mice were cytospun onto glass slides and the cells were subjected to
routine immune immunocytochemical analysis as described by our laboratory
in detail elsewhere (Jakubzick, 2004). A goat anti-mouse TREM-1 antibody
from R&D Systems (Minneapolis, MN) was used for the detection of TREM-1
in these samples.

Serum Immunoglobulin Analysis

Serum levels of IgE and IgG2a at days 3 and 7 after conidia in non-
sensitized and A. fumigatus-sensitized groups were analyzed using comple-
mentary capture and detection antibody pairs for IgE and IgG2a (PharMingen,
San Diego, CA). Immunoglobulin ELISAs were performed according to the
manufacturer’s directions.

Whole Lung Histologic Analysis

Whole lungs from A. fumigatus—sensitized mice at days 7 and 28 after
A. fumigatus conidia + adenovirus challenge were fully inflated with 10%
formalin, dissected, and placed in fresh 10% formalin for 24 h. Routine
histological techniques were used to paraffin-embed the entire lung, and
5-um sections of whole lung were stained with one of the following: hema-
toxylin/eosin, periodic acid-Schiff reagent (PAS), Masson trichrome, or Gomori
methanamine silver (GMS).

Bone Marrow Macrophage Isolation and Studies

Macrophages were cultured and activated as previously described in detail
(Joshi, 2008). At day 3 after conidia challenge in A. fumigatus-sensitized
TLR2*/* and TLR2~/~ mice, bone marrow was derived by flushing femur and
tibia bones with cold RPMI 1640 and the recovered bone marrow progenitor
cells were cultured in L1929 cell conditioned medium. Bone marrow was also
removed from naive TLR21/* mice. On day 7 after the initiation of the bone
marrow culture, purified CD11b-positive bone marrow-derived macrophages
were transferred to 24-well plates at a cell density of 2x10° cells/well, and
0.5 ml of RPMI 1640 containing 10% FBS, 100U/ml penicillin and 100 mg/ml
streptomycin was added to each well.

One of the following was added to triplicate tissue culture plate wells con-
taining bone marrow derived macrophages: Pam3cys (2.5 pg/ml), Poly I:C (50
pg/ml), LPS (10 pg/ml), CpG (50 pg/ml), CCL17 (10 ng/ml), gliotoxin (1 or 10
ng/ml; Sigma), or Aspergillus antigens (100 ng/ml or 1 pg/ml; Greer Labora-
tories). At 24 h, cell free supernatants were removed for ELISA analysis of
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TREM-1 levels or isolation of RNA for analysis of TREM-1 transcript levels.
In separate experiments, macrophages were cultured with an anti-TLR2 mon-
oclonal antibody (R&D Systems) or a TREM-1 blocker (recombinant mouse
TREM-1/Fc chimeric protein; 1 pwg/ml; R&D Systems). In cultures treated with
the anti-TLR2 antibody, TREM-1 transcript levels were analyzed by quanti-
tative PCR. Cell-free supernatants were subjected to ELISA analysis of IL-10
levels in cultures treated with the TREM-1 blocker.

Statistical Analysis

All results were expressed as mean =+ standard error of the mean (SEM).
A Student’s T test or analysis of variance (ANOVA) and a Student-Newman-
Keuls Multiple Comparison test were used to determine statistical significance
between the control and treatment groups of mice at various times after the
conidia challenge; P < 0.05 was considered statistically significant.

RESULTS

Increased sTREM-1 and Decreased Whole Lung Levels of TREM-1
During the Course of Experimental Fungus-Induced Allergic
Airway Disease

We first examined the relative changes in TREM-1 during the course of
experimental fungal allergic airway disease in wildtype mice. An analysis of
whole lung, BAL, and serum samples from A. fumigatus sensitized CBA/J mice
at various times after conidia challenge revealed that TREM-1 levels were
dynamically altered over the course of experimental fungal asthma (Figure 1).
Both BAL and serum levels appeared to track together as sTREM-1 levels
were highest in both compartments at day 30 after conidia challenge. Whereas
serum levels of STREM-1 were stable over the first week after conidia chal-
lenge, BAL levels of STREM-1 progressively increased with time. In contrast,
whole lung levels of TREM-1 peaked at day 3 after conidia and returned to
baseline (i.e., day 0) levels at day 30 after conidia (Figure 1). Thus, altered
TREM-1 levels were apparent in whole lung, BAL, and serum during the
course of experimental fungal asthma in mice.

