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The NADPH oxidase DUOX1 contributes to epithelial production of alarmins, including
interleukin (IL)-33, in response to injurious triggers such as airborne protease allergens,

and mediates development of mucus metaplasia and airway remodeling in chronic allergic
airways diseases. DUOX1 is also expressed in non-epithelial lung cell types, including
macrophages that play an important role in airway remodeling during chronic lung

disease. We therefore conditionally deleted DUOXL in either lung epithelial or monocyte/
macrophage lineages to address its cell-specific actions in innate airway responses to acute
airway challenge with house dust mite (HDM) allergen, and in chronic HDM-driven allergic
airway inflammation. As expected, acute responses to airway challenge with HDM, as

well as type 2 inflammation and related features of airway remodeling during chronic
HDM-induced allergic inflammation, were largely driven by DUOX1 with the respiratory
epithelium. However, in the context of chronic HDM-driven inflammation, DUOX1 deletion
in macrophages also significantly impaired type 2 cytokine production and indices of mucus
metaplasia. Studies with isolated macrophages revealed a contribution of macrophage-
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intrinsic DUOX1 in macrophage recruitment upon chronic HDM challenge, as well as
features of macrophage activation that impact on type 2 inflammation and remodeling.

The respiratory epithelium plays a key role in innate airway responses to diverse
environmental hazards, pathogens and allergens. Indeed, airway responses to injurious
airborne triggers or allergens largely involve activation of innate immune reactions

initiated by early production of epithelial-derived cytokines, IL-33, IL-25 and TSLP, which
orchestrate type 2 immune responses 2. The proximal mechanisms by which these early
epithelial cytokines are generated are not fully elucidated, but recent studies from our
laboratory implicated the important involvement of the NADPH oxidase Dual Oxidase 1
(DUOX1), an oxidant-generating enzyme that is prominently expressed within the airway
epithelium and can mediate downstream epithelial signaling pathways by redox-dependent
mechanisms3. Moreover, conditions of chronic allergic airways disease are characterized by
increased epithelial expression and activation of DUOXZ1, and associated epithelial activation
of redox-sensitive kinases such as Src/EGFR, leading to increased type 2 inflammation and
airway remodeling evidenced by mucus metaplasia and subepithelial fibrosis®.

The most abundant leukocytes in the airspaces are resident macrophages, comprising both
alveolar and interstitial lung macrophages, which are among the first cells that respond to
environmental pathogens and/or tissue damage®. Macrophages also have diverse roles in
the context of allergic airway inflammation, which include both pro-inflammatory functions
of recruited monocyte-derived macrophages as well as protective and anti-inflammatory
actions of resident alveolar macrophages®. While DUOX1 is most prominently expressed in
epithelial cells at mucosal surfaces, emerging studies have highlighted apparent functional
role(s) of DUOX1 in non-epithelial lineages, including macrophages* 7+ 8. Indeed, several
studies have attempted to address the functions of macrophage DUOX1, by using
macrophages from DuoxI-deficient mice8: 9. However, a limitation of such studies is

that observed differences may also be attributable to altered macrophage differentiation or
polarization due to potential roles of DUOX1 in extrinsic macrophage regulation, either in
the bone marrow or in the lung.

The present studies were conducted to dissect the cell-specific actions of DUOX1 in
both innate airway responses to acute house dust mite (HDM) allergen challenge and in
chronic HDM-induced allergic airway inflammation, by conditional deletion of DUOX1
in either airway/alveolar epithelial or monocyte/macrophage lineages. As expected 4,
we observed a prominent role for epithelial-specific DUOX1 in these responses, but also
uncovered a significant role of macrophage-intrinsic DUOXL1 in type 2 inflammation and
mucus metaplasia in the context of chronic HDM-induced allergic airway inflammation.
Subsequent studies with isolated macrophages revealed intrinsic roles of DUOX1 in lung
macrophage recruitment, as well as features of both classical (M1) and alternative (M2)
activation and production of mediators that promote type 2 inflammation.
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Epithelial DUOX1 mediates type 2 inflammation in response to acute or chronic airway
HDM challenge.

We previously showed that DUOX1 contributes to airway secretion of the alarmin 1L-33
and subsequent activation of type 2 cytokines in response to acute allergen challenge?®.

To address the specific involvement of epithelial DUOX1 in these responses, we used
Duox1F mice and crossed them with Scgblal-CreFRT mice to enable tamoxifen-inducible
conditional deletion of DUOX1 within the airway epithelium (Duox14/AScgb1a1-ERTy prior
to allergen challenge (Supplementary Fig. S1A,B). This approach of inducible DUOX1
deletion was chosen to rule out a potential impact of DUOX1 deletion on epithelial
differentiation or development. Consistent with earlier findings?, acute exposure to HDM
in an unsensitized host provoked rapid release of the epithelial alarmin IL-33 and other
innate cytokines (IL-1B, IL-17A) and growth factors (AREG) into the BAL, detectable

1 hr after exposure and in most cases declining thereafter (Fig. 1A). HDM also induced
more delayed production of the type 2 cytokines IL-5 and IL-13 (Fig. 1A), presumably
secondary to initial IL-33 activation. HDM challenge also induced rapid mRNA induction
of Aregand //1b, but not //33or 1/17a, and more delayed induction of //5and //IZ3mRNA
(Fig. 1B and Supplementary Fig. S1A). Conditional deletion of DUOX1 within epithelial
cells prior to HDM challenge dramatically attenuated most of these responses (Fig. 1A, B),
although induction and production of IL-1B and IL-17A were not significantly affected.
Thus, DUOX1 within the epithelium appears to be critical for early airway responses to
HDM, by promoting secretion of IL-33 and AREG, and for more delayed induction and
secretion of IL-5 and IL-15, most likely as a result of initially secreted IL-33.

We recently reported that DUOX1 not only contributes to 1L-33 secretion in response to
HDM challenge, but also appears to participate in epithelial responses to IL-33 mediated
by activation of 1L33R/ST2 receptors on epithelial cells!0. Therefore, we also exposed
tamoxifen-treated Duox14/A5cgb1al-ERT mice and corresponding controls to recombinant
intranasal 1L-33, which showed that I1L-33-induced production of type 2 cytokines into the
BAL are largely driven by epithelial DUOX1 (Fig. 1C). Collectively, these findings indicate
that epithelial DUOX1 plays a key role in promoting innate airway responses to allergen
(HDM), particularly with respect to 1L-33 secretion and IL-33-mediated production of type
2 cytokines.

