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Sensitization to inhaled allergens is dependent on activation of conventional dendritic cells (cDCs) and on the adaptor

molecule, MyD88. However, many cell types in the lung express Myd88, and it is unclear how signaling in these different

cell types reprograms cDCs and leads to allergic inflammation of the airway. By combining ATAC-seq with RNA profiling,

we found that MyD88 signaling in cDCs maintained open chromatin at select loci even at steady state, allowing genes to

be rapidly induced during allergic sensitization. A distinct set of genes related to metabolism was indirectly controlled in

cDCs through MyD88 signaling in airway epithelial cells (ECs). In mouse models of asthma, Myd88 expression in ECs was

critical for eosinophilic inflammation, whereas Myd88 expression in cDCs was required for Th17 cell differentiation and

consequent airway neutrophilia. Thus, both cell-intrinsic and cell-extrinsic MyD88 signaling controls gene expression in

cDCs and orchestrates immune responses to inhaled allergens.

Asthma is a chronic disease of the airways characterized by
reversible airway obstruction, airway hyperresponsiveness and
inflammation. This disease is now regarded as a heterogeneous
set of lung pathologies that vary with regard to the provoking
stimulus, age of onset, type of inflammation, mucus produc-
tion, lung function, and response to treatment.1 Whereas many
patients display classic, type 2 cytokine-associated eosinophilic
inflammation and are generally responsive to steroid-respon-
sive inhaled corticosteroids, approximately half of patients with
asthma have non-eosinophilic forms of the disease, often with
neutrophilic inflammation of the airway.2–4 These patients are
typically resistant to inhaled corticosteroids and can develop
uncontrolled, life-threatening disease.5 Several lines of evidence
suggest that interleukin (IL)-17-producing T helper type 17
(Th17) cells, which are steroid-resistant,6,7 might drive the
latter form of asthma by promoting recruitment of neutrophils
to the airway.7–13

The initiation of adaptive immunity, including Th2 and
Th17 responses to inhaled allergens, is dependent on Cd11c-

expressing, conventional dendritic cells (cDCs).14 Multiple
receptors on the surface of cDCs allow them to directly sense a
variety of allergens and their associated microbial products, and
to respond by increasing cytokine production and display of cell
surface co-stimulatory molecules. This direct sensing of
pathogen-associated microbial patterns is undoubtedly impor-
tant for their function, but some features of cDCs might also be
indirectly controlled by signals provided by other cells. To test
this, bone marrow chimeric mice are frequently generated to
compare gene function in radio-resistant and -sensitive cells,
and this approach was used to show Toll-like receptor 4
(TLR4) signaling in airway structural cells is required for
allergic sensitization to lipopolysaccharide-containing pre-
parations of house dust mite (HDM) allergen.15 Lung epithelial
cells (ECs) are often presumed to be the major radio-resistant
cell type that modifies the function of lung cDCs, but lung
macrophages are also largely resistant to irradiation, which
confounds interpretation of this type of experiment.16

Furthermore, radiation induces profound transcriptional
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changes in ECs that have unknown effects on their function.17

Thus, a major gap exists in our understanding of how direct and
indirect recognition of pathogen-associated microbial patterns
contribute to the epigenetic landscape, transcriptional profiles,
and activities of cDCs in vivo.

Myeloid differentiation primary response gene 88 (MyD88)
is an adaptor molecule used by all known TLRs, except TLR3.
MyD88 is required for allergic sensitization through the airway
in several models of asthma, including when lipopolysaccharide
or flagellin (FLA) is used as an adjuvant to promote allergic
responses to ovalbumin (OVA).18,19 To better understand cDC
activation during allergic sensitization without the confound-
ing aspects of irradiation, we used a genetic approach to
selectively delete Myd88 in either ECs or Cd11c-expressing
cells, and sensitized the animals through the airway with OVA/
FLA, which is strictly dependent on MyD88.19 Myd88
expression in each of these cell types contributed to chromatin
accessibility and gene expression in cDCs. Phenotypically,
Myd88 expression in ECs was required for robust eosinophilic
inflammation, whereas expression of this gene in Cd11c-
expressing cells was required for Th17-associated neutrophilic
inflammation. These findings reveal that reprogramming of
lung cDCs and consequent induction of allergic pulmonary
inflammation results from both cell-intrinsic and cell-extrinsic
MyD88-dependent signaling.

RESULTS

Generation of mice lacking Myd88 in Cd11c-expressing
cells

To understand how MyD88 signaling in cDCs affects their gene
expression and thus allergic sensitization through the airway,
we employed transgenic mice expressing Cre from the Cd11c
promoter.20 We first confirmed cell specificity by crossing these
animals to tdTomato reporter mice in which a LoxP-flanked
transcriptional stop cassette (LoxP-Stop-LoxP) is positioned
upstream of a tandem dimer (td)Tomato gene at the
constitutively active Rosa26 locus. Precision cut lung slices
from offspring of this cross confirmed the presence of
tdTomato-expressing cells around the airways and within
the lung parenchyma. Staining of the precision cut lung slices
with antibodies against CD103 showed that one of the two
major types of cDCs in the lung, CD103þ cDCs, are closely
associated with the abluminal surface of the airway wall
(Figure 1a, top panels). Precision cut lung slice staining with
antibodies to SIRP-1a, which identify CD11bhi cDCs21 and
macrophages, showed that these cells reside throughout the
lung parenchyma (Figure 1a, bottom panels). Flow cytometric
analysis showed that 490% of CD103þ cDCs, CD11bþ cDCs,
and alveolar macrophages (AMs) expressed tdTomato
(Supplementary Figure 1a,b online). Having confirmed the
specificity of Cd11c-cre expression, we crossed Cd11c-cre mice
to Myd88fx/fx mice, which bear a LoxP-flanked version of the
third exon of Myd88.22 Using quantitative PCR, we confirmed
that purified cDCs and AMs from Myd88fx/fxCD11c-cre mice
(hereafter called DC-KO mice), had undergone deletion of the
third exon, whereas it was retained in cDCs and AMs of

Myd88fx/fxanimals lacking Cre recombinase (hereafter called
WT mice) (Figure 1b).

Generation of mice lacking Myd88 in ECs

To study how MyD88 signaling in ECs affects immune
responses, including gene expression and function of lung
cDCs, we used transgenic mice expressing Cre under control of
the human surfactant protein C (Sftpc) promoter.23 Although
Sftpc is not expressed in most mature ECs, it is expressed in their
precursors, and genetic loci that undergo Cre-mediated
recombination at that stage are reported to remain recombined
in mature ECs.24 To confirm EC-specific, Cre-mediated
recombination, we bred Sftpc-cre mice to the Cre-inducible
tdTomato reporter strain. Tiled microscopic analysis of lung
sections revealed fluorescent ECs throughout the entire
respiratory tree of these animals, including the trachea, bronchi,
bronchioles, and alveoli (Figure 1c). By comparing adjacent
serial sections by fluorescent microscopy and hematoxylin and
eosin staining, we confirmed that the tdTomato fluorescence
was restricted to ECs and did not include endothelial cells lining
the blood vessels (data not shown). Flow cytometric analysis
confirmed that 490% of ECs expressed tdTomato
(Supplementary Figure 1c,d), whereas less than 0.1% of
Linþ Epithelial cell adhesion molecule (EpCAM)– cells did.
Having established that the Sftpc-cre transgene efficiently
targets ECs, we bred Sftpc-cre mice to Myd88fx/fx mice. Sorted
ECs from their Myd88fx/fxSftpc-cre offspring (hereafter called
EC-KO mice) had very little Myd88 mRNA compared with ECs
from WT or DC-KO mice (Figure 1d).

Myd88 expression in Cd11c-expressing cells and ECs
controls neutrophilia and eosinophilia, respectively, in
mouse models of asthma

We next studied the role of cell-specific MyD88 in two different
animal models of asthma. In the first model, we sensitized mice
by allowing them to inhale OVA/FLA, then challenged the
animals by exposing them to aerosolized OVA (Figure 2a).
Following OVA challenge, DC-KO mice had markedly reduced
neutrophilic inflammation compared to WT mice, whereas
eosinophilic inflammation was similar in these two strains.
Contrasting results were seen with EC-KO mice, which had
markedly reduced eosinophilic inflammation compared to WT
mice but only a modest reduction in neutrophils. Almost
identical results were obtained in the second model of asthma in
which an extract of HDMs was used to sensitize and challenge
the animals (Figure 2b). Together, these results show that
Myd88 expression in Cd11c-expressing cells is important for
neutrophilic inflammation in these models of asthma,
whereas Myd88 expression in ECs is critical for eosinophilic
inflammation. While MyD88 is required for signaling
responses to FLA, it is also required for responses to IL-33,
which has been associated with some types of allergic
responses.25 As expected, Myd88 null mice failed to become
sensitized to OVA when IL-33 was used as an adjuvant, and
they did not develop inflammation upon subsequent OVA
challenge (Supplementary Figure 2a). By contrast, WT, DC-
KO and EC-KO mice all displayed robust neutrophilic and
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Figure 1 Cd11c drives Cre-mediated recombination in lung DCs and AMs while Sftpc drives Cre-mediated recombination in ECs. (a) Fluorescent
microscopic images of a PCLS prepared from progeny of Cd11c-cre x LoxP-Stop-LoxP-tdTomato cross. Top images show Tomatoþ cells (red), CD103þ

(green), TomatoþCD103þ DCs (yellow), and E-cadherinþ ECs (blue). Bottom images show Tomatoþ cells (red), SIRP-1aþ (green), TomatoþSIRP-
1aþ DCs (yellow), and E-cadherinþ ECs (blue). Low power images (left) include white squares marking an area also shown in higher power (right).
(b) Real-time PCR analysis of Myd88 exon 3 in cDCs and AMs sorted from Myd88fx/fx (Cre–), Myd88fx/fx Cd11c-cre (Cd11c-creþ ), Myd88fx/fx Sftpc-cre
(Sftpc-creþ ), and Myd88–/– mice at 6 h post-sensitization with OVA/FLA. Lung cDCs were gated on single cells that are CD11chi, nonautofluorescent,
I-Abþ , Ly6C–, and CD88–. Data are representative of 3–6 separate cDC or AM sorts per genotype and are normalized to the housekeeping gene. (c)
Fluorescent microscopic images of a frozen lung section from progeny of Sftpc-cre x LoxP-Stop-LoxP-tdTomato cross. Shown are a low power image of
the whole lung, including the bifurcation of the trachea (top), and a high power image of a representative small airway, showing fluorescent ECs in the
airway and alveoli (bottom). tdTomato cells (red), DAPI (blue), and Differential Interference Contrast (DIC)/ brightfield (grey). (d) Real-time PCR for the
‘floxed’ exon 3 region of the Myd88 gene in ECs sorted from Myd88fx/fx (Cre–), Myd88fx/fx Cd11c-cre (Cd11c-creþ ), Myd88fx/fx Sftpc-cre (Sftpc-creþ ), and
Myd88–/– mice at 2 h post-sensitization with OVA/FLA. Data are representative of three different EC sorts per genotype. *Po0.05, **Po0.01,
***Po0.001, ****Po0.0001. AM, alveolar macrophage; cDC, conventional dendritic cells; EC, epithelial cells; FLA, flagellin; OVA, ovalbumin; PCLS,
precision cut lung slices.

