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To the Editor,
Pre- school wheeze, attributed to respiratory viral infections, 
with rhinovirus (RV) being the most important risk factor, may 
contribute to early- onset asthma development [1, 2]. In asth-
matic children, the alarmin IL- 33 is elevated in the airways and 
is involved in the development of T helper (Th)2 immunity and 
in Th2- driven immune responses to RV [3, 4]. Although IL- 33 is 
constitutively expressed, IL- 33 is also increased in response to 
pro- inflammatory cytokines like TNF- α and IFN- γ and after RV 
infections in airway epithelial cells [5, 6]. Children that grow up 
on traditional farms develop less wheezing, allergies and asthma 
[7]. This is partly caused by dust exposure from cow stables [7]. 
Furthermore, exposure to farm dust (FD) extract or its compo-
nents protects against house dust mite (HDM)–induced allergic 
airway inflammation in mice [7] and enhances epithelial barrier 
function and RV clearance in primary bronchial epithelial cells 
(PBEC) [7]. Currently, the effects of FD on the alarmin IL- 33 in 
human airway epithelial cells have not been investigated. The 
present study aims to investigate how exposure to FD affects the 
expression of IL- 33 in PBEC. This article's Online Repository at 
Zenodo (https:// zenodo. org/ recor ds/ 10417793) contains an ex-
tended version of this letter, including supporting data and a full 
description of methods.

To achieve our objective, submerged (S- ) cultures of PBEC were 
pre- treated with FD for 24 h before being infected with RV- A1B 

for 48 h. Alternatively, cells were stimulated with TNF- α and 
INF- γ in the presence or absence of FD for 6 and 8 h. Changes 
in gene expression and protein levels were assessed using qPCR 
and HEK- Blue IL- 33 reporter cells. We observed that FD pre-
treatment inhibited RV- mediated increase of IL33 mRNA, 
without affecting viral RNA (vRNA) levels (Figure 1A). We fur-
thermore showed that FD decreased the TNF- α- /IFN- γ- induced 
expression of IL33 mRNA and protein in S- PBEC (Figure 1B). 
We further observed that FD reduced the TNF- α- /IFN- γ- 
induced expression levels of both IL- 33 mRNA and protein in 
differentiated (ALI- )PBEC. However, effects of both TNF- α/
IFN- γ- exposure and FD treatment were less prominent in ALI- 
PBEC, compared to S- PBEC (Online Repository).

We next explored the mechanism underlying the reduction of 
TNF- α- /IFN- γ- induced IL- 33 by FD. We therefore pre- treated 
S- PBEC for 1 h with inhibitors of downstream IFN- γ signalling 
pathways or FD and stimulated with IFN- γ (a key driver of TNF- 
α- /IFN- γ- mediated IL- 33 expression [8]) for 6 h to assess IL33 
mRNA expression and for 30 min for the analysis of phosphory-
lated (p- )STAT1, p- p38, p- EGFR and GAPDH. In addition to FD, 
inhibition of JAK–STAT, p38 MAPK and EGFR also decreased 
IL33 expression in S- PBEC (Figure  1C). Western blot analysis 
showed that FD partially inhibited p- STAT1 (with a trend to-
wards significance) in IFN- γ- stimulated S- PBEC (Figure  1D), 
whereas p- EGFR or p- p38 were not affected (Online Repository). 
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Altogether, this suggests that FD reduces the expression of IL- 
33 at least in part by interfering with IFN- γ- interferon- gamma 
receptor (IFNGR)- JAK- STAT1 signalling in IFN- γ- stimulated 
S- PBEC.

In this study, we showed that FD reduces the expression of 
the alarmin IL- 33 in PBEC following RV infection or expo-
sure to TNF- α/IFN- γ. The inhibitory effect involves FD in-
terfering with IFN- γ- induced STAT1 phosphorylation. A key 

signalling pathway that regulates IL- 33 expression. Here, we 
mainly focused on the effects of FD on IL- 33 expression in 
S- PBEC since these cells are more responsive towards the 
effects of both IL- 33- inducing stimuli and FD, compared to 
fully differentiated ALI- PBEC cultures (Online Repository). 
This can be explained by the fact that S- PBEC cultures are 
flat (rendering a larger surface area) and are not covered by 
a layer of luminal cells and therefore are more accessible to 
FD. In contrast to ALI- PBEC, S- PBEC solely consists of basal 

FIGURE 1    |    Effects of farm dust (FD) extract on IL- 33 expression and IFN- γ- downstream pathways in submerged cultures of primary bronchial 
epithelial cells (S- PBEC). S- PBEC were pre- incubated with FD (24 h) and infected with 0.5 MOI RV- A1B (48 h) (A) or stimulated with TNF- α/IFN- γ (6–8 h) 
to assess IL33 gene expression (PCR) and IL- 33 intracellular protein expression (HEK- Blue IL- 33 reporter cells), respectively (B). (C, D) S- PBEC were pre- 
incubated with IFN- γ- signalling pathway inhibitors or with FD (1 h) and stimulated with IFN- γ for 6 h to determine IL33 mRNA expression or for 30 min 
to assess phosphorylated (p)- STAT1, p- p38 and p- EGFR by western blot analysis. Data are shown as individual values or as means ± SEM and tested for 
significance using a Student's paired t- test or two- way ANOVA plus Šídák or Dunnett's post hoc test. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.001.
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cells, the main epithelial cell type that expresses IL- 33 (Online 
Repository) and therefore in this context is likely the main cell 
type targeted by FD. So far, only studies using S- PBEC have 
shown that RV increases IL- 33 expression in  vitro [5, 6]. It 
would be therefore relevant to investigate the inhibitory ef-
fects of FD on RV- induced IL- 33 in fully differentiated PBEC, 
for example, by using a co- culture model of ALI- PBEC with 
M2a- polarized monocyte- derived macrophages. This is based 
on a recent study in mice, showing that RV- induced expres-
sion of IL- 33, was lower in mice lacking M2a macrophages [9]. 
The study's strength lies in using PBEC from multiple donors, 
thereby increasing the relevance of our findings. It needs to be 
noted that the PBEC used in this study were not derived from 
healthy donors but from tumour- free bronchial tissue derived 
from patients who underwent lung resection surgery for lung 
cancer. Furthermore, we were not able to show whether the 
active release of IL- 33 was also inhibited by FD treatment, nor 
did we identify the active compound in FD that is responsible 
for inhibiting IL- 33 expression. This is worth pursuing, but 
here beyond the scope of the study.

Our findings may have implications for understanding of 
mechanisms underlying the protective effects of a farming en-
vironment on allergy and asthma development in children. By 
limiting the release of epithelial alarmins through exposure 
to FD, the activation of immune cells and subsequent produc-
tion of Th2 cytokines could be reduced. In conclusion, our 
study demonstrates that FD suppresses the induction of IL- 33 
in human bronchial epithelial cells during RV infection and ex-
posure to pro- inflammatory cytokines in vitro. These findings 
provide insight into the putative protective role of FD against 
allergy and asthma development in children living on a farm.
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Summary

• Farm dust reduces expression of IL- 33 in rhinovirus- 
infected and in TNF- α/IFN- γ- exposed airway epithe-
lial cells.

• This effect is in part mediated through interference 
with the interferon- gamma receptor- JAK–STAT1 sig-
nalling pathway.
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