We previously showed that DUOX1 also mediates type 2 inflammation and airway
remodeling during HDM-mediated allergic airway inflammation®. To assess the
importance of epithelial DUOX1 for allergic inflammation and remodeling, we subjected
Duox14/AScgblal-ERT mjce and appropriate controls to sensitization and repeated airway
challenges with HDM. Tamoxifen-induced epithelial-specific deletion of DUOX1 in
Duox14/AScgbl1al-ERT mice was verified by immunohistochemical analysis (Supplementary
Fig. S2A), and did not significantly alter total BAL cell counts after repeated HDM
challenges, although macrophage, lymphocyte, eosinophil, and neutrophil counts were in
some cases significantly lower compared to vehicle-treated Duox14/A5cgblal-ERT mice or
tamoxifen-treated Duox2F mice (Fig. 2A and Supplementary Fig. S2B). Consistent with
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apparent reduction of HDM-induced macrophage recruitment in Duox14/AScgbIal-ERT mice,
we also observed a trend toward lower BAL levels of the macrophage chemokine MCP-1 in
these mice (Fig. 2B). Epithelial-specific deletion of DUOX1 significantly attenuated HDM-
induced production of IL-5, IL-13 and AREG, and showed a trend toward attenuated IL-33
production (Fig. 2B and Supplementary Fig. 2C). Tamoxifen-treated Duox14/AScgblal-ERT
mice also had significantly reduced HDM-induced mucus metaplasia, as measured by
Cleal, Muc5ac mRNA and by PAS staining (Fig. 2C and Supplementary Fig. S2D), and
displayed significantly reduced expression of collagen genes associated with subepithelial
fibrotic remodeling (Supplementary Fig. S2E). Subepithelial collagen production assessed
by Masson’s Trichrome staining also tended to be reduced in Duox14/A5cgblal-ERT mice, but
this was not statistically significant (Fig. 2D and Supplementary Fig. S2F). In aggregate,
these findings are consistent with our previous findings using non-conditional Duox1~~
mice? and indicate that HDM-induced features of type 2 inflammation, mucus metaplasia
and airway remodeling, are largely driven by DUOX1 within the respiratory epithelium.

We also used Duox2F mice to confirm the therapeutic potential of DUOX1 inhibition in
allergic airways disease, by first subjecting them to HDM sensitization and challenge, and
subsequent administration of Adeno-Cre in mice immediately after the final HDM challenge
to delete airway DUOX1 (Fig. S3A). As shown in Fig. S3B-D, administration of Adeno-Cre
diminished HDM-induced increases in DUOX1 and attenuated type 2 inflammation as well
as mucus metaplasia, but did not significantly reduce subepithelial fibrosis. These findings
confirm that targeting of pulmonary DUOX1 in the context of ongoing allergic airways
diseases can promote the resolution of allergic inflammation and remodeling, consistent with
our earlier observations?.

Myeloid DUOX1 does not affect innate airway HDM responses but contributes to type 2
inflammation during chronic HDM challenge.

Intranasal administration of Adeno-Cre in the aforementioned studies is expected to target
LoxP-flanked genes primary within the respiratory epithelium, but may also target other cell
types in the lung lumen such as alveolar macrophages. Indeed, resident macrophages in the
lung can also respond directly to inhaled allergens, or to early cytokines produced by other
lung cells (e.g. IL-33), and may also express DUOX18: 9, Consistent with previous findings
indicating DUOX1 protein expression in human monocyte-derived macrophages®, we also
detected DUOX1 protein in BAL cells (representing >95% macrophages) from WT mice by
western blot and immunohistochemistry (Fig. 3A,B), which was highly variable due to the
heterogeneous nature of AMsL: 12, but undetectable in BAL cells from DUOX1-deficient
mice. To examine a potential role for macrophage DUOX1 in acute and chronic airway
HDM responses, we conditionally deleted DUOX1 in myeloid lineages (Duox14/ALysM,
primarily including monocytes and macrophages?3 (Supplementary Figs. S1A and Fig.
S4A). In contrast to findings of epithelial DUOX1 deletion, macrophage-specific deletion of
DUOX1 did not affect acute HDM-induced secretion of I1L-33, AREG, IL-1B or IL-17A,

or more delayed production of type 2 cytokines (IL-5, IL-13) into the BAL fluid (Fig.

3C). Also, ablation of macrophage DUOX1 did not affect HDM-induced mRNA expression
of these cytokines (results not shown). To assess whether macrophages could contribute

to production of 1L-33 or type 2 cytokines by HDM, we stimulated cultured BMDMSs
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with HDM in vitro. Indeed, HDM exposure enhanced //33and Areg mRNA in BMDMs,
and enhanced AREG secretion, but this was not significantly attenuated in BMDMs from
Duox1AALysM mice (Fig 3D). HDM exposure induced classical macrophage activation of
BMDMs, indicated by increased NMos2 mRNA expression and accumulation of NO,™ in the
media, but these were also not significantly altered in BMDMs DuoxI4ALsM mice (Fig.
3E). In contrast, comparative studies revealed significantly impaired classical macrophage
activation of BMDM s from non-conditional DuoxZ ™~ mice (Fig 3F). This suggests that
some functional alterations in macrophages obtained from non-conditional Duox1™~ mice
(e.9.8:9) are not necessary related to intrinsic DUOX1 function within macrophages, but
may also reflect altered macrophage development or differentiation due to Duox deficiency
in stromal cells in the bone marrow or in peripheral tissues.

Allergic airway inflammation is associated with increased lung macrophage recruitment,
and macrophages are known to contribute to airway remodeling®. To examine the potential
contribution of macrophage-associated DUOX1 to HDM-induced allergic inflammation,

we subjected DuoxI4ALYsM mice and corresponding controls to repeated HDM challenge.
DUOX1 deletion in monocyte/macrophages tended to reduce HDM-induced recruitment

of inflammatory cell types into the BAL, although this was not statistically significant

(Fig. 4A and Fig. S5A). However, it markedly suppressed HDM-induced production of

type 2 cytokines IL-5, IL-13, IL-33, and AREG (Fig. 4B), and significantly suppressed
HDM-mediated induction of DuoxZ and //13in the lung (Fig. S5B). Moreover, macrophage-
specific deletion of DUOX1 also attenuated features of mucus metaplasia (Fig. 4C), but

did not significantly affect subepithelial fibrosis (Fig. S5C). These collective findings
indicate that macrophage-intrinsic DUOX1, either within resident or recruited macrophages,
contributes to type 2 inflammation and mucus metaplasia in the context of allergic airway
inflammation in sensitized mice induced by repeated HDM challenge.