ARTICLES

MucosalImmunology 3



eosinophilic inflammation. This suggests that in the OVA/FLA
and HDM models of asthma, MyD88 is required in ECs and
Cd11c-expressing cells for responsiveness to TLR ligands, not
IL-33.

Myd88 expression in ECs drives early immune responses
during allergic sensitization

We next sought to obtain a molecular understanding of how
Myd88 expression in Cd11c-expressing cells and ECs controls
the expression of immune response genes during allergic
sensitization through the airway. Following instillation of
OVA/FLA, the expression of 547 known immune response
genes was evaluated in whole lungs of the various recombinant
mouse strains using the Nanostring Mouse Immunology
Codeset (Supplementary Resource). Between group
analyses of the data revealed that at steady state, gene
expression at the whole lung level was similar in WT, EC-
KO, DC-KO and Myd88 null mice (Figure 3a), with only a
small number of genes being affected by the absence of MyD88
(Figure 3b, top, and Supplementary Table 1). However, by 2 h
after allergic sensitization with OVA/FLA, genotype-specific
differences in gene expression became apparent, with the
greatest difference seen between WT and Myd88 null mice
(Figure 3a and Supplementary Table 2, left). The expression
pattern observed for EC-KO mice was intermediate between
the patterns of WT mice and Myd88 null mice, whereas

expression in DC-KO mice was similar to that of WT mice
(Figure 3b, bottom, and Supplementary Table 3). ECs were
also purified from the lung using flow cytometry-based sorting
(Figure 3c) and analyzed. In agreement with data from the
whole lung, ECs from EC-KO and Myd88 null mice displayed
similar expression profiles, but were distinct from those of ECs
from WT and DC-KO mice (Figures 3d and e and Supple-
mentary Table 4). Ccl20, Csf2, and Il4ra were among the genes
differentially expressed (above the minimum threshold
intensity, X1.5 fold difference between groups, Po0.01; see
Supplementary Methods) between EC-KO and WT mice at
the whole lung level (Figure 3f) and in sorted ECs (Figure 3g).
Although the epithelial-associated cytokines, Il25, Il33, and
Tslp, have been linked to allergic pulmonary inflammation in
some studies,25 none of these genes were differentially
expressed among the various strains (Figures 3f and g).
Loss of MyD88 in Cd11c-expressing cells did not affect gene
expression in ECs. Together, these data suggest that shortly
after inhalation of OVA/FLA, expression of select pro-
inflammatory genes in ECs is increased in a manner
dependent on MyD88 signaling in those cells.

Myd88 expression in both DCs and ECs controls gene
transcription in lung DCs at 6 h post-sensitization

To determine if MyD88 signaling in Cd11c-expressing cells
was important for gene expression in the lung at later time
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points during sensitization, we studied RNA prepared from
WT, DC-KO, EC-KO, and Myd88 null mice at 6 h post-
sensitization (Supplementary Table 2, right). Many of the

genes expressed at 6 h were primarily dependent on MyD88
signaling in Cd11c-expressing cells (Figures 4a and b
and Supplementary Table 5). These genes included Tnf
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and Il1a (Figure 4c), the latter being important for Th17
differentiation.26 In addition, several genes were identified
whose expression in whole lung was affected by MyD88
deletion in both ECs and Cd11c-expressing cells, including Il6,
which is also important for Th17 differentiation,27 and the cell
adhesion molecule, Icam1. Because the Cd11c-cre transgene is
expressed in AMs as well as DCs, we separately purified these
cells types from mice 6 h after OVA/FLA-mediated allergic
sensitization (Figure 4d). cDCs from DC-KO mice and Myd88
null mice had similar gene expression profiles, but differed from
the profiles of cDCs from WT and EC-KO mice (Figures 4e and
g and Supplementary Table 6). Similar results were obtained
when expression in AMs was studied (Figures 4f and h and
Supplementary Table 7). These results confirm that OVA/
FLA-induced immune gene expression in cDCs and AMs is
largely controlled by cell-intrinsic MyD88 signaling. Several
cytokine encoding genes, including Il1a, Il6 and Il23a, were
much more highly expressed in AMs than in cDCs or ECs
(Figures 4i and j and Supplementary Figure 2b), suggesting
that through their production of IL-1a, IL-6 and IL-23, AMs
may cooperate with cDCs to promote Th17 differentiation.

Our observation that Myd88 expression in ECs contributes to
Th2 development and eosinophilic inflammation suggested
that there might be crosstalk between ECs and DCs. To test this,
we compared gene expression in cDCs of WT and EC-KO mice.
We identified multiple immune genes whose expression in
cDCs was partly controlled by MyD88 signaling in ECs,
including Fkbp5, Psmb9, and Slamf1 (Figure 4i and
Supplementary Table 6). Expression of some genes in AMs
was also controlled by MyD88 signaling in ECs. For example,
Fkbp5, S100a9, and Ccl6 were all decreased in AMs of EC-KO
mice, whereas Il6 was increased in these cells (Figure 4j and
Supplementary Table 7). Together, these data show that
during allergic sensitization, expression of some immune genes
in cDCs and AMs is controlled in part by signals they receive
from ECs.

MyD88 controls chromatin accessibility at select promoters
in cDCs

To gain additional insight into how MyD88 controls gene
expression in lung cDCs, we examined the impact of cell-
specific MyD88 signaling on chromatin accessibility in cDCs
using ATAC-seq, an assay based on the ability of transposases
to introduce DNA sequencing adaptors into open chromatin.28

As expected, ‘peaks’ corresponding to multiple overlapping
sequencing reads at open chromatin mapped to transcription
start sites and enhancer regions, as well as intergenic and
intronic regions (Figure 5a and Supplementary Table 8).
Patterns of peak distribution among these categories were
similar for all genotypes examined (data not shown). Restrict-
ing our analyses to chromatin at promoter regions defined as
being within 500 base pairs (bp) of known transcription start
sites, we identified 227 genes whose chromatin accessibility
differed (X1.3-fold, Pp0.05, at least one peak X100 reads)
between WT and DC-KO mice 6 h after allergic sensiti-
zation (Figure 5b, top left). Of these, 85 genes were also

different between these same genotypes at steady state (0 h),
whereas 142 loci were different only after sensitization (6 h).
We identified an additional 60 genes whose chromatin
accessibility in lung cDCs at 6 h was different between WT
and EC-KO mice (Figure 5b, top right), suggesting that signals
from ECs can also affect chromatin accessibility at some loci
in cDCs.

To better understand how MyD88-dependent changes in
chromatin accessibility affect gene expression, we used
transcriptome wide arrays to study expression of genes that
mapped to loci whose ATAC-seq peak sizes were dependent on
Myd88 expression. Almost half of the genes whose chromatin
differed between cDCs of WT and DC-KO mice at both 0 and
6 h were expressed, that is, above the minimum threshold
intensity (see Supplementary Methods). Of these genes, 15
were differentially expressed (X1.5-fold) between cDCs of WT
and DC-KO mice at baseline but not 6 h. Another 19 genes were
induced, that is, differentially expressed at 6 h (Figure 5b,
bottom left, and Supplementary Table 9a). By contrast, the
majority of genes whose genotype-specific differences in
chromatin accessibility were only apparent at 6 h, but not
0 h, did not yet display transcriptional differences between
cDCs of WT and DC-KO mice (Supplementary Table 9b).
Very few genes whose chromatin accessibility in cDCs was
different between WT and EC-KO mice were expressed above
the minimum threshold intensity (Figure 5b, bottom right, and
Supplementary Table 9c).

Cell-intrinsic MyD88 controls gene expression through
multiple mechanisms

Transcriptome-wide arrays have multiple probes for each gene,
allowing simultaneous quantification of the 50 and 30 regions of
RNA. Using this platform to measure RNAs in cDCs from the
various strains (see Supplementary Methods), we identified
two major types of MyD88-dependent gene induction that
occurred during allergic sensitization. In the first, the ratio of
gene expression between WT and DC-KO mice measured using
50 probes was similar to ratios obtained using 30 probes,
consistent with regulatory control at the level of transcriptional
initiation (see Supplementary Methods). In the second, the
ratio of gene expression in WT and DC-KO mice was higher
when measured using 30 probes than with 50 probes. The latter
pattern is consistent with an indirect role for MyD88 in RNA
elongation. Approximately one-third of the genes induced in
cDCs by allergic sensitization met the criteria to be included in
this category (Supplementary Table 9a). As an illustrative
example, chromatin at the Ccr7 locus was found to be more
accessible in cDCs of WT mice than in those of either DC-KO
or Myd88 null mice, both at 0 and 6 h (Figure 5c, left). Despite
these differences in chromatin accessibility, at 0 h there were no
apparent differences in Ccr7 mRNA levels among the various
genotypes (Figure 5c, middle). However, after allergic
sensitization, Ccr7 mRNA levels were markedly higher in
cDCs of WT and EC-KO mice than in those of DC-KO and
Myd88 null animals. Furthermore, the ratio of Ccr7 expression
in DCs of WT mice compared to those of DC-KO mice was
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Figure 5 ATAC-seq and whole transcriptome analysis of lung cDCs. (a) Pie chart showing genomic distribution of ATAC-seq peaks that significantly
differ (Pp0.05) in size between cDCs of WT mice (reference group) and DC-KO mice at 6 h post-OVA/FLA. (b) Venn diagram showing the number of
genes whose ATAC-seq peak sizes at the promoter differ by at least 1.3-fold (Pp0.05, at least one peak X100 reads) between cDCs of WT mice
(reference group) and either DC-KO mice (top left), or EC-KO mice (top right). Pie charts below Venn diagrams show percentages of genes assigned to
the indicated categories of gene expression (see Supplementary Methods). Data are from two biological replicates of cDCs sorted from three mice
each. (c) ATAC-seq peaks and gene expression of Ccr7 in cDCs at 0 and 6 h post-OVA/FLA. Left panel shows ATAC-seq plots, with the numbers above
the plots representing peak areas for each genotype normalized to WT peaks. Arrows below plots show transcriptional start sites. Data are from two
separate biological replicates with cDCs from three mice pooled and sorted for each replicate. Middle panel shows Ccr7 RNA levels in cDCs, as measured
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(left) or EC-KO (right) mice, as determined by whole transcriptome microarray analysis. Individual fold-change values were normalized to the average WT
reference. Data shown indicate two separate biological replicates with three mice per sorted replicate. (e) Heat map showing top 10 Ingenuity Pathways
affected primarily in DC-KO (top) or EC-KO (bottom). cDC, conventional dendritic cells; FLA, flagellin; OVA, ovalbumin; WT, wild type.
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greater when expression was measured using a 30 probe than
with a 50 probe (Figure 5c, right), suggestive of transcriptional
control at the level of RNA elongation. Thus, MyD88 controls
gene expression through multiple, distinct mechanisms. For
Ccr7 and several other genes, MyD88 maintains open
chromatin without affecting baseline gene expression, and
during allergic sensitization promotes efficient RNA
elongation.