MMP-9 Levels are Increased in a Time-Dependent Manner
During Fungal Asthma

Given that MMP activity has been shown to be responsible for the shedding
of the TREM-1 ectodomain (i.e., STREM-1) through proteolytic mechanisms
(Gomez-Pina, 2007), whole lung MMP transcript expression was examined
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Figure 1: Soluble TREM-1 levels in serum and BAL, and whole lung (i.e., membrane-associated)
TREM-1 levels atf various times affer conidia challenge alone in Aspergillus sensitized and Coni-
dia challenged CBA/J mice. TREM-1 protein in all samples was measured using a specific ELISA.
Data are mean + SEM of n = 4/5 per group; *P < 0.05; **P < 0.01; ***P < 0.001.

during the course of this fungal asthma model. Using a quantitative TAQMAN
approach to examine multiple MMP transcript levels in whole lung samples
from A. fumigatus-sensitized C57BL/6 mice at days 15 and 30 after conidia, it
was observed that MMP-9 was markedly increased at day 30 (Figure 2). Other
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Figure 2: Whole lung matrix metalloproteinase (MMP) mRNA levels at days 15 and 30 in the
chronic fungal asthma model. Isolated RNA was analyzed using a quantitative PCR array for
mouse MMPs. Data are mean + SEM of n = 4/5 per group.

MMP transcripts appeared to be altered to a lesser extent during chronic fun-
gal asthma. These data suggested that the increase in sSTREM-1 levels in both
serum and BAL might be a consequence of increased MMP-9 expression and
activity in the lungs of mice with A. fumigatus-induced allergic airway disease.

Adenovirus-mediated Gene Delivery of TREM-1 Ig and DAP12
Into the Lungs of Non-sensitized Mice and A.
fumigatus-sensitized Mice with Allergic Airway Disease

We next addressed the effect of a TREM-1 blocker (i.e., TREM-1Ig) and the
adaptor protein DAP12 during fungal asthma. Although sTREM-1 does not
inhibit the function of membrane associated TREM-1, the TREM-1Ig construct
used in the present study has been shown to block cell associated TREM-1
function (Nochi, 2003). In the present study, cells within the alveolar space
of all groups of adenovirus and conidia-challenged mice were retrieved via
BAL at day 3 after intratracheal injection, and adhered to glass slides via a
cytospin procedure. Immunostaining for TREM-1 revealed that granulocytes
and mononuclear cells were positive for this protein in BAL samples from
the Ad70 and AdDAP12 groups (Figures 3A, 3B, respectively), and TREM-1
staining appeared to be similar in both groups.

Immunoreactive TREM-1 levels were greatest in cells recovered from the
BAL of the AATREM-1-treated group at day 3, but the majority of this stain-
ing is TREM-1Ig rather than membrane-associated TREM-1 (Figure 3D). The
antibody used in the immunostaining and ELISA procedures did not discrim-
inate between native soluble TREM-1 and TREM-1 Ig, but we confirmed that
the increased staining and increased protein expression detected by ELSIA
was due to TREM-1 Ig and not native TREM-1 via immunodetection of the Ig
F. portion of the transgene (data not shown).
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Figure 3: Immunocytochemical detection of TREM-1 in bronchoalveolar lavage (BAL) cytospins
at day 3 after conidia and Ad70- (A), AADAP12- (B) or ADTREM-1 Ig (C & D) viral vector chal-
lenge. Goat anti-murine TREM-1 antibody (A, B & D) or control goat IgG antibody (C) was
used to stain the BAL cytospin samples. TREM-1 protein in whole lung tissue (E; upper panel)
and BAL fluid (E; lower panel) was measured using a specific ELISA at day 7 after the intratra-
cheal challenge. Quantitative analysis of DAP12 mRNA expression level was determined by
TAQMAN analysis of whole lung tfissue at day 3 after intratracheal challenge in all groups of
mice (F). Images are representative of n = 4/5 per group, data are mean + SEM of n = 4/5
per group; *P < 0.05; **P < 0.01; **P < 0.001.
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ELISA analysis of whole lung tissue confirmed that significantly greater
amounts of TREM-1 protein were present in non-sensitized and A. fumiga-
tus-sensitized mice due to the introduction of the ACTREM-1 Ig viral vector
compared with all other viral, naive and saline groups (Figure 3E). Whole lung
levels of TREM-1 were significantly lower in Ad70-treated non-sensitized mice
compared with the saline group but Ad70 treatment did not change whole lung
TREM-1 levels in mice with fungal asthma. Immunoreactive levels of TREM-1
were also detected in BAL fluid of all groups of non-sensitized mice and the
greatest levels of TREM-1 were observed in mice that received the AATREM-1
Ig (Figure 3E). Prior sensitization to A. fumigatus antigens and conidia chal-
lenge substantially increased the quantity of TREM-1 in the BAL samples from
all groups (Figure 3E). However, the greatest levels of immunoreactive TREM-
1 were present in the BAL samples from the A. fumigatus-sensitized group
that received AATREM-1 Ig.

The presence of DAP12 in whole lung samples from the various groups of
mice at day 3 after intratracheal challenge was measured using a real-time
quantitative PCR technique (Figure 3F). DAP12 mRNA was increased approx-
imately 3-fold in the A. fumigatus-sensitized and conidia-challenged control
receiving either saline or Ad70 groups compared with naive mouse lung sug-
gesting that this gene is induced during sensitization to A. fumigatus antigens.
In the AdDAP12 viral vector group, the levels of DAP12 mRNA expres-
sion were increased approximately 6-fold higher than those in naive mice
(Figure 3F). Finally, in the AATREM-1 Ig viral vector group, DAP12 mRNA
levels were increased approximately 5-fold above those in naive mice. The
increase in DAP12 transcript expression in this last group of mice might reflect
a compensatory response to the presence of TREM-1 Ig. Thus, the transgene
delivery of either TREM-1 Ig or DAP12 effectively increased the expression of
these gene products in the lungs of mice in the absence and presence of fungal
allergy and allergic airway disease.