Intrinsic effects of DUOX1 on macrophage activation.

The role of macrophages in allergic airways disease is complex and not fully understood,
and appears to differ between resident alveolar macrophages and recruited lung
macrophages originating from circulating monocytes. Previous studies have indicated that
recruited monocyte-derived macrophages contribute significantly to allergic inflammation
and remodeling, largely due to their polarization to M2 pro-fibrotic phenotypes as a result
of increased production of type 2 cytokines4. However, the M1/M2 paradigm does not fully
clarify the overall involvement of macrophages in allergic airways disease, and allergen-
induced injury can also induce innate macrophage M1 activation®. Moreover, classically
activated macrophages can also be a significant source of AREG, as a mediator of airway
remodeling and/or mucus metaplasial® 1617, To address the intrinsic functional role(s)

of DUOX1 in macrophage polarization to either classically activated (M1) or alternatively
activated (M2) phenotypes, we first used the immortalized alveolar macrophage MH-S
cell line in which DUOX1 was deleted by CRISPR gene editing (Fig. S6). First, we
examined the potential impact of in vitro M1/M2 polarization on macrophage DUOX1
expression. Somewhat unexpectedly, and in apparent contrast to observations in epithelial
cells (e.g.18), we did not observe induction of Duox in response to M2 polarization by
IL-4/IL-13, but instead observed marked induction of DuoxI mRNA in response to M1
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polarization of MH-S cells for 48 hrs (Fig. S7A,B). This was preceded by more rapid
induction of AMosZ, and pharmacological inhibition of NOS2 was found to prevent DuoxI
induction under these polarizing conditions (Fig. S7B). Consistent with earlier reports®, M1
polarization also induced Areg mRNA (Fig. S7A). Similar induction of NMos2or Aregwere
also observed in primary BMDMs or AMs upon M1 polarization, but in this case DuoxI
expression was not affected, and DuoxZ mRNA was also unaltered after M2 polarization of
these primary macrophages (Fig. S7C,D). Although Duox1 editing in MH-S cells did not
affect M1 polarization, based on induction of Mos2 mRNA and protein, it significantly
attenuated induction of Areg (Fig. 5A). In addition, Duox1 editing also significantly
attenuated expression of M2 markers ArgZ and YmZ1 under M2-polarizing conditions (Fig.
5A). Qualitatively similar results were observed using primary BMDMSs or AMs obtained
from WT or Duox14ALysM mice, which showed no involvement of DUOX1 to induction
of the M1 markers Nos2or /116, but showed a marked effect of DUOX1 ablation on Areg
induction in M1-stimulated BMDMs (Fig. 5B). Finally, DUOX1 also affected induction of
Ym1in BMDMs and Argin AMs under M2 polarizing conditions (Fig. 5B,C). Overall,
these findings indicate that DUOX1 contributes to features of both M1 and M2 activation,
depending on the in vitro macrophage cell model used.

To investigate a potential role for DUOXL1 in lung macrophage polarization in vivo during
HDM-induced inflammation, we generated lung single-cell suspensions after chronic HDM-
induced inflammation for flow cytometry analysis of M1 and M2 macrophage populations®
(Fig. 6A). As expectedl4, HDM exposure resulted in an increase in the percentage

of M2 polarized macrophages in lung tissues, whereas the proportion of M1-polarized
macrophages was not affected. The relative proportion of M1/M2 polarized populations

was not affected by epithelial-specific DUOX1 deletion, but the proportion of M2-polarized
macrophages tended to be lower upon macrophage-specific DUOX1 deletion (Fig. 6B),
consistent with results from in vitro macrophage polarization studies (Fig. 5).

Since the contribution of macrophages to allergic asthma differs between resident
macrophages or recruited (monocyte-derived) macrophages (e.g.6), we also wished to assess
the potential impact of either epithelial or macrophage DUOX1 on macrophage recruitment
during chronic HDM challenge. Using a flow cytometry gating strategy to distinguish
resident and recruited macrophage populations?® (Fig. 6C), we confirmed that repeated
HDM challenge results in increased numbers of recruited (monocyte-derived) macrophages
in the lung (Fig. 6D). Intriguingly, while this was not affected by deleting epithelial

DUOX1, macrophage recruitment was significantly reduced after myeloid-specific DUOX1
ablation, thus suggesting a role of macrophage-intrinsic DUOX1 in macrophage motility or
responsiveness to chemotactic stimuli. Finally, we sorted resident and recruited macrophages
from lung tissues of HDM-treated Duox1F mice and Duox14ALYSM mice, to evaluate
potential impact of macrophage-intrinsic DUOX1 on features of M1/M2 activation. As
shown in Fig. 7, repeated HDM challenge dramatically induced expression of the M2 marker
Argl, primarily in resident macrophage populations and to a lesser extent in recruited
macrophages, which tended to be attenuated in DUOX1-deficient macrophages, although
this was not statistically significant. Moreover, consistent with in vitro studies, HDM
induced relative increases in Areg mRNA, particularly in recruited macrophage populations,
and this was significantly attenuated in DUOX1-deficient macrophages (Fig. 7B). We also

Mucosal Immunol. Author manuscript; available in PMC 2022 December 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Morris et al.

Page 7

observed greater relative DuoxI mRNA expression in recruited macrophages compared to
resident subsets, although macrophage DUOX1 expression was not significantly altered in
response to HDM (not shown). Collectively, our findings indicate a role for macrophage-
intrinsic DUOX1 in recruitment of monocyte-derived macrophages during chronic allergic
inflammation, as well as features of macrophage activation, particularly with respect to Areg
production.

DISCUSSION

Previous findings from our group identifying a role for the NOX homolog DUOX1 in airway
responses to both acute and chronic challenge with HDM allergen® 4. The present studies
cell-specific contributions of DUOX1 in these outcomes, and identify a role for DUOX1

in epithelial cells, but also in monocyte-derived macrophages. Since DUOXL is primarily
expressed within epithelial cells in the lung?1, and secretion of epithelial IL-33 is central
early event in development of type 2 inflammation (e.g.19), it is not surprising that selective
ablation of DUOX1 from the epithelium was found to attenuate these responses. Moreover,
consistent with recent observations that DUOX1 may also participate in epithelial IL-33
signaling1?, epithelial DUOX1 was found to contribute to induction of type 2 cytokines

in response to direct instillation of IL-33. Epithelial deletion of DUOX1 also significantly
suppressed mucus metaplasia, consistent with similar previous findings with non-conditional
Duox1™~ mice?.