MyD88 signaling in DCs and ECs control distinct cellular
processes in cDCs

Analysis of gene expression in cDCs across the genome, without
regard to ATAC-seq status, identified approximately 250 genes
whose expression in cDCs was dependent on cell-intrinsic
MyD88 signaling (Supplementary Table 10). Many of these
genes have known roles in immunity and include Tnf, Il12b,
and Cd40, as well as genes that regulate canonical NF-kb
signaling, such as Tnfaip3 (which encodes A20), Nfkbiz, and
Nfkbia (Figure 5d, left). Ingenuity Pathway Analysis confirmed
that these genes contribute to immune signaling pathways
(Figure 5e, top). We also identified genes whose expression in
lung cDCs was controlled indirectly, through MyD88 signaling
in ECs. Approximately half of these genes were negatively
regulated by MyD88 signaling in ECs (Supplementary
Table 10), and included H2-m2; Cd44; the heat shock
protein genes, Hspa1a, Hspa1b, and Hsph1; the cell cycle
and DNA damage sensing proteins, Ccnd1 and Ddit3. A
different set of genes in cDCs was positively regulated by
MyD88 signaling in ECs, including S100a8, S100a9, Fkbp5, and
Amica1 (Figure 5d, right). Amica1 encodes junctional
adhesion molecule-like protein,29 binding partner of the
epithelial tight junction protein, coxsackie-adenovirus recep-
tor. Interestingly, Ingenuity Pathway analysis revealed that
MyD88 signaling in ECs affected pathways in cDCs that are
associated with endoplasmic reticulum stress, oxidative phos-
phorylation, and cholesterol biosynthesis (Figure 5e, bottom).
This suggests that ECs may indirectly affect the ability of cDCs
to sense cellular stress and thereby modulate the downstream
immune response.

Effects of cell-specific Myd88 expression on DC phenotype
and function

We next examined the consequences of cell-intrinsic and
extrinsic MyD88 signaling on DC phenotype and function.
Following allergic sensitization, allergen-bearing cDCs increase
their display of co-stimulatory molecules and migrate from the
lung to the regional mediastinal (m)LNs. At 16 h post-
sensitization with OVA/FLA, we noted that CD40 was
markedly reduced on DCs of DC-KO mice, and CD80 was
modestly reduced on DCs of both DC-KO mice and EC-KO
mice (Figure 6a), in agreement with the observed Cd40 and
Cd80 transcriptional differences at 6 h (Supplementary
Resource). We next studied the effect of cell-specific
expression of Myd88 on DC trafficking by labeling the DCs
with the fluorescent dye, PKH and inducing their migration
with OVA/FLA. Analysis of mLNs 24 h after OVA/FLA
instillation revealed fewer PKHþ migratory DCs in mLNs

of DC-KO mice than in those of WT mice (Figure 6b). There
was also a trend towards fewer migratory DCs in EC-KO mice,
but it was not statistically significant. To investigate how these
and other changes related to Myd88 expression in Cd11c-
expressing cells and ECs affects early T helper cell development
in regional LNs, we adoptively transferred OVA-specific, naı̈ve
CD4þ T cells to recipient animals and sensitized them on a
single occasion with OVA/FLA. mLNs of mice were excised
from the sensitized mice and these mLN cells were cultured
with OVA to stimulate cytokine production. As expected,
Myd88 null mice had markedly lower amounts of type 2
cytokines and of IL-17A than did their WT counterparts
(Figure 7a). IL-17A was also reduced in mLNs from DC-KO
mice, but not in mLNs of EC-KO mice. Type 2 cytokines were
similar in WT, DC-KO, and EC-KO mice after a single
sensitization, but after two sensitizations, mLNs of EC-KO mice
had significantly lower amounts of IL-5 and IL-13 than
did mLNs of WT mice (Figure 7b). These data suggest that
Cd11c-MyD88 mediated effects on Th17 differentiation are
direct, and that EC-MyD88 dependent effects on Th2
polarization are indirect, possibly requiring another cell
type. To investigate this, we separately purified Cd11c-express-
ing AMs and cDCs from the lung at 6 h post sensitization
with OVA/FLA, and tested their abilities to promote
proliferation of naı̈ve OT-II T cells and stimulate their
production of cytokines. We found that cDCs, but not
AMs, could promote antigen-specific T-cell proliferation
and production of type 2 cytokines and IFNg, whereas only
very small amounts of IL-17 were produced. Surprisingly,
purified cDCs from each of the strains displayed similar
capacities to stimulate T cells (Figure 7c). Although AMs
on their own were incapable of stimulating T proliferation
or cytokine production, we nonetheless investigated the
impact of adding them to the cDC: T-cell co-cultures.
No effect on T-cell proliferation was seen, but AMs from
WT mice and EC-KO mice markedly reduced type 2 cytokine
production by T cells, whereas AMs from Myd88 null mice
DC-KO mice did not. AMs did not affect Th1 differentia-
tion, as inferred from IFNg production. These data suggest that
at least in this ex vivo experimental system, AMs produce one or
more factors that selectively block Th2 differentiation in a
manner dependent on MyD88 signaling in Cd11c-expressing
cells.

Effects of cell-specific Myd88 expression on T helper
subsets in the lung

The reduced amounts of IL-17 in mLNs of DC-KO mice, as well
as their decrements in neutrophilic inflammation, suggested
that Th17 cells in the lungs of these animals might be reduced.
The reduction in type 2 cytokines in mLNs of EC-KO mice
following a second sensitization with OVA/FLA and the
decreased eosinophilia in lungs of these mice suggested that
Th2 cells in the lung might be similarly reduced. To test this, we
performed intracellular staining for IL-4, IL-5, IL-13 and
IL-17A in CD4þ T cells sorted from lungs 3 days after the
second OVA/FLA sensitization (day 10). Compared with WT
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mice, DC-KO mice and Myd88 null mice had fewer Th17 cells
in the lung, whereas no reduction was seen in EC-KO mice
(Figure 7d). Conversely, intracellular staining for IL-4, -5 and
-13 revealed that EC-KO mice had fewer Th2 cells com-
pared with WT mice, whereas no reduction in Th2 cells was
seen with DC-KO mice. Together, these data suggest that
MyD88 signaling in Cd11c-expressing cells promotes Th17
development and consequent neutrophilic inflammation,
whereas MyD88 signaling in ECs favors Th2 development
and eosinophilic inflammation.

DISCUSSION

It is well established that MyD88 signaling is critical for innate
immune responses to a wide variety of stimuli, including
inhaled allergens. However, the extent to which MyD88
signaling in different cell types in the lung contributes to
asthma is poorly understood. Here, we found using two
different models of asthma that MyD88 expression in ECs
impacts gene expression in cDCs and also profoundly affects
immune responses. Specifically, MyD88 expression in ECs was
found to be required for robust eosinophilia, whereas MyD88
expression in Cd11c-expressing cells was required for strong
neutrophilic responses. This suggests that inhibiting MyD88
function in only one of these cell types might ameliorate disease
features in individuals that display predominantly neutrophilic
or eosinophilic asthma. Our current findings are consistent
with studies showing that Tlr4 expression in non-hemato-
poietic cells contributes to eosinophilia15,30 and that Tlr4
expression in hematopoietic cells promotes airway neutrophilia
in mouse models of asthma30 and further identifies ECs and
Cd11c-expressing cells as requiring Myd88 expression for the
development of eosinophilic and neutrophilic inflammation,
respectively.

MyD88 signaling in Cd11c-expressing cells was required for
robust expression of Ccr7, and in agreement with this, DC
migration from the lung to regional LNs was reduced in DC-
KO mice. This likely contributed to the reduced amounts of IL-
17 in lung-draining LNs of DC-KO mice, and consequently
reduced numbers of Th17 cells and neutrophils in their lungs

after allergen challenge. Although Ccr7 expression was not
reduced in EC-KO mice, they had a trend towards fewer
migratory DCs in regional LNs. Ccr7 is required for DC
migration, but other genes can also contribute.31,32 It is possible
that altered gene expression in ECs can directly impact DC
migration by affecting DC: EC adhesion, or indirectly affect
migration by modifying gene expression in DCs.

MyD88 signaling in Cd11c-expressing cells was required
for robust expression in cDCs of the Th17-promoting
cytokines, Il6 and Il23a, and also for their display of
CD40 which contributes to Th17 development.33,34 While
these changes are consistent with reduced numbers of Th17
cells and airway neutrophils in DC-KO mice, our finding
that AMs have higher expression of Il1a, Il6 and Il23a than do
cDCs suggested that AMs might also have a role in directing
Th17 differentiation. On their own, AMs failed to activate
T cells, and when added to DC: T-cell cultures had a minimal
effect on IL-17 production, possibly because the cultures
lacked a cell type or cytokine necessary for robust Th17
differentiation. The apparent discrepancy between this result
and our observation that Myd88 null mice do not produce
detectable amounts of cytokines in LNs might be partly due to
the fact that equivalent numbers of cDCs were added
to the ex vivo co-cultures, which would circumvent the DC
migration defect in Myd88 null mice. Also, cDCs collected from
the lung at 6 h post-sensitization have not undergone the
MyD88-dependent increases in co-stimulatory molecules to
the extent that are seen in DCs arriving in regional LNs.
Interestingly, when added to the cDC: T-cell cultures, AMs
selectively inhibited type 2 cytokine production in a manner
dependent on Myd88. Whether this effect of AMs on T cells
in vitro is relevant to T-cell differentiation in vivo is unclear as
AMs are non-migratory and therefore unable to traffic to
regional LNs where most effector T-cell differentiation is
thought to occur. Naı̈ve T cells primarily reside in the blood and
lymphatic system, but some of them also enter non-lymphoid
organs, including the lung,33,35 and mice whose DCs cannot
migrate to regional LNs can nonetheless develop strong
responses to allergens.33,36 Thus, it is possible that naı̈ve T
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cells can undergo differentiation to Th17 cells in the lung itself,
where their differentiation may be influenced by AM-derived
cytokines.