TREM-1 Ig Exacerbates Methacholine-induced Airway
Hyperresponsiveness and IgE Levels in Mice with Chronic
Fungal Allergic Airway Disease

Seven days after the intratracheal challenge with A. fumigatus conidia +
adenovirus, airway hyperresponsiveness was assessed via whole body plethys-
mography in anesthetized and ventilated mice. As shown in Figure 4A, the
sequential intravenous introduction of 210 and 420 g/kg of methacholine pro-
moted airway hyperresponsiveness in all groups of mice at days 3, 7, and 14
after intratracheal challenge. At day 3, significantly enhanced airway hyperre-
sponsiveness in the AATREM-1 Ig group (compared with the Ad70 group) was
apparent following their challenge with the higher dose of methacholine but
not with the lower dose of methacholine (Figure 4A).
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Figure 4: Airway hyperresponsiveness (AHR) in Ad70-, AADAP12- and AdTREM-1-treated groups
at days 3, 7, and 14 days affer viral vector and A. fumigatus conidia challenge in A. fumiga-
tus-sensitized mice (A). Peak increases in airway resistance or hyper-responsiveness (Units = cm
H,O/ml/s) were determined at each time point after the infravenous injection of 210 ng/kg (A
upper panel) or 420 ng/kg (A; lower panel) methacholine. Adenovirus-induced DAP12 expres-
sion significantly diminished AHR at days 3, 7, and 14 after viral vector and conidia challenge
in A. fumigatus sensitization. AHR values (units = cm HyO/ml/s) in the saline-treated groups at
day 7 were as follows: 5.8 + 1.8 (210 ng/kg methacholine) and 18 + 2.8 (420 .g/kg metha-
choline). At day 14, the AHR values (units = cm HyO/ml/s) in the saline- tfreated group were as
follows: 7 £ 1.1 (210 ng/kg methacholine) and 11 + 3.8 (420 wg/kg methacholine).

Serum IgE (B; top leftf and botftom left panels) and IgG2A (B; top right and bottom right
panels) levels at day 3 after viral vector and A. fumigatus conidia challenge in A. fumiga-
tus-sensitized mice (both top panels) and at day 7 after viral vector A. fumigatus conidia
challenge in A. fumigatus-sensitized mice and viral vector alone in non-sensitized mice (both
bottom panels). Values are expressed as mean + SEM; n = 4-5/group/time point; *P < 0.05;
**P < 0.01;, **P < 0.001.

At day 7, it was apparent that the instillation of the AADAP12 viral vector
altered the lung environment such that significantly lower airway hyperre-
sponsiveness was provoked by in a dose-dependent manner by methacholine in
this group compared with the Ad70 group. This difference in lower and higher
dose methacholine-evoked airway hyperresponsiveness was again apparent in
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Figure 4: (continued)

the AADAP12-treated group at day 14 after the intratracheal challenge with
viral vector and conidia (Figure 4A).

Airway hyperresponsiveness was measured in the saline and adenovirus
groups at days 21 and 28 after conidia challenge and no statistically sig-
nificant differences were observed between the groups at these time points
(data not shown). Thus, compared with the Ad70 control group, these data
showed that the presence of the DAP12 transgene in mice with fungal allergic
lung disease significantly reduced whereas the presence of AATREM-1Ig sig-
nificantly enhanced airway hyperresponsiveness provoked by an intravenous
methacholine challenge.

Another major feature of this experimental allergic airway model is the
increased presence of immunoglobulins such as IgE and IgG2A (Hogaboam,
2000). Total IgE and IgG2A were measured in serum from groups of A. fumi-
gatus-sensitized mice at day 3 (Figure 4B, top two panels) and non-sensitized
and A. fumigatus-sensitized mice at day 7 (Figure 4B, bottom two panels) after
intratracheal challenge. At day 3 after conidia, serum levels of IgE and IgG2a
in the AATREM-1Ig and AdDAP12 groups did not differ from the Ad70 control
group (Figure 4B, top two panels).

However, at day 7 after vector injection into non-sensitized mice, total
serum IgE was significantly increased in the AdDAP12 and AdTREM-1 Ig
groups compared with the Ad70 group. Total IgG2A was also significantly
increased in the AATREM-1 Ig group of non-sensitized mice compared with the
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Ad70 group (Figure 4B). In the A. fumigatus-sensitized groups, total IgE was
significantly elevated in the AdDAP12 and AATREM-1 Ig groups compared
with the Ad70 group. The levels of IgG2A were significantly increased in the
AdDAP12, but not the AATREM-1Ig group, compared with the Ad70 group.
Thus, divergent effects on airway hyperresponsiveness and circulating Ig lev-
els following AATREM-1 Ig and AdDAP12 transgene expression were apparent
in mice with fungal allergic airway disease.