A more surprising outcome of our studies was that they also revealed a significant
contribution of macrophage-intrinsic DUOX1 in the activation of type 2 inflammation
and development of mucus metaplasia in the context of chronic HDM-induced airway
inflammation. Previous studies have highlighted the presence of DUOX1 within
macrophages and suggested its functional role in macrophage activation®: 9, but our
studies are the first to firmly demonstrate a function of macrophage-intrinsic DUOX1

in the context of allergic airway inflammation. Macrophages have long been recognized
to play various roles in asthma pathobiology, and while resident alveolar macrophages
may help maintain lung homeostasis and suppress inflammation, recruitment of monocyte-
derived macrophages and their polarization to an “alternatively activated” M2 phenotype
during type 2 inflammation is thought to contribute to various aspects of allergic airway
inflammation and remodeling® 22. Our observations of macrophage-intrinsic DUOX1
contributing to production of type 2 cytokines such as 1L-33 and 1L-13 during chronic
HDM-induced inflammation highlights a specific role of macrophage DUOX1 promoting
type 2 inflammation in addition to the previously demonstrated involvement of epithelial
DUOX1#4 1023,

Previous studies have indicated that epithelial production of IL-33 can enhance type 2
inflammation and airway remodeling in part by enhancing alternative macrophage (M2)
activation?4 25, Moreover, postnatal alveolar production of 1L-33 can shape the local
immune environment in the developing lung by sustaining local ILC2 homeostasis and
alveolar macrophage development towards an M2 polarized phenotype26: 27, Based on
this, we speculated that epithelial DUOX1, by mediating such IL-33 production3: 10,
could contribute to promoting macrophage M2 polarization. However, we did not observe
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significant alterations in lung M1/M2 macrophage subpopulations in Duox14/AScgblal-ERT
mice, either at baseline or after chronic HDM challenge, but our findings instead suggested a
contribution of macrophage-intrinsic DUOX1 to macrophage M2 polarization in response to
chronic HDM challenge.

In our efforts to examine a role for DUOX1 in macrophage activation or polarization,

we observed intriguing differences between macrophages obtained from non-conditional
Duox1™~ mice and those from Duox14ALYsM mice (in which case DUOX1 is still functional
in stromal cells). Indeed, HDM-induced classical macrophage activation in vitro, as assessed
by induction of Nos2, was markedly attenuated in BMDMSs obtained from non-conditional
Duox1™~ mice but was not significantly altered in BMDMs from DuoxI4ALysM mice,
Similarly, although we observed impaired induction of M1 polarization markers (e.g.

Nos2) by LPS/IFN-y in AMs or BMDMs obtained from non-conditional Duox2™~ mice
(results not shown), this was not observed in AMs or BMDMs from Duox4ALsM mice,
nor in MH-S cells in which DUOX1 was deleted by CRISPR editing (Fig. 5). These

various observations would suggest a significant impact of DUOX1 from stromal cells

(e.g. epithelium) on macrophage development or differentiation, thereby affecting their
ability to respond to proinflammatory triggers. These observations also justify our use of
macrophages obtained from DuoxI4ALYSM mice in attempts to address macrophage-intrinsic
properties of DUOX1. Indeed, these studies did not indicate a significant contribution of
DUOX1 to classical macrophage activation by LPS or HDM, but indicated a contribution

of macrophage DUOX1 in M2 polarization in response to IL-13, illustrated by attenuated
induction of ArgZor Ym1. Also, deletion of macrophage DUOX1 appeared to attenuate
macrophage M2 polarization in the context of chronic HDM-induced inflammation,
although this could also be an indirect result of reduced production of IL-13 in this context
(Fig. 4), thus leading to less M2 activation.

It is important to emphasize that macrophage M1 and M2 polarization states are defined
primarily based on in vitro studies under strictly defined stimulation conditions, and that
lung tissue macrophages in the context of allergic inflammation likely represent mixed
phenotypes along a continuum between M1 or M2 states due to the presence of diverse
mediators that variably impact on macrophage function® 28, Indeed, the contribution of lung
macrophages to allergic airway inflammation cannot be fully attributed to M2 activation

and may also involve features of classical (M1) macrophage activation??. Also, inhibition

of macrophage M2 polarization during allergic inflammation was found to attenuate
eosinophilic inflammation, but actually worsened neutrophilic inflammation and airway
hyperresponsiveness3C. Our findings are consistent with this notion, particularly with respect
to recruited (monocyte-derived) macrophage populations, which display features of both
classical (M1) and alternative (M2) activation. Moreover, while macrophage DUOX1 may
contribute to some aspects of macrophage M2 polarization, it also appears to participate in
some features of classical M1 activation, illustrated by macrophage production of Aregl>: 16,
an important mediator of type 2 immune responses that promotes airway remodeling such

as mucus metaplasial’. The fact that DUOX1 ablation impaired Areg induction under
MZ1-polarizing conditions without affecting other classical M1 markers such as Nos2 suggest
that DUOX1 involved in specific features of macrophage activation rather than in overall
regulation of M1/M2 polarization.
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Another important consideration with respect to the role(s) of macrophages in chronic

lung disease is the diverse involvement of resident macrophage populations, which
typically serve a homeostatic function and are largely sustained by local proliferation

of resident macrophage populations, and recruited monocyte-derived macrophages that

are phenotypically and functionally distinct3l. Studies in rodents indicate that resident
AMs persist over the entire lifespan via self-renewal with minimal contribution from
circulating monocytes, although this may not be true in humans, in which case lung
macrophages appear to be derived primarily from circulating monocytes32. Indeed, newly
derived macrophages, originating from either proliferation or from recruited monocytes, are
pathogenic in the context of allergic airway disease, whereas mature resident macrophages
are not® 14, Also, fate mapping and single-cell transcriptomics studies indicate that recruited
monocyte-derived macrophage subsets display increased plasticity, which appears to be
shut down during prolonged tissue residency33. Tissue recruitment of monocyte-derived
macrophages during allergic inflammation may be driven by epithelial-derived chemokines
such as MCP1/CCL24. Intriguingly, we observed that DUOX1 deletion from monocyte/
macrophages, rather than epithelial cells, attenuated macrophage recruitment to the lung
during chronic HDM-induced inflammation. This likely reflects a macrophage-intrinsic role
for DUOX1 in macrophage chemotaxis or migratory properties, analogous to similarly
observed functions in epithelial cells3* 35, In this regard, our findings expand on previous
studies indicating the existence of mutual cross-talk between macrophages and T cells or
type 2 innate lymphoid cells in driving disease pathology of allergic asthma3®: 37, and
suggest that macrophage DUOX1 may actively participate in such crosstalk.