Owing to their position on the luminal surface of the entire
respiratory tree, ECs are exposed to a wide variety of antigens
and potentially damaging environmental insults. We have
shown that the expression of many genes in ECs is dependent
on MyD88 signaling in those cells, including genes expected to
affect antigen presenting cell (APC) function. These genes
included Csf2, which encodes Granulocyte Macrophage Colony
Stimulating Factor (GM-CSF), a potent activator of AMs and
DCs,33,37 and s100a8/a9, which encodes proteins that bind
TLR4 and activate DCs.33,38 Previous studies have suggested
roles for other EC-derived factors in shaping responses to
inhaled allergens, including ATP, uric acid, IL-25, IL-33, and
thymic stromal lymphopoietin (TSLP).33,39 We did not detect
mRNA for Il25 or Tslp in sorted ECs, although low amounts of
Tslp were seen in whole lung, in agreement with a previous
report that ECs are not a major source of this cytokine.40 By
contrast, Il33 mRNA was detected at relatively high levels in
sorted ECs, consistent with the previous observation that
alveolar type II ECs are the major pulmonary source of IL-
33.33,41 It is also possible that allergen inhalation triggers release
of pre-formed IL-33. Whether that cytokine directly activates
lung DCs is unclear, however, because Myd88 expression in
DCs was not required for the adjuvant activity of IL-33.

RNA profiling and analysis of chromatin accessibility by
ATAC-seq revealed control of gene expression in cDCs by both
cell-intrinsic and -extrinsic MyD88 signaling. We unexpectedly
found that chromatin accessibility at many promoter regions is
established in a MyD88-dependent manner even prior to
allergic sensitization. The ligand/receptor interactions that
engage MyD88 to maintain an open chromatin at these loci
during steady state are unknown. It is possible that low amounts
of microbial products in the lung might signal through one or
more TLRs to maintain a basal level of MyD88 signaling.
Alternatively, constitutive production of endogenous cyto-
kines, such as IL-1 or IL-33, which also signal through MyD88,
might sustain open chromatin at these loci. How this MyD88
signaling leads to chromatin opening is also unknown, but
might involve the induction of pioneer transcription factors
(TFs), so named because of their ability to bind and open closed
chromatin.42 Additional studies will be required to test this
hypothesis and to determine whether cell-intrinsic and -
extrinsic MyD88 signaling trigger chromatin binding by
different pioneer TFs.

Despite their open chromatin at baseline, many genes were
not strongly expressed until after OVA/FLA-mediated allergic
sensitization. This suggests that for these genes, MyD88 is not
only required to open the chromatin at steady state, but also
required for responses to a second, activating signal. For many
genes, the ratio of expression of WT to DC-KO mice after
sensitization was higher when measured using 30 probes than
with 50 probes, suggesting that this second signal can act by
promoting RNA elongation. This hypothesis is consistent with
the known ability of RNA polymerase II (Pol II) to initially

associate with an incomplete transcriptional complex and
generate only short (20–65 nucleotide) RNA segments until
receiving an activation signal required to generate full-length
mRNA.43 This second step can be triggered by the binding of
additional TFs and is associated with release of negative
elongation factors from the complex through the positive
transcription elongation factor b (P-TEFb kinase). It remains to
be determined whether different TFs are involved in this
putative elongation step than those that direct chromatin
opening, and whether these TFs are differentially induced by
cell-intrinsic and -extrinsic MyD88 signaling.

Ingenuity pathway analysis software revealed that MyD88
signaling in Cd11c-expressing cDCs primarily affected genes
associated with the innate immune response and cDC effector
function. Most of these genes are likely controlled by MyD88
signaling in the cDCs themselves, but because Cd11c-cre is also
expressed in AMs, it is also possible that MyD88 deficiency in
those cells indirectly affects gene expression in cDCs. None-
theless, the genetic approach used here avoids the confounding
problem of inefficient and variable depletion of AMs by
irradiation in bone marrow chimeric mice16 and provides a
good model to evaluate the role of Myd88 in these cells.
Although IL-1a can be produced by bronchial ECs,44 our data
suggest that the primary MyD88-dependent cell source in the
lung is the AM. Interestingly, the loss of MyD88 in ECs was
associated with increased transcription in cDCs of genes
involved in cellular stress and lipid metabolism, including
several genes in the superpathway of cholesterol synthesis.
Several intermediates in the cholesterol biosynthetic
pathway function as ligands of RORgt, the nuclear
receptor critical for the development of Th17 cells,45 and
blocking cholesterol synthesis impairs the differentiation of
these cells.46 Furthermore, accumulation of intracellular
cholesterol leads to increased Th17 responses, but decreased
Th2 responses, in the lung.47 Whether transfer of lipids
from DCs to T cells contributes to Th17 differentiation is not
known. However, lipids and other material can be transferred
from DCs to T cells by secreted exosomes,48 or through direct
contact at the immunological synapse.49 It will be of interest to
identify the MyD88-dependent signals from ECs that act on
lung cDCs to control their cholesterol metabolism, and to
determine if the altered cholesterol pathways in cDCs
contributes to the increased Th17 cell differentiation seen
in EC-KO mice.

Our finding that both cell-intrinsic and -extrinsic MyD88
signaling contributes to cDC reprogramming provides impor-
tant insights into the cellular and molecular basis of allergic
sensitization. Given the heterogeneity seen in clinical asthma
and the differential responsiveness of patients to current
therapies, these insights will be useful in the design of new
therapies specifically tailored to target asthma that is pre-
dominantly eosinophilic or neutrophilic in nature.

MATERIALS AND METHODS

Mice. The following strains were purchased from Jackson Laboratory
(Bar Harbor, ME): C57BL/6, OTII (C57BL/6-Tg(TcraTcrb)425Cbn/J),
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Myd88–/– (B6.129P2(SJL)-Myd88tm1.1Defr/J), Myd88fx/fx (B6.129P2
(SJL)-Myd88tm1Defr/J), Cd11c-cre (B6.Cg-Tg(Itgax-cre)1-1Reiz/J), and
B6.Cg-Gt(ROSA)26Sortm9(CAG-tdTomato)Hze/J. Brigid Hogan (Duke
University) provided B6;D2-Tg(Sftpc-cre)1Blh (Sftpc-cre) mice.23

EC-KO mice and DC-KO mice were generated by crossing con-
ditionally mutant Myd88fx/fx mice22 to Sftpc-cre mice and Itgax-cre
mice, respectively. Mice were housed in specific pathogen-free
conditions at the NIEHS and used between 6 and 12 weeks of age in
accordance with guidelines provided by the Institutional Animal Care
and Use Committees.

Processing frozen sections. Lungs were inflated with 4% paraf-
ormaldehyde, serially transferred into 15, 20, and then 30% sucrose,
and finally into a 1:1 mixture of optimal cutting temperature (OCT)
compound and 30% sucrose in phosphate-buffered saline (PBS). The
lungs were then frozen on dry ice and sectioned using a cryostat.

Images of frozen sections. Tiled images of frozen sections were
acquired at � 400 magnification on an Automated Epifluorescence
Microscope (Zeiss, Oberkochen, Germany) and assembled using Zen
Blue software (Zeiss).

Imagesof precisioncut lung slices. Lungs were inflated with 2% low-
melt agarose at 40 1C, and the upper right apical lung lobe was sliced
into 150 mm sections using a VF-300 Compresstome (Precisionary
Instruments, Greenville, NC). Each tiled image was taken at � 200
magnification on a 710 Confocal Microscope (Zeiss) and assembled
using Zen Black software (Zeiss).

Mouse models of asthma. For the OVA/FLA model of asthma, mice
were sensitized by oropharyngeal (o.p.) instillations of 100mg
endotoxin-free OVA together with 1.25 mg standard FLA from Sal-
monella typhimurium (InvivoGen, San Diego, CA) on days 0 and 7,
then challenged on days 14, 15, and 16 with 1% OVA aerosol. (This
FLA preparation signals through both TLR4 and TLR5 because it
contains 103� 104 endotoxin units/mg protein.) In the HDM model of
asthma, mice were sensitized with 1 mg HDM (Greer, Lenoir, NC) by
o.p. instillation on days 0 and 7 and challenged by the same route on
days 14, 15, and 16. For both models, mice were collected at 4 h post-
challenge to examine cytokines and chemokines, and at 24 h post-
challenge to assess leukocyte recruitment to the airway. For the OVA/
IL-33 model of asthma, mice were sensitized by o.p. instillations of
100mg endotoxin-free OVA together with 500 ng IL-33 (Biolegend,
San Diego, CA) on days 0 and 7, then challenged on days 14, 15, and 16
with 1% OVA aerosol.

Flow cytometry. Cells were blocked with anti-mouse CD16/CD32
(2.4G2) and normal mouse and rat serum (Jackson ImmunoResearch,
West Grove, PA). For staining of surface antigens, cells were incubated
with one or more of the following antibodies: CD3 (145-2C11), CD8a
(53-6.7), CD8b (53-5.8), CD19 (1D3), CD44 (IM7), IL-4 (11B11), IL-5
(TRFK5), IL-17A (TC11-18H10), Ly6C (AL-21), Ter119, (BD
Biosciences, San Jose, CA); CD34 (MEC14.7), CD45 (104), CD88 (20/
70), EpCAM/CD326 (G8.8) (Biolegend); B220 (RA3-6B2), CD25
(PC61.5), CD4 (GK1.5), CD11b (M1/70), CD11c (N418), CD31 (390),
CD40 (1C10), CD49b (DX5), CD80 (16-10A1), CD103 (2E7), eF780
viability dye, I-Ab (AF6-120.1), IL-13 (eBio13A), Ly6C/G (Gr-1) (RB6-
8C5), SIRP-1a/CD172a (P84), streptavidin eFluor450, 7-AAD
(eBioscience, San Diego, CA). Lung DCs were examined for costi-
mulatory molecules at baseline and 16 h after o.p. inhalation of OVA/
FLA.

Preparation of sorted ECs. Lungs were perfused, inflated, and
digested with 4.5 U ml� 1 elastase for 45 min at 37 1C. Minced lung was
then digested with DNase for another 15 min. Cells were strained
through a 70 mm filter, depleted for non-epithelial lineage markers
(CD31, CD34, CD45) using AutoMACS column (Miltenyi Biotec, San
Diego, CA). ECs were FACS sorted (7-AAD� CD31� CD34�

CD45� EpCAMþ ) with purity 499%.

Preparation of sorted cDCs and AMs. Lungs were perfused, minced,
and digested in collagenase, DNAse, hyaluronidase, and Liberase TM
for 1 h. Single cells were isolated using a 70 mm filter, and a 14.5%
Nycodenz gradient was used to separate AMs and cDCs from other
lung leukocytes. AMs were sorted for CD11cþ autofluorescenceþ ,
while cDCs were sorted for CD11cþ autofluorescence– I-Ab hi Ly6C-
CD88� by flow cytometry. Ly6C and CD88 were used to exclude
inflammatory DCs and monocyte-derived (mo)DCs respectively.50

Purity was estimated at 494% for AMs and cDCs.