AdTREM-1 Ig Exacerbates Goblet Cell Metaplasia, Peribronchial
Fibrosis, Peribronchial Inflasmmation, and Fungal Retention in
Mice with Chronic Fungal Allergic Airway disease

Fungal allergic airway disease is characterized by the metaplastic
response of goblet cells in the airways and a peribronchial fibrotic response
(Hogaboam, 2000). At day 7 after Ad70 and conidia challenge in A. fumiga-
tus-sensitized mice, goblet cells were apparent in the airways of PAS-stained
whole lung sections (Figure 5A). Although goblet cells were rarely detected
in the airways of AADAP12-challenged mice with chronic fungal lung disease
(Figure 5B), a profound increase in goblet cells was apparent in mice that

PN B
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Figure 5: TREM-1 blockade enhances airway remodeling. Representative photomicrographs
of periodic acid Schiff (PAS)- (A-C) or Masson trichrome- (D-F) stained whole lung sections
from Ad70 (A & D), AdDAP12 (B & E) and AdTREM-1 (C & F) treated mice at days 7 (A-C)
or 28 (D-F) following infratracheal challenge with viral vectors and conidia. PAS stains mucins
in goblet cells magenta and collagen is stained blue following Masson’s trichrome staining.
Original magnification was 200x; representative photomicrographs were derived from a total
of 10 mice per group from 2 independent experiments.
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received AATREM-1 Ig (Figure 5C). The presence of collagen around airways
at day 28 after viral vector and conidia challenge in A. fumigatus-sensitized
mice was highlighted via Masson trichrome staining as shown in Figure 5D
(Ad70 group).

The AdDAP12 treatment (Figure 5E) did not diminish the degree of
trichrome staining compared with the Ad70 group but trichrome staining was
much more intense around the airways of AATREM-1 Ig-treated group. Thus,
blockade of TREM-1 function during the challenge of A. fumigatus-sensitized
mice with A. fumigatus conidia markedly enhanced the amount of airway
remodelling characterized by mucus cell metaplasia and peribronchial collagen
deposition.

Our previous studies have revealed that the persistence of GMS-stained
fungal material directly correlates with the severity of allergic airway disease.
Specifically, the persistence of fungal material correlates with the severity of
the peribronchial inflammatory response. In the present study, it was apparent
that the presence of Ad70 and conidia in the lungs of A. fumigatus-sensitized
mice provoked a dramatic inflammatory response at day 7 after intratracheal
challenge (Figure 6A).

The lungs of these mice also contained several cells that stained posi-
tive for the presence of fungal material (Figure 6D). The AADAP12 treatment
dramatically decreased both the amount of peribronchial inflammation (Fig-
ure 6B) and GMS-positive cells (Figure 6E). Conversely, ATREM-1 Ig-treated
mice exhibited profound pulmonary inflammation with an extensive inflam-
matory cell infiltrate observed around the airways and throughout the
lung parenchyma (Figure 6C). Coincident with this enhanced inflammatory
response was the substantial presence of fungal material within the lung
(Figure 6F).

Further confirmation that blockade of TREM-1 affected the presence
of fungal material in the lungs of mice with fungal asthma was obtained
using a quantitative molecular method for the identification of Aspergillus
in paraffin wax embedded whole lung samples (Paterson, 2003). As shown in
Figure 6G, the molecular signature of Aspergillus conidia was present in Ad70,
AdTREM-1 Ig, and the AADAP-12 groups at days 14, 21, and 28 after conidia
challenge.

However, the expression of fungal conidia transcripts was consistently
higher in the AATREM-1 Ig-treated group compared with the Ad70 groups.
The greatest fungal transcript levels were observed at the day 14 time point in
the AATREM-1 Ig group. Thus, TREM-1 blockade markedly inflamed the lungs
of A. fumigatus-sensitized mice challenged with A. fumigatus conidia. Never-
theless, this inflammatory response appeared to be ineffective in the clearance
of fungal material from the lungs of these mice as greater amounts of fungal
material were present in the lungs of these mice.
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Figure 6: TREM-1 is required for effective clearance of fungal material from the lungs of A. fumi-
gatus-sensitized mice. Representative photomicrographs of whole lung sections stained with
H&E (A-C) or GMS (D-F) from Ad70- (A & D), AdDAP12- (B & E), and AdTREM-1 Ig- (C & F)
freated mice at day 7 after intratracheal viral vector and Conidia challenge. GMS stains fun-
gal material black. Original magnification was 200x; representative photomicrographs were
derived from a total of 10 mice per group from 2 independent experiments. (G) Quantita-
tive PCR analysis of fungal DNA extracted from paraffin embedded whole lung tissue sections
taken from A. fumigatus-sensitized mice at days 14, 21, and 28 after conidia challenge. Values
are expressed as mean + SEM; n = 3-5/group/time point.

