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Harnessing the Antiinflammatory Power of MyD88 to Reduce Allergic
Fungal Inflammation?

Diverse groups of pattern recognition receptors (PRRs) are
expressed on dendritic cells (DCs) including Toll-like receptors
(TLRs), C-type lectins including DC-SIGN and Dectins, scavenger
receptors, and nucleotide oligomerization domain (NOD)-like
receptors that sense and recognize a variety of pathogens leading to
appropriate or even disproportional activation of immune responses
(1). Aspergillus fumigatus is a ubiquitous fungal pathogen
associated with the induction of several disease entities ranging
from serious infections in immunocompromised hosts to intense
inflammatory responses or hypersensitivity reactions such as
allergic bronchopulmonary aspergillosis and allergic asthma (2).
A. fumigatus is primarily recognized by TLR2, Dectin-1 and
-2 via pathogen-associated molecular patterns from airborne
spores (conidia), filamentous branches (hyphae), and b-glucans
on its cell wall (3). Studies have shown that a combined action
of TLRs and Dectin-1/2 in recognizing the b-glucans from
A. fumigatus is required for efficient activation of NF-kB–
dependent production of inflammatory cytokines (4)
and reactive oxygen species through a respiratory burst (5).
Recognition of A. fumigatus with TLR2 involves the adaptor
protein MyD88 (6), whereas Dectin-1 and -2 use mucosa-
associated lymphoid tissue lymphoma translocation
protein 1 (MALT1) adaptor molecules for signal transduction
(7). The TLR/MyD88 signaling pathway is also recognized
for its complex role in airway inflammatory diseases whereby
exposure to microbial motif-enriched environments
(e.g., agriculture related) can be protective against the development
of allergic asthma (8) or alternatively exert negative consequences
such as chronic bronchitis and exacerbation of existing disease
(9–11).

In this issue of the Journal, Percier and colleagues
(pp. 39–49) report on investigation of bone marrow–derived
DCs (BMDCs) pulsed with A. fumigatus from mice that were
deficient in either MyD88 or MALT1 to understand how
these signaling pathways were involved in the pathogenesis
of A. fumigatus–associated allergic asthma (12). Even though
MyD88 and MALT1 were both involved with induction of
proinflammatory cytokines including IL-6 and IL-1b of
BMDCs, MyD88 (but not MALT1) was critical to the allergic
hypersensitivity responses. Specifically, mice sensitized with
BMDCs derived from MyD88 knockout mice pulsed with
A. fumigatus demonstrated an exaggerated allergic response
including elevated IL-4, IL-5, and IL-13 with increased eosinophil
influx as compared with control mice sensitized with wild-
type–derived BMDCs pulsed with A. fumigatus. The authors

also found this response to be associated with IL-13–producing
CD41 CD441 lung T cells, and A. fumigatus–induced IL-13
production from mediastinal lymph node cells was potentiated in
the setting of MyD88 deficiency.

Using knockout mice each for TLR2, TLR4, and IL-1R, the
authors confirmed that TLR2 (not TLR4 or IL-1R) recognition
of A. fumigatus mediated the reduced T-helper cell type 2
responses. The scientific rigor of these observations was enhanced
by studies using antibody to block TLR2 and studies stimulating
TLR2 signaling via the agonist Pam3CSK4. The response was
specific to A. fumigatus and not to the nonpathogenic Clostridium
sphaerospermum. However, additional studies are warranted to
understand if this feature is restricted to only allergenic or
pathogenic molds. Percier and colleagues explored an explanation
for the MyD88-dependent antiinflammatory results, finding a
role for IL-10 production of DCs. A. fumigatus–induced IL-10
levels were markedly reduced in BMDCs derived from MyD88-
or TLR2-deficient mice, and supplementing MyD88-deficient
BMDCs with exogenous IL-10 reversed the exaggerated airway
inflammatory response.

This study investigated how the in vitro differentiated BMDCs
could modulate the immune response to decipher the role of
TLR2/MyD88-dependent signaling in A. fumigatus sensitization
and allergic airway disease. Importantly, a critical role was
established for TLR/MyD88-induced IL-10 pathway signaling
in DCs for regulating allergic inflammation. Others have
shown that CD11c1 DCs expressing MyD88 as opposed to
IL-10–producing T-regulatory cells or Foxp31 T cells had
beneficial effects with allergen-specific immunotherapy in the
setting of CpG-ODN (TLR9 agonist) administration (13).
Moreover, the protective effect of microbial-motif–enriched
Amish dust extract in experimental allergic asthma was also
ascribed to MyD88 and TIR-domain–containing adapter-inducing
interferon-b (TRIF) signaling in mice, and this protective response
was not explained by regulatory T cells (8). Thus, promoting
IL-10–producing lung DCs through engagement of the TLR/MyD88
signaling pathway represents a potential therapeutic approach in
allergic asthma.

Although signaling mechanisms were not investigated in
the present study, TLR2/MyD88-dependent activation of IL-10
production has been shown to be regulated by the transcription
factor CREB in macrophages (14). In addition, scavenger receptor
A receptor (CD204) signaling has been demonstrated to enhance
IL-10 responsiveness following microbial-enriched dust extract
exposures through PKC zeta activation to inhibit TNF-a
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production (15). Thus, it is possible that other PRR-sensing
pathways such as scavenger receptor signaling are also important in
regulating allergic asthma and could be investigated in future
studies. Other hallmarks of allergic inflammation including mucus
production and/or mucociliary clearance were not investigated, and
these pathways may also be important in regulating inflammatory
responses. It has been recently shown that mucins (i.e., MUC5AC
protein) are dependent upon MyD88 signaling following microbial
motif-enriched dust extract exposure marked by increased
expression in MyD88-deficient mice (16). Although expected
to be of a plasmacytoid-like DC that favors tolerance (1), further
characterization of the lung myeloid versus plasmacytoid DCs
programming and maturation leading to reversal of an allergic
phenotype is also warranted. A proposed conceptual schematic of
how A. fumigatus–induced TLR2/MyD88-dependent pro- versus
antiinflammatory signaling effects may be regulated is shown (Figure 1).

In summary, this study provides mechanistic insights into the
role of TLR2 and MyD88 signaling in reducing allergenic responses,
particularly with exposure to A. fumigatus. The novel findings
in this paper will pave the way for a better understanding of
the antiinflammatory driving mechanisms following TLR/MyD88
signaling in DCs to potentially lead to the development of targeted
therapies to reduce fungal-driven allergic diseases such as allergic
bronchopulmonary aspergillosis and allergic airway inflammation. n
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Figure 1. Conceptual overview of potential mechanistic pathway of Aspergillus fumigatus recognition through pattern recognition receptors in dendritic
cells to upregulate IL-10 production and to downregulate allergic hypersensitivity reactions. A. fumigatus is recognized to signal through TLR2 and CTLRs
(e.g., dectins). The current study demonstrates that MALT signaling was dispensable and TLR2/MyD88 was critical to lung eosinophilia and T-helper
cell type 2 allergy responses. Scavenger receptor signaling has been demonstrated to mediate IL-10 responses to complex environmental pathogen-
associated molecular patterns. Created in Biorender.com. A. fumigatus = Aspergillus fumigatus; CREB = cAMP response element-binding protein; CTLRs =
C-type lectin receptors; MALT1 = mucosa-associated lymphoid tissue lymphoma translocation protein 1; MAPK = mitogen-activated protein kinase;
PKCz = protein kinase C zeta; TLR2 = Toll-like receptor 2.
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