RNA isolation from whole lung and sorted cells. Lungs were col-
lected from mice at various times after oropharyngeal administration
of 100 mg OVA mixed with 1.25 mg stFLA, and RNA was isolated using
RNeasy kit (Qiagen, Germantown, MD). RNA from sorted cells was
isolated by Trizol, followed by Qiagen RNeasy MinElute Cleanup Kit
to remove any organic solvents.

Nanostring Mouse Immunology Gene Expression. RNA from whole
lung and sorted ECs, cDCs, and AMs was hybridized to the Nanostring
nCounter Mouse Immunology Gene Expression Codeset according to
the manufacturer’s instructions and quantified on the Nanostring
nCounter machine (Nanostring, Seattle, WA). Only genes having a
group mean intensity X32 (log2 X5) for at least one sample were
analyzed (see Supplementary Materials and Methods).

Whole transcriptome microarray gene expression. RNA from
sorted cDCs was processed and analyzed on the Affymetrix Mouse
Whole Transcriptome Array 1.0 according to the manufacturer’s
instructions (Affymetrix, Santa Clara, CA). Only genes having a
maximum mean bi-weight log2 probe signal of X6.0 were considered
above the minimum threshold intensity.

Pathway analysis. Pathway analysis was performed on whole
transcriptome microarray data using the Ingenuity Pathway Analysis
software (Redwood City, CA).

Library preparation for ATAC-seq. Following their isolation, cDCs
were subjected to ATAC-seq as previously described28 with the
following modifications: 25,000 cDCs were lysed in cold lysis buffer
(10 mM Tris-HCl pH 7.5, 10 mM NaCl, 3 mM MgCl2, 0.1% NP-40) for
5 min, and nuclei were incubated with 2.5 ml of Tn5 Transposase in
25 ml of reaction buffer. Purified DNA fragments were amplified with
nine cycles of PCR, the PCR products purified by using AMPure
XP beads (1:3 ratio of sample to beads, Beckman Coulter, Brea, CA),
and the libraries sequenced on a NextSeq 500 (Illumina) in 50 bp
paired-end format.

PKHþ DC migration from lung to mLN. Mice were given 50 ml of
10 mm PKH26 oropharyngeally to label cells in vivo in the lung.
Twenty-four hours later, mice were either not sensitized (baseline) or
given OVA/FLA to sensitize the mice. After another 24 h, the draining
mediastinal lymph node was collected. Cells were isolated and stained
for flow cytometry. PKHþ DCs were identified based on staining for
PKH as well as autofluorescent� CD11cþ I-Ab þ staining.

OT-II cell transfer and draining lymph node cytokine measurement.
Recipient mice were injected with 0.5–3� 106 CD4þ T cells from OT-
II mice, and sensitized 2–4 h later with o.p. instillation(s) of OVA/FLA.
mLNs were collected 4 days later, and 5� 106 cells per ml were
cultured in cRPMI with 20 mg ml� 1 OVA. Forty-eight hours later,
supernatants were analyzed by ELISA for IL-4, IL-5, IL-13, IL-17A, and
IFN-g according to the manufacturer’s instructions.

DC-AM co-culture with naı̈ve T cells. Mice were sensitized by
instillation of OVA/FLA as described above, and 6 h later AMs and
cDCs from three pooled mice were sorted separately for each genotype.
Naı̈ve CD4þ OTII cells were isolated from the spleens and lymph
nodes of OTII mice and depleted using an antibody cocktail including
CD8a, CD8b, CD11b, CD11c, CD16/32, CD19, CD25, B220, CD49b,
I-Ab Ly6C/G, TER119, and CD44 on the AutoMACS Pro (Miltenyi
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Biotec, Auburn, CA). Naı̈ve OTII cells (5� 104 per well) were cultured
together with lung cDCs and/or AMs (5� 103 per well) in a 5% CO2

incubator in a U-bottom plate (BD Biosciences). After 5 days, T cells
were counted to measure proliferation. T cells (105 per well) were then
transferred to a 96-well flat bottom plate coated with 1 mg ml� 1 anti
CD3 and 5 mg ml� 1 anti-CD28 antibodies (eBioscience). Twenty-four
hours later, supernatants were analyzed by ELISA for IL-4, IL-13,
IL-17A, and IFN-g according to the manufacturer’s instructions

Intracellular cytokine staining of lung T cells following two sen-

sitizations. Mice were sensitized oropharyngeally with OVA/FLA on
days 0 and 7. On day 10, lungs were collected, perfused, minced, and
digested in collagenase, DNAse, hyaluronidase, and Liberase TM for
30 min. Single cells were isolated using a 70mm filter, and a Histo-
paque-1083 gradient was used to separate the lymphocyte fraction.
Cells were stimulated with phorbol 12-myristate 13-acetate (PMA)
and ionomycin for 6 h and then cells were stained for extracellular
markers, fixed and permeabilized, and stained for intracellular
cytokines.

Statistical analysis. Unless stated otherwise, statistical significance in
animal models of asthma were determined by Student’s unpaired
t-test. Statistical analysis of Nanostring, whole transcriptome array and
ATAC-seq data are described in detail in the Supplementary methods.

SUPPLEMENTARY MATERIAL is linked to the online version of the paper

at http://www.nature.com/mi
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Supplementary Materials and Methods916

Nanostring Mouse Immunology Gene Expression917

Gene expression data for whole lung RNA were normalized using 14 Nanostring nSolver918

housekeeper genes: Alas1, Eef1g, G6pdx, Gapdh, Gusb, Hprt, Oaz1, Polr1b, Polr2a, Ppia,919

Rpl19, Sdha, Tbp, and Tubb5. Sorted EC, cDC, and AM samples were quantile normalized using920

raw Nanostring counts. Between Groups Analysis (BGA) of the data was carried out using the921

Bioconductor made4 package (version 1.45.0), using log2-transformed normalized expression922

values. Genes having a group mean intensity ≥32 (ie. log2 ≥5) for at least one sample group were923

considered to be expressed. All other genes were considered to be below the minimum intensity924

threshold (MTI). Data analysis was performed in R version 3.2.1, using limma (version 3.27.5)925

from Bioconductor (version 2.31.0) for statistical linear modeling, using a moderated t-test. For926

each pairwise comparison, hits were defined using p ≤0.01, fold change ≥1.5.927

928

Minimum threshold intensity (MTI) was determined using the positive and negative control probes929

provided by Nanostring. We selected a constant MTI using normalized group mean ≥32 for930

consistency across the datasets. Nanostring outliers were identified on the basis of an aberrant931

MA plot using raw data, e.g. extremely high variability compared with other samples in the study,932

and sample correlation which differed more than 5x median absolute deviation (MAD) from other933

replicates in the sample group.934

935

Primary data processing for ATAC-seq936

Data were collected using 50 bp paired-end reads from NextSeq platform (Illumina). Raw reads937

were first cleaned for adapter sequences using Trim Galore with default parameters. Cleaned938

reads were aligned to mm9 using Bowtie with the parameters -m1, -v2 and –X1500. These939

parameters ensured that fragments up to 1500bp (-X1500) and mismatch up to 2 (-v2) were940

allowed to align, and that only unique aligning reads were collected (-m1) and mapped to the941

mm9 genome. For all data files, duplicates were removed using Picard. The total number of such942

reads per sample ranged from 19,955,634 to 85,555,024 with an average of ~40,000,000 reads,943



of which 75.93% to 78.66% mapped to unique sites.944

945

Two biology replicates for each condition were merged into one sample. Comparison of the946

biological replicates for each genotype and condition revealed that they were between 88.4% and947

98.9% identical. Given this high degree of similarity, we pooled replicates to give between948

62,978,130 and 122,040,288 reads per condition and used the combined files for peak calling.949

For peak calling, we adjusted the read start sites to represent the center of the transposon950

binding site. Previous descriptions of the Tn5 transposase show that the transposon binds as a951

dimer and inserts two adaptors separated by 9 bp.51 Therefore, all reads aligning to the + strand952

were offset by +4 bp, and all reads aligning to the – strand were offset −5 bp.953

954

ATAC-seq peak-calling955

We used PeaKDEck52 (Version 1.1) to call all reported ATAC-seq peaks. PeaKDEck956

distinguishes signal from noise by randomly sampling read densities and using kernel density957

estimation to generate a dataset-specific probability distribution of random background signal.958

PeaKDEck then uses this probability distribution to select an appropriate read density threshold959

for 300 bp and probability value <0.0001.960

961

ATAC-seq differential peak identification962

After peak calling for each sample, we obtained the union of peaks called from all paired963

conditions as the candidate regions for quantitative comparison. For each comparison, union964

peak lists were made by two steps: 1) Two lists of peaks were put into one file and sorted; 2)965

Overlapping and neighboring peaks within 100nt were merged using mergeBed from bedTools966

(version 2.16.2). Read counts of each union peak for each sample were calculated using967

intersectBed from bedTools. R (R-program project) was used to build a statistical model to detect968

significant peaks.969

970



The “Z-test” method from EpiCenter53 was applied as a statistical test to find genomic regions971

whose ratio (fold-change) and difference (Delta) between samples was extreme compared to the972

expected distribution of z-scores across the genome. Based on our observations and testing from973

real data, we found that log2 ratios of normalized read counts are sensitive to narrow peaks, and974

differences (Delta) are sensitive to broad peaks. We therefore modified the score calculation by975

combining both Ratios and Delta. The first, normalized count ( , n is nth peak and k is kth976

samples) of peaks was calculated as Reads Per 10 Kilobase of peak per Million mapped reads. A977

score was calculated as follows:978

= log ∗ log | − |
A z-test was constructed by assuming a Gaussian distribution, and a p-value was computed for979

each peak. Regions with p≤0.05 were considered significant. This procedure was repeatedly980

applied to all paired comparisons. Of the 124,144 to 164,963 union peaks generated for each981

paired condition, 42,238 to 69,796 significant differential peaks were identified. All significant982

peaks were assigned to individual genes using PAVIS.54983

984

Association of Differential ATAC-seq peaks with Defined Promoter Loci985

To narrow the list of differential promoter-associated peaks, we restricted our analysis to peaks986

within ±500 bp of the TSS as well as a 1.3-fold change, p ≤0.05, and peak read depth ≥100987

counts for at least one sample group.988

989

Whole Transcriptome Microarray Amplification, Hybridization and Probe Level Analysis990

Thirty-five ng total RNA from sorted cDCs was amplified using the WT-Ovation Pico RNA991

Amplification System protocol (Nugen, San Carlos, CA). Sense strand cDNA target was made992

using the Nugen Exon Module, and after fragmentation the product was labeled with the Nugen993

Encore Biotin module. Five g of resulting amplified biotin-cDNAs were hybridized to the994