Whole Lung Cytokine and Chemokine Levels Were Significantly
Enhanced Following Blockade of TREM-1 During Experimental
Fungal Asthma
Considerable evidence points to the important role of cytokines and

chemokines in the initiation and maintenance of fungal allergic responses in
the lung (Schuh, 2003; Hartl, 2006). At day 7 after intratracheal challenge,
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whole lung levels of CCL2 were significantly increased in the AdTREM-
1 Ig compared with the other viral vector groups examined at this time
(Figure 7TA).

IL-12 levels were significantly increased in both the AdDAP12 and
AdTREM-1 Ig groups compared with the Ad70 control group at day 14 after
conidia (Figure 7B). Also at this time, we observed that IL-13 was signif-
icantly lower in the AATREM-1 Ig group compared with the Ad70 group,
whereas CCL22 was significantly higher when these two groups were com-
pared (Figure 7B). CCL2, CCL3, and CCL17 levels were significantly higher in
the AATREM-1 Ig group compared with the AADAP-12 group (Figure 7B).

At day 21 after intratracheal challenge, I1.-10 and CCL2 were significantly
decreased in the AATREM-1 Ig-treated group compared with the saline group
(Fig. 7C). Whole lung CCL1 levels were significantly elevated in the AdDAP12
group compared with the Ad70 control group and the saline group at this
time (Figure 7C). TNF-« and IL-13 were significantly decreased in whole lung
samples from the AATREM-1 Ig group compared with the other three groups
at day 21 after intratracheal challenge (Figure 7D). Whole lung IL-12 levels in
all three adenovirus groups were significantly higher than those levels in the
saline group (Figure 7D).

It is of note that the saline group was included in our analysis of whole
lung samples at day 21 after challenge because of the above noted differ-
ences between this group and the adenoviral treated groups. These differences
were unique to this timepoint. Finally, major differences in whole lung levels
of cytokine and chemokines were still apparent at day 28 after intratracheal
challenge with viral vector and conidia (Figure 7E).

Specifically, whole lung levels of TNF«, IL-12, CCL2, CCL3, CCL5, CCL17
and CCL22 were all significantly elevated in the AATREM-1 Ig group com-
pared with the Ad70 group (Figure 7E). Whole lung levels of CCL2 and CCL17
were both significantly decreased in the lung tissue from AdDAP12-challenged
mice compared with Ad70-challenged mice (Figure 7E). Together, several pro-
allergic chemokines including CCL2, CCL3, CCL5, CCL17, and CCL22 were
significantly elevated in whole lung samples from the AATREM-1 Ig group rel-
ative to the Ad70 group during the course of allergic airway disease perhaps
explaining the exacerbated allergic airway disease in this group.

BAL Levels of Cytokine and Chemokine Levels Were Markedly
Altered by the Presence of AdTREM-1 Ig

Because of the expression of TREM-1 Ig in cells from the alveolar compart-
ment, we next examined the presence of pro-allergic cytokines and chemokines
in the BAL of these groups of mice at days 3, 7, 14, 21, and 28 after intratra-
cheal challenge with saline or viral vectors and conidia. Although IL-10 levels
were significantly lower in the AATREM-1 Ig group compared with the Ad70
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group at day 14 after intratracheal challenge, both IL-12 and CCL22 were
significantly increased in the AATREM-1 Ig and AdDAP12 groups compared
with the Ad70 control group (Figure 8C).

At day 21 after intratracheal challenge, CCL22 was significantly increased
in BAL samples from the AATREM-1 Ig group compared with the other con-
trol and viral vector groups (Figure 8D). Also at this time, BAL levels of
IL-13 were significantly lower whereas BAL IL-12 levels were significantly
increased in both AADAP12 and AATREM-1 groups compared with the Ad70
group (Figure 8D). Finally, IL-12 was significantly raised in the BAL from
the AADAP12 and AATREM-1 Ig groups compared with the Ad70 group at
day 28 after intratracheal challenge with viral vector and conidia. Together,
these data highlighted that the presence of ACTREM-1 Ig increased several
pro-allergic mediators including CCL6 (Hogaboam, 1999), CCL17, and CCL22
(Schuh, 2002) compared with the Ad70 control group.

TREM-1 Expression is TLR2-dependent and is Induced by Soluble
Aspergillus Antigens

We have previously examined the role of TLR2 in this fungal asthma model
and observed that TLR2~/~ mice develop a persistent and more severe form of
the disease compared with TLR2/* mice because of the retention of fungal
material in the lung (Buckland, 2008). Given the similar defects in the anti-
fungal responses in allergic TLR2~/~ mice and the wild-type allergic mice in
which TREM-1 was targeted in the present study, we next determined what
role TLR activation had upon TREM-1 expression in macrophages.

In cultures of bone marrow derived macrophages from A. fumigatus-
sensitized and challenged TLR2"* mice at day 3 after conidia, a quan-
titative TAQMAN PCR analysis revealed that Pam3Cys (a TLR2 ligand)
was a potent inducer of TREM-1 transcript expression approximately 5-fold
above levels measured in naive macrophages (Figure 9A). Poly I.C (a TLR3
ligand) and CpG (a TLR9 ligand) had no effect on the induction of TREM-
1, whereas LPS (a TLR4 ligand) induced TREM-1 approximately 1.5 fold
(Figure 9A).