An important limitation of our studies is the fact that they are based on deletion of loxP-
flanked DUOX1 by targeted insertion of Cre cDNA into the endogenous lysozyme M
(LysM) gene locus (LysM-Cre), which is expressed primarily in mature macrophages and
granulocytes and not in lymphoid cells!3: 38, However, some studies suggest that LysM-Cre
expression is less prominent in immature macrophages derived from e.g. recruited monocyte
precursors and thus would result in less effective deletion of loxP-flanked target genes

in these cell populations (e.g.6). Nevertheless, our findings indicating effects of such LysM-
Cre mediated DUOX1 deletion in recruited macrophages would argue against this. Also,
since granulocytes (neutrophils) can also represent a source of type 2 cytokines (e.g.39),
LysM-Cre mediated DUOX1 deletion could conceivably also affect neutrophils. However,
we did not detect significant expression of DUOX1 in bone marrow derived neutrophils

(not shown). Lastly, since LysM is also expressed in other cell lineages, including type 2
alveolar epithelial cells and also in neuronal cells in the brain%?, a possible contribution of
DUOX1 deletion in these cells cannot be completely ruled out. The potential role of DUOX1
in neuronal cells is intriguing, particularly if this also applies to peripheral sensory neurons
which have been implicated in IL-33-mediated allergic responses in the lung*!, and could
contribute to type 2 inflammation and remodeling. Future studies using alternative Cre driver
mice that target macrophages, e.g. CSF1R, CD11b, F4/80, or CXC3CR1, could more fully
resolve this, although none of these are fully specific for macrophages!3: 38,

In conclusion, the studies described herein provide additional insight into the cell-specific
roles of DUOXL in innate allergen responses and in chronic allergic airway inflammation,
and reveal a previously unanticipated functional role for DUOX1 in macrophages, with
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respect to macrophage recruitment and production of mediators that contribute to type

2 inflammation and related aspects of airway remodeling. We did not explicitly address

the downstream mechanism by which DUOX1 contributes to these various outcomes,

but based on previous studies linking DUOX21-dependent cysteine oxidation of the non-
receptor tyrosine kinase Src and activation of EGFR with epithelial cell migration or

IL-33 secretion3 10, we speculate that DUOX1 could similarly regulate Src activation

in macrophages, and thereby affect its diverse regulatory roles in various aspects of
macrophage biology, including cytokine production and migration®?: 43, Finally, our findings
further highlight the complex and intricate roles of diverse NOX enzymes in macrophage
biology, adding to previously reported functions of alternative NOX enzymes (NOX2,
NOX4) in macrophage differentiation and polarization** 4°. In light of recent advances

with respect to our understanding of macrophage biology in the lung, it will be of interest to
further define the specific functions of DUOX1 and/or other NOX homologs in these various
aspects. Expanding on our previous suggestion of DUOX1 as an attractive therapeutic

target in allergic diseases such as asthma?3, our present studies would suggest that specific
targeting of DUOX1 within monocyte-derived macrophages might be particularly useful,
and would avoid compromising normal host defense functions of DUOX1 within the
epithelium.

MATERIALS AND METHODS

Mice

DuoxI™~ mice were originally generated by Lexicon Pharmaceuticals*®, and were
backcrossed to C57BL6/NJ mice (The Jackson Laboratory; stock #005304) for at least

5 generations. Duox1F mice (Duox1tm2a(EUCOMM)Hmgu) were generated on the
C57BL6/NJ background at the University of Cologne using JM8A3.N1 ES cells with the
targeting vector HTGR04001 _Z 7 EO03 from EUCOMM (http://www.mousephenotype.org/
data/alleles/MGI:2139422/tm2a(EUCOMM)HmMgu). Correct targeting was confirmed by
Southern blot. Duox2F mice were crossed with Scgblal-CreFRT (B6N.129S6(Cg)-
Scgbla1tmi(cre/ERT)BIRY: The Jackson Laboratory; stock #016225) or LysM-Cre (B6.129P2-
Lyz2'mi(cre)lfoly: The Jackson Laboratory; stock #004781), to generate Duox1FScgblal-
CreERT*/~ mice (Duox14/A5cgb1a1-ERTy and Duox1F/F1ysM-Cre*’~ mice (Duox14ALysMy
for selective ablation of DUOX1 in either airway epithelial cells or myeloid cells,
respectively?’: 48 (Supplementary Fig. S1A). Induction of epithelial DUOX1 deletion

in Duox14/AScgblal-ERT mice was achieved by intraperitoneal injection of 75 mg/kg
tamoxifen (Sigma-Aldrich; #10540-29-1) for 5 consecutive days, at least one week prior

to experimentation. Epithelial- or macrophage-selective DUOX1 deletion was verified by
generating single-cell lung suspensions using enzymatic digestion (Miltenyi Biotec Lung
dissociation Kit 130-095-927) and a GentleMACS™ Dissociator (Miltenyi Biotec Inc.),
collection of hematopoietic cell types with CD45 Microbeads (Miltenyi Biotec, mouse
CD45 Microbeads, #130-052-301), using LS Columns (Miltenyi Biotec, #130-042-401)
and a QuadroMACS Separator (Miltenyi Biotec), and enrichment of CD326(EpCAM)-
positive (epithelial) cells from CD45™ fractions using Miltenyi Biotec CD326 EpCAM
Microbeads (#130-105-958). DuoxI mRNA expression was assessed in CD457/CD326*,
CD457/CD326~ and CD45™ cell fractions by RNA extraction using QIAGEN RNeasy Micro
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kit and RT-PCR analysis. All animal studies were performed using mice at 9-12 weeks

of age, including both male and female mice divided equally across treatment groups. All
animal procedures were reviewed and approved by the University of Vermont Institutional
Animal Care and Use Committee (protocol #: PROT0202000078).