Affymetrix Mouse Whole Transcriptome Array 1.0 according to manufacturer’s instructions and995

scanned in an Affymetrix Scanner 3000 (Affymetrix, Santa Clara, CA). Data was obtained using996

the GeneChip® Command Console software. Analyses of probe level and gene level data was997



performed using the Affymetrix Expression Console (EC) and Transcriptome Analysis Console998

(TAC) software. p-values were generated using the Affymetrix Transcriptome Analysis Console999

(TAC) software version 3.0 using a one-way between subject ANOVA (unpaired).1000

1001

Analysis of Transcriptional Regulation associated with Open Chromatin1002

Regions of the genome associated with differential, promoter-associated ATAC-seq peaks were1003

matched with local transcripts from the Ensembl database. In some cases, such as bidirectional1004

transcription, more than one gene was associated with an individual ATAC-seq peak, and were1005

analyzed separately. Transcripts were excluded from analysis if their start sites were not within1006

500 bp of the ATAC-seq peak. Using the Affymetrix Transcriptome Analysis Console, 5’ and 3’1007

probes were defined for all loci examined, and only genes with at least 2 different probes were1008

included in further analysis. The 3’ probe selected excluded the 3’ UTR to minimize any post-1009

transcriptional alterations in RNA stability.1010

1011

Mean values reflecting signals for all probes on the transcriptome array were calculated for each1012

gene whose chromatin accessibility after allergic sensitization differed between lung cDCs of WT1013

mice and those of the conditionally mutant Myd88 mice. Genes were placed in categories based1014

on the following criteria.1015

A) Expressed. Genes whose maximum mean bi-weight log2 probe signal of at least one group1016

was ≥ 6.0. This value was used for the minimum threshold intensity (MTI).1017

B) No differential expression. Genes whose expression between genotypes is different by less1018

than 1.5-fold.1019

C) Baseline different; not induced. Genes whose expression between genotypes at baseline1020

(0h) is greater than 1.5-fold, but this difference does not further increase by more than 1.5 fold1021

after allergic sensitization (6h). ie. // ≤ 1.51022

D) Induced. Genes that are more highly expressed (1.5-fold) after allergic sensitization (6h post-1023

OVA/FLA) than at baseline (0h), and where that difference is dependent on MyD88. Genes1024



expressed above the MTI were considered to be induced when following two ratios of mean1025

probe signal strength were greater than 1.5.1026

 , where 6h and 0h refer to post-sensitization and steady state, respectively.1027

 , where Mut refers to the conditional Myd88 mutant under study.1028

1029

D1) Induced through transcription initiation. Genes whose MyD88-dependent increase in1030

mRNA level can be measured with a 5’ probe; ie. genes expressed above the MTI and for which1031

the following ratio was ≥ 1.5.1032

 , where 5’ refers to the probe closest to the 5’ end of the transcript.1033

1034

D2) Induced through RNA Elongation. Genes whose MyD88-dependent increase in mRNA1035

level is greater when measured with a 3’ probe than with a 5’ probe; ie. genes expressed above1036

the MTI and for which each the following four ratios were ≥ 1.5.1037

 , indicating higher gene expression in WT cDCs after allergic sensitization than at1038

steady state, as measured with a 3’ probe.1039

 , indicating Myd88-dependent gene expression, as measured with a 3’ probe.1040

 = (3’ ratio), indicating a greater effect of Myd88 on gene expression after1041

allergic sensitization than at steady state, as measured with a 3’ probe.1042

 , indicating the Myd88-dependent increase in expression after sensitization is1043

greater when measured using 3’ probes than with 5’ probes: (5’ ratio = ).1044

1045

D3) Induced (complex). Expressed genes induced in a MYD88-dependent manner, but not1046

fitting the criteria of categories D1) or D2).1047

WT6h
WT0h

WT6h
Mut6h

5'WT6h
5'Mut6h

3'WT6h
3'WT0h

3'WT6h
3'Mut6h

3'WT6h
3'Mut6h

3'WT0h
3'Mut0h

3'ratio
5'ratio

5'WT6h
5'Mut6h

5'WT0h
5'Mut0h



1048

Whole Transcriptome Microarray Differential Gene Expression Analysis1049

Whole transcriptome array genes were filtered based on a bi-weight log2 average probe signal ≥71050

and a ratio of ≥2 for at least one genotype and treated WT mice (reference group). DC-MyD88-1051

dependent genes were defined as those having a ratio of ≥2 for both DC-KO/WT and KO/WT,1052

and a ratio of <2 for EC-KO/WT. EC-MyD88-dependent genes had a ratio of ≥2 for both EC-1053

KO/WT and KO/WT, and <2 for DC-KO/WT. Genes were ranked according to absolute fold1054

change in DC-KO/WT or EC-KO/WT genes, respectively. Heat maps were generated using the1055

Partek Genomic Suite software (Partek, St Louis, MO).1056

1057

Pathway analysis1058

For pathway analysis of whole transcriptome microarray data, gene hits were defined as those1059

with a bi-weight log2 average signal ≥7, p ≤ 0.05, and ≥1.3 fold change as compared to WT1060

(reference group) or bi-weight log2 average signal ≥7, no p-value restriction, and ≥2 fold change1061

as compared to WT.1062

1063

Pathway analysis was performed using the Ingenuity Pathway Analysis software to calculate the1064

p-value of likely pathway association (Ingenuity, Redwood City, CA). The most differential1065

pathways for DC-KO and EC-KO cDCs were ranked using a ratio of -log(p-value) of DC-KO/WT1066

vs EC-KO/WT. In cases where the p-value was equal to zero (since no genes in the pathway1067

were altered), the –log(p-value) for that subset was defined as 0.2 (or p=0.63) to allow ranking by1068

–log(p-value) ratio. Heat maps were generated using the Partek Genomic Suite software (Partek,1069

St Louis, MO).1070
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Supplementary Figure and Table Legends.1085

Supplementary Figure 1. Cd11c-cre-mediated recombination in CD103+ DCs, CD11b+ DCs1086

and AMs or Sftpc-cre-mediated recombination in ECs. (a) Flow cytometry gating strategy for1087

lung CD11b+ DCs, CD103+ DCs, and AMs from Cd11c-cre+ x ROSA-loxP-STOP-loxP tdTomato1088

(RT) mice. Lung DCs were first gated on single cells that are CD11chi, nonautofluorescent, and I-1089

Ab+, then divided into CD11b+ or CD103+ DCs.  AMs were gated on CD11chi autofluorescenthi1090

cells. (b) Quantitation of tdTomato expression in the indicated cell types. Data are representative1091

of cells from three Cd11c-cre x RT mice. (c) Flow cytometry gating strategy for EpCAM+ ECs1092

prepared from Sftpc-cre+ x ROSA-loxP-STOP-loxP tdTomato (RT) mice. ECs were gated on1093

single, live (7AAD-), lineage– (CD31– CD34– CD45–) EpCAM+ cells. Lineage+ EpCAM– cells (non-1094

epithelial cells) express little tdTomato, whereas almost all lineage– EpCAM+ cells (ECs) are1095

tdTomato+. (d) Quantitation of tdTomato expression in Lin+ EpCAM– and Lin–EpCAM+ cells. Data1096

shown is representative of lung cells from three Sftpc-cre x RT mice.1097

1098

Supplementary Figure 2. IL33 adjuvant activity is independent of MyD88 in ECs or Cd11c-1099

expressing cells and Il1a is expressed in AMs in a Cd11c-MyD88 dependent manner. (a)1100

Schematic of OVA/IL33 mouse model of allergic asthma (top). Neutrophilic (bottom left) and1101

eosinophilic (bottom right) inflammation of the airway in WT, DC-KO, EC-KO, and Myd88 null1102

mice sensitized with OVA/IL33 and challenged with OVA. Data shown are representative of two1103

experiments, n = 11 mice per group. (b) Relative Il1a expression in purified ECs at 2h post-1104

sensitization and cDCs and AMs at 6h post-sensitization of the indicated mouse strains. For1105

purified AMs and cDCs, lungs from 3 mice were pooled prior to sorting each cell sample. For1106

each sorted cell type, n = 3 (ECs), n = 3-4 (cDCs) and n = 2 (AMs) unique sorts per group. MTI =1107

minimum threshold intensity for gene detection, ****p < 0.0001.1108

1109

Supplementary Table 1. Genes differentially expressed at steady state in lungs of WT mice1110

and mice having cell-specific deletion of Myd88.1111



Shown are genes whose expression in whole lung is significantly different at steady state1112

between WT mice and the indicated strains (≥1.5 fold; p≤0.01, MTI≥32 for at least one group), as1113

determined by Nanostring analysis. The categories shown are the same as those in the Venn1114

diagram for the 0h time point in Figure 3b (top).1115

1116

Supplementary Table 2. Genes whose expression in whole lungs of WT mice is changed1117

by OVA/FLA. Shown are genes whose expression is either increased (orange) or decreased1118

(blue) at 2h or at 6h post-OVA/FLA treatment (≥1.5 fold; p≤0.01, MTI≥32 for at least one group).1119

1120

Supplementary Table 3. Genes whose expression in whole lung is affected at 2h post-1121

OVA/FLA by cell-specific Myd88 deletion. Shown are genes whose expression in whole lung at1122

2h post-OVA/FLA differs between WT and the indicated mouse strain(s) (≥1.5 fold; p≤0.01,1123

MTI≥32 for at least one group). The categories shown are the same as those in the Venn diagram1124

for the 2h time point in Figure 3b (bottom).1125

1126

Supplementary Table 4. Genes whose expression in sorted ECs is affected at 2h post-1127

OVA/FLA by cell-specific deletion of Myd88. Shown are genes whose expression in sorted1128

ECs at 2h post-OVA/FLA differs between WT and the indicated mouse strain(s) (≥1.5 fold;1129

p≤0.01, MTI≥32 for at least one group). The categories shown are the same as those in the Venn1130

diagram for the 2h time point in Figure 3e.1131

1132

Supplementary Table 5. Genes whose expression in the whole lung is affected at 6h post-1133

OVA/FLA by cell-specific Myd88 deletion. Shown are genes whose expression in whole lung at1134

6h post-OVA/FLA differs between WT and the indicated mouse strain(s) (≥1.5 fold; p≤0.01,1135

MTI≥32 for at least one group). The categories shown are the same as those in the Venn diagram1136

for the 6h time point in Figure 4b.1137

1138



Supplementary Table 6. Genes whose expression in cDCs is affected at 6h post-OVA/FLA1139

by cell-specific Myd88 deletion. Shown are genes whose expression in sorted cDCs at 6h post-1140