Conversely, in cultures of bone marrow derived macrophages from A. fumi-
gatus-sensitized and challenged TLR2 7/~ mice at day 3 after conidia, Pam3Cys
and LPS failed to induce TREM-1 expression (Figure 9A). Additional experi-
ments addressed whether antigens from A. fumigatus induced the expression
of TREM-1 in a TLR2-dependent manner, bone marrow macrophages from
allergic TLR2/* mice at day 3 after conidia challenge were exposed to
gliotoxin alone or a clinical isolate of A. fumigatus antigens (used to screen
patients for hypersensitivity to this fungus) for 24 h and then analyzed using
quantitative PCR for TREM-1 transcript expression. Gliotoxin is an antibiotic
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nents from A. fumigatus in the presence of IgG control or a monoclonal anti-TLR2 antibody
(B). Bone marrow was removed from A. fumigatus-sensitized mice at day 3 after the Conidia
challenge and grown as described in the Materials and Methods section. Data are mean +
SEM; representative of 3 separate experiments; *P < 0.05.

made by A. fumigatus, but this toxin can have direct effects on immune cells.
We tested whether this was perhaps the component in the clinical isolate of
Aspergillus antigens that induced TREM-1 expression.

As shown in Figure 9B, the presence of gliotoxin at 1 and 10 ng/ml did
not alter TREM-1 transcript expression but the presence of A. fumigatus anti-
gens dose-dependently increased TREM-1 transcript expression. However, the
inclusion of a monoclonal anti-TLR2 antibody markedly inhibited TREM-1
transcript expression in other macrophage cultures (Figure 9B). Thus, acti-
vation through TLR2 provides key activation events in macrophages leading
to the induction of TREM-1 expression and A. fumigatus antigens drive the
expression of TREM-1 in a TLR2-dependent manner.
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TLR2 Activation and CCL17 Promote the Release of sSTREM-1 from
Macrophages and IL-10 Generation by Macrophages is
TREM-1-Dependent

Although the release of TREM-1 might be an important regulatory mech-
anism during inflammatory responses, we hypothesized that the release of
TREM-1 from the surface of immune cells might be one mechanism through
which this fungus persists in the lungs of allergic mice. To test this hypothesis,
we examined bone marrow-derived macrophages from allergic mice at day 3
after conidia challenge for their generation of STREM-1 following exposure to
Pam3CyS, hypomethylated DNA (CpG) or CCL17 for 24 h. The addition of
Pam3Cys or CCL17 to cultures of allergic macrophages significantly increased
STREM-1 levels in these cultures (Figure 10A). Together, these data sug-
gested that TLR2 or CCR4 activation lead to the release of TREM-1 from
macrophages.

IL-10 is a key regulatory cytokine during innate and adaptive immune
responses to A. fumigatus. Its absence during in immunocompromised hosts
enhances their ability to clear this fungal pathogen (Clemons, 2000), whereas
IL-10 is critically important in protecting the host from the deleterious effects
of allergen-induced pulmonary inflammation (Grunig, 1997). To examine the
role of TREM-1 in cytokine generation by A. fumigatus-activated macrophages,
we examined whether IL-10 was induced by A. fumigatus-antigens in a TREM-
1-dependent manner. The data from the analysis of IL-10 levels in cultures
of A. fumigatus-activated macrophages grown from naive mice is shown in
Figure 10B.

The lower dose of A. fumigatus antigens induced IL-10 synthesis by
macrophages and this effect was dependent upon the activation of TREM-1
(Figure 10B). Thus, a component present in the crude extract of antigen
Aspergillus antigens promoted IL-10 generation by bone marrow macrophages,
which was TREM-1 dependent.

DISCUSSION

In the present study we explored the role of TREM-1 and DAP12, an adaptor
protein that facilitates signalling through TREM-1 and other immunorecep-
tors containg the tyrosine-based activation motif (ITAM), in a well-established
murine model of chronic fungal asthma. TREM-1 and DAP12 contributed to
the innate immune response needed for effective clearance of fungal conidia
from the lungs of A. fumigatus-sensitized mice.

Accordingly, the blockade of cell associated TREM-1 activity with a sol-
uble TREM-1 Ig blocking chimeric protein introduced via an adenoviral
vector resulted in the persistence of fungal material in the lung, which
was associated with enhanced circulating IgE, profound inflammation in
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Figure 10: ELISA analysis of sTREM-1 (A) and IL-10 (B) levels in cell-free supernatants from
bone marrow macrophages derived from Aspergillus-sensitized mice at day 3 after Conidia

challenge (A) or naive TLR2*H/+ mice (B). TREM-1 and IL-10 protein in all samples were mea-
sured using specific ELISAs. Data are mean + SEM; representative of 3 separate experiments;
*P < 0.05.

the lung, increased AHR, and enhanced remodelling of the airways of mice
with experimental fungus-induced allergic airway disease. Conversely, A.
fumigatus-sensitized mice subjected to adenovirus-induced DAP12 expression
during conidia challenge exhibited significantly less IgE, AHR, and airway
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remodelling. A number of cytokines and chemokines were altered in mice
receiving the TREM-1 Ig transgene but increased CCL17 and CCL22 was con-
sistently observed in both whole lung and BAL samples from these mice at
various times after viral vector and conidia challenge compared with the other
groups.