Acute and chronic airway challenge to house dust mite (HDM) or IL-33

Mice were subjected to brief isofluorane anesthesia for intranasal administration of 50 ug of
HDM extract (based on total weight) in 50 pl PBS (D. pteronyssinus, Greer Laboratories;
lot # 269026 and 305470; 32—64 endotoxin units/mg; 6-9 ug DER P 1/mg), recombinant
mouse IL-33 (BioLegend, 1.0 ug/mouse in 50 ul PBS), or 50 ul PBS vehicle control. In
cases of acute challenge, BAL fluids and lung tissues were harvested 1 or 6 hours after a
single HDM/IL-33 instillation.

In order to induce HDM-mediated allergic airway inflammation, mice were first sensitized
by airway HDM instillation on days 1 and 8, followed by daily airway challenge with 50 ug
HDM on days 15-19 to induce allergic airway inflammation. Bronchoalveolar lavage (BAL)
fluids and lung tissues were collected three days after the final HDM challenge (day 22) for
the various analyses described below. In some studies, Duox2F mice were subjected to the
same HDM sensitization and challenge protocol, and were then administered an adenoviral
vector containing Cre recombinase (Ad5CMVcre; Viral Vector Core of the University of
lowa; 108 pfu in 50 ul PBS) or control adenovirus (AdCMVempty) on day 20, to ablate
Duox1 prior to analysis.

Analysis of lung inflammation

BAL fluids were harvested by 3 successive instillations of 500 uL of PBS into the lungs,
and pooled BAL fluids were briefly centrifuged at 150 x g and supernatants was collected
for analysis of cytokines and other secreted mediators. BAL levels of 1L-33, IL-5, IL-13,
IL-17A, IL-1p and amphiregulin (AREG) were assessed using DuoSet ELISA Kits (R&D
Systems; DY 3626, DY405, DY413, DY1399, DY 401, DY989) according to manufacturer
protocol and were read on a BioTek Synergy HT plate reader. MUC5AC in BAL was
analyzed using a Mouse Mucin-5 Subtype AC ELISA kit (MyBioSource; MBS265057),
according to the manufacturer’s instructions. Pelleted BAL cells were resuspended in PBS
and counted using a hemocytometer prior to loading into an EZ Cytofunnel (Thermo
Scientific) and centrifuged at 600 RPM for 10 minutes. Cytospin slides were fixed and
stained using the Hema 3 kit (Thermo Scientific) and cell differentials were counted based
on at least 200 cells per slide.

Lung tissue analyses

Tissue RNA was isolated from mouse inferior lobes using GeneJet RNA purification Kits
(Invitrogen; K0732) according to manufacturer protocol. cDNA was synthesized using the
iScript cDNA synthesis kit (Bio-Rad; 1708890) and/or Applied Biosystems High-Capacity
cDNA Reverse Transcription Kit (Applied Biosystems; 4387406) according to manufacturer
protocol. Quantitative RT-PCR was performed using iQ Sybr Green supermix (Bio-Rad;
1708882) 0.5 uL cDNA and 0.5 pM primer mix as previously described*®. Primer sets used
included: //33 (F: GAT GGG AAG AAG GTG ATG GGT G, R: TTG TGA AGG ACG AAG
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AAG GC), /13 (F: CCA CGG CCC CTT CTA ATG A, R: GCC TCT CCC CAG CAA AGT
CT), //5(F: ATG GAG ATT CCC ATG AGC AC, R: CCC ACG GAC AGT TTG ATT CT),
Areg (F: AAC GGT GTG GAG AAA AAT CC, R: TTG TCC TCA GCT AGG CAA TG),
Duox1 (F: GAC CCC AGT ATC TCC CCA GA, R: ATG ACT GGG AAT CCC CTG GA),
Muc5ac (F: AGT CTC TCT CCG CTC CTC TCA AT, R: CAG CCG AGA GGA GGG TTT
GAT CT). Clcal (F: CCC TCA TCC AAC TGA ACA AC, R: TCA GCG TTT TTG AAG
GTT TC), Collal (F: CAC CCT CAA GAG CCT GAG TC, R: AGA CGG CTG AGT AGG
GAA CA), Col3al (F: CCG AAC TCA AGA GTG GAG AA, R: GGC CAT AGC TGA
ACT GAA AA), and Gapdh (F: CTG GAG AAA CCT GCC AAG TA, R: TGT TGC TGT
AGC CGT ATT CA).

Immunohistochemistry analyses were performed as previously described®. Briefly, left lung
lobes were fixed in PFA and paraffin embedded, and 5-um sections were stained with

H&E, periodic acid-Schiff (PAS), or Masson’s trichrome using standardized protocols.
PAS-positive staining areas were quantified using Meta-Morph imaging software (Molecular
Devices) and Masson’s trichrome staining intensity around the small airways was scored

by 2 blinded, independent investigators (0, no reactivity; 1, minimal staining; 2, moderate
staining; 3, prominent staining).

Generation of lung single-cell suspensions for flow cytometry analysis and cell sorting

Mouse lungs were dissociated into single-cell suspensions using enzymatic digestion with
the Lung Dissociation Kit (Miltenyi Biotec 130-095-927) and a GentleMACS Dissociator
(Miltenyi Biotec) following the manufacturer’s protocol. One million cells per sample

were incubated in Live/Dead Fix Blue (ThermoFisher L23105) for 20 minutes at 4°C

and then washed and incubated with Fc Block (anti-mouse CD16/32) (BD Pharminogen
553142) for 10 minutes at room temperature and appropriate antibodies were added for

30 minutes at 4°C (Pacific Orange anti-CD45 (Invitrogen MCD4530), PE anti-F4/80
(BioLegend 123109), APC-eFluor780 anti-CD11b (Invitrogen 47-0112-82), PE-Cy7 anti
CD11c (BioLegend 117317), and AlexaFluor647 anti-CD301 (BioLegend 145603)). Cells
were then washed twice, fixed with 1% paraformaldehyde, and analyzed with the

BD LSRII flow cytometer and FlowJo v10.7 software. For characterization of M1-

and M2-polarized macrophage populations, CD45*F4/80M9hCD11bMig" populations were
distinguished based on surface expression of CD11c (M1 marker) or CD301 (M2 marker)?1®.
Resident and recruited macrophage populations were defined as F4/80*CD11b~CD11c* and
F4/80*CD11b*CD11c™ populations, respectively, as described previouslyZ°.