OVA/FLA differs between WT and the indicated mouse strain(s) (≥1.5 fold; p≤0.01, MTI≥32 for at1141

least one group). The categories shown are the same as those in the Venn diagram for the 6h1142

time point in Figure 4g.1143

1144

Supplementary Table 7. Genes whose expression in AMs is affected at 6h post-OVA/FLA1145

by cell-specific Myd88 deletion. Shown are genes whose expression in sorted AMs at 6h post-1146

OVA/FLA differs between WT and the indicated mouse strain(s) (≥1.5 fold; p≤0.01, MTI≥32 for at1147

least one group). The categories shown are the same as those in the Venn diagram for the 6h1148

time point in Figure 4h.1149

1150

Supplementary Table 8. ATAC-seq peaks in cDCs are affected by cell-specific Myd881151

deletion. Worksheets in file show genes whose ATAC-seq peaks in cDCs significantly differ1152

(p<0.05) for the following four comparisons: WT 0h vs DC-KO or EC-KO at 0h; and WT 6h vs DC-1153

KO or EC-KO at 6h. Genes are assigned to each peak, and the distance from the peak to TSS is1154

indicated.1155

1156

Supplementary Table 9. Mechanisms of transcriptional regulation associated with genes1157

with MyD88-dependent, differential ATAC-seq peaks in cDCs. (a-c) Categories of1158

transcriptional regulation are shown for genes associated with genotype-dependent ATAC-seq1159

peaks at baseline (0h) and/or following 6h post-sensitization with OVA/FLA. Genes listed map to1160

ATAC-seq peaks that are different between between WT (reference) and (a) DC-KO at both 0h1161

and 6h, (b) DC-KO at 6h only, and (c) EC-KO at 6h only, as shown in Figure 5b. These genes are1162

futher subdivided into genotypes depending on whether the genes are expressed or not, and1163

whether they are differentially expressed at baseline, or after induction by OVA/FLA.1164

1165



Supplementary Table 10. Control of gene expression in cDCs by cell-intrinsic1166

and -extrinsic MyD88 signaling. Shown are genes whose expression in cDCs (based on1167

Affymetrix Whole Transcriptome Array 1.0) is dependent on MyD88 signaling in Cd11c-1168

expressing cells (left) or ECs (right). Expressed genes had a minimum bi-weight log2 average1169

probe signal ≥7. Cd11c-MyD88-dependent genes were defined as those having a ratio of ≥2 for1170

both DC-KO/WT and KO/WT, and a ratio of <2 for EC-KO/WT. EC-MyD88-dependent genes had1171

a ratio of ≥2 for both EC-KO/WT and KO/WT, and <2 for DC-KO/WT (as described in1172

Supplementary Methods). Fold-changes and p-values are shown for each genotype compared to1173

WT (reference) at 6h.1174

1175

Supplementary Resource. Online interactive display of Nanostring data for whole lung,1176

sorted ECs, cDCs, and AMs. Gene expression data for whole lung at various time points, as1177

well as sorted ECs at 2h, cDCs at 6h, and AMs at 6h are included online:1178

https://jmw86069.github.io/myd88-asthma/1179

Genes with significant differences in expression between genotypes are indicated with a bar. The1180

comparison groups, p-value, and fold-change can all be seen when hovering over this bar.1181

Significant differences are defined as 1.5-fold difference between groups, p<0.01, with a1182

normalized MTI ≥32 (indicated by the dotted line) for at least one group in the comparison.1183



Supplementary Table 1: Genes differentially expressed at steady state in lungs of WT mice and mice
having cell-specific deletion of Myd88

EC-KO EC-KO &
DC-KO

DC-KO EC-KO &
Myd88 null

EC-KO,
DC-KO &

Myd88 null

DC-KO &
Myd88 null

Myd88 null

Gzma Cd3e Il18rap Stat4 Jak3 Cd109
Klra7 Cd5 Tlr9 Cfb

Gp1bb Il16
Il1a Itga5
Itgam Myd88
Itgax
Nfatc2



Supplementary Table 2: Genes whose expression in whole lungs of WT mice is changed by
OVA/FLA

2 h vs 0 h 6 h vs 0 h
Decreased Increased Decreased Increased

Ahr Batf Irgm1 Ahr Batf Il12rb2 Tagap
Atm Batf3 Itga5 Atm Batf3 Il13ra1 Tap1
Ccrl1 Bcl3 Itgam Ccr6 Bcl3 Il15ra Tbk1
Cd2 Bcl6 Jak2 Ccrl1 Bcl6 Il17ra Tbx21
Cd27 Ccl11 Jak3 Cd19 Bid Il18rap Tgfbi
Cd28 Ccl12 Lcp2 Cd1d1 Bst1 Il1a Tgfbr2
H2-Ob Ccl19 Lif Cd2 C1qbp Il1b Tirap
Ikzf2 Ccl2 Lilra6 Cd209g C3 Il1r1 Tlr2
Il12a Ccl20 Lilrb3 Cd27 C8b Il1r2 Tmem173
Il7 Ccl22 Lilrb4 Cd36 Ccbp2 Il1rap Tnf
Maf Ccl3 Litaf Cd5 Ccl11 Il1rn Tnfaip3
Ms4a1 Ccl4 Ly96 Cd55 Ccl12 Il23a Tnfaip6
Tnfrsf13b Ccl5 Mapk11 Cd79b Ccl19 Il2ra Tnfrsf11a

Ccl7 Mapkapk2 Cd97 Ccl2 Il2rb Tnfrsf14
Ccl9 Marco Cx3cr1 Ccl20 Il33 Tnfrsf1b
Ccrl2 Msr1 Cxcl12 Ccl22 Il4ra Tnfrsf4
Cd109 Mx1 Cxcl15 Ccl3 Il6 Tnfrsf9
Cd14 Myd88 Cxcr3 Ccl4 Il6ra Tnfsf14
Cd274 Ncf4 Cxcr6 Ccl5 Il7r Tnfsf15
Cd44 Nfil3 Dpp4 Ccl6 Irak2 Traf3
Cd69 Nfkb1 Fcgrt Ccl7 Irak3 Traf6
Cd80 Nfkb2 Gpr44 Ccl9 Irf1 Trem1
Cd83 Nfkbia Gusb Ccrl2 Irf5 Tyrobp
Cd86 Nfkbiz H2-Ob Cd109 Irgm1 Vcam1
Cdkn1a Nod2 Hc Cd14 Itga2b Xbp1
Ceacam1 Notch1 Hfe Cd244 Itga5
Cebpb Pigr Icam2 Cd24a Itgam
Cfb Plaur Ikzf2 Cd274 Itgax
Cish Ptafr Il18 Cd3eap Itgb2
Clec4e Ptger4 Il27ra Cd44 Jak2
Clec5a Ptgs2 Il7 Cd69 Jak3
Clu Ptpn2 Kit Cd80 Klra7
Csf1 Rela Lilra5 Cd82 Lcp2
Csf2 Relb Maf Cd83 Lif
Csf2rb S100a8 Mr1 Cd86 Lilra6
Csf3r S100a9 Ms4a1 Cd99 Lilrb3
Cxcl1 Sele Nox4 Cdkn1a Lilrb4
Cxcl10 Smad3 Npc1 Ceacam1 Litaf
Cxcl11 Socs1 Pax5 Cebpb Ltb4r1
Cxcl13 Socs3 Prim1 Cfb Mapk11
Cxcl3 Stat2 Sigirr Cish Mapkapk2
Cxcl9 Stat3 Tgfb3 Clec4e Marco
Cxcr1 Stat4 Tnfrsf13b Clec5a Mbp
Cxcr2 Stat5a Tnfsf10 Clu Msr1
Ebi3 Syk Tnfsf12 Crlf2 Mx1
Entpd1 Tagap Traf5 Csf1 Myd88
Fas Tbx21 Xcr1 Csf2 Ncf4
Fcgr3 Tirap Csf2rb Nfil3
Fcgr4 Tlr2 Csf3r Nfkb1
Fkbp5 Tmem173 Ctla4 Nfkb2
H2-Q10 Tnf Cxcl1 Nfkbia
Hamp Tnfaip3 Cxcl10 Nfkbiz
Hif1a Tnfaip6 Cxcl13 Nod2
Icam1 Tnfrsf11a Cxcl3 Notch1
Icam4 Tnfrsf1b Cxcl9 Notch2
Icosl Tnfrsf9 Cxcr1 Nt5e
Ifi204 Tnfsf14 Cxcr2 Pigr
Ifit2 Tnfsf15 Ebi3 Plaur
Ifitm1 Trem1 Entpd1 Pol1r1b
Ifngr2 Vcam1 Fas PbPb
Ikbke Xbp1 Fcer1g Prkcd
Ikzf4 Fcgr2b Ptafr
Il10ra Fcgr3 Ptger4
Il10rb Fcgr4 Ptgs2
Il12b Fkbp5 Ptpn2
Il13ra1 Gapdh Ptpn22
Il17ra Gm10499 Ptprc
Il18rap Gzmb Rela
Il1a H2-Q10 Relb
Il1b Hamp S100a8
Il1r1 Hcst S100a9
Il1r2 Hif1a Sele
Il1rn Hprt Sell
Il2ra Icam1 Selpig
Il33 Icam4 Smad3
Il4ra Icosl Socs1
Il6 Ifi204 Socs3
Irak2 Ifit2 Stat2
Irak3 Ifitm1 Stat3
Irf1 Ikbke Stat4
Irf5 Ikzf4 Stat5a
Irf7 Il10ra Syk



Supplementary Table 3: Genes whose expression in whole lung is affected at 2h post-OVA/FLA by cell-
specific Myd88 deletion

EC-KO EC-KO & DC-KO DC-KO EC-KO & Myd88
null

EC-KO, DC-KO
& Myd88 null

DC-KO & Myd88
null

Myd88 null

Batf3 Il12b Ccl11 Il1b Ccl22 Batf
Ccl6 Itgax Ccl20 Ptfar Ccl3 Bcl3
Cd244 Marco Cd14 Ccl4 Bid
Cd3eap Cd44 Cxcl3 C3
Clec5a Cd80 Ebi3 Ccl12
Tlr8 Cd83 Emr1 Ccl19

Cdkn1a Il1a Ccl2
Ceacam1 Tnf Ccl24
Clu Tnfaip3 Ccl7
Csf2 Ccl8
Csf3r Ccrl2
Cxcl1 Cd53
Cxcr2 Cebpb
Fcgr3 Cfb
Fcgr4 Cish
H2-Q10 Clec4e
Ikbke Csf1
Il18rap Csf2rb
Il1r2 Cxcr1
Il6 Cxcr3
Irak2 Fas
Itgam Gpi1
Lilra6 Hamp
Lilrb4 Hcst
Nfil3 Hif1a
Pigr Icam1
Plaur Icam4
Ptgs2 Ifitm1
S100a8 Ifngr2
S100a9 Ikzf4
Sell Il17ra
Socs3 Il1rn
Tnfrsf9 Il4ra
Trem1 Il6st
Tyrobp Irak3