In AdDAP12-treated mice, whole lung and BAL levels of CCL17 and
CCL22 were generally significantly lower than levels of these chemokines in
the AATREM-1 Ig and Ad70 groups. In macrophages, TREM-1 expression was
induced Pam3Cys or Aspergillus antigens in a TLR2-dependent manner, and
the generation of IL-10 from macrophages exposed to Aspergillus antigens
was dependent upon membrane-associated TREM-1. Together, these data indi-
cate that the innate immune response mediated by TREM-1 was required for
the modulation of the allergic airway response to A. fumigatus conidia in an
experimental fungal asthma model.

Soluble TREM-1 levels have been extensively monitored in a number of
acute inflammatory clinical conditions (Colonna and Facchetti, 2003), and it
has been shown that the increase in soluble levels might be related to increased
metalloproteinase activity typically associated with these conditions (Gomez-
Pina, 2007). Although it is known that TREM-1 is involved in the amplification
of TLR2 and TLR4 (Bouchon, 2001) and the NACHT-LRR (NLR) (Netea, 2006),
it is not clear whether TREM-1 on the cell surface binds directly to pathogen
associated molecular patterns (Klesney-Tait and Colonna, 2007).

An endogenous TREM-1 ligand has been identified on human platelets
but the identity of this ligand is not presently clear (Haselmayer, 2007). In
the present study, we observed that circulating TREM-1 levels were great-
est in mice with fungal asthma at day 30 after conidia challenge, coinciding
with markedly increased transcript levels of MMP-9 in whole lung. In con-
trast, the whole lung levels of membrane-associated TREM-1 peaked at day 3
after conidia challenge. Membrane-anchored TREM-1 protein was detected in
granulocytes and mononuclear cells present in the BAL samples of Ad70 and
AdDAP12-treated mice at day 3 after conidia, and AATREM-1 Ig was present
in these same cells in AATREM-1 Ig-treated mice.

Interestingly, whole lung levels of TREM-1 did not differ between non-
sensitized and A. fumigatus-sensitized mice at day 7 after conidia challenge.
However, BAL levels of TREM-1 were approximately 25-fold higher in mice
with fungal allergic pulmonary disease at day 7 after conidia compared with
non-sensitized mice not challenged with conidia, suggesting that the primary
cellular sources of TREM-1 were found on cells within the alveolar com-
partment. Further confirmation of the importance of alveolar cells in the
generation of TREM-1 during fungal allergy responses was observed in the
A. fumigatus-sensitized group that received Ad70.

In this group, STREM-1 levels in the BAL of the Ad70-treated sensitized
group were significantly higher than sTREM-1 levels in the saline-treated
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sensitized group. Given that we have shown that control adenovirus alone
exacerbates fungal allergic airway disease in mice (Blease, 2001), it is pos-
sible that one mechanism for this exacerbation might be due to the release
of STREM-1 from immune cells in the alveolar compartment. Thus, given
prominent alterations in the localization of TREM-1 expression, it is possible
that the progressive increase in STREM-1 levels contributes to the chronicity
of this model.

The AATREM-1 Ig was constructed to contain the extracellular domain of
mouse TREM-1 and the Fc portion of human IgG1l (Ad-TREM-1 Ig) whereas
AdDAP12 contains a murine DAP12 gene (Nochi, 2003). The rationale behind
the use of a human IgG1 rather than mouse IgG1 stems from the potent reg-
ulatory role of IgG alone in inflammatory responses; the use of human IgG1
eliminated these non-specific effects of mouse IgG1.

In a mouse model of hepatic granulomatous inflammation elicited by
zymosan A, the transgene expression in the liver of soluble form of extracel-
lular domain of TREM-1 inhibited zymosan A-induced granuloma formation
whereas AADAP12 had the opposite effect (Nochi, 2003). In the present study,
we found that delivery of these adenoviral vectors to the lungs of mice induced
the prominent expression of appropriate target gene, either TREM-1 Ig or
DAP12. Immunohistochemical analysis of whole lung samples indicated that
the major site of TREM-1 Ig expression in viral vector challenged allergic mice
was the airway epithelium (data not shown), which is consistent with the fact
that adenoviral vectors effectively target the respiratory epithelium (Gauldie,
1996).

We focused on the measurement of the transgenes over the first week after
intratracheal challenge because the levels of transgene delivered by replica-
tion deficient adenoviruses are transient and typically wane after the first
week (Gauldie, 1996). Nevertheless, long-term changes in airway inflammation
and remodeling were observed most dramatically in those mice that received
the AATREM-1 Ig vector. Together, these data indicate that the early innate
immune anti-fungal response mediated by TREM-1 and DAP12 have major
roles in both the innate and adaptive immune responses to A. fumigatus, and
disruption in their function leads to fungal asthma exacerbation.