Isolation and culture of alveolar and bone marrow-derived macrophages

Alveolar macrophages (AMs) were isolated by lavaging mouse lungs 5 times with 1 mL of
PBS + 2 mM EDTA. Lavaged cells were pelleted, and red blood cells were lysed by briefly
re-suspending cells in water. Alveolar macrophages were cultured in complete RPMI (RPMI
1640 containing 10% FBS, P/S, and plasmocin) plus Nystatin in 24-well culture plates for

2 hours to allow macrophages to adhere. Bone marrow was flushed from the femurs and
tibias of mice and suspended in complete RPMI containing 5 ng/ml M-CSF overnight. The
following day, non-adherent cells were collected, washed in PBS, and contaminating red
blood cells were lysed by briefly re-suspending pelleted cells in water. Remaining cells

Mucosal Immunol. Author manuscript; available in PMC 2022 December 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Morris et al.

Page 13

were then differentiated into bone marrow-derived macrophages (BMDMSs) by culturing in
complete RPMI containing 30 ng/ml M-CSF for 7 days®% 51, For analysis of macrophage
polarization to M1 or M2 phenotypes, AMs and BMDMs cultured for 48-hrs in the presence
of either 100 ng/ml LPS + 5 ng/ml IFNy (M1) or 20 ng/ml IL-4 + 10 ng/ml IL-13 (M2).
Alternatively, MH-S (American Type Culture Collection (ATCC)) cells and BMDMs were
also stimulated with 50 pg/ml HDM (Greer). Markers of macrophage activation/polarization
were assessed by cytokine/mediator analysis in conditioned media, or by RT-PCR analysis
of extracted RNA, using the following primer sets: ArgZ (F: CGATTC ACC TGA GCT
TTG AT, R: AAG CCA AGG TTA AAG CCA CT); YmI (F: CAT GAG CAAGACTTG
CGT GAC, R: GGT CCA AAC TTC CAT CCT CCA); Nos2 (F: GTT CTC AGC CCA ACA
ATA CAA GA, R: GTGGAC GGG TCG ATGTCA C); //1b (F: GCC CAT CCT CTG TGA
CTC AT, R: AGG CCA CAG GTATTT TGT CG); and Gnb2/1 (F: AAG TAC ACG GTC
CAG GAT GA, R: AGG GAT CCA TCT GGA GAG AC) as housekeeping gene®2.

Studies with MH-S macrophages

The murine alveolar macrophage cell line MH-S (ATCC; CRL-2019) was used in
polarization studies as described above. Ribonuclear Proteins (RNPs) were made

using the Alt-R CRIPSR-Cas9 system from Integrated DNA Technologies following

the manufacturer’s instructions. sgRNAs were designed to target Duox1 exon 3 (5°-
GtAGACACCALCtGCAtAGC) using the design tool from synthego.com and Duox1 exon 4
(5’-TCAACATTTACATCCCGCAT) using the design tools at idtdna.com. Alt-R® CRISPR-
Cas9 9 tracrRNA, ATTO™ 550 (IDT; 1075927) was combined with each gRNA to form a
duplex. Duplexes were combined in a 1:1 molar ratio and Alt-R® S.p. Cas9 Nuclease (IDT;
1081058) was added to an RNP. The Neon transfection system (ThermoFisher) was used to
electroporate RNPs into 50,000 MH-S cells with a voltage of 1720V, a pulse width of 10
ms, and 2 pulses. Electroporated cells were dispensed into 500 pl of RPMI media +10%
FBS and expanded. Clones were generated and screened for a 1kb deletion between exons 3
and 4 using forward primer 5’- CCAGAGAAGCTCCTCAGAGTGT and reverse primer 5’-
GGCTCATACACTCTCATTCACAG.

Nitrite measurements

Nitrite was measured by Griess reaction. Briefly, 50 ul of conditioned media from M1
polarized or HDM-treated cells were incubated with 50 ul of 2% sulfanilamide in 5%
phosphoric acid in a 96-well plate for 5 min at room temperature followed by 50 pl of
0.2% naphtylethylenediamine in 5% phosphoric acid. After 5 minutes absorbance was read
at 530nm using a BioTek Synergy HT plate reader.

Western blots

Cells were lysed in RIPA buffer (Cell Signaling Technology; 9806S) containing protease
and phosphatase inhibitors (Thermo Scientific; 78442). Samples were separated by 10%
SDS-PAGE gels and transferred to PVDF membranes. Blots were probed with antibodies
against iNos (BD Biosciences; 610333), Arginase-1 (Santa Cruz; sc-18351), B-actin (Sigma;
Ab5441) or Duox1 (kindly provided by F. Miot, Free University of Brussels, Belgium).
Primary antibodies were probed with appropriate secondary antibodies conjugated with HRP
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(Cell Signaling; 7076S and 7074S) and detected by enhanced chemiluminescence (Pierce;
34578). Membranes were imaged with Amersham Imager 600 (GE Healthcare).

Statistical analysis

All quantitative data are presented as means and SEMs. Statistical significance was
evaluated using 2-way ANOVA and Tukey’s or Sidak’s post-hoc test, unless otherwise
noted, using GraphPad Prism Software (Version 7.0, GraphPad Software, La Jolla, CA), and

d

ifferences were considered statistically significant if P<0.05.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Epithelial DUOX1 deletion attenuates innate type 2 responses to acute HDM challenge.
Duox14AScgb1al-ERT mice, pretreated with either tamoxifen (T) or vehicle control (V),

and control Duox1F mice were subjected to acute intranasal HDM or PBS, and BAL

or tissues were harvested after 1 or 6 hrs. (A) BAL cytokine/growth factor analysis by
ELISA. (B) Analysis of lung tissue cytokine/growth factor mRNA levels. (C) Analysis of
BAL cytokine responses following 6-hr acute intranasal challenge with 1 ug of recombinant
IL-33. Statistical significance was evaluated using 2-way ANOVA and Tukey’s post-hoc
test. *: p<0.05; **: p<0.01; ***: p<0.001; ****: p<0.0001 (n=3-5 mice per group, from 2

independent experiments).
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Figure 2:

Epithelial DUOX1 deletion attenuates type 2 inflammation and airway remodeling during
chronic HDM challenge. Duox14/A5cgb1al-ERT mice, pretreated with tamoxifen (T) or
vehicle control (V), and control Duox1F mice were subjected to chronic HDM to induce
allergic airway disease. (A) Analysis of BAL cell differentials. (B) ELISA analysis of BAL
cytokines/growth factors. (C) Analysis or mucus metaplasia by PAS staining and MUC5AC
analysis in BAL. Representative PAS staining images (10x magnification) and quantified
PAS staining are shown. (D) Analysis and quantification of collagen deposition by Masson’s
trichrome staining (20x magnification). Statistical significance was evaluated using 2-way
ANOVA and Tukey’s post-hoc test. *: p<0.05; **: p<0.01; ***: p<0.001; ****: p<0.0001 (n
= 6-10 mice per group, from 2 independent experiments).
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Macrophage DUOX1 does not affect innate type 2 responses to acute HDM challenge.
Analysis of Duox1 protein in alveolar macrophages (AMs) from wild-type (WT) mice

or Duox1™~ mice by immunohistochemistry (A) or by Western blot (B). Similar western
blot analysis of mouse tracheal epithelial cell (MTEC) lysate is shown for comparison.
(C) ELISA analysis of BAL cytokines/growth factors from Duox14ALysM or Duox1t/F
mice after single intranasal HDM challenge (n = 4-8 mice per group, from 2 independent
experiments). BMDMs from Duox14ALYsM or Duox1F mice were stimulated for 24-hr
with 50pug of HDM for RT-PCR analysis of /33 or Areg (D) or for analysis of Nos2
mRNA or NO,™ accumulation in the media (E). (F) Analysis of Nos2mRNA or NO,™
accumulation in the media from BMDMs from Duox2™~ or WT mice following 24-hr
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stimulation with HDM. NO,™ production was normalized to levels in HDM-stimulated
control cells (Duox1F or WT). Statistical significance was evaluated using 2-way ANOVA
and Sidak’s post-hoc test. NO,™ production was evaluated using unpaired t-test. *: p<0.05;
**: p<0.01; ***: p<0.001; ****: p<0.0001.
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Figure 4
Macrophage DUOX1 contributes to type 2 inflammation and airway remodeling during

chronic HDM challenge. Duox4ALYsM mice and control Duox1F or LysMC" mice were
subjected to chronic HDM to induce allergic airway disease. (A) Analysis of BAL cell
differentials. (B) ELISA analysis of BAL cytokines/growth factors. (C) Analysis or mucus
metaplasia by PAS staining (representative PAS staining images (10x magnification) and
quantified PAS staining is shown) and by MUCS5AC analysis in BAL. Statistical significance
was evaluated using 2-way ANOVA and Tukey’s post-hoc test. *: p<0.05; **: p<0.01; ***:
p<0.001; ****: p<0.0001 (n = 2—6 mice per PBS group and 4-10 mice per HDM group).
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Figure5:

Duox1™F  Duox1%/44sM
Arg-1

B-actin -.-

Macrophage-intrinsic DUOX1 contributes to M2 polarization. MH-S cells were CRISPR
edited to delete DUOX1 and control and edited cells were subjected to M1 or M2
polarization for analysis of the M1 marker Nos2 and M2 markers Argl and Ym1 by RT-PCR
or by Western blot (A). Analysis of M1 or M2 polarization by mRNA analysis of Nos2or
Arg1 of bone marrow-derived macrophages (BMDM'’s; B) or alveolar macrophages (AM;
C) obtained from DuoxI4ALysM or control DuoxF mice. Data represent 4-8 replicates
from at least 2 independent experiments. Statistical significance was evaluated using t-test.
*: p<0.05; **: p<0.01; ***: p<0.001; ****: p<0.0001.

Mucosal Immunol. Author manuscript; available in PMC 2022 December 02.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Morris et al.

Single Cells J Live Cells

FSC-H

UV-Blue Live/Dead

F4/80+
CD11b+

SSc

T T T Al
CcD45 / CD11b

M2

CD301

i M1

O

v
CD11c
] single Cells e Live Cells
II -
[&]
17}
= -
Fsca % UV-Blue Live/Dead
CD45+ F4/80+ 4 )
E| Resident
- 3
<
8 -
o E|
Recruited
E
3
F4/80 CD11b
Figure6:

Page 23

w

o
o

® puox1™FT .
B Duox VASegbtal-ERT1

IS
o

% live single cells

M1PBS M2PBS M1HDM M2HDM

® puox1™F

A Duox1AaLysM

% live single cells
N w »
o o o

-
=)

o

M1PBS M2PBS M1HDM M2HDM

*%

®  puox1™T

'
o

] DU0X7NASCgb1a1.ERT>T

@
o

% live single cells
N
o

-
=)

o

Recruited R
PBS HDM

® puox1™F

o
o

A DUOX1A/ALysM — *

% single cells
n w £
o o o

-
=)

o

Recruited R Recruited

PBS HDM

Macrophage-intrinsic DUOX1 contributes to macrophage recruitment during chronic HDM
challenge. Mice were subjected to chronic HDM and lung single cell suspensions were
evaluated for macrophage polarization. (A) Gating strategy to assess M1/M2 macrophage
populations. (B) Quantification of M1 and M2 macrophage populations in lung tissues
from tamoxifen-treated Duox17F and Duox14/A5cgb1a1-ERT mice (above) or Duox1/F and
Duox14ALysM mice (below) in response to chronic HDM challenge. Data are presented as
a percentage of viable single cells. (C) Gating strategy for flow analysis of resident and
recruited macrophage populations. (D) Quantification of resident and recruited macrophage
populations in lung tissues from tamoxifen-pretreated Duox1/F or Duox1A/AScgblal-ERT
mice (above), or from Duox1F or Duox14ALysM mice (below), after chronic HDM
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challenge. Data are presented as a percentage of viable, single cells. Statistical significance
was evaluated using 2-way ANOVA and Sidak’s post-hoc test. *: p<0.05**: p<0.01; ***:
p<0.001 (n = 4-8 mice per group from 2 independent experiments, except bottom panel B
which is one representative experiment in triplicate).
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Figure 7:

Macrophage-intrinsic DUOX1 affects to macrophage activation during chronic HDM
challenge. RT-PCR analysis of the M2 marker Arg1 (A) and the putative M1 marker

Areg (B) in sorted resident and recruited macrophage populations from lung tissues of
HDM-stimulated Duox1F or Duox14ALysM mice, Statistical significance was evaluated
using 2-way ANOVA and Sidéak’s post-hoc test *: p<0.05 (n=2—4 for PBS groups and 8-9
for HDM groups, from 2 independent experiments).
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