Irf1
Irf5
Jak2
Lif
Lilrb3
Litaf
Mapk11
Msr1
Myd88
Ncf4
Nfkb1
Nfkb2
Nfkbia
Nfkbiz
Nod2
Plau
Ptger4
Ptpn2
Rela
Relb
Sele
Smad3
Stat5a
Tbx21
Tlr2
Tmem173
Tnfaip6
Tnfrsf11a
Tnfrsf1b
Tnfsf14
Tnfsf15
Tslp
Vcam1
Xbp1



Supplementary Table 4: Genes whose expression in sorted ECs is affected at 2h post-OVA/FLA by cell-
specific deletion of Myd88

EC-KO EC-KO & DC-KO DC-KO EC-KO & Myd88
null

EC-KO, DC-KO
& Myd88 null

DC-KO & Myd88
null

Myd88 null

Cd3eap Abcb10 Atm
Ifngr1 Adal Batf
Ikzf4 Ccl20 Bcap31
Il15ra Ccr6 Bcl2
Irf1 Cd14 Bcl3
Stat3 Cd164 Bid
Tmem173 Cd44 C1ra

Cd79b C3
Cd81 C6
Cd83 Casp2
Ceacam1 Casp3
Cfp Casp8
Ciita Ccl2
Clu Ccrl2
Cradd Cd274
Csf1 Cd55
Csf1r Cd82
Csf2 Cfb
Cul9 Chuk
Cxcl3 Cx3cl1
Entpd1 Cxcl1
Ets1 Cxcl10
Fcgrt Cxcr4
Ifngr2 Dpp4
Ikzf2 Fadd
Il11ra1 Fas
Il17re Fyn
Il18r1 H2-Eb1
Il4ra Hc
Irak2 Hfe
Irak4 Icam1
Irf5 Ifitm1
Itga6 Ifnar2
Jak3 Igf2r
Lif Ikbke
Ly96 Ikbkg
Mapk14 Il18rap
Mme Il1b
Nfil3 Il1r1
Nfkb1 Il6ra
Npc1 Irak1
Pdgfb Irak3
Pigr Irf3
Ptafr Jak1
Ptpn6 Jak2
Sigirr Ltbr
Smad5 Map4k2
Stat5a Map4k4
Tfrc Mapk1
Tgfbr2 Mapk11
Tlr2 Mif
Tlr3 Myd88
Tnf Nfatc3
Tnfrsf1b Nfkb2
Tnfrsf9 Nfkbia
Tnfsf10 Nos2
Tnfsf12 Notch2
Tollip Phlpp1

Phlpp2
Plau
Pml
Prdm1
Prim1
Psmb5
Psmb7
Psmd7
Ptk2
Ptpn2
Relb
Runx1
Ski
Stat1
Tcf4
Tgfb1
Tlr5
Tnfaip3
Tnfrsf11a
Traf1
Ube2l3
Zbtb7b



Supplementary Table 5: Genes whose expression in the whole lung is affected at 6h post-OVA/FLA by
cell-specific Myd88 deletion

EC-KO EC-KO & DC-KO DC-KO EC-KO & Myd88
null

EC-KO, DC-KO
& Myd88 null

DC-KO & Myd88
null

Myd88 null

Adal Cr2 Btla Cd22 Ahr Ccl8 Batf3
Ccl12 Hamp Cd69 Clu Atm Cd244 C3
Ccl7 Maf Hcst Gp1bb Batf Cd53 C8b
Ccr5 Marco Il2rb Il21r Bcl3 Csf1 Ccl2
Ccr6 Prim1 Itgax Il27ra Bid Cxcl3 Ccl22
Cd209g Xcl1 Sell Irf4 Bst1 Fcer1g Ccl5
Cd48 Tgfb2 Lck Bst2 Hlx Ccl9
Cd55 Tgfb3 Ly86 Ccbp2 Icos Cd1d1
Cd7 Tnfaip6 Pigr Ccl11 Ifi35 Cd2
Cxcr6 Ppbp Ccl19 Ifih1 Cfb
Fadd Tlr9 Ccl20 Il1rl2 Cfd
Gpr183 Tnfrsf11a Ccl3 Il33 Cfp
H2-DMb2 Tnfrsf13b Ccl4 Il6 Cxcl13
Ikzf3 Tnfrsf13c Ccl6 Il7r Cxcl9
Il12b Tnfrsf9 Ccr2 Itgb2 Dpp4
Ir1rl1 Ccrl1 Lif Emr1
Itga2b Ccrl2 Mapk11 Eomes
Nt5e Cd14 Mbp Fcgrt
Tlr1 Cd163 Ncf4 Gzma
Tyk2 Cd19 Nod2 Ifngr1

Cd24a Nox4 Il6st
Cd27 Tmem173 Irgm1
Cd44 Tslp Jak3
Cd79b Klrd1
Cd80 Lilra6
Cd83 Ltb4r1
Cd97 Ltbr
Cdkn1a Msr1
Ceacam1 Polr1b
Cebpb Runx1
Ciita Stat5a
Cish Traf3
Clec4e
Clec5a
Crlf2
Csf2
Csf2rb
Csf3r
Cx3cr1
Cxcl1
Cxcr1
Cxcr2
Cxcr3
Cxcr5
Ddx58
Ebi3
Entpd1
Fas
Fcgr1
Fcgr2b
Fcgr3
Fcgr4
Fkbp5
H2-Ob
H2-Q10
Hif1a
Icam1
Icam4
Ifit2
Ifitm1
Ikbke
Ikzf2
Ikzf4
Il10ra
Il13ra1
Il15ra
Il17ra
Il17re
Il18rap
Il1a
Il1b
Il1r1
Il1r2
Il1rap
Il1rn
Il23a
Il4ra
Il6ra
Il7
Irak2
Irak3



AEC-KO AEC-KO & DC-
KO

DC-KO AEC-KO &
Myd88 null

AEC-KO, DC-KO
& Myd88 null

DC-KO & Myd88
null

Myd88 null

Irf7
Itga5
Itgam
Jak2
Lcp2
Lilrb3
Lilrb4
Litaf
Ltb
Map4k4
Mapkapk2
Ms4a1
Mx1
Myd88
Nfil3
Nfkb1
Nfkb2
Nfkbia
Nfkbiz
Notch2
Pax5
Plaur
Pml
Psmb10
Psmb9
Ptafr
Ptger4
Ptgs2
Ptpn2
Ptpn22
Rela
Relb
S100a8
S100a9
Smad3
Socs3
Stat1
Stat2
Stat3
Syk
Tagap
Tbk1
Tirap
Tlr2
Tlr3
Tnf
Tnfaip3
Tnfrsf1b
Tnfrsf4
Tnfsf10
Tnfsf14
Tnfsf15
Traf5
Traf6
Trem1
Tyrobp
Xbp1
Xcr1



Supplementary Table 6: Genes whose expression in cDCs is affected at 6h post-OVA/FLA by cell-specific
Myd88 deletion

EC-KO EC-KO & DC-KO DC-KO EC-KO & Myd88
null

EC-KO, DC-KO
& Myd88 null

DC-KO & Myd88
null

Myd88 null

Cd36 Ahr Bst2 Icam1 Bcl3 Arhgdib
Fcrgr3 Cx3cl1 Cd44 Myd88 Cd274 Atm
Il18r1 Il10ra Fkbp5 Slamf1 Cd40 B2m

Irf1 Il18rap Tlr4 Cd53 Card9
Itgb2 Csf2rb Ccl22
Pdcd1 Ctsc Ccl3
Psmb9 Ebi3 Ccl9

H2-DMa Ccr2
Icam4 Ccr7
Il12b Ccrl2
Il2ra Cd163
Nfkbia Cd24a
Nfkbiz Cd80
Socs3 Cd97
Stat5a Cx3cr1
Traf1 Cxcl1
Traf6 Cxcl3

Cxcr1
Cxcr3
Cybb
Entpd1
Fas
H2-Ob
Icosl
Ifngr1
Ikzf4
Il1b
Il1rl1
Il1rn
Il22ra2
Il23a
Il7r
Irf7
Irf8
Itga5
Itgax
Jak3
Klrd1
Ly86
Ncf4
Nfkb1
Nfkb2
Pdcd1lg2
Prdm1
Prim1
Ptgs2
Ptprc
Sell
Spn
Tlr9
Tnf
Tnfaip3
Tnfrsf9
Tnfsf14



Supplementary Table 7: Genes whose expression in AMs is affected at 6h post-OVA/FLA by cell-specific
Myd88 deletion

EC-KO EC-KO & DC-KO DC-KO EC-KO & Myd88
null

EC-KO, DC-KO
& Myd88 null

DC-KO & Myd88
null

Myd88 null

C1qbp Ccl6 Bst1 Batf3 Ahr Bcl3 Abl1
C2 Cfb Casp8 Ccr2 Ccl9 Casp3 Arhgdib
C3 Cybb Cd244 Cd1d1 Clec4e Ccl3 Batf
Ebi3 Fcgr2b Cd24a Fkbp5 Hamp Ccr5 Bst2
Emr1 Marco Fcgr3 Itga4 Ifit2 Ccrl2 Casp1
Gpi1 Nt5e Il12b Pou2f2 Ikbke Cd164 Ccl4
Ncf4 Tgfbr1 Il17ra S100a9 Il6 Cd2 Cish
Plaur Il6st Irf4 Cd40 Cx3cl1

Irak2 Ptgs2 Cd81 Cxcl13
Itgax Tlr5 Cdkn1a Cxcl9
Lcp2 Traf1 Cfp Ddx58
Mif Traf5 Ctnnb1 Entpd1
Stat3 Ctsc Fcgr1
Tnfsf14 Cxcl1 Il1rn
Xbp1 Cxcl3 Irak1

Cxcr1 Irf7
Cxcr2 Itga6
Cxcr4 Itgal
Fas Itgb2
Fcgr4 Lilra5
Fcgrt Map4k1
H2-DMa Msr1
Hfe Pecam1
Icam1 Psmb9
Icam4 Ptprc
Icosl S100a8
Ifngr1 Serping1
Il13ra1 Spn
Il16 Stat1
Il18 Syk
Il1a Tfrc
Il1b Tlr3
Il23a Tlr4
Il6ra Tlr9
Irak3 Tnfsf12
Irf1 Tnfsf13b
Irf8 Traf6
Itga5
Jak2
Lair1
Ly86
Mx1
Myd88
Nfkb1
Nfkb2
Nfkbia
Nfkbiz
Nod2
Npc1
Pdgfb
Pml
Prdm1
Ptafr
Relb
Runx1
Ski
Socs3
Tgfb2
Tgfbi
Tgfbr2
Tlr8
Tnf
Tnfaip3
Tnfrsf1b
Tnfsf15
Traf3
Tyrobp
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