Aspergillus fumigatus conidia enhance the expression of Ig in A. fumiga-
tus-sensitized mice, which is detected in serum at various times after conidia
challenge (Hogaboam, 2003). Although IgE (as a marker of hypersensitivity to
Aspergillus (Kurup, 1999)) and IgG2a (as a marker of an immune shift from
a Th2 to a Thl cytokine phenotype during Aspergillosis (Kurup, 1997)) are
routinely monitored in allergic aspergillosis, we (Blease, 2000, 2002; Schuh,
2002) and others (Corry, 1998) have confirmed that antibodies are dispens-
able during the development and maintenance of airway inflammation, airway
hyperresponsiveness, and airway remodeling.
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In the present study, the highest levels of circulating total IgE were
observed in the AATREM-1 Ig, whereas the lowest levels of circulating total
IgE were observed in the AADAP12 group at day 3 after conidia. However,
both AATREM-1 Ig and AdDAP12 increased the expression of total IgE, and
Ad TREM-1 Ig increased the expression of total IgG2a in non-sensitized mice
receiving the viral vector alone 7 days previously. This effect was not a feature
of the Ad70 vector as this vector alone had no effect on either IgE or IgG2a
levels.

It is not presently clear as to how these vectors are driving these Igs,
however, analysis of BAL and whole lung samples from non-sensitized mice
that received the adenovirus vectors alone revealed that AATREM-1 Ig-treated
group had significantly higher levels of CCL2, CCL17, and CCL22 (CMH,
unpublished findings). Thus, TREM-1 and DAP12 appear to have major roles
in the regulation of circulating Ig levels in non-allergic and allergic mice, and
this regulation might be related to their effects on chemokines with known B
cell activating properties.

The presence of TREM-1 Ig enhanced the retention of fungal material
in the lungs of A. fumigatus-sensitized mice and we observed increased lev-
els of CCL17 and CCL22, another CCR4-specific ligand (Imai, 1998), in A.
fumigatus-sensitized mice that received AATREM-1 Ig and conidia. These
two observations were mutually connected since we have previously observed
that CCL17 impairs the pulmonary anti-fungal response during invasive
Aspergillosis (Carpenter and Hogaboam, 2005). This impairment might be
related, in part, to the potent effect CCL17 has on the activation status of
macrophages, driving these cells toward M2 activation and away from an
effective antifungal immune response.

Accordingly, our present finding revealed that CCL17 promoted the release
of TREM-1 from the cell surface of M2 macrophages but this effect was
not observed in cultures of untreated or CpG-treated macrophages. Although
Pam3Cys also promoted the release of TREM-1 from macrophages, it promoted
the expression of TREM-1 transcripts within these cells in a TLR2-dependent
manner. Under similar conditions, CCL17 alone did not increase TREM-1 tran-
script levels in cultured macrophages (CMH, unpublished findings). Thus, the
cytokine and chemokine findings in the present study are consistent with
the putative role of these factors in the modulation of anti-fungal immune
responses in mice.

How does the modulation of TREM-1 activation during experimental fun-
gal asthma regulate the allergic response? The answer to this question is not
fully apparent at present but the dimunition in IL-10 generation observed
in the in vivo and in vitro studies following TREM-1 blockade might pro-
vide a mechanism. IL-10 has potent suppressive and modulatory effects on
innate immune responses directed towards Aspergillus as it has been shown
to suppress the oxidative burst and antifungal activity of mononuclear cells

717



718

K. F. Buckland et al.

toward Aspergillus but increase the phagocytic activity of these cells (Roilides,
1997).

IL-10 also has potent modulatory effects on the adaptive immune
responses as it has been shown to inhibit Th2-type inflammatory responses
during experimental allergic aspergillosis (Grunig, 1997; Montagnoli, 2006).
During innate and adaptive immune responses against Aspergillus, the
macrophage (Grunig, 1997) and the DC (Roilides, 1997) are likely major
sources of this cytokine because their internalization of A. fumigatus conidia
promotes I1.-10 generation.

In the present study, Aspergillus antigen promoted the expression of IL-10
by bone marrow-derived macrophages in a TREM-1-dependent manner. These
findings are the first to demonstrate that some component of Aspergillus anti-
gen preparation activates macrophages in this manner. Thus, the inhibition of
IL-10 generation as a consequence of preventing Aspergillus antigen-induced
TREM-1 activation might have marked effects on both the innate and adaptive
immune responses during experimental fungal asthma.

In conclusion, we observed that the innate and adaptive immune responses
mediated by TREM-1 were critical for the clearance of A. fumigatus conidia
from the lungs of A. fumigatus-sensitized mice. Without the cell-associated
function of TREM-1, allergic mice exhibited an exacerbated form of lung
disease characterized by increased airway inflammation, airway hyperrespon-
siveness, and airway remodeling.
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